
In vitro bactericidal activity of blue light (465 nm)
phototherapy on meticillin-susceptible and meticillin-
resistant Staphylococcus pseudintermedius

Amy H. Schnedeker , Lynette K. Cole, Gwendolen Lorch , Sandra F. Diaz, John Bonagura and

Joshua B. Daniels

Department of Veterinary Clinical Sciences, College of Veterinary Medicine, The Ohio State University Veterinary Medical Center, 601 Vernon L.

Tharp St., Columbus, OH 43210, USA

Correspondence: Amy H. Schnedeker, Department of Veterinary Clinical Sciences, College of Veterinary Medicine, The Ohio State University

Veterinary Medical Center, 601 Vernon L. Tharp St., Columbus, OH 43210, USA. E-mail: Schnedeker.1@osu.edu

Background – Staphylococcus pseudintermedius is the most common cause of bacterial skin infections in dogs.

Meticillin-resistant infections have become more common and are challenging to treat. Blue light phototherapy

may be an option for treating these infections.

Hypothesis/Objectives – The objective of this study was to measure the in vitro bactericidal activity of 465 nm

blue light on meticillin-susceptible Staphylococcus pseudintermedius (MSSP) and meticillin-resistant Staphylo-

coccus pseudintermedius (MRSP). We hypothesized that irradiation with blue light would kill MSSP and MRSP in

a dose-dependent fashion in vitro as previously reported for meticillin-resistant Staphylococcus aureus (MRSA).

Methods – In six replicate experiments, each strain [MSSP, n = 1; MRSP ST-71 (KM1381) n = 1; and MRSA

(BAA-1680) n = 1] were cultivated on semisolid media, irradiated using a 465 nm blue light phototherapeutic

device at the cumulative doses of 56.25, 112.5 and 225 J/cm2 and incubated overnight at 35°C. Controls were

not irradiated. Colony counts (CC) were performed manually. Descriptive statistics were performed and treat-

ment effects assessed using the Wilcoxon–Mann–Whitney rank-sum test. Bonferroni-corrected rank-sum tests

were performed for post hoc analysis when significant differences were identified.

Results – There was a significant decrease in CC with blue light irradiation at all doses for MRSA (P = 0.0006)

but not for MSSP (P = 0.131) or MRSP (P = 0.589).

Conclusions – Blue light phototherapy significantly reduced CC of MRSA, but not of MSSP or MRSP. The mech-

anism for the relative photosensitivity of the MRSA isolate is unknown, but is hypothesized to be due to an

increased concentration of porphyrin in S. aureus relative to S. pseudintermedius, which would modulate blue

light absorption.

Introduction

Staphylococcus pseudintermedius is a common com-

mensal and opportunistic pathogen of the skin of dogs

and is the most common cause of bacterial skin infec-

tions.1 In recent years, meticillin-resistant S. pseudinter-

medius (MRSP) infections have become much more

common.2 The prevalence in the USA of MRSP in clinical

samples from dogs with canine pyoderma ranges from

15.6 to 38.2%.3,4 With the emergence of MRSP the num-

ber of oral antimicrobial drugs to which bacterial isolates

are susceptible is limited, often leading to pharmacothera-

peutic choices that have profound adverse effects or are

reserved for human infections.5 Topical antimicrobial ther-

apy has been shown to be effective for treatment of

some MRSP infections,6 but these treatments can be

time consuming and inconvenient for owners. There is a

need to develop new therapies to treat these infections

that are both effective and have minimal adverse effect

potential.

Photostimulation is the use of light to activate biological

cells or tissues. Therapy with photostimulation is called

phototherapy, light therapy or photomodulation. Photo-

stimulation can be performed using light emitting diodes

(LEDs) which produce a narrow spectrum of light in an

incoherent manner, where the light is randomly spread

out once emitted from the light source.7 LEDs have differ-

ent depth of penetration based on their wavelength and

can affect cellular metabolism by triggering intracellular

photobiochemical reactions.7 Wavelengths available in

commercial LED units include ultraviolet (100–400-nm),8,9

blue (400–470-nm)7, yellow (570–590-nm)7, red (630–
700-nm)7 and infrared (800–1200-nm).7 The deepest tar-

get of LED light penetration varies. In humans blue light
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targets the epidermis (less than 1 mm), yellow light the

papillary dermis (0.5–2 mm), red light the adnexa

(2–3 mm) and infrared light (5–10 mm) both the adnexa

and reticular dermis.7 These depth penetrations would be

expected to be similar in animal skin.

Blue light phototherapy has been shown to be a treat-

ment option for bacterial infections. Although the exact

mechanism is unknown, blue light is thought to excite

intracellular porphyrins and produce cytotoxic reactive

oxygen species (ROS).10 These ROS have an antimicro-

bial effect on the bacteria, but are not detrimental to the

host cells.10 Blue light phototherapy has been shown to

be bactericidal against Staphylococcus species in vitro.11–14

A dose-dependent bactericidal effect was observed on

Staphylococcus aureus, with the greatest reduction of

bacteria (62%) at the highest dose of 15 J/cm2 using

470 nm blue light.11 Optimal doses of 470 nm blue light

phototherapy have been reported to be between 55 and

220 J/cm2, resulting in 90.4–100% reduction of

MRSA.11–14 The bacterial densities of MRSA in these

studies ranged from 3 9 106 colony forming units (cfu)/

mL up to 7 9 106 cfu/mL.12–14 Higher densities

(7 9 106 cfu/mL), reflecting increasing bacterial loads,

required higher doses.12

Because blue light phototherapy has been shown to be

effective in killing bacteria associated with human staphy-

lococcal infections, it may be a useful adjunctive or sole

therapy option for staphylococcal infections in dogs,

specifically meticillin-resistant infections. As there are no

published studies evaluating the bactericidal effect of

blue light phototherapy on MRSP or meticillin-susceptible

S. pseudintermedius (MSSP), the objective of this study

was to determine the in vitro bactericidal activity of

465 nm blue light on MSSP and MRSP. We hypothesized

that irradiation with 465 nm blue light would suppress

growth of MSSP and MRSP in a dose-dependent manner,

as reported previously for MRSA.13,14

Materials and methods

Bacterial isolates and culture
A sequence-typed strain of MRSP ST-71 (KM1381), a sequence-

typed strain of USA300 MRSA (BAA-1680) and an untyped clinical

MSSP isolate were selected for use as the test isolates. The MRSP

ST-71 (KM1381) isolate was obtained from the University of Ten-

nessee College of Veterinary Medicine bacteriology laboratory in

Knoxville, TN, USA.15,16 The USA300 reference strain of MRSA was

obtained from American Type Culture Collection (ATCC� BAA-

1680).17 The clinical MSSP isolate was speciated using Matrix

Assisted Laser Desorption Ionization Time-of-Flight (MALDI-TOF)

mass spectrometry.18 A standardized inoculum of 15 lL of approxi-

mately 104 cfu/mL of each isolate was spread plated onto 35 mm

petri dishes containing tryptic soy agar (TSA). This plate size was cho-

sen to attain uniform irradiation as the blue light was emitted from an

opening that was approximately 25 mm in diameter. Briefly, a 0.5

McFarland standard suspension (approximately 108 cfu/mL concen-

tration) was made for each isolate in sterile water. Ten-fold serial dilu-

tions were performed by placing 40 lL of the bacterial suspension in

360 lL of sterile phosphate buffered saline (PBS) to reach a final dilu-

tion of approximately 104 cfu/mL. Dilutions were obtained to achieve

a range of 10–100 cfu on the 35 mm TSA plates. Plates for the treat-

ment groups (MSSP, MRSP and MRSA isolates) were inoculated

with 15 lL of the 104 cfu/mL dilution and spread onto the plates.

Control plates for each isolate were spread in the same manner.

After inoculation, the treatment group plates were irradiated with

blue light (see below) and incubated overnight at 35°C in ambient air.

Plates for the controls were not irradiated prior to incubation. Incuba-

tion conditions (time and temperature) were identical for control and

treated plates.

Blue light irradiation
A 465 nm blue light therapeutic device (MR4 ACTIVet PROTM device,

Multi Radiance Medical�; Solon, OH, USA) was used for all irradia-

tions (Table 1). The device was clamped approximately 6 mm above

the TSA plates for even dispersion of light across the inoculated area

(Figure 1). Treatment groups (MSSP, MRSP and MRSA) were irradi-

ated once with the following doses: 56.25 J/cm2 (15 min exposure),

112.5 J/cm2 (30 min exposure) and 225 J/cm2 (60 min exposure).

The controls were not irradiated. The three doses were chosen

based on a previous study in which irradiation of USA300 MRSA

(ATCC� BAA-1680) with 470 nm blue light at 55, 110 and 220 J/cm2

produced 69–92%, 80–100% and 100% suppression of bacterial

growth, respectively.13 Each dose was repeated in sextuplicate for

each isolate. Colony counts (the total numbers of colonies on each

individual plate; CC) were performed manually.

Statistical analysis
Descriptive statistics were generated for CC for control and treat-

ment groups at each dose and the data were tested for distribution

and normality by visual inspection and with the D’Agostino – Pearson

test (MedCalc� for Windows, v15.0; Ostend, Belgium). As data were

not normally distributed, the results are displayed as medians,

interquartile ranges and ranges (MedCalc� for Windows, v15.0) and

percentage reduction for CC.

Data for each of the three doses was also combined for each bac-

terial isolate and the control and treatment groups were then com-

pared using a Wilcoxon–Mann–Whitney rank-sum test (SPSS IBM

ve24; Armonk, NY, USA). When a significant difference was identi-

fied, Bonferroni-corrected rank-sum tests (SPSS IBM v24) were per-

formed at each dose for post hoc analysis. Statistical significance

was set at P < 0.05.

Results

The median CC and percentage reduction of the treat-

ment groups (MSSP, MRSP, MRSA) after irradiation with

465 nm blue light at 56.25, 112.5 and 225 J/cm2 are

shown in Table 2. The percentage reduction of CC was

greatest for MRSA at all doses, reaching 100% at the two

highest doses. In contrast, the percentage reduction of

CC for MSSP and MRSP was minimal with the maximum

reduction found at the highest dose (225 J/cm2) of 11.7%

for MSSP and 21.2% for MRSP.

Table 1. Properties of the blue light phototherapeutic device (MR4

ACTIVet PROTM, Multi Radiance Medical�; Solon, OH, USA)

Number of blue LEDs 3

Wavelength of blue LEDs (nm) 465 (�10)

Mode Continuous

Average optical output (mW) – each LED 83.33

Power density (mW/cm2) – each LED 111.11

Energy density (J/cm2) – each LED 100, 200, 400

Dose (J) – each LED 75, 150, 300

Spot size of blue LED (cm2) 0.75

Magnetic Field (mT) 45

Irradiation time (s) 900, 1800, 3600

Total dose (J) 225, 450, 900

Aperture of device (cm2) 4

Energy density at aperture (J/cm2) 56.25, 112.50, 225.00

Power density at aperture (mW/cm2) 62.50

Energy density at aperture and irradiation times used in the study are

in bold.
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The effects of dose on CC for the treatment groups is

shown in Figure 2; there was a significant difference in

CC for MRSA between treatment and control groups at

each dose (P = 0.006).

A significant reduction in combined median MRSA CC

after treatment (P < 0.0005) for all doses was present.

There was no significant reduction in median CC after irra-

diation for MSSP (P = 0.131) or in median CC for MRSP

(P = 0.589) (see Table S1 in Supporting Information).

Representative plates are depicted in Supporting Infor-

mation Figure S1.

Discussion

Blue light 465 nm phototherapy significantly reduced CC

for MRSA, but not for MSSP or MRSP. An earlier study

using 470 nm blue light phototherapy reported a signifi-

cant dose-dependent reduction in MRSA colony counts

with 90.4% of the colonies killed at a dose of 55 J/cm2.14

However, 100% reduction was not obtained, even at the

highest dose tested (60 J/cm2).14 Our study had similar

results for MRSA with a 93.3% CC reduction at 56.25

J/cm2. In two other studies, 470 nm blue light sup-

pressed MRSA at 55 J/cm2; however, to achieve 100%

bacterial suppression irradiation had to be performed

twice for standard or less dense cultures. Denser cul-

tures, when irradiated once, required the highest dose of

220 J/cm2 to achieve 100% kill.12,13 Likewise, in our

study, the two highest doses, 112.5 and 225 J/cm2 were

required to achieve 100% reduction in CC for MRSA.

Although S. pseudintermedius is the most common

organism isolated in dogs with bacterial skin infections,1

MRSA infections are an emerging problem in veterinary

medicine.2,19,20 As hand-held LED blue light photothera-

pic devices are commercially available, blue light pho-

totherapy may be an effective option for treating MRSA.

Based on the results of our study, to achieve 100% kill,

treatment durations would need to be at least 30 min, so

this therapy would be best suited for localized rather than

generalized infections. The effect of factors such as hair

and organic debris need to be considered for use in vivo.

Clipping the hair and cleaning the skin over the area to be

irradiated with alcohol has been shown to increase the

depth of penetration of the light when a low-level laser

therapy probe was used on the flexor tendon in the

horse.21 In an in vivo mouse model of MRSA skin abra-

sion infections, 415 nm blue light delivered at 108 J/cm2

rapidly reduced the bacterial burden, suggesting the use

of blue light may be an option for treatment of MRSA skin

infections.22

Interestingly, the percentage CC reductions for MSSP

and MRSP were minimal, with the greatest reduction of

11.7 and 21.2% respectively at the highest dose of

225 J/cm2. These results were not expected because

blue light phototherapy had been effective in vitro against

MRSA in previous studies12–14 and in ours. Although the

mechanism of action of blue light is not fully understood,

it is believed to excite intracellular porphyrins, thus gener-

ating the production of cytotoxic ROS that kill the bacte-

ria.10 Because porphyrins are a key factor in absorption of

blue light, it is possible that differences in the amount of

endogenous porphyrins between bacterial strains would

result in differences in blue light absorption and killing of

the bacteria. One study compared the difference in

absorption of visible light (400–800 nm) of two different

strains of S. aureus, one meticillin-susceptible strain

(MSSA) and one resistant strain (MRSA).23 The MSSA

strain had a maximum reduction in bacterial viability of

99.8% compared to 55.5% for MRSA. Porphyrins were

extracted and the relative fluorescence measured using a

spectrometer. The MSSA had a higher porphyrin concen-

tration and cytotoxic oxygen radical production compared

to MRSA which likely accounted for greater absorption of

light and a greater reduction of the bacteria.23 The relative

percentage production of porphyrin also has been mea-

sured in S. aureus using high performance liquid

Figure 1. The 465 nm blue light therapeutic device (MR4 ACTIVet

PRO™ device, Multi Radiance Medical�; Solon, OH, USA) irradiating

a 35 mm petri dish containing tryptic soy agar plated with a bacterial

isolate.

Table 2. Median colony counts and percentage reduction for control group and treatment groups [meticillin-susceptible Staphylococcus pseudin-

termedius, meticillin-resistant S. pseudintermedius (KM1381) and meticillin-resistant S. aureus (BAA-1680)] after irradiation with 465 nm blue

light

Blue light dose

MSSP MRSP (KM1381) MRSA (BAA-1680)

CC CC CC

CG TG % Red CG TG % Red CG TG % Red

56.25 J/cm2 29 27 6.9 23 25 �8.7 67 4.5 93.3

112.5 J/cm2 31 28 9.7 29.5 29.5 0 72.5 0 100

225 J/cm2 38.5 34 11.7 26 20.5 21.2 90.5 0 100

MSSP meticillin-susceptible Staphylococcus pseudintermedius,MRSP meticillin-resistant S. pseudintermedius,MRSA meticillin-resistant

S. aureus, CC (median) colony counts, CG control group (not irradiated), TG treatment group, % Red percentage reduction.
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chromatography.24 To the best of the authors’ knowl-

edge, there are no studies of endogenous porphyrin con-

centration measurement in MSSP or MRSP.

Photodynamic therapy (PDT) is a treatment option that

involves photosensitization of a target using a topical or

systemic agent that is activated by light in the presence

of oxygen and produces a cytotoxic reaction.25 PDT can

be performed using 5-aminolevulinic acid (5-ALA), a natu-

ral amino acid that is the precursor of a strong photosensi-

tizer, protoporphyrin IX within cells.25 5-ALA can be

administered locally, systemically (intravenous and

intraperitoneal) and orally. 5-ALA-PDT combined with a

410 nm LED had an antibacterial effect on MRSA in vitro

with a 5 log10-unit decrease in organisms at 50 J/cm2. In

the same study, in a mouse model of MRSA-infected

wounds, the use of 5-ALA-PDT with a 410 nm LED accel-

erated wound healing and decreased bacterial counts on

the wound surface.25 5-ALA-PDT may be an option both

in vitro and in vivo for MRSP and MSSP to help increase

bacterial kill.

In conclusion, blue light phototherapy significantly

reduced CC of MRSA, but not of MSSP or MRSP. The

mechanism for the relative photosensitivity of the MRSA

isolate is unknown, but is hypothesized to be due to an

increased concentration of porphyrin in S. aureus relative

to S. pseudintermedius, which would modulate blue light

absorption. Further studies are needed to measure the

concentration of porphyrins and assess porphyrin rele-

vance in blue light absorption in MSSP and MRSP, as well

as to assess the use of PDT combined with blue light for

MSSP and MRSP infections.
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Figure S1. Representative culture plates of meticillin-sus-

ceptible Staphylococcus pseudintermedius (MSSP) (a–d),
meticillin-resistant S. pseudintermedius (MRSP) (KM1381)

(e–h) and meticillin-resistant S. aureus (MRSA) (BAA-1680)

(i–l) irradiated with 56.25, 112.5 and 225 J/cm2 465 nm

blue light. Control plates (a,e,i) were not irradiated.

Table S1. Combined median, interquartile range and

range of colony counts for control groups and treatment

groups [MSSP meticillin-susceptible Staphylococcus

pseudintermedius, MRSP meticillin-resistant S. pseudin-

termedius (KM1381) and MRSA meticillin-resistant Sta-

phylococcus aureus (BAA-1680)] after irradiation with

465 nm blue light.

R�esum�e

Contexte – Staphylococcus pseudintermedius est la cause la plus fr�equente d’infection bact�erienne

cutan�ee chez le chien. Les infections m�eticilline-r�esistantes sont devenues fr�equentes et sont un d�efi

th�erapeutique. La phototh�erapie en lumi�ere bleue pourrait être une option dans le traitement de ces infec-

tions.

Hypoth�eses/Objectifs – L’objectif de cette �etude �etait de mesurer l’activit�e bact�ericide in vitro de la lumi-

�ere bleue de 465 nm sur les MSSP (Staphylococcus pseudintermedius sensible �a la m�eticilline) et MRSP

(Staphylococcus pseudintermedius r�esistant �a la m�eticilline). Nous supposons que l’irradiation en lumi�ere

bleue pourrait tuer les MSSP et MRSP de mani�ere dose-d�ependante in vitro comme pr�ec�edemment d�ecrit

pour les MRSA (Staphylococcus aureus r�esistant �a la m�eticilline).

M�ethodes – Dans six exp�erimentations r�ep�et�ees, chaque souche [MSSP, n = 1; MRSP ST-71 (KM1381)

n = 1; et MRSA (BAA-1680) n = 1] �etait cultiv�ee sur milieu semi-solide, irradi�ee par un appareil photo-th�era-

peutique en lumi�ere bleue de 465 nm �a des doses cumul�es de 56.25, 112.5 et 225 J/cm2 et incub�ees �a

35°C pendant la nuit. Les contrôles n’�etaient pas irradi�es. Le comptage des colonies (CC) ont �et�e r�ealis�es

manuellement. Les statistiques descriptives ont �et�e r�ealis�ees et les effets du traitement �evalu�es par le test

Wilcoxon–Mann–Whitney rank-sum. Les tests de Bonferroni-corrected rank-sum ont �et�e r�ealis�es pour les

analyses post hoc lorsque des diff�erences significatives �etaient identifi�ees.

R�esultats – Il y avait une diminution significative des CC en irradiation en lumi�ere bleue pour toutes les

doses pour MRSA (P = 0.0006) mais pas pour MSSP (P = 0.131) ou MRSP (P = 0.589).

Conclusions – La phototh�erapie de lumi�ere bleue a significativement diminu�e le CC de MRSA mais pas de

MSSP ou MRSP. Le m�ecanisme pour la photosensibilit�e relative des souches de MRSA n’est pas connu

mais il est suppos�e qu’il pourrait être dû �a une concentration accrue de porphyrine dans les S. aureus com-

par�e S. pseudintermedius, qui r�egulerait l’absorption de la lumi�ere bleue.
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Resumen

Introducci�on – Staphylococcus pseudintermedius es la causa m�as com�un de infecciones bacterianas de la

piel en perros. Las infecciones resistentes a la meticilina se han vuelto m�as comunes y son dif�ıciles de tra-

tar. La fototerapia con luz azul puede ser una opci�on para tratar estas infecciones.

Hipotesisi/Objetivos – El objetivo de este estudio fue medir la actividad bactericida in vitro de 465 nm de

luz azul sobre Staphylococcus pseudintermedius (MSSP) sensible a la meticilina y Staphylococcus pseudin-

termedius resistente a meticilina (MRSP). La hip�otesis era que la irradiaci�on con luz azul matar�ıa a MSSP y

MRSP de forma dependiente de dosis in vitro como se ha descrito anteriormente para Staphylococcus aur-

eus resistente a meticilina (MRSA).

M�etodos – En seis experimentos repetidos, cada cepa [MSSP, n = 1; MRSP ST-71 (KM1381) n = 1; y

MRSA (BAA-1680) n = 1] se cultivaron en medio semis�olido, se irradiaron utilizando un dispositivo fotote-

rap�eutico de luz azul de 465 nm a dosis acumuladas de 56,25, 112,5 y 225 J/cm2 y se incubaron durante

toda la noche a 35�C. Los controles no fueron irradiados. Los recuentos de colonias (CC) se realizaron

manualmente. Se realizaron las descripciones estad�ısticas y se evaluaron los efectos del tratamiento utili-

zando la prueba de suma de rangos de Wilcoxon-Mann-Whitney. Tambi�en se realiz�o una prueba corregida

de suma de rangos de Bonferroni para an�alisis post hoc cuando se identificaron diferencias significativas.

Resultados – Hubo una disminuci�on significativa de CC con irradiaci�on de luz azul en todas las dosis para

MRSA (P = 0,0006) pero no para MSSP (P = 0,131) o MRSP (P = 0,589).

Conclusiones – La fototerapia con luz azul redujo significativamente el CC de MRSA, pero no de MSSP o

MRSP. El mecanismo para la fotosensibilidad relativa del aislado de MRSA es desconocido, pero se

supone que se debe a un aumento de la concentraci�on de porfirina en S. aureus en relaci�on con S. pseudin-

termedius, que modular�ıa la absorci�on de la luz azul.

Zusammenfassung

Hintergrund – Staphylococcus pseudintermedius ist die h€aufigste Ursache f€ur bakterielle Hautinfektionen

bei Hunden. Methicillin-resistente Infektionen werden immer h€aufiger und sind eine Herausforderung bei

der Behandlung. Blaulichtphototherapie k€onnte eine Behandlungsoption f€ur diese Infektionen darstellen.

Hypothese/Ziele – Das Ziel dieser Studie war eine Messung der in vitro bakteriziden Aktivit€at des 465 nm

Blaulichts auf Methicillin-empfindliche Staphylococcus pseudintermedius (MSSP) und Methicillin-resis-

tente Staphylococcus pseudintermedius (MRSP). Wir hypothetisierten, dass eine Bestrahlung mit Blaulicht

MSSP und MRSP in einer Dosis-abh€angigen Weise in vitro abt€oten w€urde, wie es schon fr€uher f€ur Methi-

cillin-resistente Staphylococcus aureus (MRSA) beschrieben worden war.

Methoden – In sechs replizierten Experimenten wurde jeder Stamm [MSSP, n=1; MRSP ST-71 (KM1381)

n = 1; und MRSA (BAA-1680) n = 1] auf halbfesten Medien kultiviert, und mit einer 465 nm starken photo-

dynamischen Blaulichteinrichtung mit kumulativen Dosen von 56,25; 112,5 und 225 J/cm2 bestrahlt und

€uber Nacht bei 35°C inkubiert. Die Kontrollen wurden nicht bestrahlt. Die Kolonien (CC) wurden manuell

ausgez€ahlt. Eine deskriptive Statistik wurde durchgef€uhrt und Behandlungseffekte mittels Wilcoxon-Mann-

Whitney Rangsummentest beurteilt. Wenn signifikante Unterschiede identifiziert wurden, wurde der korri-

gierte Bonferroni Rangsummentest zur post hoc Analyse durchgef€uhrt.

Ergebnisse – Es gab eine signifikante Verminderung der CC bei allen Dosierungen der Blaulichtbestrahlung

bei MRSA (P = 0,0006), aber nicht bei MSSP (P = 0,131) oder MRSP (P = 0,589).

Schlussfolgerungen – Blaulichtphototherapie reduzierte die CC der MRSA, aber nicht jene von MSSP

oder MRSP, signifikant. Der Mechanismus der relativen Photosensibilit€at der MRSA Isolate ist unbekannt,

aber es wird hypothetisiert, dass die Ursache in einer erh€ohten Konzentration des Porphyrins im S. aureus

im Vergleich zum S. pseudintermedius liegt, welche die Blaulichtabsorption modulieren k€onnte.

要約

背景 – Staphylococcus pseudintermediusは、犬の細菌性皮膚感染症の最も一般的な原因菌である。メチシリ

ン耐性感染症はより一般的になり、治療が困難になってきている。青色光線療法は、これらの感染症を

治療するための選択肢となり得る。

仮説/目的 – 本研究の目的は、メチシリン感受性黄色ブドウ球菌(MSSP)およびメチシリン耐性黄色ブドウ

球菌(MRSP)に対する465 nm青色光のin vitroでの殺菌活性を測定することである。我々は、青色光の照射

は、以前にメチシリン耐性黄色ブドウ球菌(MRSA)について報告されたように、in vitroで用量依存的に

MSSPおよびMRSPを死滅させると仮定した。

方法 – 6回の反復実験において、各菌株 [MSSP、n = 1; MRSP ST-71(KM1381)n = 1; およびMRSA(BAA-
1680)n = 1] を半固体培地上で培養し、465 nmの青色光線療法装置を用いて56.25、112.5および225 J / cm
2の累積投与量を照射し、35℃で一晩インキュベートした。コントロールは照射しなかった。 コロニー数

(CC)は手作業で計測した。記述統計を行い、Wilcoxon-Mann-Whitney順位和検定を用いて治療効果を評価

した。有意差が認められた場合、事後分析のためにボンフェローニ補正後の順位和検定を実施した。

結果 – MRSAに対してはすべての用量で青色光照射によるCCの有意な減少が認められたが(P = 0.0006)、
MSSP(P = 0.131)およびMRSP(P = 0.589)については認められなかった。

Schnedeker et al.
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結論 – 青色光線療法は、MRSAのCCを有意に減少させたが、MSSPおよびMRSPのCCは減少させなかっ

た。MRSA分離株の相対的光感受性の機序は不明であるが、S. pseudintermediusと比較して、黄色ブドウ

球菌中の高いポルフィリン濃度が青色光吸収の調節に起因すると仮定される。

摘要

背景 – 假中间型葡萄球菌是犬细菌性皮肤感染中最常见的病原,耐甲氧西林感染已变得越来越普遍,对其治

疗也具有挑战性。蓝光光疗可能是治疗这些感染的一种选择。
假设/目的 – 本研究的目的是测定波长为465nm的蓝光,对甲氧西林敏感的假中间型葡萄球菌(MSSP)和耐甲

氧西林假中间型葡萄球菌(MRSP)的体外杀菌活性。我们假设,蓝光照射会以剂量依赖的方式在体外杀死

MSSP和MRSP,一如先前报道的耐甲氧西林金黄色葡萄球菌(MRSA)。
方法 – 在六组重复性实验中,将每种菌株[MSSP, n = 1; MRSP ST-71 (KM1381) n = 1;和 MRSA (BAA-1680)
n = 1]在半固体培养基上培养,使用波长465nm的蓝光光疗装置,以56.25, 112.5 和 225 J/cm2的累积剂量进

行照射,并在35°C孵育过夜。对照组没有照射。人工执行菌落计数(CC)。进行描述性统计,并使用Wilcoxon–
Mann–Whitney秩和检验评估治疗效果。当存在显著性差异时,采用Bonferroni校正秩和检验进行后续分

析。
结果–所有剂量组的蓝光照射均能显著降低MRSA (P = 0.0006)的菌落计数量,但对MSSP(P = 0.131)或MRSP
(P = 0.589)的影响不显著。
结论 – 蓝光光疗能显著降低MRSA的菌落计数量,但对MSSP或MRSP的影响不显著。目前,对MRSA菌珠相

对光敏性机制尚不清楚,推测原因是由于金黄色葡萄球菌相对于假中间型葡萄球菌,含有更高的卟啉浓度,该
物质能调节蓝光的吸收。

Resumo

Contexto – O Staphylococcus pseudintermedius �e o principal causador de infecc�~oes bacterianas em c~aes.

As infecc�~oes resistentes �a meticilina vem se tornando um problema mais comum e de tratamento desafia-

dor. A fototerapia de luz azul pode ser uma opc�~ao para o tratamento destas infecc�~oes.
Hip�otese/Objetivos – O objetivo deste estudo foi mensurar a atividade bactericida in vitro de uma luz azul

de 465 nm em Staphylococcus pseudintermedius suscet�ıveis �a meticilina (MSSP) e Staphylococcus pseu-

dintermedius resistentes �a meticilina (MRSP). A nossa hip�otese �e de que a irradiac�~ao com a luz azul elimi-

naria MSSP e MRSP in vitro, em um padr~ao dose-dependente como foi reportado anteriormente para

Staphylococcus aureus resistente �a meticilina (MRSA).

M�etodos – Em seis experimentos em duplicata, cada cepa [MSSP, n = 1; MRSP ST-71 (KM1381) n = 1; e

MRSA (BAA-1680) n = 1] foi cultivada em meio semiss�olido, irradiada com luz azul de 465 nm em um apa-

relho de fototerapia em doses cumulativas de 56,25; 112,5 e 225 J/cm2 e incubados durante a noite a

35oC. Os controles n~ao foram irradiados. As contagens de colônias (CC) foram realizadas manualmente.

Foi realizada estat�ıstica descritiva e os efeitos do tratamento foram avaliados utilizando o teste de Wilco-

xon-Mann-Whitney rank-sum. Os testes de Bonferroni-corrigidos rank-sum foram realizados para an�alise

post-hoc quando diferenc�as significativas foram identificadas.

Resultados – Houve uma reduc�~ao significativa nas CC com a irradiac�~ao de luz azul em todas as doses para

MRSA (P = 0.0006), mas n~ao para MSSP (P = 0.131) ou MRSP (P = 0.589).

Conclus~oes – A fototerapia com luz azul reduziu as CC para MRSA, mas n~ao para MSSP ou MRSP. O

mecanismo para fotosensibilidade do isolado de MRSA �e desconhecido, mas suspeita-se que seja devido

�a maior concentrac�~ao de porfirina em S. aureus, comparado ao S. pseudintermedius, que modularia a

absorc�~ao da luz azul.
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