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Vad ar UV-ljus
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at a wavelength of 264 nm.

UV-C-Radiation used for disinfection is most effective



Vad ar UV-ljus

e UV-ljus en elektromagnetisk stralning.

Del av stralningsspektrum
Gamma- Infrarott

stralning Vakuum-UV  UV-C  UV-B UV-A Synligt ljus ljus
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| det bakteriedédande UV-C omradet (200 - 280 nm) har i figuren inlagts kurvan fér DNA-absorption.
Den visar att viglingden 265 nm 3r extremt vl [3mpad fér desinfektion.
Stralningen frdn UVEDES UV-system avges vid just denna viglingd.




Indelning UV-ljus

e UVA vaglangd (315—400 nm) och absorberas ej i atmosfaren; solarium, lim-
och plasthardning samt ger fluorescerande effekt for inspektion. Ger
solbranna stimulerar D-vitamin produktion, behandling vid psoriasis,
atopisk dermatit

e UVB vaglangd (280—315 nm) och en del av den tranger genom atmosfaren
vid glest ozonskikt, nar jordenytan. Behandlingar av psoriasis, atopisk
dermatit, neonatal ikterus. Cancerogent, inducerar gra starr

e UVC vaglangd (100-280 nm) och all UVC fran solen absorberas av
ozonskiktet i den ovre delen av atmosfaren, anvands i desinficerande syfte
av vatten, luft och ytor. Anvands aven for hardning. Direkt exponering for
UVC bor undvikas. UVC blockeras dock effektivt av ett antal olika material,
inklusive glas och de flesta plaster.



Niels R. Finsen 1860-1904




Portabla UVC ytdesinfektions apparatur

* No-touch

e Lampor som producerar hogintensitets ultraviolet C(UV-C)ljus

UV-C har bactericid effekt: destruerar DNA hos bakterier, virus, och

andra mikroorganismser, forhindrar celldelning och reparation av
skadat DNA

Ett komplement till ordinar stadning och desinfektion av ytor

e Tva huvudsakliga typer;

Kontinuerlig UV-C ljus emission fran glodlampa med kvicksilvergas
Pulserande UV-C ljus emission fran glodlampa med Xenongas



UV-C lampor

 Kvicksilverlampor, lagtryck i bulben, 254 nm, anvander viss dos UV-
ljus beroende pa bakterie, behandlar bakterier pa ytor, human farligt,
mindre effektiv i skuggade partier av rummet, placeras mitt i rummet

e Xenonlampor innehaller adelgasen xenon, ger bactericid ljus som
skickas ut i pulser om millisekunder, 200-320 nm, ger bade UV-B och
UV-C ljus, omfattar hela rummet likt LED lampa energisnal, snabb
tand

e LED (light emitting diode) nyare teknologi, ljuset kommer fran sma
lysdioder, tar alla species behdver ej finjusteras, pulserande ljus,
battre tackningsgrad av ytor, miljovanligt, on-demand jmf kvicksilver
som maste varmas upp....



"No-touch”system; UV-C ljus

Fordelar

* Inducerar betydande bakteriereduktion aven sporbildande bakterier
e Dekontaminerar alla ytor och all utrustning i rummet

* Snabb dekontamination ingen vantetid efter utférandet

e Genererar inget avfall

Nackdelar
e Stor kapitalinvestering
e Patienter och personal far inte exponeras,

e Vanlig stadning for att eliminera "smuts” kvarstar



Faktorer relevanta for effekt av UVC-ljus
desinfektion

* |[ntensitet

e Exponerings tid

e Placering i rummet

e Avstand till yta

e Luftstrommens rorelse
e Bakteriespecies



xenon UV-C apparatur

e Anvander Xenon lampor som avger millisekund snabba blixtar inom bactericid
vaglangd (200-320nm dvs bade UV-B och UV-C)

Ytor maste vara helt exponerade garna reflektoriska, skuggpartier nas ej

Dos, intensitet, avstdnd, bakteriespecies, yta paverkar, rumstorlek™

Inga personer i rummet, stangda dorrar och automatisk sensorstopp

Rek placering av appparat; vid desinf; toalett samt bada sidorna av séngen

Duration 5-15 min/korning, ett rum tid 15-20 min

Effectiveness of ultraviolet devices and hydrogen peroxide systems, Weber et al, Am J of Inf Control 2016*



Xenex




Studier

Environmental effectiveness of pulsed-xenon(PX-UV) light in the operating room.simmons 5%Am J Infect
Control. 2018 Sep;46(9):1003-1008. doi: 10.1016

Studien omfattade 123 amerikanska sjukhus, 136 operating room, 732 hightouch omraden,totalt1464 prover

Resultat

* Det genomsnittliga antalet CFU efter manuell rengdring varierade mellan 5.8 och 34.37, efter PX-UV, mellan 0.69
och 6.43. Med enbart manuell rengoring var 67% av ytorna fortsatt odlingspositiva efter tillagg av PX-UV
desinfektion, minskade antalet CFU med 38%.

e Skillnaden i CFU reduktion pa “high-touch” ytor vid enbart manuell kontra manuell och PX-UV desinfektion var
statistiskt signifikant

Konklusion

* When used after the manual cleaning process, the PX-UV device significantly reduced contamination on high-touch
surfaces in the OR.



Kvicksilver UV-C apparat

e Anvander lagtrycks kvicksilvergas lampor som avger starkt, smalt band UV-
C 254 nm

e Anvander specifik dos UV-C mot bakterier pa ytor; sporer, vegetativa
 Manga olika sorter skiljer sig avseende antal lampor och effekt
 Ytor helt exponerade garna reflektoriska, skuggpartier nas ej

e Inga personer i rummet, stangda dorrar och automatisk sensorstopp
e Placeras i mitten av rummet, toalettdorr 6ppen, multipla kdrningar
e Duration 45 min / cykel

e automatisk sensorstopp

e automatisk sensorstopp

Utveckling True-D, Smart UVC, Thor UVC






Thor UVC

En laserradar mater och beraknar darefter desinficeringscykel utefter en 3D
modell av rummet

Hansyn tas till interiérer och eleverar sig upp till 2,25 meter f6r att minimera
skuggade omraden.

24 stycken 90W lysror bestralar rummet och reducerar samtliga patogener
med en effektivitet pa 99.999 %, aven i skuggade omraden.

Enheten har olika ldgen, dir ett av dessa 4r SPOR-LAGE, dd anvander
enheten sig hogsta och kraftfullaste effekt.

Styrs med surfplatta och

Kraver ingen utbildning. Ett normalstort vardrum tar ca 35 minuter att
desinficera. Rummet kan direkt efter utférd desinficering betradas.
Vidimerade studier och praktisk erfarenhet finns bade fran Sverige och
lander sasom England, USA, Holland, Polen, Ungern.



Disinfectants used for environmental disinfection and new room decontamination
technology.Rutala WAL, Weber DJ Am J Infect Control. 2013 May;41(5 Suppl):S36-41. doi:
10.1016/j.ajic.2012.11.006.

Rutala, W.A., Gergen, M.F., Weber, D.J. Room decontamination by ultraviolet radiation. Infect
Control Hosp Epidemiol. 2010;31:1025-1029

Boyce, J.M., Havill, N.L., Moore, B.A. Terminal decontamination of patient rooms using an
automated mobile UV light unit. Infect Control Hosp Epidemiol. 2011;32:743-747

Nerandzic, M.M., Cadnum, J.L., Pultz, M.J., Donskey, C.J. Evaluation of an automated
ultraviolet radiation device for decontamination of Clostridium difficile and other
healthcare-associated pathogens in hospital rooms. BMC Infect Dis. 2010;10:197
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Stralande rent. Med ultraviolett stralning
forgor roboten resistenta bakterier och
stiddar en patientsal pa omkring 45
minuter. | stillet for att smittstida gar
personalen sedan in och gér en normal
stddning. FOTO: Foto: Brannskadecentrum

En bakteriedéodande stadrobot med ultraviolett stralning har
lyckats halla kliniken vid Brannskadecentrum pa Akademiska

sjukhuset i Uppsala smittfri i tre ar. Roboten hanteras av NYHETER
vardpersonal, men har en ultraviolett stralning som ar farlig FIKRU MARU
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UV-LED lampa
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Far UV-C

Ny metod for riktad antimikrobiell behandlid med UV-C, utan att skada humana
celler.

e Effect of far ultraviolet light emitted from an optical diffuser on methicillin-
resistant Staphylococcus aureus in vitro, David Welch,PLoS One. 2018; 13(8):
e0202275. Published online 2018 Aug 10.

e Studien undersoker effekt av 224 nm UV-C levererat via laser med optisk spridare
mot hud runt olika medicinska devices ex katetrar, sonder, elektroder for att
dekontaminera hudomradet.

* Mojliggdr exponering av svaratkomliga ytor for UV-C desinfektion

e Modell mindre...storlek som AA batteri



Konklusion

e This study demonstrates that far-UVC light emitted from a laser and
delivered using an optical diffuser is an effective tool to kill MRSA in
vitro. Logreduction 2-4 log.

* The dose required to kill bacteria on a surface with far-UVC is slightly
higher than with conventional UVC at 254 nm; however, given the
lack of harmful biological effects with far-UVC, it is an attractive
option for disinfection within wounds.

* The ability to diffuse the laser output over a large area makes this a
viable solution for disinfection of infection prone tissues, such as
around a catheter or other skin penetrating medical device



Studier 2018

Enhanced terminal room disinfection and acquisition and infection caused by
multidrug-resistant organisms and Clostridium difficile (the Benefits of Enhanced
Terminal Room Disinfection study): a cluster-randomised, multicentre, crossover

study.Anderson DJ1, Chen LF2, Weber DJ3, Moehring RW?, Lewis SS?, Triplett PF°, Blocker M®, Becherer P?,
Schwab JC8, Knelson LP?, Lokhnygina Y?, Rutala WA3, Kanamori H3, Gergen MF3, Sexton DJ%; CDC Prevention
Epicenters Program, Lancet. 2017 Feb 25;389(10071):805-814

e En pragmatisk cluster-randomised, crossover trial fran 9 sjukhus syddstra USA.

e Rum dar patienter infekterade eller koloniserade med C diff, MRSA, MDR Acineto, VRE
stadades i samband med utskrivning ut enligt 4 rutiner

Referens: Ammonium desinfektion (C.diff- klorin)
1.UVC +kvartar ammonium desinfektant

2.Klorin

3. Klorin+UVC



Studier 2018

Outcome

1.Incidens av angivna multires bakt efter vistelse pa kontaminerat
vardrum

2. Incidens av C.diff hos exponerade patienter
Undersokte samtidigt;

stadrutiner, foljsamhet till handhygien samt kolonisationstryck generellt
pa sjukhuset



Studier 2018

e 31 226; 21 395 (69%) uppfyllde inklusion kriterierna,

e Reference grupp 4916, 5178 in the UV grupp, 5438 in the klorgrupp,

och 5863 in the klor och UV grupp. Incidencen av malorganismer bland
exponerade patienter var significant lagre efter tillagg av UV till standard
stadrutin(n=76; 33-9 cases per 10 000 exposure days; relative risk [RR] 0-70,

95% Cl 0-50-0-98; p=0-036).

e Sammanfattningsvis; 10-30% lagre risk att koloniseras med
malbakterierna om UV-C lades till standard stadning (for cl diff klorin)



Fortsattning foljde...

o Effectiveness of targeted enhanced terminal room disinfection on hospital-wide acquisition and
infection with multidrug-resistant organisms and Clostridium difficile: a secondary analysis of a
multicentre cluster randomised controlled trial with crossover design (BETR
Disinfection).Anderson DJ, Moehring RW?, Weber DJ3, Lewis SS# Chen LF4, Schwab JC>, Becherer
P8, Blocker M7, Triplett PF8, Knelson LP#, Lokhnygina Y?, Rutala WA3, Sexton DJ4; CDC Prevention
Epicenters Program, Lancet Infect Dis. 2018 Aug;18(8):845-853




..fortsattning...

* FINDINGS:

Between April, 2012, and July, 2014, there were 271 740 unique patients with 375 918 admissions.
314 610 admissions met all inclusion criteria (n=73 071 in the reference study period, n=81 621 in
the UV study period, n=78 760 in the bleach study period, and n=81 158 in the bleach and UV study
period). 2681 incident cases of hospital-acquired infection or colonisation occurred during the
study. There was no significant difference in the hospital-wide risk of target organism acquisition
between standard disinfection and the three enhanced terminal disinfection strategies for all target
multidrug-resistant organisms (UV study period relative risk [RR] 0-89, 95% Cl 0-79-1-00; p=0-052;
bleach study period 0-:92, 0-79-1:08; p=0-32; bleach and UV study period 0-99, 0-89-1-11; p=0-89).
The decrease in risk in the UV study period was driven by decreases in risk of acquisition of C
difficile (RR 0-89, 95% Cl 0-80-0-99; p=0-031) and VRE (0-56, 0-31-0-996; p=0-048).

INTERPRETATION: Enhanced terminal room disinfection with UV in a targeted subset of high-risk
rooms led to a decrease in hospital-wide incidence of C difficile and VRE. Enhanced disinfection
overcomes limitations of standard disinfection strategies and is a potential strategy to reduce the
risk of acquisition of multidrug-resistant organisms and C difficile.



Studier 2018

» Effectiveness of automated ultraviolet-C light for decontamination of textiles inoculated with Enterococcus
faecium.Smolle C!, Huss F?, Lindblad M3, Reischies F4, Tano E> Hosp Infect. 2018 Jan;98(1):102-104. doi:
10.1016/].jhin.2017.07.034. Epub 2017 Aug 4

In conclusion, UV-C decontamination is less efficient than laundering but may be a feasible adjunct to preserve
the microbiological safety of healthcare textiles in place. It is important to note that UV-C decontamination
does not only work on smooth surfaces in a clinical setting but also on fabrics, albeit to a lesser extent.

* UVC LED Irradiation Effectvely Inactivates Aerosolized Viruses, Bacteria, and Fungi in a Chamber-Type Air
Disinfection System.Kimi DK'2, Kang DH324. Appl Environ Microbiol. 2018 Aug 17;84(17). pii: e00944-18.
doi: 10.1128/AEM.00944-18. Print 2018 Sep

Portable Ultraviolet Light Surface-Disinfecting Devices for Prevention of Hospital-Acquired Infections: A
Health Technology Assessment. Ont Health Technol Assess Ser. 2018 Feb 7;18(1):1-73. eCollection 2018
Health Quality Ontario.




Spannande framtid...UV-B inhiberar biofilm

* Inactivation of Pseudomonas aeruginosa biofilm after ultraviolet light-emitting diode

treatment: a comparative study between ultraviolet C and ultraviolet B. Argyraki A?, Markvart M?, Bigrndal
L2, Bjarnsholt T3, Petersen PM?. J Biomed Opt. 2017 Jun 1;22(6):65004. doi: 10.1117/1.JB0.22.6.065004.

e The fact that UVB irradiation (wavelength of 296 nm), which exists in daylight, has such disinfection ability
on biofilms reveals new aspects for direct exposure to sunlight and frames some prospect for indoor
illumination using UV-transparent windows. The biofilm inactivation ability of LEDs in the UVB range offers
new possibilities for applications not only in terms of disinfecting instruments but also for treatment of

infectious diseases.

e The study concluded that UVB irradiation is much more efficient in inactivating P. aeruginosa biofilm (24 h
grown) than UV-C. Mature biofilms are more susceptible to UV-C LED.



UVC-ljus desinfektion pa
Infektionsmottagningen, SUS Lund

e P3 uppdrag av medicinsk teknik for NSM testa UV-C ytdesinfektions box Wisdom DS
(LED TAYLOR)

e Kliniskt relevanta foremal;

stetoskop, jourtelefon, 6rontemp, EKG-elektroder,
EKG-apparat, blodtrycksmanchett, datormus, Iphone,
tangentbord samt otoskop

 Positiv kontroll ref KNS-stam 0.5 Mc Fahrland

e Odlingar m NaCl fuktad swab fore och efter UV-C




UV-C-ljus desinfektion pa
Infektionsmottagningen, SUS Lund

The new, safer | |
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Sammanfattning...

N

ab- 615

Vaxt av KNS, micrococcer, bacillus, streptokocker fore UV
Endast en forsok serie, klent underlag for slutsatser, kontroller ua.
Anmarkningsvart 1ag bakterieload pa testade device, trots synlig debris

Avdodning stabil om lagt antal bakterier men positiv kontroll
vasentligen oférandrad

Spinn off testar ny swab med 3M for battre reproducerbarhet och
upptag vid odlingar i miljon

Ny forsokserie planeras 2019 med jmf odlingsteknik
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Mikrob reduktion fore och efter UV-C ljus
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Time-kill med olika vaglangd av UV-C

Intensity
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This graph shows the reaction of four
different types of microbes to UV light
of various wavelengths. The wavelength
of UVC LEDs used in the WISDOM DS
disinfection unit is significantly more
antimicrobial than traditional UVC
tubes. The high precision of the
wavelength of UVC LEDs allows
disinfection to be performed efficiently
and safely.



Tack for uppmarksamheten!




Comparison of UV irradiation versus HP for room
decontamination

* The UV-C system and the systems that use HP have their own advantages and disadvantages

* The main advantage of both units is their abiI_itY to achieve substantial reductions in vegetative bacteria.
Another advantage is their ability to substantially reduce C difficile spores

* Both systems are residual free, and they decontaminate all exposed surfaces and equipment in the room.

* The major disadvantages of both decontamination systems are the substantial capital equipment costs; the
need to remove personnel and patients from the room, thus limiting their use to terminal room disinfection
(must prevent/minimize exposure to UV and HP); the staff time needed to transport the system to rooms to
be decontaminated and monitor its use; and the need to physically clean the room of dust and debris. There
are several important differences between the 2 systems.

* The UV-C system offers faster decontamination, which reduces the “down” time of the room before another
patient can be admitted. A UV reflective wall coating reduced the time necessary to decontaminate a room
using a UV-C emitting device from 25 minutes to 5 minutes for MRSA and from 44 minutes to 9 minutes for C
difficile spores (Unpublished results, Rutala, Gergen, Tande, Weber, 2012). The HP systems have been
demonstrated to be more effective in eliminating spore-forming organisms., the HP system was
demonstrated to reduce C difficile incidence in a clinical study, whereas similar studies with the UV-C system
have not been published.

* Disinfectants used for environmental disinfection and new room decontamination technology, Rutala 2012



anvandningsomrade

* |n this study, the possibility of inactivating viral, bacterial, and fungal aerosols in a
chamber-type air disinfection system by using a UVC light-emitting-diode (LED)
array was investigated and inactivation rate constants of each microorganism
were calculated in fitting curves of surviving populations. UVC LED array
treatment effectively inactivated viral infectivity, achieving 5-log reductions
within 45 mJ/cm? for MS2, Q, and ¢X174 viruses. UVC LED array effectiveness in
inactivating Escherichia coli 0157:H7, Salmonella enterica serovar Typhimurium,
Listeria monocytoEenes, and Staphylococcus aureus aerosols achieved 2.5- to 4-
log reductions within 1.5 to 4.6 mJ/cm?. Also, 4-log reductions of Aspergillus
flavus and Alternaria japonica were achieved at a dosage of 23 mJ/cm? using UVC
LED array irradiation. The highest UV susceptibility, represented by the
inactivation rate constant, was calculated for bacteria, followed by fungi and
viruses. UVC LED, an innovative technolog?/, can effectively inactivate
microorganisms regardless of taxonomic classification and can sufficiently
substitute for conventional mercury UV lamps
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