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We studied the influence of LED radiation of red + infrared (MEDOLIGHT Red device) and blue + infrared
(MEDOLIGHT BluDoc device) ranges on clinical isolates Staphylococcus aureus and collection test strain
Staphylococcus aureus ATCC 25923 sensitivity to antibiotics. The dependence of radiation on the studied
objects depending on exposure, wavelength and frequency were defined. The result of photo modification on
the state of microorganisms was increase of their sensitivity to some of the tested antibiotics. Based on the data
obtained, we developed an algorithm and clinical recommendations for the use of LED radiation in the complex
therapy of purulent-inflammatory diseases.
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BIIJINB CBIT/IOAIOAHOI'O BUIIPOMIHIOBAHHA HA 9YYT/IMBICTD
STAPHYLOCOCCUS AUREUS 10 AHTUBIOTUKIB

B.B. ITanTho!, I''M. KoBaJss!, B.I. [IaaTtso!, E.M. lanko!, C.0O. I'yaap?
ITBH3 «Yxceopodcvkuil HAYloHaAbHUll YyHigepcumemy», M. Yac2opoo, Ykpaina;
2Inemumym ¢isionoeii imeni O.0. Bozomoavys HAH Ykpainu, m. Kuig, Ykpaina
JlocipKeHo BIUIUB CBITJIONIOAHOTO BUIIPOMIHIOBAHHSA YEPBOHO-iH(GPAUYEPBOHOTO Ta CHHBO-iHppaUuep-
BOHOTO jiana3onie anapatiB Medolight Red ta Medolight BluDoc Ha uyTuBicTh 10 aHTHOIOTUKIB KIIIHIYHHX
igossaTiB Staphylococcus aureus Ta kosekiiiHoro Tect-mramy Staphylococcus aureus ATCC 25923. BuznaueHo
3aJIEJKHICTD BIUIUBY CBiTJIa HA JIOCHI/IZKYBaHI 00’ €KTH Bij] €KCIIO3UIIi1, JOBKWHU XBIJII TA YACTOTHU BHIIPOMi-
HIOBaHHA. Hacigkom doroMoiudikarii craHy MIKpOOPTraHi3MiB € MiJIBUIEHHS X YYTJIMBOCTI 10 TEAKUX
IIPOTECTOBAHUX aHTUOIOTHKIB.
Ha ocHOBi oTpMaHUX TaHUX PO3POOJIEHO ITOPUTM Ta KJIiHIUHI peKOMEeH/aIil BHKOPUCTAHHS CBIT/IOAIO0A-
HOTO BUIIPOMIHIOBAHHS ¥ KOMILIEKCHI Teparrii MOBEpXHEBUX IHIHO-3aaIbHUX 3aXBOPIOBAHb.
KirrouoBi ciioBa: uepBoHe, CHHE, iHbpayepBOHE CBITJIO/[i0/{HE BUIPOMiHIOBAHHS, YaCTOTA CBITJIOBUX
immyibciB, anapatu Medolight, Staphylococcus aureus, aHTUG10TUKOPE3UCTEHTHICTb.
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B/INMAHUWE CBETOANOJAHOI'O N3JIYUEHNA HA YYBCTBUTE/IBHOCTD
STAPHYLOCOCCUS AUREUS K AHTUBNOTHUKAM

B.B. IlanTpo!, I'.H. KoBaas!, B.U. ITanTho', 3.M. Jauko’, C.A. I'yaap?
II'BY3 «Yatczopodckuil HaUUOHAAbHDLI YHUBepcumem», 2. Yaczopoo, YkpauHa;
2Hnemumym ¢gusuonoeuu umeru 0.0. Bocomoavya HAH YkpauHwl, 2. Kues, YkpauHa
HcceenoBaHo BIUSHUE CBETOMOHOTO U3JIyUYeHUs] KPAaCHO-UH(PaKpacHOTO U cuHe-UHGPaKpacHOTO
nuamasonoB amnmapatoB Medolight Red u Medolight BluDoc Ha 4yBCTBUTEIBHOCTh K AHTHOMOTHUKAM KJIHHU-
YecKux U30JATOB Staphylococcus aureus u KOJIEKIIMOHHOTO TecT-mtamMa Staphylococcus aureus ATCC
25923. OmnpefiesieHa 3aBUCUMOCTD BJIUSHUS CBETA HA UCCIIEAyeMble O0BEKTHI OT SKCIIO3UIINH, AJIMHBI BOJTHBI U
yacToThl ustydenus. CiaencrBreM GOTOMOANUGMUKAIINN COCTOSHUA MUKPOOPTAHNU3MOB SIBJISIETCS ITOBBIIIIEHE
WX YyBCTBUTEIHHOCTH HEKOTOPBHIM M3 IPOTECTHPOBAHHBIX aHTHOMOTUKOB. Ha OCHOBE IOJIyYE€HHBIX TaHHBIX
paspaboTaH aJITOPUTM U KJIMHHYECKHE PEKOMMEH/IAINHU UCII0Ib30BAHUS CBETOUOTHOTO U3JIyUEHUs B KOM-

IJIEKCHOM TepAaTH TOBEPXHOCTHBIX THOWHO-BOCTIATIUTETHHBIX 3a00I€BAHIH.
KiroueBbIe ci10Ba: KpacHOe, crHee U HHGPaKPaCHOE CBETOAMOTHOE U3TyYeH e, YaCTOTa UMITYJIHCAITUN
cBeTa, anmapatsl Medolight, Staphylococcus aureus, aHTHOHOTUKOPE3UCTEHTHOCTb.

Introduction

The problem of resistance to antimicrobial drugs
continues to deteriorate, this is one of the greatest
threats to health protection and for its solution active
actions in different fields are required [1,2]. Antibacte-
rial drugs currently occupy one of the most important
parts of the arsenal of drugs of medical institutions.
From 25 % to 35 % of all hospitalized patients receive
antibiotics according to various indications. At the
same time, according to the WHO 50 % of antibiotics
are appointed without reason [1,3].

S. aureus is one of the main pathogens of skin
and soft tissue diseases — boils, abscesses, cellulitis,
phlebitis, mastitis, causing pneumonia, osteomyelitis,
meningitis, endocarditis and others. Clinical strains of
S. aureus are the most common microorganisms which
are found in surgical patients [4,5,6].

Despite the natural sensitivity of Staphylococcus
aureus to most antibiotics (beta-lactams, aminogly-
cosides, fluoroquinolones, macrolides, lincosamides,
glycopeptides, rifampicin, etc.), its resistance to them
grows intensively and substantially extend. Conse-
quently, results of infections treatment caused by
Staphylococcus aureus complicated and worsen [5,7].
A significant concern evokes the emergence and spread
of methicillin-resistant strains of Staphylococcus au-
reus (MRSA) that cause outbreaks of nosocomial and
community-acquired infections [8].

Among the solutions of the problem, special
attention deserves the use of non-drug methods, in
particular radiation of the optical range, to increase
sensitivity of microorganisms to existing drugs [9-14].
Due to proven positive influence on the human’s body
and almost complete absence of side effects and contra-
indications [10], LED light application is a promising
method. It was also established that the microflora of
the mouth can be affected by the light from halogen
and LED sources, polarized and unpolarized. This re-
duces the number of bacterial colonies and their sizes,
indicating to suppression or destruction of microbes
[11]. But these data do not explain all the mechanisms

of antimicrobial effects of light, which depend on its
spectral characteristics, power density, frequency of
impulses and polarization. Also important is to clarify
possibilities of changes of some of the properties of
microorganisms, in particular their sensitivity to dam-
aging factors, such as antibiotics.

Purpose of the work is to investigate direct effect
and determine the optimum parameters of action of
LED radiation of blue-red and red-infrared ranges on
sensitivity to antibiotics of clinical isolates Staphylo-
coccus aureus and test strain Staphylococcus aureus
ATCC 25923.

Materials and methods

We studied the effect of LED radiation of red and
infra-red and blue and infrared ranges on sensitivity to
antibiotics of clinical isolates of Staphylococcus aureus
(n=5) that were isolated from foci of inflammatory
processes from surgical department patients of Uzh-
gorod CRH and collection test strain Staphylococcus
aureus ATCC 25923.

Determining the impact of LED radiation on the
sensitivity of microorganisms to antibiotics we used
disco-diffusion method, according to current require-
ments of the Ministry of Health of Ukraine [15]. For
this purpose, we took a pure 16—24-hour agar culture
of microorganisms in a standardized liquid nutri-
ent medium with concentration of 1.5 x 108 colony
forming units (CFU) per 1 ml (it meets the turbidity
matching 0.5 Mcfarland standard) and reseeded on
nutrient dense Mueller-Hinton medium in Petri dish-
es. Then we carried out exposure of microorganisms
to LED radiation from a distance of 1 cm (Fig. 1),
and then we superimposed discs with antibiotics and
cultivated them in the incubator at 37 °C. Results were
determined by measuring zones of microbial growth
delay around the discs.

In order to exclude the impact of radiation on the
growth properties of the nutrient media we carried LED
radiation exposure of cultures that were in sterile Petri
dishes separately and then replanted them in the cul-
ture medium and superimposed discs with antibiotics.
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Fig. 1. Exposure of microorganisms to LED radiation (MEDOLIGHT Red and
MEDOLIGHT BluDoc devices) in Petri dishes with nutrient medium

We used sources of LED radiation, red and in-
frared (IR) (640 + 30 from 880 + 30 nm) and blue and
infrared (470 + 30 from 940 + 30 nm) ranges, respec-
tively, MEDOLIGHT Red and MEDOLIGHT BluDoc,
production of Bioptron AG by Zepter Group. Light
power density of MEDOLIGHT Red device did not
exceed 5.35 mW/cm?, and of MEDOLIGHT BluDoc it
was 10.15-8.2 mW/cm? from a distance of 0—1 cm. By
separate series we examined the effect of exposures to
LED radiation with different wavelengths (5, 10, 15,
20 and 25 minutes) and frequencies (0, 10, 600, 3000
and 8000 Hz).

The results were compared with control series of
not irradiated cultures. Also, in order to control the
quality of microbiology investigations, in each series
with clinical strains we used a collection test strain
Staphylococcus aureus ATCC 25923 with known range
values of microbial growth delays in areas of antibiotics
influence.

We tested sensitivity of the research object to
antibiotics of beta-lactam group, macrolides, fluoro-
quinolones, aminoglycosides, and vancomycin, which
are included in the list of recommended antibiotics
to determine sensitivity of Staphylococcus spp. [15].

Results and discussion

We established that the LED radiation increased
the sensitivity of clinical isolates of S. aureus and col-
lection of test strain S. aureus ATCC 25923 to some
antibiotics (compared with non-irradiated cultures).
In this case, the effect of influence depended on the
wavelength, exposure duration and frequency of radi-
ation. The most pronounced sensitivity increase was
observed when irradiation exposure of microorganisms
lasted for 5 minutes.

Fig. 2 illustrates the effect of 5-minute exposure
to MEDOLIGHT BluDoc LED device at different fre-
quencies on sensitivity of S. aureus ATCC 25923 to
ampicillin and other antibiotics.

Thus, 5-minute exposure test
strain of Staphylococcus aureus ATCC
25923 to LED emission of blue +in-
frared range with frequency of 0 Hz
(continuous emission) increased its
sensitivity to ampicillin, in average, for
15.5%. Application of LED MEDOLI-
GHT BluDoc device radiation with
exposure of 5 minutes and frequencies
of 10, 600, 3000 and 8000 Hz lead to
increased sensitivity of Staphylococcus
aureus ATCC 25923 to ampicillin for
12-13,5%.

Fig. 3 shows increased sensitivity
of Staphylococcus aureus ATCC 25923
to oxacillin after application of blue
infrared range LED radiation.

Irradiation of Staphylococcus
aureus ATCC 25923 by LED emission

Ampicillin

Fig. 2. Impact of LED irradiation of Medolight BluDoc
device on sensitivity of S. aureus ATCC 25923
to antibiotics (exhibition 5 min)
1—control; 2 —radiation with frequency of 0 Hz;
3 —radiation with frequency of 10 Hz;
C — cefotaxime; M— meroponem;
CP —cefepime; G— gentamicin

o R

Oxacillin

Fig. 3. LED irradiation effect of Medolight BluDoc device
on antibiotics S. aureus ATCC 25923 (exhibition 5 min)
1— control; 2 —radiation with frequency of 0 Hz;

C —cefotaxime; L—levofloxacin;

R —rifampicin; V—vancomycin
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of blue + IR range with frequency
of 0 Hz for 5 minutes increased its
sensitivity to oxacillin by an average
of 23.5%. After similar exposure
with frequencies of 10, 600, 3000 35

40

and 8000 Hz we observed increase =1 - Control
of sensitivity of these strains to | 5, | m2-0Hz
oxacillin — by 17-22 %. ®3-10Hz
Fig. 4 illustrates graphically w600 Hz
the rate of sensitivity increase to | 2=
ampicillin and oxacillin of Staph- "3~ 3000Hz
G- S000 Hz

ylococcus aureus ATCC 25923 un-
der the influence of LED radiation
of Medolight BluDoc device of dif- B
ferent frequencies with 5 minutes | 1%
exposure.

Table 1 shows statistically pro-
cessed results of the impact of LED
blue infrared radiation on sensi-
tivity of S. aureus ATCC 25923 to
ampicillin and oxacillin.

Using the LED irradiation of

20 A

Creacillin Ampicillin

Fig. 4. Effect of blue + IR LED range emission on the value
of stunted growth of S. aureus ATCC 25923
On the vertical axis — diameter of zones of stunted growth, mm

red + IR range led to a significant

T R

increase in sensitivity of studied S e

strains S. aureus to l}zavoﬂoxacin \ @ g ¢
(group fluoroquinolones), mero- - 3 W :/
ponem (group carbapenems) and |

tetracycline (group of the same
name) (Fig. 5).

Thus, LED red + IR irradia-
tion with exposure of 5 minutes
at a frequency of 0 Hz resulted in
increased sensitivity of S. aureus

ATCC 25923 to levofloxacin by an Fig. 5. Impact of LED radiation of Medolight Red device on sensitivity
average of 17%, tetracyclin — by to antibiotics of S. aureus (5 min exposure)

27 % and meroponem — by 22.47 %. 1 — control; 2 —radiation with frequencies of 0 Hz; A— ampicillin;
After similar exposure with fre- O — oxacillin; G— gentamicin

quencies of 10, 600, 3000 and
8000 Hz we observed an increase
of sensitivity of S. aureus ATCC
25923 to levofloxacin by an average

~
of 11-12,5%, to tetracycline — by 5]
21-23% and to meroponem — by 36 17
14-16% ( Fig. 6). 1wV

In Table 2 we present statisti- ) S Cafixal
cally processed results of the effects Ny m0Hz
of LED red + IR radiation on sen- 0 + = 10 Hz
sitivity of S. aureus ATCC 25923

18 1 W G000 Hz

to levofloxacin, tetracycline and
meroponem. 26 - = 3000 Hz
It should also be noted that

after application of LED radiation o = BO00 T
with 5 minutes’ exposition, we ob- 22 1

served increased sensitivity of the 10 : : ,

examined microflora also to such Levafloxacin Tetracycline Werapanerm

antibiotics as cefotaxime, rifampi-

cin and meroponem for 6.5-12%, Fig. 6. Impact of LED radiation of red and infrared ranges on the size
depending on the wavelength and of areas of stunted growth of S. aureus ATCC 25923

frequency of light.
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Table 1

Diameters of the stunted growth zones of control and irradiated
by LED blue +IR culture of S. aureus ATCC 25923

Irradiation by LED radiation with exposure of 5 minutes
Antibioti Control
nbiotic (n=10) | Frequency 0 Hz | Frequency 10 Hz | Frequency 600 Hz | Frequency 3000 Hz | Frequency 8000 Hz
(n=10) (n=10) (n=10) (n=10) (n=10)
Ambicillin | 32.8+1.7 37,9+ 1,4 36,7+1,5 37,1+1,5 36,9+1,3 37,2+1,4
P T (P<0,001) (P<0,001) (P<0,001) (P<0,001) (P<0,001)
Oxacillin |19.1+1.1 23,6+1,4 23,0+1,1 23,2+0,6 23,3+0,9 22,5+0,9
S (P<0,001) (P<0,001) (P<0,001) (P<0,001) (P<0,001)
Table 2
Diameters of the stunted growth zones of the control and irradiated samples
by LED red and infrared radiation ranges of the culture S. aureus ATCC 25923
Irradiation by LED radiation with exposure of 5 minutes
Antibiotic | <ol
(n=10) Frequency 0 Hz | Frequency 10 Hz | Frequency 600 Hz | Frequency 3000 Hz | Frequency 8000 Hz
(n=10) (n=10) (n=10) (n=10) (n=10)
Levofloxacin | 24.45+1 3 28,6,9+1,2 27,4+1,6 27,25+1,45 27,5+1,2 27,2+0,9
e (P<0,001) (P<0,01) (P<0,001) (P<0,001) (P<0,001)
Tetracveline | 26.3+2 1 33,6+1,95 32,4+2,1 32,2+2,4 32,0+£2,0 31,75+2,45
4 e (P<0,01) (P<0,01) (P<0,01) (P<0,01) (P<0,01)
Merooonem | 30.7+1.3 37,6+1,7 35,3+1,7 35,5+0,75 35,25+1,5 35+1,05
P e (P<0,001) (P<0,001) (P<0,001) (P<0,001) (P<0,001)
This regularity also concerned clinical isolates. Conclusions

5-minute exposure to LED radiation increased sensi-
tivity of all strains of S. aureus, cultured from locus of
inflammatory diseases to ampicillin, oxacillin, cefotax-
ime, meroponem and rifampicin, and in some cases
also to gentamicin and tetracycline.

Assessing the effects of irradiation of microorgan-
isms in sterile cups, we noted the same regularities
as after irradiation of bacteria in Petri caps with Hin-
ton-Mueller agar, which allows to eliminate the impact
of light on the properties of nutrient medium. Thus, the
obtained results are related with the direct impact of
photo modifying LED radiation on the examined flora.

Prolonged exposure of microorganisms to irradi-
ation did not lead to the increase of their sensitivity,
compared with 5-minute exposure. On the contrary,
when irradiation lasted more than 15 minutes, sen-
sitivity of all the investigated strains was within the
statistical error compared with the control.

Taking in consideration almost complete absence
of contraindications to the use of LED radiation, it
can be used in the treatment of superficial suppura-
tive inflammatory diseases caused by Staphylococcus
aureus. This will allow to increase the effectiveness of
antibiotics therapy for these infections.

LED radiation of red+IR (640+30 and 880 + 30 nm)
and blue + IR (470 + 30 and 880 + 30 nm) ranges makes
photo modifying impact on the investigated strains
of Staphylococcus aureus, which manifests itself in
increase of their sensitivity to most tested antibiotics.

The degree of influence depends on the wave-
length, duration and frequency of radiation impuls-
es — the most pronounced increase of sensitivity was
noted at the exposure of 5 minutes at frequency of 0
Hz (continuous radiation).

LED emission of blue-IR range led to the most
pronounced increase of sensitivity to ampicillin and
oxacillin, while at red and infrared radiation — to levo-
floxacin, tetracycline and meroponem.
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