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Laser light combined with a photosensitizer may eliminate
methicillin-resistant strains of Staphylococcus aureus
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Abstract Methicillin-resistant Staphylococcus aureus
(MRSA) is a major cause of hospital acquired infection
throughout the world especially in wound and burn
infections, pneumonia, septicaemia and endocarditis. We
describe the effect of a HeNe laser in combination with a
TBO dye on the viability of MRSA. A total of 34 isolates
of S. aureus were obtained from 100 patients suffering from
burns or wounds and from the nasal vestibulum of medical
and nonmedical staff as carriers; eight isolates were
methicillin-resistant. The isolates were exposed for 5, 10
and 15 min to a HeNe laser at a wavelength of 632.8 nm
and 7.5 mW output power in the presence of 50 μg/ml
toluidune blue O photosensitizer. The viable count was
substantially decreased as determined by the plate count
method for the three exposure times, with 100% killing
with the 15-min exposure time. No significant effect was
observed on MRSA isolates exposed to the laser alone. So
MRSA was completely eradicated following 15 min expo-
sure to a 632.8-nm HeNe laser in the presence of 50 μg/ml
toluidune blue O photosensitizer under in vitro conditions.
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Introduction

The introduction of lasers has led to extensive benefits in
many fields of biology and medicine. Photodynamic
antimicrobial chemotherapy has been under investigation
since the invention of the laser and the development of
drug-resistant strains of bacteria. The gram-positive bacte-
rium Staphylococcus aureus is one of the main agents in
nosocomial infections, and is the principle surgical killer
throughout the world [1]. Staphylococcus aureus lives
commensally on human skin, nares and mucosal surfaces,
as an opportunistic pathogen able to infect, invade, and
persist and replicate in many human tissues [2]. Staphylo-
coccus aureus was sensitive to penicillin when it was
introduced in the late 1940s, but resistance developed
almost immediately [3] as a result of S. aureus acquiring a
β-lactamase capable of inactivating the β-lactam ring.
Lactamase-resistant antibiotics (methicillin, oxacillin)
remained effective until the early 1960s [4, 5], when S.
aureus acquired a new gene that modified its penicillin
binding protein [6–10] and therefore became resistant to
penicillin, semisynthetic penicillin derivatives and a wide
variety of antimicrobials [8, 11–14]. Major outbreaks of
methicillin-resistant S. aureus (MRSA) infection quickly
occurred in hospitals [15–19] followed by the development
of community-acquired strains of MRSA [20, 21].

The multidrug resistance of S. aureus makes it the most
notorious of all bacterial pathogens associated with human
infections [2]. Accordingly many in vitro studies have
focused on the use of photodynamic antimicrobial therapy
to eliminate extracellular pathogenic gram-positive bacteria,
especially S. aureus. Photodynamic inactivation of micro-
organisms is based on the localization of a dye, known as a
photosensitizer, preferentially in bacteria and not in the
surrounding tissues or cells. and subsequent activation of
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the photosensitizer by low doses of visible light of an
appropriate wavelength to generate free radicals or singlet
oxygen that are toxic to the target microorganisms [22]. The
combined use of a 664-nm diode laser and toluidine blue O
(TBO) or methylene blue has been shown to eradicate
various bacterial species including S. aureus [23]. In a study
by Griffiths et al.,16 epidemic MRSA strains were treated
with a combination of aluminium disulphonated phthalocy-
anine and diode laser light. An 8.5-log10 reduction in MRSA
was observed with a light dose of 3.89 J and 6.25 mg/l of the
phthalocyanine [24]. Irradiation with 675-nm light in
combination with Zn(II)-phthalocyanine peripherally substi-
tuted with four bis(N,N,N-trimethyl)amino-2-propyloxy
groups has been shown to result in a 5-log or greater
decrease in survival of S. aureus and Escherichia coli [25].
The aim of the present study was to determine the
bactericidal activity of 632.8-nm HeNe laser light in the
presence of 50 μg/ml TBO as photosensitizer against
MRSA.

Materials and methods

Isolation and identification of bacteria

A total of 100 swab samples were taken from the surface of
burns and wounds, and from the nasal vestibulum of
medical and nonmedical staff as carriers. The samples were
inoculated directly onto sheep blood agar and mannitol/salt
agar and incubated at 37°С for 24 h. Staphylococcus aureus
isolates were identified by routine methods [26]. For stock
preparations, S. aureus isolates were plated on trypticase
soy agar. One isolated colony from each culture was grown
to stationary phase in trypticase soy broth and stored at
−70°C in sterile glycerol (final concentration 12% v/v).
These stocks were called the original stocks and cultures
obtained directly from them were designated original
cultures [9]

Cefoxitin disk diffusion test

The test was done as recommended by the US National
Committee for Clinical Laboratory Standards (NCCLS)
[27]. Briefly, a sterile cotton swab dipped into an overnight
culture was diluted to 107–108, pressed against the side of a
tube to remove any excess fluid, and streaked onto a
Muller-Hinton agar plate. The disk was applied and the
plate was incubated at 35°C for 16–18 h.

Combined oxacillin and methicillin agar screen

Muller-Hinton agar was supplemented with oxacillin
6 mg/l or methicillin 10 mg/l and NaCl 4% w/v (final

concentration).The inoculum was prepared as recommen-
ded by the NCCLS guidelines [28]. After incubation at
35°C for 24 h, MRSA should grow on these plates,
whereas borderline-resistant and susceptible strains should
fail to grow under these conditions.

Susceptibility testing

Susceptibility to antimicrobial agents (vancomycin, rifam-
picin and gentamicin) was determined by the agar disk
diffusion method, following procedures outlined in the
guidelines of the NCCLS [27].

Irradiation procedure

Preparation of bacterial suspensions Bacterial suspensions
were prepared by inoculating one isolated colony in a tube
containing 4–5ml of tryptic soya broth, incubating at 35°C for
16 h. centrifuging, and then resuspending in 0.85% NaCl.

Laser system The laser used in this study was a HeNe gas
laser with a measured output of 7.5 mW. It emitted light in
a collimated beam with a diameter of 4 mm and a
wavelength of 632.8 nm. The exposure times were 5, 10,
15 and 20 min, and the power density was 59.7 mW/cm2.

Preparation of TBO The stock of TBO (Sigma, Poole, UK)
was prepared by dissolving 5 mg TBO powder in 100 ml
distilled water to a concentration of 50 µg/ml. The solution
was sterilized through a 0.22-µm Millipore filter, and stored
in the dark until use.

Irradiation of bacteria for susceptibility testing Aliquots
(15 µl) of MRSA suspension (1×109 cfu/ml) were transferred
to sterile Ependorff tubes and exposed to measured amounts
of laser light for 5, 10, 15 and 20 minutes. Control Ependorff
tubes were not exposed to the laser light. Following exposure
to the light, the suspension from each Ependorff tube was
plated onto Muller-Hinton agar using a sterile cotton swab,
and after applying the drug disk the plate was placed upside
down in an incubator at 35–37°C for 18 h.

Irradiation of bacteria Aliquots (15 µl) of MRSA suspen-
sion (1×109 cfu/ml) were transferred to sterile Ependorff
tubes containing an equal volume of filtered sterilized TBO
solution with a final concentration of 50 µg/ml. The
samples were exposed to measured amounts of laser light
for 5, 10, 15 and 20 min (this group of samples is referred
to as L+S+). A control group of samples were exposed to
laser light without photosensitizer (L+S−). Another group
of samples were placed in the dark and 50 µg/ml TBO was
added to them (L−S+). A further group of samples acted as
a blank, neither sensitized nor exposed to the laser light

744 Lasers Med Sci (2010) 25:743–748



(L−S−). Following exposure to the laser light, the irradiated
samples and the control groups were spread using a cotton
swab over the surface of nutrient agar plates, grown
overnight at 37°C, and examined carefully under transmitted
light for evidence of small colonies.

Statistics

The results were analysed using the Statistical Analysis
System (SAS) [29]., Mean least significant differences
(LSD) were compared using known conventions.

Results and discussion

A total of 34 isolates (11 from burns, 12 from wounds, and 11
from carriers) of S. aureus species were identified according
to their culture characteristics, and by microscopic and
biochemical tests. They were categorized as gram-positive,
spherical cells, nonmotile cells of about 1 µm in diameter,
nonspore-forming cells, and facultative anaerobes. They
formed golden yellow colonies on agar, and were haemolytic
on blood agar. They were catalase-positive and oxidase-
negative, and they fermented mannitol. Staphylococcus
aureus grows at temperatures in the range 15–45°C in the
presence of NaCl at concentrations as high as 15%. MRSA
was detected in 8 (23%) of 34 examined isolates. The
inhibition zone diameters for both MRSA and methicillin-
susceptible S. aureus isolates were distinct when using 30 µg
cefoxitin disks. All MRSA isolates showed cefoxitin
inhibition zone diameters of <27 mm, and all methicillin-
susceptible S. aureus isolates showed larger diameters. The
agar screen (oxacillin 6 mg/l or methicillin 10 mg/l), as
recommended by the NCCLS, detected MRSA in all isolates
from the carriers.

In view of the results presented here, the use of the
30 µg cefoxitin disk diffusion test and agar screen using
oxacillin 6 mg/l or methicillin 10 mg/l are strongly
recommended for screening MRSA carriers. The eight
MRSA isolates were tested for their sensitivity to antimi-
crobial agents by the disk diffusion method, and 70% of the
isolates were resistant to rifampicin and 80% to gentamicin.
The isolates were also resistant to cefoxitin and oxacillin, so
these antibiotics would be ineffective as therapeutic agents
against MRSA. Resistance to vancomycin was not observed,
but 50% of the isolates showed intermediate resistance to
vancomycin, and thus this bacterium is a great threat to public
health and the hospital environment

After irradiation with the HeNe laser for different times (5,
10, 15 or 20 min), the isolates with intermediate resistance to
vancomycin before laser irradiation become sensitive to it,
while remaining resistant to other antibiotics (Fig. 1).

Exposure of bacterial suspensions to TBO/HeNe laser
light for 5, 10 and15 min resulted in significant reductions
in viable counts compared with the control group in which
the total bacterial count remained unchanged (Fig. 2). All
MRSA isolates were killed when exposed to TBO/HeNe
laser light for 15 min. Laser irradiation in the presence of
TBO killed 99.1% of wound isolate cells, 97.3% of cells
from carriers and 95.4% of burn isolate cells (Fig. 3).

Some pathogens accumulate a wide range of photosen-
sitive agents [30] and multidrug-resistant strains are known
to be susceptible to host destruction [31]. Recently, the use
of light in conjunction with chemical photosensitizers to
treat antimicrobial infections has been the subject of several
studies [32].

Wilson and Yianni reported a 4.47-log reduction in the
viable count ofMRSA following irradiation with a low-power
HeNe laser in the presence of 12 μg/ml TBO [23]. The ability
of TBO to act as a photosensitizer after irradiation with
visible light has been demonstrated in several studies. Tang
et al. reported that irradiation at 30 J/cm2 in the presence of
TBO at 80 µM resulted in 3-log killing of MRSA and 2-log
killing of the corresponding ATCC S. aureus strain [33].
Packer et al. reported inactivation of the proteolytic enzymes
of the oral microorganism Porphyromonas gingivalis by
irradiation with 126 J of red laser light in the presence of
12.5 μg/ml of TBO [34]. Significant inactivation of cells was
observed when staphylococcal biofilms were exposed to
TBO and laser light simultaneously. The efficacy of
photodynamic therapy for biofilm treatment depends mainly
on the penetration of the photosensitizer and light to the
deeper layers [35]. Photoeradication of organisms implicated
in dental carries, such as Streptococcus spp. using TBO or
methylene blue as photosensitizers has been reported, but
unfortunately the killing percentage achieved and the dose
parameters used were not mentioned [30]. In a recent study
investigating the effect of toluidine blue-mediated photody-
namic therapy on oral wound infections in rats, treatment
with toluidine blue at 1 mg/ml in combination with exposure

Fig. 1 Sensitivity of MRSA to antibiotics before (a) and after (b)
laser irradiation. (1 vancomycin 30 µg, 2 cefoxitin 30 µg, 3 rifampicin
5 µg, 4 gentamicin 10 µg)
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to red light resulted in a kill rate of approximately 97% with
a light dose of 48 J/cm2 while bacterial survival was 25% at
a light dose of 12 J/cm2 [36]. MRSA may also be killed by
exposure to red laser light in the presence of a tin(IV) chlorin
e6/IgG conjugate [37], but the lethal effect depended on the
strain and the phase of growth.

As do other cationic azine photosensitizers, cationic
TBO also remains outside the cell. Thus singlet oxygen
contributes to the overall photodynamic process and the
damage occurs at the membrane level [38]. After
appropriate illumination, the photosensitizer undergoes a
transition from a low-energy ground state to a higher
energy triplet state, and then falls back to the lower energy
state. The emitted energy reacts with cellular oxygen and/
or other cellular components to produce reactive species
such as singlet oxygen and free radicals. The three main
sites of action of the cytotoxic species are the cell
membrane, the nucleus, and organelles [34]. TBO is
known to be membrane-active, since it causes an increase

in permeability [30]. Increasing ion permeability and loss
of fluidity results from the transfer of the triplet state
photosensitizer energy to molecular oxygen forming
singlet oxygen which is the main bactericidal species and
is involved in lipid peroxidation, which is highly detri-
mental to cell membrane structure and function and leads
to cell death [39, 40]. Singlet oxygen generated in the
photosensitization process has a very short life and limited
diffusion distance [37], ensuring localization of the toxic
effects to the microbes in the treated region only. In
contrast to the effects of systemic treatments, the normal
microflora at other body sites are unaffected [41].

Conclusion

Antibiotic resistance among bacteria in general and MRSA
in particular is a cause of acute concern. Development of
alternative therapeutic approaches is necessary to curtail the
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Fig. 2 Effect of HeNe laser
light on viable counts of MRSA
in the presence of TBO
(50 µg/ml)
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Fig. 3 Reduction in MRSA in
isolates from wounds, burns,
and carriers sensitized by the
presence of TBO on irradiation
with 632.8-nm laser light (L+S+
laser irradiation in the presence
of TBO, L+S− laser irradiation
without TBO)
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inappropriate and wasteful use of antibiotics which encour-
ages drug resistance. This in vitro study demonstrated that
exposure to HeNe laser light in the presence of TBO at
50 µg/ml was able to eradicate MRSA in vitro, and may be
a good candidate for a novel treatment of MRSA infections.
One of the objectives in photodynamic therapy is to direct
the dye to the site of infection. For increased selectivity,
further experiments are needed to target specific sites of
infection in the body.
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