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Abstract

B paboTte npeacrtaeneHbl pe3ynbTatbl MccnegoBaHUA  3PAEKTUBHOCTM  MMMYSbCHOIO
yNbTPaunoneToBOro M3ny4eHUs ChOLWHOMO0 Crnektpa B OTHOLIEHWM KITMHUYECKMX LUTaMMOB
OaKkTepun C BbICOKMM 3MMAEMUYECKMM NMOTEHUMATIOM, LUMPOKON NEKAPCTBEHHOW YCTOMYMBOCTBIO U
YCTOMYMBOCTBIO K OCHOBHbIM rpynnam Xummudeckmx cpenctB aesmHdekummn (MRSA, VRE,
Ac.baumannii, P.aeruginosa, Proteus mirabilis, St. aureus). WcxogHas KOHTamMuHaUWs
MrIacTMaccoBbIX W MeTanfMYeckux TecT-oObeKkToB cocTaBnsina He MeHee 107 KOE/cm?
Nccnengyemble obpasubl pacnonaranucbk Ha pacctostHum oT 1,2 0o 2 M B rOpU3OHTaNbHOM U
BEPTUKANbHOM MOMOXeHMAX 1 0bnyyanucb B TedeHue 5, 10, 20 muH. Mocne 5 MuHyT o6nydYeHus
CHWXeHVe YpOoBHS 0BCeMeHEeHHOCTU COCTaBuo He MeHee 4,9 Ig Ana Bcex MUKPOOPraHW3mMoB U
NoBepPXHOCTEN. 3arpsi3HeHNE TeCT-00bLEeKTOB OENKOBOWM Harpyskon He BNUANO Ha 3dEKTUBHOCTb
obes3zapaxmBaHus. IPPEKTUBHOCTb AEKOHTaMUHaAUUW NPU  UCMONb30BaHUN  METaNIN4ecKunx
NNacTUH CHWXanacb He3HauYUTenbHoO.

KnoueBble cnoBa: MRSA, VRE, of6e33apaxuBaHue, KINUHUYECKME wTammbl BakTepun,
MHOXeCTBEHHasi ekapCTBEHHas YCTONYMBOCTb, 3¢ppekTMBHOCTL, pulsed light, ultraviolet.

Introduction

B nocnegHue pecatunetmss Gonblloe BHUMaHue yaensietca paspaboTke Meponpusituide Mo
npounakTnke WHMEKLMI, CBA3AHHbIX C OKasaHMeM meguumHckon nomowm (MCMIT), BbI3BaHHbIX
KNMHUYECKMMN  WTammamn  BGaktepui, obnagalowMMm  MHOXECTBEHHOW  NleKapCTBEHHOM
YCTONYNBOCTBIO U YCTONYMBOCTBIO K PA3fMYHbIM rpynnamM XUMUYECKUX CPeAcTB Ae3uHdEeKUUn.
AktyanbHble Bo3bygutenn BBW - Methicillin-resistant Staphylococcus aureus (MRSA) wu
Vancomycin Resistant Enterococcus (VRE) moryT Bbi3blBaTb pa3HOOOpasHble KMHUYEecKue
dopmbl MHGEKUNA: MHEBMOHMIO, BaKTepemMuio, MHMEKLMIO MOYEBBLIBOASALMNX MYTEN, MEHUHIUT,
octeomunenut un ap. CornacHo coBpemeHHbIM AdaHHbiM [1] B EBpone MRSA Bbi3biBaeT 170 000
WMH(EeKUUn B rod, OKOMO 5 TbICAY M3 KOTOPbIX MPUBOAAT K NeTanbHOMy ucxogy. 3atpaTbl Ha
obcnyxuBaHMe naumeHToB, MNOABEpPrwmxca wHdpuumpoBaHmio MRSA, coctaBndawT okorno 380
MUWUINMOHOB €BpPO B rof. AHanornyHble 3aTtpaTbl B CLUA coctaBndawT okono 9,7 munnuvapnos
ponnapoB B rog [2]. YacTtoTta BbigBneHns VCMI, Bbi3aBaHHbIX VRE, B €BPONENCKMX CTpaHax
coctaenser ao 40% [3] B 3aBMCUMMOCTM OT CTpaHbl MU METOOOB MNpeaynpexaeHus UHeKuuin,
NPUHATBIX B MEOULIMHCKUX YYpEXOEHUSIX.

OpHon un3 pacnpocTpaHeHHbix Mep npodunaktnkn WMCMI aBnsetca pydyHas o4ducTka u
AEe3VH(EKUNS MOBEPXHOCTENW MOMELLEHUN W OOBLEKTOB roCNUTAnNbHOM cCpedbl pacTBOpamu
Xummudecknx cpegcts. OgHako [[aHHbIn cnocob  gesvHeKkuun UMMeeT psg  CYLEeCTBEHHbIX
HepocTaTkoB [4]: HEBO3MOXHOCTb 0bpaboTaTb TPYAHOAOCTYMHbIE MecTa, B TOM 4uCre MecTa
BbllUE YEerIOBEYECKOr0 pOCTa, CuIMbHAsg 3aBUCUMOCTb 3pekTUBHOCTM 0be33apakmBaHus
NOBEPXHOCTEM OT YETKOro colngeHus MepcoHanoM WHCTPYKUMM MO MPUrOTOBIIEHUIO U
npuMeHeHnto paboyero pacTeopa 4e3MHMULMPYIOLLEro CpeacTBa, 3aBUCUMOCTb 3PEKTUBHOCTHU
obe33apaxvBaHNss OT BPEMEHM KOHTaKTa [Ae3VHPUUUPYIOLWEro cpeactBa C MNOBEPXHOCTbLIO,
TPYOOEMKOCTb Ae3VHULMPYIOWNX MEPONPUATUNA.



B HacTosilwee BpemMs onsa obessapaxmBaHMs BO34yXa U MOBEPXHOCTEN MOMELLEHUN N 0OBLEKTOB
rocnutanbHOM cpedbl MNPUMEHSIIOT  HOBbIM  MeTOh, OCHOBaHHbIN  0b6nydyeHMn obbekTa
BbICOKOMHTEHCUBHBIM ~ UMMYNbCOM  U3MNYYEHUA  CNIOLHOMO  ChnekTpa, (opMUpYyLWNUMCa B
KCEHOHOBOM ra3oBOM NPOMEXYTKE MpU NPUMNOXKEHUN K HEMY BbICOKOIO HanpsXeHud. [5-7].

Ha paHHbIM MOMeEHT cywecTtByeT obwupHaa 6asa  MUKPOOMOMNOrMYecKUX U KIMHUYECKUX
nccneaoBaHUn, CBUAETENbCTBYOWMX O BbICOKOM 3h(PEKTUBHOCTM MEeToda, HO, B TOXE BpeMs,
OTCYTCTBYET 3KCnepumeHTanbHasi 6asza 6akrepuumaHbix 003, TpebyemMbix onsa obessapakmBaHus
BO3[yXa 1 MOBEPXHOCTEN OT MUKPOMOSIOpLI rocnuTanbHon cpeabl [5-7].

PaboTa HanpaBneHa Ha onpeaeneHne GakTepmanbHbiX 403 YP n3nyyeHus CnroLwwHOro crekrpa u
HeobxoaumbIX ycnosu obessapaxumBaHus MomMeleHun ¢ adpdpekTnBHocTbio Gonee 99,9% ot
akTyanbHbIx Bo3byautenen CMI.

Material and methods

BakTtepuanbHble WTaMMbI

O6bektamn unccrnegoBaHWMA MOCNYXWUNM  TecToBbid wTtamMm 907 S. aureus U KINUMHU4YECKMe
YCTOMUMBBIE K LUMPOKOMY CMEKTPY aHTMOMOTMKOB WTaMmbl Oaktepui: P. aeruginosa, MRSA,
Enterococcus faecium (VRE) , Acinetobacter baumannii, a Tak xxe anungemunyeckun wtamm Pr.
mirabilis. BblGpaHHble KNMHMYECKME LITaMMbl MWKPOOPraHM3MOB Obinv M3ydeHbl Ha npegmeT
YCTOMYMBOCTM K CPEeAcTBaM  XMMWYECKOW Oe3MH(EKUMM M3 pasHbix rpynn. [Ons KOHTpons
3hPEKTUBHOCTN PEXUMOB Ae3nHpeKUMM ncnonb3oBanu TecT-wtammbel E coli 1257 n S. aureus
907. lMpoBeaeHHbIe nccrnenoBsaHus BbIABUIIN YCTONYNBOCTb HeepMEHTUPYIOLLMX
aHTepobakTepui (P. aeruginosa n Acinetobacter baumannii) k gesMHuUMpyOWMM cpeacTBam us
BCEX TECTUPYEMBbIX Fpynn.

CyTO4HYH0 B3BECb KynbTypbl FOCMMTANbHOMO WM TecT-liTaMma roTOBWUAM MO OTpacreBoMy
cTaHgapTHomy obpasuy myTHocTn Ne20 (91g) Ha dousnonornyeckom pacteope 1 pmsmonornyeckom
pactBope ¢ 40% cbiBOpoTKOM KpoBu OapaHa (6 mn. pactBopa M 4 Mn CbIBOPOTKKM). Ona
BblpalLMBaHUSA KyNbTyp WMCNOMb30oBanu KpoBsiHOW arap. [pu NOMOLUM MUKPOMMMETKU HaHOCKU
0.02 Mmn MnKpoBHOW B3BECK HA OHO CTEPUIBHOWN NIIACcTUKOBOM Yalkuy [eTpyn unm meTtannn4eckyto
nnacTuHy Tom Xxe nnowaan. Mukpokannm paBHOMEPHO pacTupanu no NOBEPXHOCTU TeCT-obbekTa
W noAacywmeanu. McneltaHns npoBogunu He nosgHee 1 4aca nocne HaHeceHus MUKpokanenb C
TEeCT-MUKPOOpPraHn3mamm.

MNMocne BO3OENCTBUS Ha MUKPOOHYHO B3BECb, HaHECEHHYID Ha [AHO uJawku [leTtpwy,
yNbTpamnoneToBoro ManyvyeHmss B 4Yawky 3anueanu 10 mn cTepunbHOro n3nosiorm4eckoro
pactBopa, TWaTenbHO pas3MellnBasi KpyroBbiMW ABWXeHUsMW, 3atem pobasnanu 10 wmn
pacnnaBneHHOM N ocTyXeHHon 0o 450C nnoTHOM NUTaTenbHOW cpeabl, 3aKpbiBann KpblKamu u
JaBanu 3acTbiTb OO MSIOTHOW KOHCUCTEHUMW. [aHHas MeToamKa SBNAETCs TOYHOW, TaK Kak
NO3BONISET YUMTbIBATb AaXe €ANHUNYHbIE XXNU3HECMOCOOHbIE KOMOHMM.

KynbTypy € mMeTannuyeckoro TecT-obbekTa nocrne BO3OENCTBUS U3INYyYEeHUs CMbiBanu Ha
CTepunbHyt0 candeTtky, KoTopylo otbumBanu B konbe c 6ycamm B 10Mn. CTepurnbHOro
duaunornormuyeckoro pacteopa. 1o 0,1 Mn nony4eHHOW B3BECU 3aceBanu Ha NIOTHbIE CEeNEKTUBHbIE
nuTaTenbHble cpeabl.

UcTouyHUK YD nsnyyeHums
NcTtouHnkom Y@ unanyyeHuss Obina vMnynbCHas KCEHOHOBAs namna YCTaHOBKUM «Yanex-2».
onekTpuyeckasa MOLHOCTb Nlamnbl coctasnana 1000 BT.

MmnynbcHas kceHoHoBas namna nmena U-o6pasHyto hopmy 1 reHepmpoBana MOLLHbIE CBETOBbIE
BCMbILWKM ONIMTENbHOCTBIO Ha nonyebicoTe 120 MKC ¢ vactoton 2,5 u. Y@ wuanydeHue B
ananasoHe 200-400 HM perncTtpupoBanocb C MOMOLLBD OMNTOBOSIOKOHHOIO CrEeKTpoMeTpa
MPOCBETMEHHOrO TUMA C BbLICOKOW 4YyBCTBUTENbHOCTBIO B YNbTpadMoneToBOM AuanasoHe
AvaSpec-ULS2048-USB2. PagnauuoHHble  XapakTepuUCTUKM  flaMmnbl  KOHTPONmMpoBasruchb



KanubpoBaHHbIM doTonpueMHnkoMm UV Sensor “TOCON-probe”, peructpmpyrowmum nanyvyeHme B
ananasoHe 220-275 HM C MakCUMyMOM YyBCTBUTENbHOCTU Ha 255 HM. CnekTp uany4yeHms namnol
npeactaeneH Ha pucyHke 1. CpegHun 6akTepuumaHbii NOoToK B AnanasoHe 200-300 HM cocTaBun
42 BT.
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Figure 1. Criekmp u3nydeHusi UmMrnynbCHOU KCEHOHOBOU ycmaHo8KU «Yanex-2»
Takvum 06pa3oM, Ha paccTosiHUM 2 M 06ny4YeHHOCTb cocTaBuna 1 BT/m2,

MeToauka npoBeaeHnsa uccnenoBaHumn

KoHTaMUHMpPOBaHHbIE TECT-00bEKTbl C HadyanbHOW KoHTamuHauuein He Huxke 107 KOE/cwm?
pacnonaranucb Ha BepPTUKANbHOW WM TOPU3OHTaNbHOM MOBEPXHOCTSX. [lpyn obnyyeHwun TecT-
00bEeKTOB Ha BepTUKaNbHOM MOBEPXHOCTUN YCTAHOBKA « Yanex-2» pacnonaranacb Ha pacCTosaHun 2
M K BKkrtoyanack Ha 5, 10, 20 MuHyT paboTbl. Mpn 0BnyyYeHUn ropMsoHTaNbHO PaCNONOXKEHHbIX
MeTannmM4yeckmx NNacTuH TecT-06bEKTbI pa3meLlanicb Ha ctone Bbicoton 80 cm 1 yaaneHun ot
namnel 1,2-1,7 m 1 nogsepranvcb o6nyyeHnto B TedeHne 5 n 10 muHyT. LieHTp nsnyyatowen yactu
namnbl Haxogutca Ha BbicoTe 100 cm. NccnegoBaHua npoBoavnu B 3-4-Xx NOBTOPHOCTAX Anst
Ka)KOoW 3KCMO3MLMN U COMPOBOXAASNMCb KOHTPOMEM >XM3HECNOCOOHOCTU KynbTyp

Results and discussion

Mpn obnyyeHnn ycTaHOBKOW «Yanex-2» NNacTuKOBbIX W MeTannuMyeckux ob6bekToB,
PacnonoXeHHbIX Ha BEpPTUKanNbHOMW MOBEPXHOCTM, 3a 5 MUHYT 3KCMNO3UUMU Obinyv MONyYeHbl
3Ha4YeHUs CHMXKEeHUs KOHTamuHauum He MmeHee Slg (Tabnuua 1). Bosgenctene YO uanyyeHus B
TevyeHne 20 MUHYT MPUBENO K MOSTHOMY YHUYTOXEHUIO UCXOAHOW MUKPOBHOW KOHTaMWHaLMU BO
BCEX MPOBEeAEeHHbIX 3KNepuMeHTax (AaHHble B Tabnuvue He npuseneHbl). PedynbtaTel 06nyyYeHuns
NMNYNbCHOW YCTaHOBKOW BEPTUKANbHO PaCMNONOXEHHbIX TECT-00bEKTOB NPU KCNO3MLUUN 5 MUHYT
N pacCTosHUM 2 M pUBEAEHbI HA PUCYHKe 2.

Table 1. Pesynsmamai uccnedosaHusi 3¢chcpekmugHocmu obe3ssapaxxugaHusi KOHmMaMUHUPOBaHHbIX mecm-
06BEKMO8, PaCMONOXEHHbIX Ha pacCmosIHUU 2 M Ha eepmukasibHOU nogepxHocmu

BbbkMBLUME MUKPOOPraHN3MbI

Yenosws nccneaosari (SchbexTusHOCTS), KOE/CM? (Ig)




0 MUH 5 MUHYT 10 MUHYT
yT (336 [k/m?) (672 Dk/m?)
MRSA
Yawka MNeTpun 6e3 6enKoBOW Harpysku 28 (7.2) 0(8.7)
Yawka MNeTpun c 6enKoBON Harpy3komn 50 (7) 1(8.7)
MeTtannuueckue nnactuHbl 6e3 6enkoBom 5y 108 67 (6.8) i
Harpysku
MeTannunyeckme nnNacTuHbl ¢ 6enkoBom
Harpysku 1.83 x103 (5.4) -
VRE
Yawka lMetpn 6e3 6enkoBon Harpys3ku 1.9x107 21 (5.9) 15 (6.1)
Yawka MNeTpun c 6enkoBoOn Harpy3Kkom 2.3x10° 19 (6) 20 (6)
MeTannunyeckve nnactuHbl 6e3 6enkoson
- 910 (4.3) 440 (4.6)
MeTannunyeckve nnNacTuHbl ¢ 6enkoBom 1.83x107
Harpysku 600 (4.4) 610 (4.4)
P.aeruginosa
Yawka MNeTpun 6e3 6€nKoBOW Harpy3ku 1.65x107 16 (6) 1(7.2)
Yawka lMeTpn ¢ 6enkoBomn Harpyskom ' 9 (6.2) 1(7.2)
HMaeer?J;J;:quKwe nnacTuHbl 6e3 6enkoBON 1.5x107 100 (5.1) 25 (5.7)
Pr.mirabilis
Yawka lMetpn 6e3 6enkoBon Harpy3ku 55108 6 (7.9) -
Yawka lMeTpu ¢ 6enkoBomn Harpyskom 2 (8.3) -
MeTannunyeckve nnactuHbl 6e3 6enkoson
Harpysku . 730 (5.9) -
MeTannunyeckue nnacTuHbl ¢ 6enkoBom 6x10
Harpy3KM 730 (5.9) -
Ac.baumanni
Yawka NeTpu 6e3 6enKkoBon Harpysku 2.32x10’ 20 (6) 15 (6.1)
Yawka lNeTpu c 6enkoBon Harpyskom 1.6x10’ 35 (5.6) 27 (5.7)
St.aureus

Yawka NeTpn 6e3 6enKoBon HarpysKku 7x108 32 (7.3) -
Yawka lNeTpu c 6enkoBon Harpyskom 48 (7.1) 0(8.8)
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Figure 2. 3gpgpbekmusHocmb obe33apaxugaHusi UMY IbCHbIM U3My4YeHUeM Cri/iouUHo20 criekmpa
KOHmMaMUHUpOB8aHHbIx 0bpa3yo8 ¢ besnkosol 3auwjumod (6/3) u 6e3 Hee. * - noka3bieaem 100%-Hyr0
OeKoOHMaMuHayur Kak MUHUMYM 00HO20 U3 mecm-o6bekmos

O6nyyeHne  ropu3oHTanbHO  PACMONOXEHHbIX  MeTannuyecknx obbekToB  obecneyunno
adpeKkTMBHOCTL ObGe33apaxmBaHusa 4,9-7,6 Ig, B 3aBUCMMOCTU OT BakTepuanbHOro wrtamMmma u
paccToAHNS 40 UCTOYHMKA N3nyveHus (Tabnuua 2).

Table 2. Pesynsmamai uccnedosaHusi 3¢ghghekmugHocmu obessapakugaHusi 20pU30HMAarbHO
pacronoXeHHbIX Memarnau4eckux niacmuH, KOHMaMUHUPOBaHHbIX KTUHUYECKUMU wmamMmamu
MUKPOOP2aHU3M0o8

CpenHee H BbipkuBLune
paccTosiHue anuime | Bpems 0bryueHus KoHTponb, MVKPOOPraHn3mbl
BGuonoruyeckon (Josza), 5
0o TecT- HarpyakA MH (TK/M2) KOE/cm (S dhekTnBHOCTD),
obbekTa, M KOE/cm? (Ig)
MRSA
1,6 6e3 Harpysku 5 (62,6) 1,15 x10’ 100 (5)
1,7 C Harpyskom 5 (52,5) 1,4 x10’ 160 (4,9)
1,4 6e3 Harpy3sku 10 (184) 1,15 x107 100 (5)
1,5 C Harpyskow 10 (151) 1,4 x107 83 (5,2)
P.aeruginosa
1,4 6e3 Harpy3sku 5(92) 4,6 x10’ 0 (7,6)
1,5 C Harpyskowi 5 (75,5) 4,7 x10’ 33 (6,1)
1,2 6e3 Harpy3ku 10 (286) 4,6 x107 0 (7,6)
1,3 C Harpyskow 10 (228) 4,7 x107 0 (7,6)
BHe 3aBMCMMOCTM OT OpueHTauumM OGBLEKTOB  OTHOCUTENIbHO  WCTOYHMKA  U3NyYeHust

3(PPEKTUBHOCTL 06e33apaxMBaHUA MNPaKTUYECKN He 3aBUCUT OT MPUCYTCTBUS BMONornyeckomn
HarpyskM n cnabo 3aBucuT OT Tuna martepuana nosepxHocTu. CpaBHeEHMe C ycTaHOBKaMu Ha
OCHOBe pTyTbCOAepXallMx namn MnokasbiBaeT 3HauYuUTenbHO OBonbliyld  3dPE(PEKTUBHOCTb
obe33apaxnBaHNA WUMMNYNIbCHOTO WMCTOYHMKA W3MNyYeHMs Npu oAMHaKoBbIX [o3ax [8-10]. Tak,
obes33apaxuBaHve OOBLEKTOB, KOHTaMUHWPOBAHHbIX S. aureus C 6enkoBOW Harpyskow, C
appekTMBHOCTLIO 99,9% noTpebyeT A03bl He Gonee 32 [k/M? UMMYNbCHON KCEHOHOBOW Namrbl U
6onee 1500 [Ox/m? pTyTHOM namnbl [9]. [lekoHTaMuHaums 4acTu TecT-o6bekToB co 100%-Hoi
3(pPeKTUBHOCTBIO (PUCYHOK 2) roBoput 06 oOTCyTCTBUM 3ddpdeKTa AOCTUXKEHMS MakcuMyma



3(PPEKTUBHOCTN, XapaKTEPHOro Afsi UCTOYHMKOB M3MyYeHUs1 Ha OCHOBE PTYTU. IOTOT adhdekT
Bblpa)kaeTCca B OTCYTCTBUM YyBernuyeHus adpdekTMBHOCTM obe33apaXnBaHUA MNOCHe CHWXKEHUS
HayanbHOro ypoBHS 06CEMEHEHHOCTU Ha 2-4 nopsiaka gaxe npu 10-KpaTHOM yBENUYEHUN [03bl
[9, 10].

JocturHytele B paboTe BbICOKME 3Ha4YeHUsi 3PPEKTMBHOCTEN 06e33apakMBaHUS pPasfnYHbIX
OOBEKTOB, KOHTAMWHUPOBAHHBLIX KIUHUYECKUMU  LUTAMMaMW  MWKPOOPraHM3MOB C  BbICOKMM
anMaeMmnyeckum noTeHumanom, obycrnoBrieHbl OAHOBPEMEHHbIM Bo3gencteneMm YO umsnyvyeHus
LUMPOKOrO  CMeKTpanbHOro CcocTaBa MpaKTUYeCKM Ha BCe CTPYKTYpbl KneTku. Takoe
MHOrokaHanbHoOe BO34eNCTBME Ha KNeTKy obecneynBaeT pes3koe CHuKeHue HGakTepuunaHbix 403
[11-22]. PenapauunoHHble npoueccbl npyu 3TOM NGO MNPOTEKalT C 3HAYUTENbHO MEHbLUEN
ckopoctbto  [23], nmbo oTcyTCTBYHOT nonHocTeio [15, 24]. WccnepoBaHus BO3OEeNCTBUS
UMMNYJIbCHOTO N3MYyYeHUsA CNSIOWHOro cnekTpa Ha MembpaHy KneTKkn NokasbiBatoT ee pa3pyLueHme ¢
notepen 6apbepHON N perynatopHom YHKLUIA N BbITEKAHNEM LuTOoNnasmsbl [25, 26].

Conclusions

MpoBeaeHHbIE NCCrefoBaHWS NoKa3anu BbICOKy0 6akTepuunaHyto aekTMBHOCTb MMMYSbCHOrO
ynbTPauoneToBoro M3nyyeHus CnSIOWHOrO CriekTpa B OTHOWEHWUU KIMHUYECKUX LUTaMMOB,
obnagarLmnx MHOXECTBEHHOW NEKapCTBEHHOW YCTOMYMBOCTLIO M YCTOMYMBOCTBLIO K PasfvyHbiM
rpynnaMm  XMMWYECKUX CPeAcTB  Ae3uHekumn. IddeKTMBHOCTL obe33apaxuBaHus  Kak
rPaMnoNOXUTENbHbBIX, TaKk W rpamMoTpuuaTtenbHbiX MWKPOOPraHM3mMoB crabo 3aBuUCUT OT
npucyTcTBust Gruonormyeckon Harpyskm u coctaenseT 4-8 log. Tun matepuana obnydaemon
NMOBEPXHOCTUN HE3HauYUTENbHO BNMUSiET Ha adpekTMBHOCTL obes33apaxuBaHusi. CpaBHUTENbHbIE
nccnegoBaHusl, NPOBeOEHHbIE C TECTOBLIM U KNMMHMYECKMM wtamMammn S. aureus(907) n MRSA,
nokasann WOeHTU4YHble 3HadeHnss 3apdekTMBHOCTM obe33apaxmBaHus obpasuyos =~ 7-7,5 Ig.
Mony4yeHHble NOporoBble GakTepuunaHble 403bl 3HAYUTENBHO HUXKE aHANOrMYHbIX 3HAYEHUN Ons
PTYTHbIX GakTepuuugHbix obny4daTenen, 4YTO MNO3BONSET 3HAYUTENbHO COKPaTUTb BPEMS
npoBefeHnsa Ae3nHMEKUNOHHbIX npoueayp Meponpuatui. PesynbTaTbl 3KCNepuMMeEHTanbHbIX
nccneaoBaHui Mo3BONAT  yTBEpXAaaTb, yTO yCTaHOBKa «Yanex-2» aBnsaeTcs
BbICOKO3((EKTUBHLIM M MPOCTbIM B 3KCMNyaTauum YCTPOMCTBOM 3KCnpecc obe33apaxunBaHus
NOBEPXHOCTEN NOMELLEHMI 1 0O bEKTOB BONbHUYHOM cpeabl.
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ABSTRACT

The present study demonstrated the evaluation results of pulsed xenon ultraviolet irradiation of
continuous spectrum for efficacy against multi-drug resistant strains with high epidemic potential
and resistance against main groups of chemical disinfectants (MRSA, VRE, A.baumannii,
P. aeruginosa, Proteus mirabilis, S. aureus). Microbial concentration on plastic and metal surfaces
was at least 10’ CFU/cm?®. The samples were placed horizontally and vertically at 1.2-2 meters’
distance from the irradiation source and treated for 5, 10 or 20 minutes. After 5 minutes’ treatment
the microbial reduction was at least 4.91g for all the pathogens and surface materials. The
presence of bioburden on samples did not affect the disinfection efficacy. The decontamination
efficacy for metal plates reduced insignificantly.

Keywords: MRSA, VRE, bacteria, decontamination, hospital strains, multi-drug resistance,
efficacy, pulsed light, ultraviolet

INTRODUCTION

In recent decades increasing attention is paid to the development of prevention measures against
Healthcare-associated infections (HAIs), caused by nosocomial bacterial strains with multiple drug
resistance and resistance against main groups of chemical disinfectants. Most important current
infectious agents of HAls — Methicillin-resistant Staphylococcus aureus (MRSA) and Vancomycin-
resistant Enterococcus (VRE) — are able to induce various clinical forms of infections: pneumonia,
bacteremia, urinary tract infection, meningitis, osteomyelitis and others. According to present
knowledge [1] MRSA induces yearly 170,000 infections in Europe, about 5,000 of them with fatal
outcome. The additional cost of treating patients with MRSA is about €380 million yearly. In the
USA this value reaches about $9.7 billion a year [2]. The detection frequency of VRE caused HAIs
is about 40% in European countries [3] depending on the country and measures of infection
prevention used at hospitals.

One of most common measures of HAIs prevention is manual cleaning and surfaces disinfection of
hospital rooms and surfaces using chemical disinfectants solutions. However this disinfection
method has a number of major drawbacks [4]: impossibility to clean the hard-to-reach spots,
including places higher than human reach, strong dependence of the disinfection efficacy on the
personnel strictly following the procedure of solution preparation and use, strong dependence of
the disinfection efficacy on the exposure time of surfaces to the disinfectant, manpower input.

Presently is used an advanced method of air and surfaces decontamination of hospital rooms and
objects, based on exposing the objects to high-intensity continuous spectrum pulses generated in
Xenon gas gap by high voltage application [5-7].

At the moment exists a vast database of microbiological and clinical studies, speaking for the high

efficiency of the method; however there is no experimental base of bactericidal doses required for
air and surfaces decontamination from hospital pathogens [5-7].
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This study’s purpose is to determine the bactericidal doses of pulsed UV irradiation as well as
conditions required for rooms’ decontamination with at least 99.9% efficiency for all current HAI
pathogens.

MATERIAL AND METHODS

BACTERIAL STRAINS
S. aureus strain 907 and the following multi-drug resistant strains: P. aeruginosa, MRSA,
vancomycin-resistant E. faecium (VRE), A. baumannii, as well as epidemic P. mirabilis were used
throughout this study. The chosen pathogen strains were studied for resistance against chemical
disinfectants of different groups. For controlling the decontamination efficacy were used E. coli
strain 1257 and S. aureus strain 907. The tests demonstrated the resistance of non-fermenting
enterobacteria (P. aeruginosa and A. baumannii) against disinfectants of all groups.

24-hours’ suspension of the chosen strain was prepared as per industry-specific opacity standard
No. 20 (9 Ig) on the basis of normal saline or saline with 40% of sheep blood serum (6 ml of saline,
4 ml of blood serum). The cultures were incubated in blood agar. With a micropipette 0.02 ml of
bacterial suspension were applied to the bottom of a sterile Petri dish or metal plate of equal size.
Microdrops were evenly distributed throughout the surface of the samples and dried. The testing
was performed within 1 hour since the application of microdrops with pathogens.

After treating the bacterial suspension at the bottom of Petri dish with UV irradiation, 10 ml of
sterile saline were added to the dish and thoroughly stirred in circular motions. Then 10 ml of
molten and cooled to 45°C growth medium were added. After that the dishes were covered and left
to solidify. This procedure is precise as it allows for accounting occasional viable colonies.

The culture from metal plates was washed to a sterile drape after UV treatment and then shaken in
a bottle with beads in 10 ml of sterile saline. 0.1 ml of the resulting suspension was inoculated into
thick selective media.

UV IRRADIATION SOURCE
As UV irradiation source was used a pulsed xenon lamp of Yanex-2 unit. The electrical output of
the lamp was 1000 W.

The U-shaped pulsed xenon lamp generated high intensity light pulses with 120 ps half-amplitude
duration and 2.5 Hz frequency.

Irradiation in 200-400 nm range was registered by a back-thinned type CCD spectrometer with
high quantum efficiency and high UV sensitivity “AvaSpec-ULS2048-USB2". Intensity of the lamp
irradiation was measured by calibrated UV sensor “TOCON-probe”, detecting irradiation in
220...275 nm range (at half-height) with maximum spectral sensitivity at 255 nm. The lamp
irradiation spectrum is shown in Figure 1. Average bactericidal flux in 200 — 300 nm range was
42 W.
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Figure 1. Irradiation spectrum of pulsed xenon unit “Yanex-2"

Thus, the irradiance at 2 meters’ distance is 1 W/m?.

of tests were performed for each exposure time, followed by control of cultures’ viability.

RESULTS AND DISCUSSION

METHODS
The samples with initial contamination of at least 10’ CFU/cm? were placed vertically and
horizontally in respect to irradiation source. For vertically placed samples the distance to Yanex-2
was 2 m, and the exposure time was 5, 10, and 20 minutes. For horizontal treatment the samples
were placed on 80 cm high table at 1.2-1.7 meters’ distance from the lamp; the exposure time was
5 and 10 minutes. The centre of the light emitting lamp part was at 100 cm height. 3-4 replications

400

The 5 minutes’ irradiation of vertically placed plastic and metal samples by means of Yanex-2
reduced the contamination level at least 5 Ig (Table 1). The 20 minutes’ exposure to UV light led to
sterilization in all performed tests (data not shown in the table). The results of 5 minutes’ irradiation
of vertically placed samples with 2 meters’ distance are shown in Figure 2.
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Table 1. Evaluation of disinfection efficacy of contaminated samples, located vertically at 2 meters’ distance

from the irradiation source

Surviving pathogens (efficacy), CFU/cm? (Ig)

Test conditions 0 min 5 min 10 min
(336 J/m?) (672 J/m?)
MRSA
Petri dish w/o bioburden 28 (7.2) 0(8.7)
Petri dish with bioburden 5 x 10° 50 (7) 1(8.7)
Metal plate w/o bioburden 67 (6.8) -
Metal plate with bioburden 1.83 x 10° (5.4) -
VRE
Petri dish w/o bioburden 1.9 x 10’ 21 (5.9) 15 (6.1)
Petri dish with bioburden 2.3 x10’ 19 (6) 20 (6)
Metal plate w/o bioburden 183 x 107 910 (4.3) 440 (4.6)
Metal plate with bioburden ' 600 (4.4) 610 (4.4)
P. aeruginosa
Petri dish w/o bioburden 165 x 107 16 (6) 1(7.2)
Petri dish with bioburden ' 9 (6.2) 1(7.2)
Metal plate w/o bioburden 1.5 x 10’ 100 (5.1) 25 (5.7)
P. mirabilis
Petri dish w/o bioburden 5 x 10° 6 (7.9) -
Petri dish with bioburden 2 (8.3) -
Metal plate w/o bioburden 6 x 10° 730 (5.9) -
Metal plate with bioburden 730 (5.9) -
A. baumannii
Petri dish w/o bioburden 2.32 x 10’ 20 (6) 15 (6.1)
Petri dish with bioburden 1.6 x 10’ 35 (5.6) 27 (5.7)
S. aureus

Petri dish w/o bioburden 7 % 10° 32 (7.3) -
Petri dish with bioburden 48 (7.1) 0(8.8)

Ig (CFU/cm?)

P. aeruginosa P. mirabilis

MRSA

A. baumannii VRE

Microorganism

B Plastic w/o bioburden
I Plastic with bioburden
B Metal wio bioburden
I Metal with bioburden

S. aureus

Figure 2. Evaluation of disinfection efficacy of contaminated samples with and without bioburden
(*) — demonstrates 100% decontamination of at least one sample
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The irradiation of horizontally placed metal plates provided 4.9-7.61g disinfection efficacy
depending on the bacterial strain and distance to the irradiation source (Table 2).

Table 2. Evaluation of disinfection efficacy of horizontally placed metal plates, contaminated
with hospital pathogens strains

Mean Treatment time Surviving
distance to Prgsence of (UV dose), Control,2 .pathogens ,
sample, m bioburden min (J/m?) CFU/cm (efflcacy()l,ggtFU/cm

MRSA
1.6 w/o bioburden 5 (62,6) 1.15 x 10’ 100 (5)
1.7 with bioburden 5 (52,5) 1.4 x 10’ 160 (4.9)
14 w/o bioburden 10 (184) 1.15 x 10’ 100 (5)
1.5 with bioburden 10 (151) 1.4 x 10’ 83 (5.2)
P. aeruginosa
1.4 w/o bioburden 5(92) 4.6 x10' 0 (7.6)
15 with bioburden 5 (75,5) 4.7 x10' 33 (6.1)
1.2 w/o bioburden 10 (286) 4.6 x 10’ 0 (7.6)
1.3 with bioburden 10 (228) 4.7 x 10’ 0 (7.6)

Regardless of the samples orientation against the irradiation source, the disinfection efficacy is
essentially independent of the bioburden presence and only slightly dependent on the surface
material. The comparison with mercury based units shows a significantly higher decontamination
efficacy of pulsed irradiation sources for equal doses [8-10]. Thus, the 99.9% efficient disinfection
of the surfaces contaminated by S. aureus with bioburden shall require a dose of at the most
32 J/m? for a pulsed xenon lamp, and of 1,500 J/m? for a mercury vapor lamp [9]. Disinfection of a
number of samples with 100% efficacy (Fig. 2) shows the absence of the effect of maximum
efficiency achievement, characteristic of mercury based irradiation sources. This effect means that
the disinfection efficacy does not grow once the initial microbial load reduces by 2-4 Ig even if the
UV dose is increased by 10 times [9, 10].

The achieved high values of decontamination efficacy for various samples, contaminated by drug-
resistant pathogens strains with high epidemic potential, result from simultaneous impact of
continuous spectrum UV Irradiation on almost all cell structures. Such multichannel impact ensures
a sharp decrease of bactericidal doses [11-19]. Under the influence of pulsed UV light, the cells
repair process either runs significantly more slowly [20] or completely stops [14, 21]. The study of
the impact of pulsed UV continuous spectrum irradiation on cell membrane shows the complete
destruction of the latter, including the loss of regulatory and barrier functions as well as cytoplasm
efflux [7, 22].

CONCLUSIONS

The performed tests demonstrated high bactericidal efficacy of pulsed UV irradiation of continuous
spectrum against the strains with multiple drug resistance and resistance against main groups of
chemical disinfectants. The disinfection efficiency against both gram-negative and gram-positive
microorganisms is only slightly dependent on the presence of bioburden and makes 4-8 Ig. The
material of the treated surface affects the decontamination efficacy in a minor way. The
comparative studies with the test and hospital strains of S. aureus (907) and MRSA showed
identical values of decontamination efficacy =7-7.5 Ig. The obtained threshold bacterial doses are
significantly lower than the corresponding values for devices with mercury based lamps, which
allows for dramatically reducing the time of disinfection procedures. The experimental results
permit to claim that Yanex-2 is a highly efficient and easy-to-use device for rapid surfaces and
objects disinfection in hospital environment.

18.1-5



10.

11.

12.
13.

14.

15.

16.
17.
18.

19.

20.

21.

22.

REFERENCES

Kdck R., Becker K., Cookson B. et al., Methicillin-resistant Staphylococcus aureus (MRSA): burden of
disease and control challenges in Europe, Euro Surveill, 15 (41), (2010).

Stibich M., Stachowiak J. et al., Evaluation of a pulsed-xenon ultraviolet room disinfection device for
impact on hospital operations and microbial reduction, Infection control and hospital epidemiology, vol.
32, no. 3 (March 2011).

Werner G., Coque T.M., Hammerum A.M., Hope R., Hryniewicz W., Johnson A. et al., Emergence and
spread of vancomycin resistance among Enterococci in Europe, Eurosurveillance, Volume 13 (47)
(2008).

Otter J.A., Yezli S., Perl T.M., Barbut F., French G.L., The role of ‘no-touch’ automated room
disinfection systems in infection prevention and control, Journal of Hospital Infection, 83, pages 1-13
(2013).

Shashkovskiy S.G., Kalinchuk T.A., Polikarpov N.A., Goldshteyn Y.A., Goncharenko I.V., Pulsed UV
equipment for air disinfection at medical and preventive treatment facilities // Poliklinika. No. 3. 2009.
p. 42-46

Jinadatha C., Quezada R., Huber T.W. et al., Evaluation of a pulsed-xenon ultraviolet room disinfection
device for impact on contamination levels of methicillin-resistant Staphylococcus aureus. BMC
Infectious Diseases, 14:187 (2014).

Chan-Ick Cheigh, Mi-Hyun Park, Myong-Soo Chung, Jung-Kue Shin, Young-Seo Park, Comparison of
intense pulsed light- and ultraviolet (UVC)-induced cell damage in Listeria monocytogenes and
Escherichia coli O157:H7, Food Control, 25, pages 654-659 (2012).

Anderson D.J., Gergen M.F., Smathers E., Sexton DJ. et al., Decontamination of targeted pathogens
from patient rooms using an automated ultraviolet-C-emitting device, Infection Control and Hospital
Epidemiology, vol. (34), No. 5, pp. 466-471 (2013).

Vassiliev A.l,, Kostyuchenko S.V. et al.,, Use of UV irradiation for decreasing the risk of nosocomial
infections, Meditsinkliy alfavit, Epidemiology and hygiene No. 2. pp. 50-54 (2014)

Owens M.U., Deal D.R., Shoemaker M.O. et al., High-dose ultraviolet-C light inactivates spores of
Bacillus atrophaeus and Bacillus anthracis Sterne on nonreflective surfaces, Applied Biosafety, 10(4).
Pp. 240-247 (2005).

Kowalski W., Ultraviolet germicidal irradiation handbook. UVGI for air and surface disinfection, New
York: Springer, 501 p. (2009).

Rubin A.B., Biophysics. Vol. 2. Biophysics of cellular processes, p. 464 (1997).

Zimmer J.L., Slawson R.M., Potential Repair of Escherichia coli DNA following Exposure to UV
Radiation from Both Medium and Low-Pressure UV Sources Used in Drinking Water Treatment, Applied
and Environmental Microbiology, vol. (68), No 7, pp. 3293-3299 (2002).

Chen R.Z., Stephen A.C., James R.B., Comparison of the action spectra and relative DNA absorbance
spectra of microorganisms: Information important for the determination of germicidal fluence (UV dose)
in an ultraviolet disinfection of water, Water research, vol. (43), issue 20, pp. 5087-5096 (2009).

Nerandzic M.M., Cadnum J.L., Eckart K.E., Donskey C.J., Evaluation of a hand-held far-ultraviolet
radiation device for decontamination of Clostridium difficile and other healthcare-associated pathogens,
BMC Infectious Diseases, 12:120 (2012).

Vladimirov Yu.A., Physics and chemistry of photobiological processes, p. 285 (1983)

Vermeulen N., Keeler W.J., Nandakumar K., Leung K.T., The bactericidal effect of ultraviolet and visible
light on Escherichia coli, Biotechnology and Bioengineering, vol. (99), No 3, pp. 550-556 (2008).

Tyrell R.M., Induction of pyrimidine dimers in bacterial DNA by 365 nm radiation, Photochemistry and
Photobiology, vol. (17), pp. 69-73 (1973).

Beer J.Z., Olvey K.M., Miller S.A., Thomas D.P., Godar D.E., Non-nuclear damage and cell lysis are
induced by UVA, but not UVB or UVC, radiation in three strains of L5178Y cells, Photochemistry and
Photobiology, vol. (58), No5, pp. 676-681 (1993).

Gomez-Lopez V.M., Ragaert P., Debevere J., Devlieghere F., Pulsed light for food decontamination: a
review, Trends in Food Science & Technology, vol. (18), pp. 464-473 (2007).

Guillou, S., Leroi, F., Orange, N., Bakhrouf, A., Federighi, M., EImnasser, N., Pulsed-light system as a novel
food decontamination technology: a review, Canadian Journal of Microbiology, vol. 53, Issue 7, pp. 813-821
(2007).

Takeshita K., Shibatoa J., Sameshimaa T., Fukunagab S., Isobec S, Ariharad K., Itoh M., Damage of
yeast cells induced by pulsed light irradiation, International Journal of Food Microbiology, vol. (85),
Issue 1-2, pp. 151-158 (2003).

18.1-6



	IOA WORLD CONGRESS AND EXHIBITION 2015 - PROCEEDINGS

