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ABSTRACT: Staphylococcus aureus has been a significant bacterial cause of both healthcare-associated and community-
acquired infections. Currently, vancomycin is one of the most drugs of choice used for treatment of Gram-positive
infection. Thus, the S. aureus strains with reduced vancomycin susceptibility including vancomycin-intermediate
S. aureus (VISA) and heterogeneous vancomycin-intermediate S. aureus (hVISA) have been reported increasingly. In
this study, we aimed to compare the colony spreading ability, a phenomenon that S. aureus forms a giant colony on a
soft agar surface, between vancomycin-susceptible and non-susceptible S. aureus. A total of 79 S. aureus strains, 44
vancomycin-susceptible S. aureus (VSSA), 27 hVISA, and 8 VISA isolates, were cultured on soft agar, and the colony
spreading was investigated after 24 h incubation. Reference strains of VSSA ATCC29213, VISA strain Mu50, and hVISA
strain Mu3 were included as positive and negative controls. Each bacterial isolate was tested twice on soft agar. The
results showed that 61.4% of VSSA and 22.2% of hVISA were positive for colony spreading on soft agar, whereas none
of the VISA isolates showed spreading colony. There were statistical differences between VSSA and hVISA (p= 0.0016)
and VISA (p = 0.0014), but no difference between hVISA and VISA was found. These results suggest that S. aureus
with reduced vancomycin susceptibility has a defect in colony spreading ability.
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INTRODUCTION

Bacterial migration plays an important role in the infec-
tious process of the pathogenic bacteria [1]. There are
various types of bacterial movement: the appendage-
dependent such as swimming, swarming, and twitch-
ing; and the appendage-independent such as gliding
and sliding. Some bacteria, though possessing flagella,
could be motile without using flagella. For example,
Vibrio cholerae and Serratia marcescens can spread on
soft agar surfaces without using flagella [2]. Potassium
ions and secreted surfactants are needed for Bacillus
subtilis spreading on soft agar surfaces [3]. The sliding
of Mycobacterium smegmatis colonies on the surface of
soft agar requires cell surface glycopeptide lipids [4].
The flagellated bacteria move actively by the rota-
tion of flagella via proton motive force, whereas the
non-flagellated bacteria translocate by various factors
[1, 5]. However, the molecular mechanisms of non-
flagella translocation of bacteria are still unclear.

Staphylococcus aureus is a commensal pathogen
that causes various infectious diseases [6, 7].
Methicillin-resistant S. aureus (MRSA) has been
a global health-threatening organism in healthcare
settings for over 60 years [8, 9]. Accordingly,
vancomycin has been the first-line therapy for MRSA
bacteremia and infective endocarditis for decades

[10, 11]. Consequently, S. aureus with reduced
vancomycin susceptibility have emerged in the last
20 years [12, 13]. Both vancomycin-intermediate
S. aureus (VISA) and heterogeneous vancomycin-
intermediate S. aureus (hVISA) have thickening
cell wall and reduction of agr virulence regulation
system [14]. Even without flagella, S. aureus
can spread rapidly on the surface of soft agar, called
“colony spreading”, which is one of its plenty virulence
factors [15]. The colony spreading of S. aureus
requires cell wall teichoic acids and D-alanylation
of teichoic acids [15]. Other factors involved such
as the density of bacterial colony which triggered a
quorum sensing response resulted in the synthesis of
phenolic-soluble modulins (PSMs), a biosurfactant.
This affected water surface tension, allowing the
bacteria to spread rapidly [16]. Therefore, we
investigated the colony spreading manner of VISA
and hVISA isolates which have cell wall modification
from the vancomycin-resistant phenotype compared
to those of vancomycin-susceptible S. aures (VSSA).

MATERIALS AND METHODS

Bacterial strains

Seventy-nine MRSA isolates collected between 1997
and 2010 from a university hospital in Northeast of
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Thailand were used in this study. They consisted of
44 VSSA, 27 hVISA, and 8 VISA. S. aureus ATCC 29213,
ATCC 700698 (Mu3), and ATCC 700699 (Mu50) were
included as the reference strains.

Vancomycin MIC determination and PAP-AUC
analysis

The minimum inhibitory concentration (MIC) of van-
comycin for all isolates was determined using agar
dilution method according to the CLSI 2023 [17].

A modified population analysis profile with area
under the curve (PAP-AUC) for detection of hVISA
phenotype was conducted according to a previous re-
port [14]. Briefly, a serial 10-fold dilution (100 to 10−6)
of 0.5 McFarland bacterial suspension of each isolate
was prepared. A 20 µl from each dilution was spread
on brain heart infusion (BHI) (Oxoid, Hampshire,
England) agar plate adding with vancomycin (Sigma-
Aldrich, MO, USA) at the concentrations of 0, 0.5, 1,
2, 3, 4, 5, 6, 7, and 8 µg/ml. After 48 h of incubation,
the number of bacterial colonies grown on each plate
was counted and calculated to the colony forming unit
per milliliter (CFU/ml). Then, the log 10 of CFU/ml
grown on each vancomycin concentration was plotted
versus the vancomycin concentrations using the Graph
Pad Prism software version 5.0.1 (GraphPad Software
Inc., CA, USA). The PAP-AUC value was calculated from
the ratio of areas under the curve of the tested isolate
over that of the reference hVISA strain (Mu3). The
isolates having PAP-AUC ratios less than 0.9, 0.9–1.3,
and more than 1.3 were considered VSSA, hVISA, and
VISA phenotypes, respectively [18, 19].

Colony spreading

The isolates from the frozen stocks were sub-cultured
on blood agar (Oxoid) and incubated at 37 °C for 24 h.
Bacterial colonies were then suspended in normal
saline solution to obtain the turbidity of 0.5 McFarland
Standard. Two µl of each bacterial suspension were
dropped on the surface of soft agar plate, tryptone soya
broth (Oxoid) added with 0.24% agar [15]. The plates
were placed with the lid ajar in biosafety cabinet for
15 min. The spreading colony was observed after the
petri dishes were incubated face up at 37 °C for 24 h. A
large colony with a few branched arms or filaments was
reported as a positive result. Each sample was tested
in duplicate. The third test was performed when the
duplicate test gave different results.

Statistical analysis

The Fisher Exact test was used for statistical analysis to
evaluate any difference between the number of isolates
that have spreading colony among each phenotype
(VSSA vs. hVISA, VSSA vs. VISA, and hVISA vs. VISA).
The p-value of less than 0.05 was considered statisti-
cally significant.

RESULTS

Vancomycin MIC and PAP-AUC ratio

According to the PAP-AUC analysis, the 79 S. aureus
isolates were 44 VSSA, 27 hVISA and 8 VISA isolates
with their PAP-AUC ratios of 0.1–0.87, 0.95–1.17 and
1.35–1.91, respectively. The vancomycin MICs of the
VSSA, hVISA, and VISA isolates were 0.5–2, 1–2, and
3–4 µg/ml, respectively.

Colony spreading

The colony spreading ability was seen in 27 (61.4%)
from 44 VSSA and 6 (22.2%) from 27 hVISA, whereas
no spreading colony was observed in any isolate of
the 8 VISA isolates (Table 1). Most of the spreading
colony had irregular filamentous shape, while the non-
spreading colony showed entire smooth circular shape
(Fig. 1).

Table 1 Comparison of colony spreading ability between
VSSA, hVISA, and VISA.

No. of isolate (%)

VSSA hVISA VISA
(n= 44) (n= 27) (n= 8)

Colony spreading 27 (61.4) 6 (22.2) 0 (0)
p-value vs. VSSA 0.0016 0.0014
p-value vs. hVISA 0.2994

10 mm

Fig. 1 Examples of the colony spreading of VSSA (A);
hVISA (B); and VISA (C).

The Fisher exact test showed significant difference
between the VSSA and hVISA groups (p= 0.0016) and
between the VSSA and VISA groups (p = 0.0014). No
significant difference was found between the hVISA
and VISA groups (p = 0.2994).

To compare the colony spreading activity of these
S. aureus isolates with the genetic variations, part
of the data from our previous study were analyzed
[18, 20]. The SCCmec and spa types together with the
mutations in psm-mec region of 54 from the 79 isolates
are shown in Table 2. Most of them were SCCmec III
- spa type t037, followed by SCCmec II - spa types
t045. The spreading and non-spreading isolates had
both intact and mutation in psm-mec region.
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Table 2 Genetic characteristics of 54 from the 79 S. aureus isolates.

Bacterial group (n) Colony spreading (n) SCCmec type (n)* spa type (n)* Mutation in psm-mec region*

II III IX

VSSA (34)

+(25)

6 t045 (3) −7T>C
t463 (2) −7T>C
t2460 (1) absence

19 t037 (16) intact
t037 (1) 1.3 kb insertion
t463 (1) −7T>C
t1921 (1) +101T>C

−(9)
6 t037 (5) intact

t1921 (1) +101T>C

3 t337 (3) absence

hVISA (12)

+(8)
3 t463 (2) −7T>C

t045 (1) −7T>C

5 t037 (5) intact

−(4)
3 t037 (2) intact

t037 (1) 1.3 kb insertion

1 t337 (1) absence

VISA (8) −(8)

3 t045 (1) intact
t045 (1) absence
t2460 (1) absence

5 t037 (3) intact
t037 (1) absence
t1504 (1) intact

* Part of results were from Tabuchi et al [20] and Lulitanond et al [18].

DISCUSSION

S. aureus generally produces spreading colony on a soft
agar surface. However, this study found approximately
40% of VSSA strains did not have spreading colony
ability. The colony spreading of S. aureus has been
reported to relate with several factors. In 2007, Kaito
and Sekimizu showed that the colony spreading ability
of S. aureus decreased by the disruption of dltABCD
operon functioning at the step of adding D-alanine
to teichoic acids and by the disruption of the tagO
gene responsible for teichoic acids wall synthesis [15].
These results indicated that the teichoic acids wall and
D-alanylation of teichoic acids are required for colony
spreading. In 2012, Omae et al [21] reported that
hld-disrupted S. aureus mutants had higher ability to
spread than the parent strains, suggesting a negative
regulation of colony spreading by the secretion of δ-
hemolysin. In 2016, Lin et al [16] found that a
quorum sensing response triggered the biosurfactants
and phenolic-soluble modulin (PSM) synthesis. The
PSMs play a role in weakening the surface tension
of water, causing it to flood on the agar surface and
allowing the bacteria to spread.

The present study investigated the colony spread-
ing among S. aureus with different vancomycin sus-

ceptibility. More colony spreading was found in
vancomycin-susceptible strains (VSSA) than in re-
duced vancomycin-susceptible strains (hVISA and
VISA). It has been known that an important mecha-
nism of reduced vancomycin susceptibility in hVISA
and VISA is the production of excess free D-alanyl-D-
alanine residues and a thickening cell wall [12, 22]. In
addition, several genes of VISA and hVISA have been
found to change their regulation such as a reduction
of atl and lytM expression leading to a low autolysis
activity, a reduced agr-functionality [23–26] resulting
in a reduction of D-alanylation of teichoic acids, and
the dltA overexpression resulting in a reduction of
the net negative cell-envelope charge [23, 24]. The
increasing positive charge of the bacteria may result
in sticking the cell to the agar surface.

The S. aureus strains with agr dysfunction tended
to have low metabolic pathway. Therefore, it has
been hypothesized that in the high bacterial density
with stationary phase growth, the quorum sensing may
facilitate the defective autolysis, the biofilm formation,
and the production of thicker cell walls [27]. The cell
wall teichoic acid synthesis is initiated by the TarO
enzyme, and lipoteichoic acid polymerization involved
the enzymes encoded by the ltaA, ltaS, and ypfP genes
[28, 29]. The mutations of these genes may affect the
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cell wall synthesis and the colony spreading ability of
S. aureus. However, these factors may take a complex
role in a negative regulation for colony spreading in
the VISA and the hVISA isolates. Unexpectedly, we
found a non-spreading colony in 17 VSSA isolates as
well as spreading colony in 6 hVISA isolates. This
may be due to other factors such as PSM protein
production. The psm-mec gene, which is located on
Type II or Type III SCCmec, inhibits toxin production
and colony spreading [30]. Most of the isolates in
this study were Type III, followed by Type II SCCmec.
Among the Type II SCCmec isolates, both VSSA and
hVISA groups (9 isolates) exhibited spreading colony,
while the 3 non-spreading isolates were seen in the
VISA group. For the Type III SCCmec isolates, they
showed both spreading and non-spreading colony ex-
cept for the VISA isolates giving non-spreading colony
only. Most vancomycin non-susceptible isolates were
reported as Type II SCCmec [31], like this study. In ad-
dition, all the VISA isolates with either Type II or Type
III SCCmec showed non-spreading colony. However,
further investigation with larger samples is necessary.

It was reported that the transcription of psm-mec
ORF inhibits the expression of psmα, contributing to
the decreased colony spreading in MRSA strain. In
addition, a mutation in the psm-mec promoter (–7T>C)
resulted in the decrease of the amount of psm-mec
mRNA and no inhibition of colony spreading [32]. The
psm-mec ORF of 54 isolates from the 79 MRSA strains
used in this study has previously been characterized
by Tabuchi et al [20]. Among 34 of the 44 VSSA
isolates, 5 non-spreading VSSA isolates had intact psm-
mec, whereas –7T>C mutation was found in other
6 spreading VSSA isolates, corresponding to the role
of psm-mec ORF and the –7T>C mutation of the psm-
mec promoter. In contrast, among the 8 VISA isolates
giving non-spreading colony, 5 and 3 isolates had
intact and absence of psm-mec, respectively. The non-
spreading colony of these isolates may be affected by
the change in the cell wall and reduced regulation
of related genes. Similarly, among 4 non-spreading
hVISA isolates, 2 isolates had intact psm-mec, whereas
the 2 remaining isolates each contained either 1.3 kb
insertion or no psm-mec, suggesting factors other than
psm-mec.

Overall, this study showed that vancomycin non-
susceptibility in MRSA may be another factor that
affects the expression of its colony spreading ability
on the surface of soft agar. This may result in the
pathogenic characteristic of the strains. However, our
study has a limitation of the small number of samples
in each group and lack of information of cell wall
analysis and psm-mec ORF for all the samples. Further
study of the psm-mec ORF, dltABCD operon, and cell
wall analysis should be investigated in larger samples.
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