; XYZ[ e3eNN: Z6T19 DEC 20~~ WO 991 66961 TI TLE: | MPROVED DI SI NFECTI ON
TECHNI CAL FI ELD The invention relates to the field of disipfection.
BACKGROUND PCT/ AU99/ 00505 The di si nfection of surfaces, fof JeREEp2l820f
ski n, non-autocl avabl e nedi cal instruments, hospital wards, operating

theatres, wgldsyehignd rails, air conditioning ducts and tperhismotsemai ns
one of the nost problematic areas of infection control. The majority of

di sinfection methods rely on direct contact of the surface to be

di si nfected w L aul i Sin tant. These nethods require considerable
gquantities oﬂﬁ%ﬁ)’lgw&"iﬂ@sﬁw@fﬁ@ to ensure that all areas of the
treated surface are covered wth the disinfectant. Usually the disinfectant
is applied eTERENIGALFIELRui d or a spray. Conmonly the ampunt of

di sinfectant used is 100-100,000 tinmes nore than required to kill the

m cr oor gani sns prEsamtenton tehaees sathé feld of @sinfeetianpl e, 10-5 (0. 00001)g of
iodine is sufficient to kill all bacteria on a surface area of 1 n2 with a

cont am nat i oBAICRGROWADL 6 15 cfu/cn? in 10 mnutes (Block, S. S,
Disinfection, Sterilisation and Preservation, 3rd Edition, p.183) whil st

the recompended NinfBdtiofl ioé%%%@%} %?%)ﬁaﬁ%}él&sﬁﬂﬂoﬁlaﬁtoglalvéﬁe fneicd) 10, 000

tinmes the level) of 1odl ne. sage creates a series of problens
with respect.to cost, occupational. safety and enyir.onnental. i npact. Anot her
b b1 em aesolF BT TRRS, SRR et 5o oot Bea AT Ahs el 2o
with liquid di ?_i nfectants | s that of human toxicity. The use of

di si nf ect i ngthelss BEnamsions oithemeg peoblemalic arges eI EARtE)- handl ed by humans
requires that the active disinfecting agents are typically present at |ow
concentrations, rEsuhaienty of disinfeaitanapstiadsis yely omdirasbenmiast ofithemsfacetodehi eve t he
required | evels of disinfection. 19 D E C 2002 WD 991 66961

PCT/ AU99/ 005 @isinfedteB avithendmoddl disinfectam.nTinese methedsrequireaonsidalatde qiaattidsiod
sol ution, containing 2% gl ut aral dehyde. requires soaking tinmes of around 6

to 10 houfss figuid@Rine¢Binis@ &lsutithd: all FessoTEe tRARED LR FRYoMr&Pwiiethencount er ed
when liquid disinfectants are applied to common surfaces, like walls, hand

rails, air CoRflAn (afHGL SRR RONTMN kit BA fRa .d BT WGy, APaTt

fromthe sta practica Icu I'n covering suc faces w’th an

even |layer of the disinfectant, .t ces usual.ly contain.m nute cracks,
crevices, anH‘eﬁﬂlf’&% ‘\%ﬂis °£‘?ﬁh“sﬁ%}sg§ﬂ'ﬁ8@é tg?‘isér.’or%g’agﬁe@“’ﬁff{l"}él ensi on of
most |iquid disinfectants is relatjively high. such areas are not penetrated
and renai n cBRrETRHMIIRSPresoRt o e wrfagsy Sporrgealed] i (0801 Af lodias iss |

sufficient to kill all bacteria on a surface area of 1 m® with a contamination level of 10°

15 cfu/em’ in 10 minutes (Block, S.S., Disinfection, Sterilisation and Preservation, 3rd
Edition, p.183) whilst the recommended amount of disinfectant would contain 0.1-0.2 g
(10,000 times the level) of iodine. Such a high usage creates a series of problems with
respect to cost, occupational safety and environmental impact.

Another problem associated with the traditional methods of contacting surfaces

20  with liquid disinfectants is that of human toxicity. The use of disinfecting fluids which can
be safely and conveniently handled by humans requires that the active disinfecting agents
are typically present at low concentrations, resulting in unacceptably long contact times to

achieve the required levels of disinfection.
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1 o One solution to the problemis the use of disinfectants in the gaseous
phase whi ch addresses the problem of access to cracks, cre\q?ﬁjﬁﬁagﬂ%oxes.
The smal | particle size of gaseous disinfectants creates anot he | em

t he concentrgly f the active biocidal chem cals need t hi gh or
t he chem cal gb'rgg’gﬁiﬁfed are toxic and dangerous to handl e. @g?@gg/ﬁﬂs)rfrset hods
enpl oyi ng disinfectants in the gaseous phase have been 15 devel oped. The
nost common utilise either ethylene oxide and its anal ogues, or

f or mal dehyde. Bot cg{gjﬁornds are extrerreIF\{ #.Qx}jﬁc, anﬂ1 have been jdentified
as primary carci noGEfemPlena sopmenty pised agusops dignisering softiomconiaming Jases
requires a thorough control of pressure and hum dity in the chanber, which
necessi t at es §l¥araldshydss reguirep sasking tignes Rbyapmid\oeto 46 hpprioachieThietal kilhei r use i s
limted to hospitals and critical nedical 20 instrunents and requires
careful supervi si dhrthekpaibirars reqypiode lkndosntersed avhiem liguid disinfdcyantsfargappiotito

di sinfecting nethods. In these nethods disinfection under essentially dry
condi ti ons i scopfifunaviFfeces! ik §aNQ hardugilssit totditionthi dadts adl WmieBufkyasedidak

bi oci de. These can be forned from conventional disinfectants (as

precursors a i 4 b 10f; T [ and
conpl exi t yz 011‘Ji Hgﬁ%ng H&%’ﬁ%%g&%%%g%%&gﬁcﬁf 1,161\{569%91? gg%%lgg g%%%gltsf%S g’gﬂﬁ}%‘b ment ,

these nethods_tend ta. resuld in . degradat i onstructi.on terials
such as are u% 8‘31& # Ogﬁl}?odzsé%ff%cet%m’éﬁed&g?%%ru Su?lﬂg ? énﬁgrrgn %u.%e ‘t’i%?/‘%so%%‘f“if,s’ agﬁasmﬁ
met hods can not be used for bul ky equj prent and | arge surfaces. An area of
particul ar |y REFISATRIEH qap by owr%aitﬁéa- fﬁcléllfgsua@cequnﬁﬂy)%wuﬁiwiqﬂams is

prosthetics. The invention will be described herein with particul ar

ref erence t o klavaighighrsuethareaspreglotipapatrated andiremaip eonfargianted ot afiet t o be
limted to that use. Dental personnel are exposed to a wide variety of

pat hogens i n pirblengeldaldsihfentidn sydldsva of patients. ' These pat hogens can cause
i nfections such as the common col d, pneunonia, tubercul osis, herpes, viral

hepatitis jgnd H V.Onk sblufforP@lifid fibbléh isthOiNe@Miiineddtatits W pBRBEPHaRAWEeh dent al
i npressions taken from patients' nouths are used to nmake dental casts. In

these ci r CUNBIARGRS e SHAPHERMsS IR TR dnRbRSS TR IR B 5

transferred to e Ca I's Infected cast can, In turn, contamnate the

pum ce pans and pol.i shi wheel s ichyare i hapd he, cast,s for
manuf acturin ggaﬁ?oglg fi ﬁ@?ﬁc{c&gﬁ §{/eft(?%§9°m%ﬁpr§ b@ﬁla%’lg ﬁg‘%ﬁ’%‘gaé%‘d%&é?gﬁ”? Blro %ﬁgl produces
an ~ s atnosphere of infectious_ dust Wni_cg is potentially harnful. The

pol i shing of emicalseeedip b very Aighep e shemicas rsapredifee tB?S‘Iciag‘%flﬁ‘i@eWH%@l can | ead
to cross-contam nati on between patients. Disinfection of the inpressions
and casts hashaédlenSewead methadeempeying disinfeetants in the gaseousiphesethee beemnsf er of
infection in the field of dental prosthetics. The nost commonly 20 used

i mpr essi onsnedeselbpdds Thr emostl ogmnreh etibesitter efilytpne atids atdetschnblogwapdrl on soaki ng
i n agueous solutions, thus reducing the accuracy of the subsequently

derived castifgnafhydd. (BOREShPoundseSdidxtrendlyitdki@andIRSdibbeiientific@8d fahirg
device. To overcone the imersion of alginates into bulk liquids, a nunber

of researc her&rcinogens. In addition. sterilising with the above gases requires a thorough control of

pressure and humidity in the chamber, which necessitates the use of complex and
expensive equipment. Thus, their use is limited to hospitals and critical medical
20  instruments and requires careful supervision.
Another approach is used in a variety of plasma disinfecting methods. In these
methods disinfection under essentially dry conditions is achieved using various active
radicals and ions as the biocide. These can be formed from conventional disinfectants (as

precursors) under plasma forming conditions. In addition to the cost and complexity of



recommend using spray atom sed di sinfectants generated by manual spray
punps. 19 DEC 2002 -4 Wen spray atom sed disinfectants are used, a

consi derably smaller amount of liquid is brought into cont§d DEct ?the

i npression t ' he case with inmersion and thus the potent| qui d
absorption ig'%?)g 63(6:1ted. However the shape of the dental in%rcg'éﬁ 9(%”*%
conplex and it requires spraying fromdifferent angles to achieve even
coverage. Thus the 5 amount of disinfectaht delivered into the contact with
alginate is sufficient to distort the alginate by additional swelling while
bei ng i nsuf f i gdasentequipmensthese nettexds oy ar gt iotlegrivdatisniof mag. cohstrudtileer  of

studi es have shown that the efficacy of registered disinfectants when used

as a spray tangeddls ficl & dfe tHRE UEMdEHbPRGR biher iRMumeRS. DBVioBUAMMsta" Ef f i cacy
of to Various Spray Disinfectants on Irreversible Hydrocolloid

| mpr essi ons” &(ﬁﬁ&@&&%&‘be ﬁgeaq{"%”??ﬁgiﬁ@@‘?&ngf%ts ?égg_ost hodont 1992;

5:47-54). 5. 25% sodi um hypochl ori ar al dehyde achi eve only a

log 3 tolog 4 reduction in a rial . ti.gn of Staphylococcus aureus
and M phl ei Men%wwﬁaaraﬁﬁﬁ% ‘f‘hﬁ“ﬁ’(Bilﬁg’ggemgﬁ‘@f{%ﬂ%ﬂ‘ﬁ%&%’s PUSSi ds,
whi ch are expected to be highly efficacious, achieve only a |log 2 reduction
in the ~ 55nunber Toe IYFRopTIHPE deserbsgdgesin wishparticayar frfprance3p iy usg ip that

i npressions inoculated with vegetative Bacillus subtilis. A severe

di sadvant age fisfid butat will ibe ondergtigndangt 1etehiodted tasthathuee.pr obabi ity of severe
irritation to eyes and nucous nenbranes by the atom sed liquid

di si nfectants. MetDeatbpeddonad] ardexpargd to widel sariesy ofpathofend $i0thie Gldot aadisadiva on
have been cited in 20 previous art for atom sing |iquid nedicine,

di si nf ect ant syfakntsOrThBRIpathdfdnS baibalitBRctions S48 95 thECbmRBA BB SpneliRomiat ent
4,679, 551 discloses the use of a | ow frequency ultrasonic sprayer for

noi st uri si ng i g . 1 patients. lgusa et al US 5,449,502
descri bes theth%gcelﬁ)% ’%n u1{1¥%§é ﬁfltgg Fgﬁgducer vibrating at 30-80 kHz to
atom se a disinfecting sol ubi?on and“%gllliver .a sufficient amount of the

Sol Ution fBr the. db AR pToBlpecirs when poniampnasestsntal impiesgions (smysom 7933
di scl oses a nethod of spraying |iquids onto human tissue using sprays
produced by |nrsfietts seputhsese ysedtotranke dentidiqasts. dndliese eiruinstapces ORICEIPIEANISYS oNi ¢
irradiation utilising a spray gun described in US Patent 5, 076, 266. The
at om sati on dromh the ifiprespireiToaterpl el raesferradrio tharcgst. Pl infeqtelr dastchr 9n wird,h
dianeters in the range of 5to 10 s mcroneters. This is of the sanme order
or | arger thadniahiadateohé pinnieipday aﬁdﬁﬁ:li@lﬁﬂ% ivaedld wiiclpire DBANA Shapitig thqasty iforg
techniques. As a result, the anount of |iquid accunulating on the treated

surface is siguklcARRE profifbic RIRENITHY shhiifthdcddreS il thinChBBhced Sh CaUSE
unaccept abl e di nensional distortion of noisture sensitive materials such as

dental al glis na&ﬁogpﬂ@é i 1Snife%{}§lis dust which is potentially harmful. The polishing of dentures with

a common pumice pan and polishing wheel can lead to cross-contamination between
patients.

Disinfection of the impressions and casts has been recommended as a method of
preventing the transfer of infection in the field of dental prosthetics. The most commonly

20 used impression materials are alginate-based. Alginates tend to swell on soaking in

aqueous solutions, thus reducing the accuracy of the subsequently derived casting and
ultimately, resulting in an unsuitable prosthetic device.

To overcome the immersion of alginates into bulk liquids, a number of researchers

recommend using spray atomised disinfectants generated by manual spray pumps.



Low frequency (ie 40 KHz) ultrasonic irradiation has been re¢qu$igg@ﬁs a
nmeans of 1 o quantitatively transferring bacteria fromsolid surtac
(eg_AOAC, Met hod of Analysis No. 991.47) and thus is not of itself
bact-ericidal. US 4, 298, 068 discl oses apparatus for sterilization of food
containers in which a sterilization agent is heated and atom zed.

U trasound may optionally be used to generate the m st Frequencies of 30 -
100KHz and 1.0 - 2.0 MHz are disclosed.-Both are said to 1 s produce
droplets of 2.0 - 5.0 mcrons at 50 - 80C. The nethod, while providing a

reduction in baoviehi sptayGesthiadd Maihte@intsd@e8seBOL cdkiaviably ssla@ed drhaaliiopn at
acceptabl e cost US 4,366, |25 discloses apparatus for sterilizing sheet

mat eri al vvimqnidhyglroggﬁtnnd%ecwesmﬁ%rymehénéineegmo@w%g@&19@55 Q\nmqtmyérgiegag&rs}hgte f

generate a treating m st in conbinati W irradiation o

downst ream of the. pgeroxide treatnent. e ultrasound.j,s 20 at | -.2 MHz and
oroduces df 5% nglaggq‘{@f‘%sﬁ%&m %58“&&8%16“ S8R Oaihﬁrqg?té‘ﬁ.mpressm" 18
Significantly, sterilization with UV followed by treatnment wth peroxide
was i nef f e€PPEX apdl ¥ sequigs SRraying frgm diferest Bglesfto axevisgyet saverage. Pehus theat ed
in peroxide was of simlar effectiveness to using ulktrasound generated

m st. Thi sanetitod disiisfedtive deii saclmni thg eontbetiwithodlginatg isufSdienttto distazaghiet al and
running costs for the UV line, and is not applicable to i s oEC zooz -6
treat non 5&,&% BRARNtiHal Al Pwhild BdiRBinsstcfeACOEniME 6eniRvEdoder sBadow ed
fromUV US 4, 680,163 discloses a nethod for sterilizing non conductive

cont ai ners B¥(%enerating a mst of sterilizing agent with ultrasound and
electricalfy charging the droplets by neans of a corona discharge. The
charged droplets are depasi.ted on the wall 5 the contaj.ner under, the

Chf dence of ¢ hd it ol o ipehare et the inseisnty orERREHE N Sleq RS hgn
(although only 1.75 MHz is exenplified). Mst droplets of dianeter |ess

t han 10 ni ¥sedres 2 spragfte eedbryeiyruneken sugfageisdew? Seeforfixemple, "Effisaqyerfer at ed The
cont ai ner nust be surrounded by a high voltage el ectrode. The corona

di scharge Marisad Shrap Dikirefodtas en Ihereftlo Hyd@cbdltoidl diplesdiomsl' cWestyiolin, The

nmet hod suffers formthe di sadvantage that the high t 0 vol tages enpl oyed
(20- 50 KV) prange selsaty- ROPPRIMDA 61999;54’@%4)'. §.‘2§%0sfodﬁhﬁl?§g§gﬁltkl iteUhdlo; 020One

poi soni ng and t'he degree steril1zation obtarnable iIs esired.
Mor eover th thod is.of Iimted applicabil.ity in vi.ew of, K the pneed to
surround t ﬁ@taﬁ@afg’s aphieysonly %gﬁgg}dtoﬁgg R uﬁ{ﬂm}/%'l 3 bagterigh %Ot?fll'a&)‘% .O?None of the
met hods enpl oying ultrasound is suitable for disjinfection of skin, 15

hol | ow rreggtfa ylpsrsers arapisend Mbgihilel aihes sprpxedean t9rthe 3ginpte impressipas. aihessj ect

of the present invention to overcone or aneliorate one or nore of the

di sadvant atjeeidsfwhittearpexmecteditd be bighbteffiemstust ashiprovnlgia log dsefugtion in the
alternative. SUMMARY OF THE | NVENTI ON According to a first aspect, the
inventign GENBErISmickobial PathbechsMheditidynl&re kprape2éh iaprakions BctlBRASHEP Of

appl yi ng ultrasound energy at a frequency selected to be above 1.5 Mz to a
l)'ng”' d comosihiveBaSATPLILT0Y Akt QG5 It ABLOGrhPRetoliDisdhe | €8S
probability of severe irritation to eyes and mucous membranes by the atomised liquid
disinfectants.
Methods of atomising liquids using ultrasonic irradiation have been cited in
20 previous art for atomising liquid medicine, disinfectants and for moisturising human
tissues. For example, US Patent 4,679,551 discloses the use of a low frequency ultrasonic
sprayer for moisturising the oral cavity of terminal patients. Igusa et al US 5,449,502

describes the use of an ultrasonic transducer vibrating at 30-80 kHz to atomise a

disinfecting solution and deliver a sufficient amount of the solution for the disinfection of



surfactant, to produce a nebulised disinfectant product. Preferably the
frequency of the ultrasonic energy and the liquid disinf ect1391tDE(9 m ation
(including surfactant) are sel ected such that 90% of nlcrodroplets ar e

bet ween ~ 9 DEC Z~OZ 0.8 and 2.0 ntcronetres in diameter. The applicant
has found that when a disinfectant is conbined with a surfactant and then
atom sed by an ultrasonic nebuliser at frequencies greater than 1.5 Mz, a
reduction in particle size of the nebul i"'Zéd product is obtainable in
conparison with the particle size 5 obtained in the absence of the

surf act ant hands he& OsEmt’ 93P elepgtnsesa mathdd of smipting Haeily ontapnoas dsthegisimzect i on
is obtained in conparison with imrersion or with sprays of the sane or
simlar di spnfyeptaintsl by nel fudjusgeyPo ay300niai) prefadblat2 Ol 4kelz) titaspenci es.

W thout wishing to be bound by theory, it is believed that the inprovenent
i's due to aghhya@dd ﬂnlsmoats}i')?a)déﬁl'd%&ﬁ)teém uéwawnxsam%@ 'Tﬁeaﬂm;sb@&h tod,he

sel ected frequency and “not rerely to snal O particle size. rople S

f th d di f b d
RIS T e e e e

(preferably bel ow 40 C) mist of mcrodroplets. The amouynt of disinfectant
del i ver ell, RIFEMEKIEe thhFSalf’ b fhe gpme REleRpIiRtRER o Al Ained Ry thesnpl ARt | on

conditions are regul ated by selection of the quantity and type of
sur f act ant mesbaniga spiagicg téopnigaes i Aga telvelt, sheanadnt ohbquld epdumiatingan ther il ow
conditions and the period of disinfectant contact with the surface to be

di si nf ect edreated efigic ) YignifibantNFhidlanfouftoftligiR] i@ RAffidleht RSAGsCudat&PuDICY ar e
selected in conblnatlon having regard to the disinfectant conposition to

provide a Qili M@t%gxldheo\f%mgtgre%gnﬂﬁvse' [H!ltgll%slil; %?Ehodg d@ﬁ'tapgéﬁx&tte fu%?)pegﬁggs to

t he nebulls pro e surfaces to be ted may exanpl e
skin, nedical i nents, .h war ds., era n theatres and
rails, air condi w SNERUdS Zgosﬁki‘téi'ﬂlgﬁsoélﬁd‘rﬁ?agp%}% SBFCSI%{%Q%?@M 3 Iﬁeanér?g
open mounds but are not limted to such surfaces. The Rﬁfsent i nvention

al so reltt quantiatively winsfenfiegbictaniadfonasalis] suniacesdeg AOALa Maithadl of Anabysis IHEC
2002 8 an encl osed space. According to a second aspect of the invention

the size of9tUTy adrthi iehst afficelfibadtériddedceptibility to activation is
nodified by the addition of a surfactant or surfactant system A

"surfactant” asyje4,eo8 mfdlmeg Sppafifusof §18618-a864 bF Doa¢BMthinetshAtwHich 4 0 say
any conposition 5 which alone or in combination with other substances acts

o T oo SR PME A5 R e Ylai et AL My oo fARPRANER T gHlerdif 110

the mist Frequencies of 30 - l00KHz and 1.0 - 2.0 MHz are disciosed. Both are said to

15 produce droplets of 2.0 - 5.0 microns at 50 - 80°C. The method, while providing a
reduction in bacterial contamination, does not provide sterilization at acceptable cost

US 4,366,125 discloses apparatus for sterilizing sheet material with hydrogen

peroxide utilizing a combination of ultrasound to generate a treating mist in combination
with UV irradiation of the sheet downstream of the peroxide treatment. The ultrasound is

20 at 1 -2 MHz and produces droplets of which most are aprox 10 micron diameter.
Significantly, sterilization with UV followed by treatment with peroxide was ineffective.
Also substituting immersion of the material to be treated in peroxide was of similar

effectiveness to using ultrasound generated mist. This method has the disadvantage of

involving substantial capital and running costs for the UV line, and is not applicable to



pressure of the disinfectant conposition. Suitable surfactants include

al cohol s, ethoxyl ated al cohols, wetting agents and ot her surfgmﬂfgazmtye
agents. Preferably the disinfectants selected for use in the prese
invention are conpounds t o which can be activated by high frequency
ultrasound. Disinfectants useful in the present invention include, but are
not lLimted to, those which inprove their performance when exposed to high
frequency ultrasonic irradiation, for exanple those based on the peroxy
conpounds (e.g. hydrogen peroxide, peracetic acid, persulphates and

per car bonat'&&j OThe ﬁe%gﬁHYWéﬁg?“HEWSB%ﬁ‘ﬂbﬂbﬁﬁﬁégeéW@o§@ﬂﬂpﬂbH§ of

hal ogen conpounds (e.g. sodiumt 5 hypochlorite and povi done iodine),
phenol i ¢ conpourds4£80 | hhilisgesmateanetpbrefvobicoivoppouatsiuctivesohuaticonby e. g.
Tricl osan) have been found to benefit fromultrasonic irradiation.

Accordi ng tg@enératihyd & chiaspeetilizing agdny Siith iutas6 @S hisd SlettidicRIGY ék@f%ﬂa@ﬁhet he

di sinfection wthin an encl osed disinfection chanber, such that

nebul i sati ' i i « ' j ' r
o aat RoflEE WY tdafs 8 MR b2 OTRIHREN MMADa 98pAGEA bR W wall of

t, the.i ti i ' t hod di to the first d
abect s 1urbher PG RG Bl OR e 0o TG e B Waperekdut 72 51 ng
agents, for exanple peroxidase enzynes, for peroxy-conpounds or sodi um
t hi osul f at Mﬁéﬁgﬁw&@@m{y B el Haiiseempdifigdy &ES@F@I&%S phdiapgiepless thep 18f a '

sterilisation cycle to deconpose all | ~ 9 DES -9 active biocides.
Accor di ng troiceonl, Ipkdferablype the, rabgesofi2nvemidran acogesemted The @atadodr imngt be
conmbi nati on of nebulising time and ultrasonic Frequency having regard to

the di si nf egiraitided ®YRAFIH VMAgS Ble@SodeOTRI ISR ASBAMB ISt B dRt@BpILIOT a
predeterm ned object. Preferably the nebulising 5 tinme and ultrasonic

T i d and ‘?’Eﬁ’é‘ﬁ&i‘ﬁS%ﬁgﬁéﬁﬁ%%%cﬁﬁ&g%ﬁ%%@?%Q’E‘E‘ﬁé‘ﬁ?iﬁéﬁﬁaﬁé%ﬁgi Piea
conbi natd oeBresREeley e Vel BrE OB e TR A FEHTRMEORPY i ng of

an object may be achieved in a mnimumtine at anbient tenperature.
Accor di ng togore miisoningsanddlg degréeeofistevidinationrobiadnadiesis desp than dgsieidnMereeervol ume
in a nebulising chanber prepared according to one of the methods of the

i nvention. tHdw@ethod erdfiloited| applidiBY & view od thivaiebd b wirodhd thefsadhdean be
conprising the step of nebulising a liquid disinfectant conposition

i ncl udi ng %gmggg§5h%?pwﬁgé;g@&ﬁg&‘to formmcrodroplets, allowng the
m crodropl ets to” contact surface and applying ultrasonic 15 energy to at

I t f th d. th . I . ' ' h
consi sts in a mebtsr ARk SRR SRAMRESn e AeMSILAR QDS o o

below 2 mic¢rons in_dianmeter and conpri sing ﬁ di sinfectant in conbination
with a Sur falewmedicgl ingswmenys, hosritadsyrfasesprithe ke met hods of t he i nventi on.

Unl ess the context clearly requires otherw se, throughout the description
and the It is an object of the present invention to overcome or ameliorate one or more of the

disadvantages of the prior art, or at least to provide a useful alternative.
SUMMARY OF THE INVENTION
According to a first aspect, the invention consists in a method of disinfection
20 comprising the step of applying ultrasound energy at a frequency selected to be above 1.5
MHz to a liquid composition comprising a disinfectant in combination with at least one
surfactant, to produce a nebulised disinfectant product.
Preferably the frequency of the ultrasonic energy and the liquid disinfectant

formulation (including surfactant) are selected such that 90% of microdroplets are between



20 clains, the words "conprise', "conprising', and the like are to be
construed in an inclusive as opposed to an exclusive or exha}$ W@R?@zse;
that is to say, in the sense of "including, but not limted to". B

DESCRI PTION OF THE DRAW NGS Figure 1 shows an enbodi ment of a disinfection
apparatus in accordance wth one 19 D E C 2002 aspect of the present
invention. Figure 2 shows a preferred configuration of an enbodi nent of a
d~snf ection apparatus in accordance wth-ane aspect of the present
invention Figure 3 shows another preferred configuration of an enbodi nent
of a disinf i a I s,.in_accordance with one aspect of the present
i nvention. @%M%&C%U maebﬁ THE | NVENTI ON. The invention wll now
be described by way of exanple only with reference to preferred

enbodi nents. Ul t I¥s@Rligans A faerefh@fl?/ whep pliginfestiat icembisdnvithr prrégtiasand
aerosols. The nechani sm 10 of atom sing liquids with ultrasound consists of
t he mi croertbgt dtomissfl by aviutteasowin nbubistres fretjomeiet greatee tHandui BMHE, p rédicenfi ace:
br eaki ng bubbl es scatter the liquid. Using air flows generated either by
punpi ng ai ringartie ditecorBes medulikdd @bdRE is, obtdigablé iatcofipatdsoaPh el theGARINE size
separated fromthe bulk of the liquid and directed onto an object. The
inventio Itk d: i 1ot i r M
nydr ogent ¢ B par o e e sy e rRab ot e Shmt B RGP i GealBF ibhRed
be limted Cﬁﬁﬂ%hese d'hsi nfectants. |t 't:hs bel i.eved 1 hat tsﬂggf gode of bi oci dal
action of ¢ AYIQR 1§ B @INFA IR FYTRRATISAR &ithdmMErsion or Wih SHTRYS | the SANE P% el f |
but to the production of nore powerful derivatives, for exanple, the

hydr oxyl r @tfhidandisinfeetarts.daeladiog sprayorgpubisadms laves fsquengipsc AY idkany svishdngita n
the case of 20 hypochlorite-based disinfectants. These radicals nornmally
formas a rbedwhhd by theoryadiisbélienedthiahthe irhp@verntetis due toattieatioadfitiedi ati on or
the catal ytic action of netal ions. Hydrogen peroxide vapour sterilisers
have been ugggrettntdiaRAdhic ifhGGorSitehd del e RUFriaMRyAnd 8bi BSreBf todindieacks,
anongst which is the need for a high tenperature to generate vapour. The

i ncreased ;@gﬁ%eur es are required for vaporisation and the production of
] 90 FEa active biocidal particles . As the concentration of hydroxyl
radicals is directly proportional tq .the concentration, of drogen peroxide
m the fornul ati dr egﬁqplqtﬁggﬁlgﬁﬁg}lw\gp}éf%t WnEuRg t}’ﬁraﬁ’ii‘(a}tﬁ‘gg‘of‘éigber ature
and concentration are used. In the present invention high frequency

ul t rasoni c cemppynd ars dedisablysiztivéred ohtotthe surfac&todheatisintecied s afcoldi (praférablyant
solutions and the production of biocidally active hydroxyl radicals. The
presence ofbeRbv 4PAStmidh6f rierddasilest has been found to nediate a significant

The amount of disinfectant delivered, the concentration of the disinfectant mist and
15 condensation conditions are regulated by selection of the quantity and type of surfactant
incorporated, by varying the size of the droplets, the air flow conditions and the period of
disinfectant contact with the surface to be disinfected.
Preferably, the nebulising time and ultrasonic frequency are selected in
combination having regard to the disinfectant composition to provide a predetermined level
20 of disinfection of an object exposed to the nebulised product,
" The surfaces to be disinfected may be for example skin, medical instruments,
hospital wards, operation theatres, walls, hand rails, air conditioning ducts, dental and
medical prosthesis, skin, and open wounds but are not limited to such surfaces.

The present invention also relates to the disinfection of a volume contained within



reduction in particle size, and a significant increase in activation of the
di sinfectant allow ng achi evenent of the required concentratzggﬁ Q

bi oci dal - actives wi thout increasing the tenperature or the c 5[&3&@bn of
biocide in the bulk liquid. 1 o The conbi nation of atom sation and
activation by ultrasound in the presence of one or nore surfactants
overcones the major drawbacks of the preyious art. The anount of antiseptic
vapour delivered on the object to be disinfected is very nuch |less than
required fqneg& k. |d and spray disinfection nethods. The particle size
of less than 9> gronetres ( preferably 0.8 - 2.0 mcroneters), of the
majority of the atonlsed mst is of 15 the sane order as the size of the
smal | est cracks Af5ediHr 8 SjEITESBEH 0 hibe artena @1‘3 RigF Boumicrodreplsisragdihesine. The
| ayer of the condensed antiseptic which fornms in the course of, and
subsequentsu$$pgbhbuambmWMOomimbdﬁeabgdﬁﬂﬁdhbnbfammﬁmnmoﬁrachbm&t@k&ﬁide to
destroy all susceptible mcroorganisns._ 20 The |ow concentration of

di si nf ect ant ysukfcthite a§ R&BinAe fIAYH1:08¢ BuPRE QX gehtefhht 9 My%shc@fn@t)ﬁ%@d
obj ect rapidly deconposes fornming harm ess water and oxygen. If

remai ni ng RELOXLIGe &qﬁggmgﬂaggn H%HBP aﬁéetsﬂ?xr:tstug AbIEAL sy cé@lslon%"“”t

of per oxi dase enzyrres or any SUI e neutral1ser can be atom sed on

t he obj ect @ ggg of other g aln%ec%ants the smal | .anmount.s remai ni ng
on the surf§cdsip taB cqrsefyiqaceobsgyced spifaCe)tepsion may be-ap PEERSEIR VAP ed of f
as required. ~~hen subjected to ultrasound at 1.2 M Hz water produces

particl es Wwrespure Rbtheulisinfaetantnempesit on faninkle dirfastantsringlpigngyohetls, gthoxglated
m cronmetres (The Utrasonic Generation of Droplets for the production of
Submi cron SlcbholE’,aWétﬁﬁé ggentsGndrottasd surfice acteve dgeitocheau; J 5 Aerosol Sci. V.

25, Suppl.l, ppS233-S234, 1994). At lower frequencies the particles are
| ar ger and at  hipgdjehp] rtﬁé]&'@lﬂ@éc%tst g&%cm ds® if @ BFe%Q'lt idenfopatddBmp¥? | S
1.9 micronmetres. Furt I ncrease In requency results in the incfease of

ener gy gen and he nc n i.ncrease in er.at ur th nebullsed
aurs, e ishaRes e Sd?%vu*ﬁ RERERSe Pk PRRIEH R L s B ar i ol o
size to 0.8 -1..0 mcronetres can_be achieved by 1 o decreasing the surface

tensi on by invealionyieRiderbubfre 08 [imited tarfhse Which awp@dsﬂ&pfm Enanfeietant

wi t hout significant increase in tenperature. A'm xture of water soluble

sur f act ant sxpusedtoigh frdglienty nitefomonradition, fendxabipée thasefbastdaon thetperoxpppr ess

foamis found to be effective in one of the enbodi nents of the current

i nvention. cdip&itids ek hydtigbA RIS, SeatetitfdidiGRrsdlpiate iiepstarbbingesy, at ed

al cohol s (eg Terlc 12A3) together wth dodecyl benzenesul fonic acid salts,

or et hoxyl ﬁLl%ger?gomEﬂgshgo ﬁ%ce)@mmd%*m SARIRY BB hSon &H&hﬁ&%%&ﬁu fnd

propyl ene oxide wt one or as part of mxture wth the
above surfac ed.addressee. woul d under,st an h t. the above
ot act ot BB Blofie bRy dsie oG8 RER S R e Bt AP “on o can

compounds in solution (e.g. Triclosan) have been found to benefit from ultrasonic
irradiation.
According to a third aspect the invention consists in performing the disinfection
within an enclosed disinfection chamber, such that nebulisation occurs in a nebulising
20 chamber which resides in or communicates with the enclosed disinfection chamber.

. According to a fourth aspect, the invention consists in a method according to the
first or second aspects further comprising the step of nebulizing one or more neutralising
agents, for example peroxidase enzymes for peroxy-compounds or sodium thiosulfate for

halogen based disinfectants, after the completion of a sterilisation cycle to decompose all



20 be applied as part of the invention. The anmount of liquid %@nsed on a
surface after a 2 mnute exposure to nebulised droplets in angQ €€ em
was found to be in the order of 30 g/n2 for |ow frequency ultrasound. en
ultrasound in the high frequency range which is the subject of this
invention is used, the condensate |evel was found to be reduced to 3 g/n?
in the sane i s aEc 200Z - 116 seal ed system A substantial advant age of
the invention is associated with the smafl amount of condensate forned on
surfaces. Inclusion in the disinfectant of substances w th high vapour
pressure i &HEPIHSFeous to reduce drying tinme. For exanple al cohols with
hi gh 5 vapour pressure relative to water, ethers with high vapour pressure
rel ative to wat ércsortingrioe drthorspeonitbdinmergioncaposts impseéssog e combatiive of 0
water, esters with high vapour pressure relative to water and ot her organic

subst ances n¥uliBingitgie Mﬂﬂ@@ﬁsoﬂfo&ﬁqﬁﬁé&%m@{/iﬂg ratRrd © thediginfectah? cdbnpositidPR?2 - 12
or m xtures of such substances with high vapour pressure may substantially

reduce el oMol AUldaR difhroflidt 0% prbddiimiEC I ﬂe&&%ﬁf&%@hu@%' sed in
the process has a relatively hig vé%our pressure (eg agueous hydrogen
peroxide splution), this material can,be easi]. emoved by .5 air drying. At
a rel at Svegﬂ]ﬁﬁpgiuﬁtgfs?ﬂm %@Te&%é’%sﬁﬁﬁtegS‘fcélrfﬁfgréﬁﬁf%%“oé‘fo 'éré“f‘ﬁ’ea ‘é‘i‘?mﬂ%}/‘lﬁg of
an object with a surface area of 100 to 150 cnz is achieved in 10 to 15

m nut es. HBwEdapd pychithatihe disipfested obiechis auickbicandessityndriesh rifhdceandse achisverbj ect
the drying tinme is reduced to 0.5 to 3 mnutes. Therefore a high speed,

col d di si nbeairideying \bidve dinthgcbdr vae@inm sr by & borabinkiiorodfi these ywharahpargiveh ¢lel
instrunent and results in a dry, disinfected instrunent can 1o be achieved
qui ckly, Sbfgéisafish SREEPING of BRBbRBRNACEL dcARved instiathi Gt RABM achBient
potentially very broad and’includes hospitals, nedical clinics, dental
clinics, vehg%kﬂﬁgy clinics, food processors, fast food outlets, beauty

sal ons, hairdresseérs, tattoo parlours, etc. Wth reference to the draw ngs,
figure 1 shows an enbodi ment of a disinfection 15 apparatus suitable for
use in ¥he presertordingént pish aspertdhe jvertiongoggsiging Asudeced ydumedrad in
encl osed chanber 2. The lid of the chanber 1 is renovable for this purpose.
The di si nfeehulising icbambea peagpared agtdrdiag emome ofgheinethodgjoftthairyentidy. and
nebul i sed by ultrasonic transducer 4. The nebulizer intake 5 provides the
necessary air fTRnQ&HtfondesoldofsistiaaethodNiibinfeatbntbogipiisRgttBaétepopduced in
nebul i zi ng chanber 3 enters disinfection chanber 1 via 20 an outlet 6.

o LYo B GRSt DA RS B S MEAR oot o
microdroplets, allowing the microdroplets to contact a surface and applying ultrasonic
15 energy to at least one of the surface and the microdroplets.
The invention further consists in a mist of droplets of which a majority have a
particle size of below 2 microns in diameter and comprising a disinfectant in combination
with a surfactant for use in accordance with the methods of the invention.
Unless the context clearly requires otherwise, throughout the description and the
20 claims, the words ‘comprise’, ‘comprising’, and the like are to be construed in an inclusive
as opposed to an exclusive or exhaustive sense; that is to say, in the sense of “including,
but not limited to”.

BRIEF DESCRIPTION OF THE DRAWINGS

Figure 1 shows an embodiment of a disinfection apparatus in accordance with one



Figure 2 shows a preferred enbodi nent of a disinfection apparatus suitable
for use in the present invention. An article to be disi nfdcﬂeﬂfﬁéﬂﬁﬂaced in
encl osed- chanber 2 by nmeans of a renovable lid 1. The disinfectant is

pl aced in ultrasonic nebulising chanber 3 25 and nebulised by ultrasonic
transducer 4. The nebuliser intake 5 provides the necessary air 1 s oEC

zo0o2 -13 Frominside the chanber. Figure '~ ,~h,~ws an adaptation of the
apparatus according to Figure 2. Wile ul%rasonic transducer 4 is |ocated
out si de the chanber, nebuliser intake 5 still provides the necessary air

front withisapachef tpefesgddnvehtber 2. The advant age of configurations shown
in Figures 2 and 3, and simlar configurations is that they provide a
conpl etel y seal édgsy3tkows d pefaiedicof@@trainin diahkmpbdatent 6f a dndfeafibier ,
nebulisation is contained within the sealed system providing significant
advant ages a?yﬁamynﬁa%@b@gn&mw% N&B@Jt%fih@%réib&'ime%%ﬁm has inplications
W th respect to human health and safety. o In the enbodi nents of figures

2 and 3, when the transducer .is _energi ze nebuld zed . di,si nf ect ant .fr.om

2 bl ot on chd ikt SIREAHoe? oGS PR ARG ATl SE SO ¢
chanmber 1 via nebulizer outlet 6. Consequently, the concentration of

nebul i zed @PRITAE It agRprdpnpre; wigh %‘iee"-isp‘?‘itggl FFFSEHARYFEHON: i ncreases and air
entering intake 5 from seal ed chanber 1 carries an increasing concentration

of nebul i z&E MOREORTEARRIYING QUITHIRE MSVENEY@Ned. Enbodi nents of the
invention will now be exenplified. Exanple 1 Efficacy data was obtai ned

wi th the foll owTng iliegiisH @it B6W Be déscribdd by wahyfthxagiple gy aith defelchtd3) . 94%

ww water. 20 B. 6% w w hydrogen peroxide + 15% w w n-propanol + 0.3% w w

| rgasan DP + 9 M PVP K15 + 0. 5% wW w STPP (pH=7) + 2% w w LAS +2%

W w Teri cl%g%elgdoeg&;og\ﬁ#p%roxyaceti c acid, diluted |:50 with distilled

water D. 2% w w, chl or hexi,di ne _.gl yconat e 15% w w,n- pro ol.in djstilled
i kn R0l dhp e

wat er Test Proc&UG#sauic a8 agofs Fations are kngwy to.produceag PASHEIPIR of
operation of nebulisers is described el sewhere, (for exanple by K Sollner m
Trans. Far fgtogpeng ligads yith gmsounglywpsiyts ef the anigrogruphemeScayitation Ribblessont ¢
nebul i ser are. a high-frequency generator, a piezoceram c transducer and a
reservoir fclse todwhe Hqlidtairdntetfacd draakimglbublelds scihier the balid.t Using afr fowsi ne
aerosol involves forcing the transducer
generated either by pumping air or by the Bernoulli effect, the mist of droplets can be
separated from the bulk of the liquid and directed onto an object.
The invention will be described with particular reference to its use with hydrogen
15 peroxide based disinfectants but it will be understood not to be limited to these
disinfectants.
It is believed that the mode of biocidal action of commonly used disinfectants is not
due to the molecule itself, but to the production of more powerful derivatives, for example,
the hydroxyl radical in the case of peroxy compounds or hypochlorous acid in the case of
20 hypochlorite-based disinfectants. These radicals normally form as a result of irradiation
with ultraviolet or infra-red radiation or the catalytic action of metal ions.
Hydrogen peroxide vapour sterilisers have been used in the past. These sterilisers

have a series of drawbacks, amongst which is the need for a high temperature to generate

vapour. The increased temperatures are required for vaporisation and the production of



5 to vibrate nmechanically by applying resonance frequency. Thq%EQ%ZQ?
frequency vibrations are focussed in the near-surface part of “t 0 'lﬂ?i on,

and create an "ultrasonic fountain” ~ 9 DE C 2002 - 14 Once the energy
exceeds a certain threshold, droplets break off and are forced by air
streans out of the reservoir. A Musson 1 ultrasonic nebuliser (currently
di scontinued, simlar nebulisers are manufactured by Qto Schill GrbH &
Co., K Medizintechnik, Gernmany) with a-doncave 5 gl ass covered transducer
was used to atom se the various disinfectants under study. The nebuliser
oper at es atac2ivb8iodidal paFhidlenebulthStdigedtation WAGy cadNI axdidaitie diteck]yiebpdrfional he
nebul i sed liquid disinfectant was punped into a 1.5L hernetically seal ed
vessel (i ik donkediPhiof ofhMtbES: hBAEBH! e RSS! A LHL AR pARAUFEPT eSS &
in the vessel reaches the same-value as in the nebu I S ng chanbet of the
nebul i ser vﬂthig 30?4Ptseconds. As the 1. o nebuéising rate depends on the
pressure di PRAPERPFUGA tePSTANE S0 Copseriation 2Faedy educed significantly after
30-40 seconds, and was just sufficient to conpensate for the condensed
vapour. Total anfBibf Presenysnantiee dighifsignensy tulirsoric enagy isheilisgt fos bathsthender 1
mL.. -The i nocul ated carriers were placed in the close vicinity of the

nebul i si Ag danizatidmefalidinfertant soluthes bndiht peodattionagebiatidaley RswyhodRAS

aer ugi nosa (ATCC 15442), Mcobacteriumterrae (ATCC 15755), E.coli (ATCC

8739), and radjahls €¥Re fraddate 6PTLast WRY KirfAEERATaS Sedn! FBAAPHI RMBAE LG Hnisdaht Ure
and contai ned approximately 1 Og - 1 @ cfu/nL. The inocul umof” dry, non

veget ative Tl d] o ous .LAT 4) , . td |1 TCC 19659)
spores was rgérhg%éﬁ é’gb%{smggfr%et%’?%%?‘Hé@“%&%??%ﬁé@%%@&@@df 14@%%9%2. Each
carrier was jnocul ated with_ approximately 0.02 &} Qf the inaoculumto .

provi de f o2 C¥REATHAEMSH! Plibe reaugrd Fensentiaiong of pipgidal aghiyes gyithohiereapigs.  ~
s n E c 2002 WD 99/66961 PCT/ AU99/ 00505 -1S 20 mcrolitres of an inocul um
was pl aced thaitegtperatire of Selroncentration 8ipadeim)thed Dyt igwdgl ass pl at es, and
dried for 40 mnutes in the incubator at 36C Sterile (3 hrs at 180C) Mass

peni cyl iinder s were csmdkReloh B 4bfidaties bhd bt &onldy ulirddtiesinche ptddeitefo@ond 0
mnutes in the incubator at 36C Aluinate slices were prepared from Fast Set

Al gi nate pq re gfrﬂc%& Flettd @k%ﬁgﬁg)@bﬂg bk !hie??a/igtgrartl ThHe aflouhdGE  The

al ginate was hand m xed for seconds using manufacturer recomended
wat er / powder .rat.i o and .l oaded ont o drgyz; rile

it co. al GPHEPES RaBoh e e e bV e B aniEed BBy ST i prgtfed °
20x10x1 for bulk liquid and spray disinfection methods. The particle size of less than 2.0
micrometres, ( preferably 0.8 - 2.0 micrometers), of the majority of the atomised mist is of

15 the same order as the size of the smallest cracks and pores which can potentially harbour
microorganisms.

The layer of the condensed antiseptic which forms in the course of, and subsequent
to, sonication contains a sufficient amount of active biocide to destroy all susceptible
microorganisms.

20 The low concentration of disinfectant, in the case of hydrogen peroxide, left on the
disinfected object rapidly decomposes forming harmless water and oxygen. If the
remaining peroxide needs to be decomposed after treatment, a small amount of peroxidase
enzymes or any other suitable neutraliser can be atomised on the object.

In the case of other disinfectants the small amounts remaining on the surface can be



mmslices . The slices were aseptically placed on a sterile ig b grsh and
contam nated by 1o pressing the scal pel soaked in inoculum on f 02ces.
Extrene care was taken to avoid inoculation of the slides and the surface

of Petri dish. Sterile silicone slices were prepared from Hydrophilic Vinyl
Pol ysi | oxane | npression Material (Heavy Body, Normal Setting, ADA Spec. 19,
Elite HD by Zhermack) using m xing procedure recomended by the

manuf acturer and | oaded onto a 15 sterlléatray After setting for five

m nutes, the inpression material was cut into a 20x10x1 mmslices with the
sterile scalefeteutrhedor rigged effpereguiesd | i sed by soaking in a 1 peroxyacetie
acid for three mnutes, then rinsed with the sterile water and dried under
W light for fi wéham srtlb'jeetsd tahigrasdund es | R Bz aseppiodatdsypaplckcedtiotheanst eri | e
Petri dish and contam nated b~~ pressing the scal pel soaked in inoculum

onto the shidies.aed@yRatRididmetbSMMAL) df B0GUhREREELEGR(THED Bra¥@isc PleA&aGod Nt o
the disinfecting vessel. The vessel was then covered tightly wwth a lid to

ensur e t hat,rpg %;tk?c?rqhé DL ARt PEERPGLOT NGV ORREL Bicl i1

di sinfection ¢ e consi ste es ne I'Sin ahd

f our mnutesto e vapou 0 19DEC202 WD 99/ 66961
bet) Atoey ool ST\ o4 NP HE R hS e LS st ot fieatengich FHeRARIE ‘o

aseptically pl aced in the test tube with sterile nutrient broth containing
di si nf ect arargd@ad et highesdregronciss tBOVMBRGS tedueadhedh2. bR MAEARdLH.9f or P.
aerugi nosa, S. aureus and E.coli, a Bacto M ddl ebrook 7H9 both fox M

t errae and ndciBaetres. Afurihdr idteagd infRiqasmey Meslitainf the inchassptinessy ddasiay siant r ol
5 inoculated carriers were treated with nebulised, sterile distilled water

in place Oherwe%hnﬁ&gs@mth@éﬁwrata}e' &frthéﬁk‘bﬁhs%ﬁ@ﬁﬁid”ef‘ﬁe inSerBHRls! e GhORat e

AOAC s sterilant testing nmeth o s No growth in e test tube indicates that

100% ki | | a test .or anrs been. a srsas cantly
more sever SriBr R e ERRGR PRECRSE 8 ﬁrm%m e i BRPEPHLETS

popul ati on requr red by the ADA. This method has been chosen as, t he surest
met hod For eré??éwgtthewfrge fqﬂéloefbvme%wnwm e SRR PO ARRIGHES. Resul ts:
"nt" - not tested "passes" - conplete kill of the tested organi sm has been

achi eved osurfiactanewsghoutSighificant inofease(n tapparaters, wi th no survivals "growt h"
nunber of carriers which carried viable test organisns 7 9 DEC 2002 WO
99/ 66961 - 17 TABhirtuke of water soluble surfactants with the addition of non-water soluble
surfactants to suppress foam is found to be effective in one of the embodiments of the
current invention.
15 Suitable surfactants can include a mixture of ethoxylated alcohols
(eg Teric 12A3) together with dodecylbenzenesulfonic acid salts, or ethoxylated alcohols
alone or block copolymers of ethylene oxide and propylene oxide with alcohol either alone
or as part of a mixture with the above surfactants. A skilled addressee would understand
that the above surfactants are included only as non-limiting examples of species which can
20 be applied as part of the invention.
. The amount of liquid condensed on a surface after a 2 minute exposure to nebulised
droplets in a sealed system was found to be in the order of 30 g/m2 for low frequency

ultrasound. When ultrasound in the high frequency range which is the subject of this

invention is used, the condensate level was found to be reduced to 3 g/m2 in the same



Mycobacteriumterrae: Inoculum10g cfu/nmL in tryptone soya l;irg)td”t
PCT/ AU99/ 00505 Carrier/ /disinfectant ABCDG ass C 2002

sl i despassespassespassespassesd ass

peni cyl i nder snt passespassesnt Si | i conent passespassesnt Al gi nat e

sl i cespassespassespassesgrowh 8 out of 8 5 TABLE 2 Pseudonbne~s aerugi nosa
I noculum 1 0g cfu/nmL in tryptone soya broth Carrier/ /disinfectant ABCDA ass
sl i despassespasses passes passesd ass pehi-cyl i nders5 out of
9passespassesgrowth 6 out of 10Siliconent passespassesgrowth 10 out of

10Al gi nat e:asdd $eggf oWt h 8 out of 1Opassespasses growh 9 out of 10 19
DEC 2002 WD 99/66961 18 TABLE 3 E.coli: Inoculum 10$ cfu/nL in tryptone

soya broth Pm%%?(aggzﬁgﬁvﬁééécﬁgée %'\/?ﬁt[?)fnqgg?s%é%%%ﬁ small amount of

sl i despassespassespassespass

peni cyl i nder snt passe assesnt Si | i conent passespassesnt Al |nate
sl i cesnt psk §ﬁé"s§§§ﬁ opApifgees. @%F%E hﬁi‘é‘é‘ CLARt 0SBy 38?‘?3‘/‘%1#? high,

tryptone soya broth Carrier/ disinfectant ABCDGE ass
sl i despassgspapssapassespangsas@tasdupediyogl time eF sgxemple Bcadwls with high
10passespassesnt Si | i conent passespassesnt Al gi nate sl icesnt passespassesnt

19 D E5C 2%52% Pre%&xn? Ak o W RST Ethélls wnhsfﬁ%&ﬂ Q&I PredéiirS t1 SRR 18 Swater
| nocul um 1 uinl in tryptone Soya broth Carrier/ disinfectant ABCDd ass

sl despaS%)gcisrgcarg%nsss\@ééhllgIHtvgﬁéLrl{%pgr s%?xrrs?teﬁ{?ta& Sl%sv%tgxs %Sth%nllﬁ{hlgﬂ Q/gposunt ésgt\{\x"teh S

out of 10 hate sSPi'ceésn

relative to water and other organic substances with high vapour pressure relative to water



"nt" not tested 5 "passes" conplete kill of the tested organyfgaﬁ S been
achieved on at |least 10 out of 10 replicas, no survivals , E 2802ber
of earners which carried viable test organi sns Exanple 2 1 o Assessing the
efficacy of the disinfectants on al gi nate dental inpressions using a seal ed
system (Figure 2). The testing procedure has been adapted fromthat
described in US Patent No. 5,624,636. Sterile nodels of a patient's

maxi |l ary and mandi bl e teeth and soft ti'séies were contam nated with the
bacterial suspensions containing 108 to 109 cfu/nL in sterile water.

Fast set al § matteregahiugh spbpneesy vhaish papqyspresfuse maysuhstantabryedyes 'é‘elﬁlﬁﬁ’d

m xed for 30 seconds using the water/powder ratio the manufacturer

r econmended redatigd fasdeerg.ont o sterilised plastic trays. The inpressions were
made of contam nated nodels, and these were allowed to bench set for 3

m nut es, after mﬂw@hWthmeﬂhéﬁhmdemahmﬂﬁmﬂmemmmadmsﬁoehﬁaﬂ$h@m\mbahle 20
bacteria the parts of the inpressions containing the 12th and 13th teeth
(UL4 and ULHjesfuré (eg adfiedns Brydrod@R Berdkld8 9616680 LthisABat Bl cAWBO AN REmbBii byl ar y
jaws and 30th and 29th (LL4 and LLS) teeth for the nmandible jaws were cut

out withsa atrepihe %@alraﬁﬂiveaﬂﬁlmaﬂt@sﬁﬂ) ﬂomb%&{aa%mgéraﬁ;&@asfiz@cttﬁy% ane,goya
broth, sonicated 1n a 40KHz ultrasonic bath f m nutes, plated onto

tryptone Soyp, r?ﬁcgéctw 'éﬁfﬂd?ﬁ%r@?o@ﬁfoqg hS@bhYis| agﬁlcée% 1Hq§tt§ 15 ﬁgﬁﬁéﬁst h (URA

di si nfection, ressi ons contain

d LRS h f | d 2 h f
The ek b Bolkeldic HRAL, dePhil id SR o &ith s BRES 88 ?13 \(795? g e 151 1

tryptone So brot s .describ oV Bot h. na and

i npr essi onsieFe ta?ﬁeés@aw i % igh hegd. Sok i3 ﬁl%& SIS kit bésipy
bacterial survivals are an average between the bacterial popul ations of the
two i npressPdh@ migiobiay|cpngmapairdiastamaerpprsrspiidn pABG lsi! cted msawReH £an
aerugi nosa 10g cfu/nm in tryptone soya broth ABCDBef ore

t r eat mento, 3kd achdovedqaikly, Srply afdichpaply.i npr essi onAft er
treatment. 1. 2X10 ' 85475. 4x10' cfu per inpression 19 D E C 2002 WD 99/ 66961
-2l TABLE 7 Al gThedpplicatunessuchinguipment is potentially very broad and includes hospitals,
medical clinics, dental clinics, veterinary clinics, food processors, fast food outlets, beauty
salons, hairdressers, tattoo parlours, etc.
With reference to the drawings, figure 1 shows an embodiment of a disinfection
15  apparatus suitable for use in the present invention. An article to be disinfected is placed in
enclosed chamber 2. The lid of the chamber 1 is removable for this purpose. The
disinfectant is placed in ultrasonic nebulising chamber 3, and nebulised by ultrasonic
transducer 4. The nebulizer intake 5 provides the necessary air from outside the chamber.
Nebulized disinfectant produced in nebulizing chamber 3 enters disinfection chamber 1 via
20 an outlet 6. Preferably outlet 6 comprises a tube disposed at an angle to the direction of
sonication whereby to minimize entrainment of large drops if any.
Figure 2 shows a preferred embodiment of a disinfection apparatus suitable for use
in the present invention. An article to be disinfected is placed in enclosed chamber 2 by

means of a removable lid 1. The disinfectant is placed in ultrasonic nebulising chamber 3

25  and nebulised by ultrasonic transducer 4. The nebuliser intake 5 provides the necessary air



| nocul um Pseudononas aeruginosa 108 cfu/nL in tryptone soya v;faéeﬁ
PCT/ AU99/ 00505 ABCDBef ore treatanent, EC 2002
cfu/ m.4. 5x10' 4. 5x10' 4. 5x10' 4. 5x10' After treatnment. cfu/ nlL7.2X10' 004. 3x10" 5
TABLE 8 Al ginate inpressions Inoculum E.coli 108 cfu/nL in tryptone soya
broth ABCDBefore treatnment , cfu/ nLSxl OGB8x108x108x10After treatnent.

cfu/ m.5. 5X10 003x10' WO 99/ 66961 - 22 TA@LE 9 Alginate inpressions 1 g D E
C Z002 PCT/ AU99/ 00505 I nocul um Pseudononas aerugi nosa 10a cfu/nL in
tryptone soya broth, rinsed after inoculation with 250 nL sterile tap water
as per the /yfﬁ @F&ol‘ﬂ%@ef ore treatnment ,

cful mL9x10" 9x10" 9x10" 9x10"After treatpent, cful nLO0060 s Exanple 3 To
conpar e the bi ociléga¥Ie eaursangrd a@@ﬂ%&&té@a%&tw&ﬁc%mg&aﬁw%%1 ¥hisns of
hydrogen peroxide the foll ow ng experinment was conducted. 0.1 nL inocula of
P. aer ugi nosalt(asaniogaesduparid)is dvdted oy bidstthehamhei nbhidisguibtake b stilereyidastsad
evenly over 20 x 15 nm areas of glass plates, dried for 40 min and then
treated w t he@s§® ai frofu w%ihyhbﬂglmeécka‘nmerbxi de for 2 minutes. The
surviving mcroorgani sns were transferred, as described in exanple |, into
tryptone sSoya br GhbadwndtaghencqlfutsionslitewadiPighent2zedandiabadsipliat es were
treated for 1 ~ seconds with the nebulised mst of the sanme 4% hydrogen

per oxi de sobéﬁﬁgaﬁaanoamthmﬂql ﬁrt)hdéarcor%pmeﬂuﬁealea@glstéﬁ qﬁeaﬂﬁﬁeaaﬂlﬁ@thtﬁ{oal

anount of hydrogen peroxi de ‘condensed on €each pl ate was bel ow 0.01 niL (or

at least 10 c; 'aﬁgﬁﬁiéreﬁ uh%@n 190&'&{%&19\{'%1? ﬁgeeseé}i?% p’f(&% ﬁ craf:ftsu' ts

o)
were as foI e experinen t|on obser ved

sur~rival |eye n e X|de killed
ol “bacieri £ R s R 0D RSO Bk
the test tu thtr tpne soya broth. Exanple 4. 19 D E C 2002 WO
99/ 66961 P WR@@ 9%@5 agty. A1 % hvpochl orite disinfecting solution has
been used to disinfect mandible dental inpressions made of the sane nodel
as descrit%bed in Bxapmeodimentsofdigyres and At whesdls transducer is energized, nebulized

disinfectant from nebulization chamber 3 within sealed disinfection chamber 1 directly
enters chamber | via nebulizer outlet 6. Consequently, the concentration of nebulized
disinfectant in the sterilisation chamber 1 increases and air entering intake 5 from sealed
chamber 1 carries an increasing concentration of nebulized disinfectant which is thus

15 recycled.

Embodiments of the invention will now be exemplified.

Example 1
Efficacy data was obtained with the following disinfectants:
A. 6% w/w hydrogen peroxide (pH=3), 94% w/w water.

20 B. 6% w/w hydrogen peroxide + 15% w/w n-propanol + 0.3% w/w Irgasan DP300 +
0.02% w/w PVP K15 + 0.5% w/w STPP (pH=7) + 2% w/w LAS +2% w/w Teric12A3
C. 5% w/w peroxyacetic acid, diluted 1:50 with distilled water
D. 2% w/w chlorhexidine gluconate + 15% w/w n-propanol in distilled water

Test Procedures:

25 Equipment.



di sinfectant deli~~ery were conpared: 1. Atom sed with a fine sgn
pump (AC Col mack Ltd). The disinfectant was 5 sprayed on the ingﬁgggiiaﬁz

and left far 10 mnutes. 2. Atomised with a 40KHz M crom st ultrasonic
atom ser (Msonix Inc) for 3 mnutes, then left for another 8 m nutes.
Total contact time is 10 mnutes. 3. Atonused with a 2.64 MHz Musson
ultrasonic nebuliser for three mnutes ardathen Left in the nebulising
chanber (seal ed systen) fox seven mnutes. Total contact tinme ist o 10
m nut es. The r eslih¢ primnge aofarhticove’:nehABCE 11 dedebed elsywhMrydgfmaxample by K
of Cont am nation | evels, cfu per inpressionD sinfectantDeliveredBefore

di si nfecti ogAlfitegin Tiafié. Hagll/ B HARY IBBRAYIEDE) 4thOBarfh eXerddhiSo Larnxultr@ZA kKHz|
nebuliser I 0.28 ~i 1.2 x 107 2.4 x 10'2.6 Miznebuliser ~ 0.06 g5.3 x 10'0

e | | _ : 3
C Z00gehyfiferlate. ﬁgg%pﬁe(ﬁf%ﬁ% %ﬂaﬁgat% gﬁte’gg)lcc{fhﬁjnlc Jf&’(}ﬁlc%r %Eldea ASAVBYSY: mhen

the m xture i s nebuli at 2. e other nethods. The

quantity of di.sinfectant used is also significant | owefr Exanple 5.5

3'oct dal ersuieros EiseE et dredbiReticdlie SRER! el torotiE T Fandeean o
was conpared as follows. Aqueous solutions: CL: 0.5% saodi um hypochlorite
CLA: 0. 5% sOdfibiieijpdancahy beaprplyng ogspagice figaegnqy. e gy fraaianep SEErET e
+ 0. 5%PEG6200 (BASF) HP: 1 % hydrogen peroxide HPA: 1 % hydrogen peroxide +
0. 5% LAS HPNe facusseddn dgersapsuréace dart of the50upBGGAGICrédREan Tultedopdr fogatain”
peroxi de + 5% Ethanol t 5 were nebuli'sed in the closed chanber (using
Musson-1 2.64 MHz ultrasonic nebuliser) on glass plates with dried inoculum
of P.aeroginosa ( 1 O cfu/nL) and vegetative Bacillus subtilis until
evenly covered with the condensed nebula. Then the gl ass plates were
transferred, as described in exanple 1, into tryptone soya broth in order
to quantify surviving mcroorgani sns. The total anmount of condensed

di si nfectant was wei ghed using 20 an anal ytical balance and the tinme taken
to evenly cover the plates with the nebul a was not ed. i ~of ¢ zooz - 25
The results are: Disinfectanttine, secAmount of disinfectant, ngP.

aer ogi nosaB. subtilisBeforeAfterBeforeAfterCL100+/- t 080+/-206.5 * 10'07.1
* 10" 1.4* 10' CLA50+/-540+/-106.5* 10 07.1 * 10"5.0* 10

CLN55+/ - 540+/ - 106. 5*1007. 1*102. 2*10HP110+/ - 8100+/-106.5 * 10'3.3 * 10'7.1 *
10"6.1 * 10  HPA60+/-550+/-106.5* 10'07.1 * 10" OHPN60O+/-550+/-106.5* 10'07.1
* | 0"OHPES55+/ -560+/-106.5* 1007.1 * 100 Thus, the nebulised disinfectants
with reduced surface tension possess significantly 5 better bactericidal
properties. Not |ess than 90% of the droplets of nodified surface tension
di sinfectants (CLA, CLN, HPA, HPN, HPE) had MVAD bel ow 2.0 m crons,



whil st the MVAD of disinfectants (HP and CL) with non-nodified k8rDEgeqpn
tensi on was between 2.5 and 5 mcrons. Although the invention has been
described with reference to specific exanples, it | o wll be appreciated
by those skilled in the art fromthe reading hereof that the invention may
be enbodied in other fornms w thout departing fromthe scope of the concept
herei n di scl osed. 1 g DEC Z002 -26 THE CLAI M5 DEFI NI NG THE | NVENTI ON ARE
AS FOLLOAS 1. A nethod of disinfection 'clér?pri sing the step of applying
ultrasonic energy at a frequency selected to be above 1.5 Mz to a liquid
conposi t i éncedimperiessinercaedhi sstentamctheasholidndropletsi veaki affiand 2tk farced basir one
surfactant to produce a nebulised disinfectant product. 5 2. A nethod
accor di ng strearsd autoftheveesebim. the 1iquid di sinfectant conposition is

sel ected and the ultrasound energy is applied so that 90% of m crodroplets

are 1ess than 2 QuGroNBatsl Rusl a0tEhend)  QoEANALS AREORLIRGeA Q! 2 m 2

or claim2 whereint trasonic energy Is-ap

conposition in a nepulising.cha ..t-9 4 A nethqd according to any one
of the pr é‘laé‘@g‘icﬁﬁe KON %%éfgff{ﬁf&ec% gr%ﬂ’rﬁ’&eé‘ﬁgﬁ*ér‘??y mﬂﬁ] 2E°HBYE a
nebul i sing duration and at an ultrasonic frequency selected in conbination
to provi dglass povedet wansidnesd waswedd tofatatiise Hicearicondisinfectandhiirlet stedpodbd t o

t he nebul i sed di sinfectant product. 5. A nethod according to any one of the

pr eceedi ngelllabndpaskies &iN64 REIA THARBURSND Patd HASMSIEMmakel AIPAY Bmth. Me 6., A
met hod according to any one of the preceding clains wherein the

HRIERLE N T T e e R R

m crodroplets. . 20 8. A nethod _according to any one of the preceeding claihns
wher ei n t B S@igues: ARy ith disinfesiant yapaus prastyre 18 the yessel regches tie $104 he

m crodroplets. 9. A nethod according to any one of the preceding clains
wher ei n t haludasimthe abladisingschaotbevaf the nbyulisegiwithinS§eddsegondst rAestbend. 10. A
met hod according to any one of the preceding clainms wherein the

di si nfRct adulishg rate depids AQRE prebsure 38Te&HRY the PAPohPE1REeR RteRASIAt | Ng Of
per oxy conpounds, hal ogenated conpounds, phenoli ¢ conpounds, and

hal ogenat ed BEAG! A SHBPHALR Tkt v FEHA96iBRG8LShBThsh 15! A Mo ferthE" o1 1
vapour. Total amount of nebulised disinfectant during .the cycle was under 1mL.
The inoculated carriers were placed in the close vicinity of the nebulising horn.
Inoculum:

15 The inocula of vegetative Pseudomonas aeruginosa (ATCC15442), Mycobacterium
terrae (ATCC 15755), E.coli (ATCC 8739), and S.aureus (ATCC 6538), were prepared
from an overnight culture and contained approximately 10%- 10° cfw/mL.

The inoculum of dry, non vegetative Clostridium sporogenous (ATCC 3584), and
B.subtilis (ATCC 19659) spores was prepared as per the method described in AOAC
20 966.04.
. Each carrier was inoculated with approximately 0.02 mL of the inoculum to

provide for contamination levels of 10° -107 cfu per carrier.

Carriers:



group consi sting of hydrogen peroxide, peracetic acid, persulfates, and
percarbonates. 5 12. A nethod according to claim10 wherei n{Qhpge %qﬂz

di sinfectant is a hal ogenated conpound sel ected from sodi um hydrochl ori de
and povi doneyind| 13. A nmethod according to claim10 wherel

di sinfectant is /;6?911_” cl osan. 14. A nmethod according to any 12%@9}8@3% he
preeceedi ng clains wherein the application of ultrasound nebulises the

| i quid conposition within an encl osed ult¥asoni ¢ chanber which | o resides
in or comuni cates with an encl osed disinfection chanber. 15. A nethod of
di si nf ection accorimigrolitsessafyn coeuluth was plapedeanetiriigy(3dioarsms 1 $0(2o@nh t he

| i qui d conposition includes an al cohol as a surfactant 16. A nethod
accordi ng to BHx20mmeeies platee, and ddabion4) minatestn the dicebatortab8saaebul i sat i on
duration and ultrasonic frequency are selected such that a disinfected

obj ect is qui gl 3Rrddh i §FC) didss %lg%h}a@@ vife PRKGE me@t%cgfélﬁgi?f B Ilirfites

according to claim15 or clarm erein the disinfecte ticle 1s blow

dried. 18. A mattﬂe\%ﬁgmoﬁﬁﬁ?g{ %gﬁc\gja%rggﬁ%i on according to any one of the
n 1 g

precedi ng cl ains rel urra conposrtion includes at | east one
substance with a hjgh vapour pressure 20_rel ative to ter. 19. A nethod
accordi ng to cl ai néﬁl%%éﬁéiwﬁpetﬂﬁ?aﬁ%w t%%é‘%%%r%&“@&&aﬂ%ﬁ% @‘}H‘gapour
pressure is sel ected to reduce drying time. 20. A nmethod according to any
bne of ol ai neESEEysTilisFprck ik 14056, Ahe algiaaie Wombardisecior 80 sdcordshig vapour
pressure is selected fromthe group consisting of alcohols, ethers, '~ ~
~~C ZQQZ - 2Banufycthirercerobmmhdedmadergivdersati®dnd ldedes bino dryasteriie ttaysg After any
c~,le of the preceding clains further including the step of neutralising

the di si nf ect @flingMok B nanGH dimdtd Bds BBer?@EWith & ABSEaRded stalpel sk 20:00REL | on
step. 22. A nethod according to claim21 wherein the neutralising agent is

applied in s pehulisephdQtdweldseficlB) Had436 6 hefl] | Bhtdhi

wherein the neutra%i gﬁ}legs a%p&t |gﬁiscg®e§:lt eg ?ror% te%trg@(%%%)ﬁcég}ﬁéﬁgﬁegggof
per oxi dase, enzynes .or sodi u hiosulfate .24. A disinfected volune i.n a
Pebul i 51 ng o nirvoue B seh e sty M At o SelS, P TEPSe B PR
proceeding clains. 1 25, A conposition for, use in a disinfection nethod
according to ‘&Hgﬁ é°gfhelsh@sﬁ’i“g@éﬂfr e%‘][beﬁtrhgls}&onpri sing a disinfectant in

B
conmbi nation with a surfactant. 26. A conposition according to claim 25
wher ei n the di si nfSterilailicne skiees wieteaqueprred drorhidydyenbilis Yiopktdysilaxanef per oxy

conpounds, hal o conpounds, phenolic conpounds, and hal ogenated phenolic
conmpounds. 1 Bnp?dssioA MawtabGicaioBodys okl Setting AT ASpec? 69, \Hbier BiDhby he
disinfectant is selected fromthe group consisting of hydrogen peroxide,
peracetic aci gherB8dLy Ybih@nBng RN k&BMBRAGI®T the manufacturer and loaded onto a
15 sterile tray. After setting for five minutes, the impression material was cut into a 20x10x1
mm slices with the sterile scalpel. The slices were sterilised by soaking in a 1%
peroxyacetic acid for three minutes, then rinsed with the sterile water and dried under UV
light for five minutes. The slices were aseptically placed on a sterile Petri dish and
contaminated by pressing the scalpel soaked in inoculum onto the slices.
20 A Perri dish with inoculated carriers was placed into the disinfecting vessel. The
vessel was then covered tightly with a lid to ensure that nebulised liquid could not escape

from the vessel. The disinfection cycle consisted of 2 minutes nebulising, and then left for

four minutes to allow the vapour to condense.



28. A conposition according to claim26 wherein the disinfectant is

sel ected from sodi um hydrochl ori de and povi done i odi ne. 29.1 9‘ ggggﬂmgti on
according to claim 26 wherein the disinfectant is Triclosan. 2 .
conposition i<ng to any one of clains 25 to 29 furthe rsLng a
surfactant. 31. ,yg\gdggrrposi tion according to any one of clai #&ﬁ‘g@%ﬁ%\her ein
the surfactant is one or nore conpounds selected fromthe group consisting
of ethoxyl ated al cohols, dodecyl benzene sWfl-fonic acid salts, block

copol ynmers of ethyl ene oxide and propyl ene 9 9 DE C 2002 -29 oxide and
al cohol . 32. A coripmsidiatebnafe osenthignige lid) echabriesdassseptieblly plhedsuthk at ant i s
Ter is 12A3 33. A conposition according to any one of clains 2~ to 32

further conpri;g Rfih sedld lﬁ_ﬁﬁi@ﬂ%t}i"ic&ﬁajﬁing RReLctaYARANvaR: EBREEB0). B at er . 5
34. A conposition according to claim33 wherein the substance” and/ or

m xture of s | ghe f ' o firo e
group consi s'tj]? éri]fée%g% ?OZ}II %%%F&s]foggt eé&/rgs%(g%fd?‘%g%r (:i)ﬁ'sc%)ﬁ’fn cgoslﬁdgdrjdgbmf?ﬁ% m st
conprising droplets. of a c osi L.jon.cont ai ni.ng,. a. di.sinfectant and, havi ng
509 of "t he dr Bh B M erende Baio bl Bietise B ONEiA G R APYFana? 8FoHibn f o med
by the to method of any one of clainms 1 to 23, 36, A m st according to -
cl ai m 35 wheninp@Haiedcarmeshvern degedvith sehulissd, sriledistled pvateriimplagetfor ding to
any one of clainms 25 to 34. 37. A disinfected article when disinfected
accordi ng to disinfettastd of any one of clains 1 to 23, or by exposure to a

m st according to claim35 or 36. 15 38. A disinfected article according to

claim37 in the fdssenahilg tideddpadimédy BeE18on B8O AOATTEEBAKnOEst il HletHo@€t | ON
conprising the step of applying ultrasonic energy at a frequency sel ected

to be above Ixg eMfn in@icReblihAEfs SRARON IR o GRTBIEL A Badbllh Slrieg! ant in
conmbination wth at |east one surtactant. 40. A nethod of disinfection
conprising the step.of I Si i.quj I S| t . N, i.nation
Wth at | east THREEIIARMH bR SOk ch el SR S' il ngfe R

m crodropl ets to, contact surface _and lyi uj trasoni c _ener t.o at

| east one ¥f Pepulaligp feﬁB‘éed%thet :ﬁgxm@dm%{&%ﬂgﬁqseﬁﬁbﬁp SPEe megiod for

di sinfection conprising; a closed disinfection chanber adapted to receive
an article toddmondiraingthecfidadcy ofzlisinfpetingltéchriguesonpri si ng a nebul i zi ng
chanber adapted in use to receive a disinfecting 9 9 DE C 2002 -30

Results:

“nt” - not tested

“passes” - complete kill of the tested organism has been achieved on at least
15 10 out of 10 replicas, with no survivals

"growth" number of carriers which carried viable test organisms



agent to be nebulised, said n~buliser having an outlet for discharging a
nebul i sed dtstnfecting agent directly and w t hout inteunedtﬁgeDEgbﬁmE into
the cl osed dtsinfectton chanber, and having an i ntake conmuni cating
directly andwddotgest i ntermediate tubing with the disipfec%éﬂnuﬁﬂﬁﬁper
interior; and 5 a transducer adapted to sonicate the disin ec?lng agent

wi thin the nebulising chanber; whereby in use air entering the nebulising
chanber via said intake carries a progressively increasing concentration of
nebul i sed di sinfectant. 42. Apparatus according to claim41l wherein the
nebuliser is SABI&d wholly or partly within the disinfection chanber.
43. Apparatus according to claim4l or 42 wherein the transducer is
exterior of thecHbaetenli@Géksen chanber. 44. Apparatus according to any one of
clainms 41 to 43 wherein the transducer is adapted to sonicate the

di si nf ect ant I Y reater. 45. Apparatus according to
any one of clg%ﬁguﬁﬁﬁﬁgg&ﬁJﬁﬁé?éPn ﬁg&ﬁgbulising chanber | S receives
hydrogen per i 6—0f—a anﬂpnllnrl contai ni ng h\]l rogen noroyide 486 Aprarat us
accordi ng to|&%ne of clainms™1 to 48 wherel Dof air is exdl uded
fromthe apparatus during sonjcation of the di ANt . 47. Appar atjus
accordi ng to|é&hsinfectantof claims 41 to 46 wherej ebul i ser is of g type
in which the|transducer creatés an ul{ ) whi ch nebul i sgs the

rasoni c
di si nf ecting|ZmasagRieE and r ecl pasedsat €$pise ne ipadsed ect1 ng aggnt .
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S.aureus:
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“nt” not tested
5 “passes” complete kill of the tested organism has been achieved on at least 10 out of
10 replicas, no survivals
"growth" number of carriers which carried viable test organisms
Example 2
10 Assessing the efficacy of the disinfectants on alginate dental impressions using a

sealed system (Figure 2).

The testing procedure has been adapted from that described in US Patent No.
5,624,636. Sterile models of a patient's maxillary and mandible teeth and soft tissues were
contaminated with the bacterial suspensions containing 10® to 10° cf/mL in sterile water.

15 Fast set alginate dental impressions (Palgat Plus Quick, ESPE) were hand mixed for 30

seconds using the water/powder ratio the manufacturer recommended, and loaded onto
sterilised plastic trays.

The impressions were made of contaminated models, and these were allowed to
bench set for 3 minutes, after which time the models were removed. To transfer viable

4

20  bacteria the parts of the impressions containing the 12th and 13th teeth (UL4 and ULS5) for
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as described above. Both maxillary and mandible impressions were processed in the same
cycle. The tabulated results of bacterial survivals are an average between the bacterial
populations of the two impressions.

10 TABLE®6

Alginate impressions

Inoculum: Pseudomonas aeruginosa 10® cfw/mL in tryptone soya broth

A B C D
Before treatment, 3x10’ 3x10" 3x10” 3x10’
cfu per impression
After treatment. 1.2X10" |85 47 6.4x10°
cfu per impression
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s TABLE 8

Alginate impressions

Inoculum: E.coli 10® cf/mL in tryptone soya broth
A B C D

Before treatment , 8x10° 8x10° 8x10° 8x10°

cfu/mL

After treatment. cfw/mL | 5.5X10° |0 0 3x10"
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5 Example 3

To compare the biocidal efficacy of sonicated and non-sonicated solutions of
hydrogen peroxide the following experiment was conducted. 0.1 mL inocula of
P.aeruginosa (10° cfu/mL) and vegetative Bacillus subtilis were spread evenly over 20 x 15
mm areas of glass plates, dried for 40 min and then treated with 0.05 mL of 4% hydrogen

10 peroxide for 2 minutes. The surviving microorganisms were transferred, as described in
example 1, into tryptone soya broth and then plated. The same contaminated platcs were
treated for 15 seconds with the nebulised mist of the same 4% hydrogen peroxide solution,
and then left for 1 minute and 45 seconds. The total amount of hydrogen peroxide
condensed on each plate was below 0.01 mL (or at least 10 times less than in the reference

15 experiment). The results were as follows: In the experiment with the bulk solution the
observed survival level was 4 x 10° cfw/mL; the nebulised hydrogen peroxide killed all
bacteria and no survivors were detected either on Petri dishes, or in the test tubes with
tryptone soya broth.

Example 4.
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A 1% hypochlorite disinfecting solution has been used to disinfect mandible dental
impressions made of the same model as described in Example 2. Three different modes of
disinfectant deliverv were compared:

1. Atomised with a fine spray hand pump (AC Colmack Ltd). The disinfectant was

5 sprayed on the impressions and left for 10 minutes.

2. Atomised with a 40KHz Micromist ultrasonic atomiser (Misonix Inc) for 3
minutes, then left for another 8 minutes. Total contact time is 10 minutes.

3. Atomised with a 2.64 MHz Mousson ultrasonic nebuliser for three minutes and
then left in the nebulising chamber (sealed system) for seven minutes. Total contact time is

10 10 minutes.

The results are as follows:

TABLE 10
Delivery Mode | Amount of Contamination levels, cfu per impression

Disinfectant

Delivered

Before disinfection After disinfection
Hand Spraved | 0.41 ¢ 8.7x 10 3.9x10°
40 kHz
nebuliser 1028 ¢ 12x 10’ 2.4 x 10°
1

2.6 MHz {
nebuliser ; 0.06 g 53% 10’ 0
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Example 5
5 Biocidal efficacy of sonicated disinfectants with and without surfactants was

compared as follows.

Aqueous solutions:

CL: 0.5% sodium hypochlorite
CLA: 0.5% sodium hypochlorite + 0.5% LAS
10 CLN: 0.5% sodium-hypochlorite + 0.5%PEG6200 (BASF)
HP: 1% hydrogen peroxide
HPA: 1% hydrogen peroxide + 0.5% LAS
HPN: 1% hydrogen peroxide + 0.5% PEG6200
HPE: 1% hydrogen peroxide + 5% Ethanol

15 were nebulised in the closed chamber (using Musson-1 2.64 MHz ultrasonic nebuliser) on
glass plates with dried inoculum of P.aeroginosa (109 cfu/mL) and vegetative Bacillus
subtilis until evenly covered with the condensed nebula. Then the glass plates were
transferred, as described in example 1, into tryptone soya broth in order to quantify
surviving microorganisms. The total amount of condensed disinfectant was weighed using

20 an analytical balance and the time taken to evenly cover the plates with the nebula was

noted.
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The results are:
Disinfectant | time, sec Amount of P. aeroginosa B. subtilis
disinfectant, mg
- Before After Before After
CL 100+/-10 | 80+/-20 6.5¥10" {0 7.1%10° | 1.4*10°
CLA 50+/-5 | 40+/-10 6.5%10" |0 7.1¥10° | 5.0%10'
CLN 55+/-5 40+/-10 6.5*10" |0 7.1¥10° [2.2*10'
!
HP 110+/-8 | 100+/-10 6.5%107 {3.3*10° | 7.1*10° [6.1¥10°
HPA 60+/-5 | 50+/-10 6.5*10" [0 7.1*10° [0
HPN 60+/-5 | 50+/-10 6.5¥10" |0 7.1%10° |0
HPE 55+/-5 | 60+/-10 657107 |0 7.1%10° [0

_Thus, the nebulised disinfectants with reduced surface tension possess significantly
5 better bactericidal properties. Not less than 90% of the droplets of modified surface
tension disinfectants (CLA, CLN, HPA, HPN, HPE) had MMAD below 2.0 microns,
whilst the MMAD of disinfectants (HP and CL) with non-modified surface tension was
between 2.5 and 5 microns. _
Although the invention has been described with reference to specific examples, it
10 will be appreciated by those skilled in the art from the reading hereof that the invention

may be embodied in other forms without departing from the scope of the concept herein

disclosed.
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1. A method of disinfection comprising the step of applying ultrasonic energy at a

frequency selected to be above 1.5 MHz to a liquid composition comprising a disinfectant

in combination with at least one surfactant to produce a nebulised disinfectant product.

5 2. A method according to claim 1 wherein the liquid disinfectant composition is
selected and the ultrasound energy is applied so that 90% of microdroplets are less than 2.0

micrometers in diameter.
3. A method according to claim 1 or claim 2 wherein the ultrasonic energy is applied
to the liquid composition in a nebulising chamber.

10 4. A method according to any one of the preceeding claims wherein the ultrasonic
energy is applied for a nebulising duration and at an ultrasonic frequency selected in
combination to provide a predetermined level of disinfection of an object exposed to the
nebulised disinfectant product.

5. A method according to any one of the preceeding claims wherein the ultrasound

15 frequency is above 2 MHz
6. A method according to any one of the preceding claims wherein the disinfection
occurs at below 40°C.

7. A method according to any one of the preceeding claims wherein the surfactant
modifies the size of the microdroplets.

20 8. A method according to any one of the preceeding claims wherein the surfactant
modifies the susceptibility to activation of the microdroplets.

9. A method according to any one of the preceding claims wherein the disinfectant is
activated by high frequency ultrasound.

10. A method according to any one of the preceding claims wherein the disinfectant is
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15. A method of disinfection according to any one of the preceding claims wherein the
liquid composition includes an alcohol as a surfactant |
16. A method according to any one of the preceding claims wherein the nebulisation
duration and ultrasonic frequency are selected such that a disinfected object is quickly
15 dried.
17. A method of performing disinfection according to claim 15 or claim 16 wherein the
disinfected article is blow dried.
18. A method of performing disinfection according to any one of the preceding claims
wherein the liquid composition includes at least one substance with a high vapour pressure
20 relative to water.
19. A method according to claim 18 wherein the at least one substance with high vapour
pressure is selected to reduce drying time.
20. A method according to any one of claims 18 to 19 wherein the at least one substance

with high vapour pressure is selected from the group consisting of alcohols, ethers,
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claims comprising a disinfectant in combination with a surfactant.
26. A composition according to claim 25 wherein tl;e disinfectant is selected from the
group consisting of peroxy compounds, halo compounds, phenolic compounds, and
halogenated phenolic compounds.

15 27. A composition according to claim 26 wherein the disinfectant is selected from the
group consisting of hydrogen peroxide, peracetic acid, persulfates, and percarbonates.
28. A composition according to claim 26 wherein the disinfectant is selected from
sodium hydrochloride and povidone iodine.
29. A composition according to claim 26 wherein the disinfectant is Triclosan.

20 30. A composition according to any one of claims 25 to 29 further comprising a
surfactant.
31. A composition according to any one of claims 25-29 wherein the surfactant is one or
more compounds selected from the group consisting of ethoxylated alcohols,

dodecylbenzene sulfonic acid salts, block copolymers of ethylene oxide and propylene
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A composition according to claim 31 wherein the surtactant is Teric 12A3
33. A composition according to any one of claims 25 to 32 further comprising a
substance with a higher vapour pressure than water.

5 34. A composition according to claim 33 wherein the substance and/or mixture of
substances with higher vapour pressure is selected from the group consisting of alcohols, |
ethers, hydrocarbons, and esters.

35. A mist comprising droplets of a composition containing a disinfectant and having
90% of the droplets between 0.8 and 2.0 micrometres in diameter when formed by the
10 method of any one of claims 1 to 23.
36. A mist according to claim 35 when formed from the nebulisation of a composition
according to any one of claims 25 to 34.
37. A disinfected article when disinfected according to a method of any one of claims 1
to 23, or by exposure to a mist according to claim 35 or 36.
15 38. A disinfected article according to claim 37 in the form of a dental impression.
39. A method of disinfection comprising the step of applying ultrasonic energy at a
frequency selected to be above 1.5 MHz to a nebulised composition comprising a
disinfectant in combination with at least one surfactant.
40. A method of disinfection comprising the step of nebulising a liquid disinfectant in
20 combination with at least one surfactant to form microdroplets, allowing the microdroplets
to contact a surface and applying ultrasonic energy to at least one of the surface and the
microdroplets.
41. Apparatus for disinfection comprising;
a closed disinfection chamber adapted to receive an article to be disinfected,

25 a nebulizer comprising a nebulizing chamber adapted in use to receive a disinfecting
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47. Apparatus according to any one of claims 41 to 46 wherein the nebuliser is of a type
in which the transducer creates an ultrasonic fountain which nebulises the disinfecting

20 agent and recirculates the nebulised disinfecting agent.



