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Photodynamic Inactivation of Staphylococcus Aureus Based on Dose of
Laser Transmission

Bon-Yeoul Koo"-Ji-Won Kim?

Y Department of Radiology, Vision College of Jeonju

? Department of Radiological Science, Jeonju University

Abstract  Staphylococcus aureus is a major pathogen that causes clinical infections in humans and can also cause mas-
sively colonized in lesion skin, particularly in atopic dermatitis patients. This study investigated the effects of photo-
dynamic inactivation with radachlorin and diode laser irradiation on the viability of S aureus in vitro and assessed the ef-
fects of the dose of laser transmission. In the PDI group, 5 4L of S aureus suspension and 5 #L of radachlorin were in-
oculated in a 55 mm petri dish (63.6 cm’). The samples were placed in a 37° incubator for 30 min and then irradiated
with light (660 nm diode laser). After laser irradiation, the cells were stored for 24 h at 37° in an incubator with 5%
CO2, and the number of colonies was counted, All CFU/mL of S aureus were reduced by diode laser in the presence of
radachlorin, with a killing rate of 87.9% at an energy dose of 9 J/cm’. This study contribute to treat colonized with S
aureus in atopic dermatitis patients and wound infections by providing information on the optimal dose of laser trans-
mission using PDI to eliminate S, aureus,
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1. M=

1. Mizei

B oJiLo]| o] 8E HF IF S aureus (ATCC 29213)=

Table 1, Device information

el Q= DrfishaloflA AlF Woith o] = 50%
Brain Heart Infusion(BHI) Brotho] H&3}e] @510

w3 F g Ae] Ay WStk 1 F fw
87°0] 5% C027} QM= TolA 24417F B2 A A8
atgiet,

2. HUUIA Y 2

Bl 2t} E 2 (RADA-PHARMA Co, Ltd,, HA
vk, Ao 0.1% Dulbecco®] QAHE o5 A¥4
(Dulbecco’'s phosphate—buffered saline)ollA] 1,000 w
g/mLE 3]A5}3]T,

H Ao AREE F2 660 nm o] 2= o] & Al
o2 AJF ARQFS Table 19 Ut} S aureus’t £ Sl
L FEgHA|(Petri dish) o] tho] L& o] AS AL,
AR AL AlZEo] TRt QH = Table 20 At}

3. 2 2

S Erollof| Wt Eo]& 4x(sterile deionized water)E &
7ste] "hg|glolE oF 1.5 X 10° cells/mLo| EE2 2%
3t

Country of Manufacturer

South Korea

Model
Year produced

Laser type

Beam wavelength (nm)
Output power
Operating time
Operating mode

Safety class

PDToA-153
2018

InGaAl (Indium-Gallium-Aluminum)
Semiconductor Laser Diode

660 nm £ 10 nm
~400 mW
1-3,600 s

Continuous

class 3B

Table 2, Study design conditions for analysis of energy dose, irradiation time

Groups Energy dose Irradiation time (s)
Control Cl aNA aNA
Control groups Only radachlorin C2 aNA aNA
Only laser c3 9 J/em? 1,067
radachlorin + laser T1 3 J/em? 356
PDI groups radachlorin + laser T3 5 J/em? 593
radachlorin + laser TS 7 J/en? 823
radachlorin + laser T7 9 J/em’ 1,067

aNA: not avaliable
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oA 24A17F B3k & g 4(CFU/mL)E AI9aL, #lo]
A T= 2AF A= AlRE 37°dH| ol o 3047t E
T ol HoJHE 9 J/em’9] Ao R FASIHCHFg. 1),

FoehA] vggd3tE Bk} Sl PDI -2 55 mm HE
2] (23,7 ecm’)oll At &= 5 uLet SoEEH 5 u
LE HEsto] 37°Ql5olE o]l 3047t Bk Sof
Arsoiek(Fig. 1), #lo]A] Aol o= Bk H7] 918 3,
5,7, 9 J/em’& Ho|AE ARSI #lo|A] RAL & A
£ 37°5% CO2 Hjg7]ollA 2447t &<t Hakstal et 4
(CFU/mL)E AISlt}, HE A 63] RESE QI

FIERES

Fig. 1, Experimental setup showing
the method for laser light irradiation,

4, A =4

glo]E]= SPSS Statistics AT E9o](Version 25005
ARgsto] EAIsHE FlolA Aol whE F=t 4(CFU/mL)
= U 4 EA(ANOVA) S AREsto] A2 02 45191

3t A A SR Tukey HSD (honestly significant
difference) test WJHHS ARE5}9IAL, FZro] 0.05 uv]qkel
A= fFoug Ao g 7HEstieh(#0.05).

.—ﬂrl

1. d9st H|g2dst = g2t #(CFU/mL) 24

B A A= S aureus®] EE FE 4(CFU/mL)7}
griZE o] Q= dejolA tho] L& glo]A] ZAtol o]
AR S FRIskelth(Fig. 2). 18U AFE Hee=
oA Aegell whel Zpo|7} i), Fig, 3¢ Vrehd wie} 2
o], S aureus® F= 4(CFU/mL)= H|o|A] o A] Al
o] Z7lgtol| wkel gy, T3, Ho|A A 9 J/em?
oA 87,91%2] APEE©C] U THTable 3), YUY A &
A2 Z} poIef| 3l et A (F=375.261, X0.05)E K

Fom ARE BAM= ZF T A 3, 5, 7, 9 J/em’
o] glolA] o =] Akl wet {23t 2pol7t QI]let

2. H0|X TH=E = AR BICIE 22 THE Eo Al
Zlgt £(CFU/mL) 24

Table 3OﬂA1 HEo] glfaze] o] dlo|Aut AR
TIE R EE vk Aak 7ok Zpolz) glof g
o] A] }J}?}Eﬂt A wmI) 9les Uehpelt Eat
o] 2} glo] Bt RN Foidt P 2T} Ao
7t flol e R ee] 542 WeA] SsHAnH(#70.05).

(a) (b) (©) (d)

Fig. 2. Experimental evidence for the reduction in S, aureus
viability after photodynamic inactivation, (a): T1-PDI 3 J/cm?, (b):
T3-PDI 5 J/em?, (c): T5-PDI 7 J/em?, (d): T7-PDI 9 J/em?).

Table 3, Mean value CFU]/mL of S aureus in each group

groups Mean value Kil rate (%)

c1 Control 505 x 10° -
;Zjigj C2  Only radachlorin 5,12 x 10°

C3 Only laser 498 x 10° -

T1 PDI 3 J/em* 275 x 10° 455

PDI T3 PDI 5 J/em®>  1.96 x 10° 62.1

groups T5 PDI 7 J/cn’ 1.3 x 10° 74.3

T7 PDI 9 J/cny’ 1.2 x 10* 87.9

w71 E3E 20229 Al45W AI2E 167



ne.
oy

e

350000

300000

250000

200000

150000

100000

50000

Colony number {(CFU/ml)

0

T1 T3 T5 T7

Energy dose (J/cm?)

Fig. 3. Mean number of viable S auwreus colonies after
photodynamic inactivation, (T1: PDI 3 J/cm?, T3: PDI 5 J/cm?,
T5: PDI 7 J/em?, T7: PDI 9 J/cm?).
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