WO 02/ 094293 PCT/ AU02/ 00609 METHOD FOR THE DESTRUCTI ON OF OOCYSTS Fi el d of
the I nvention The present invention relates to a nethod for the destruction
of oocystwo 0g/oad3t he killing of sporozoites. Background taTiAt®20060enti on
Cryptosporidiumparvumis a highly infectious protozoan parasite found in
a w de range of animal hosts. It conpletes its, life cycle within the 10
gastrointestinal tract of a single host, the transm ssion fromthe infected
host occurring via tMETHOPHOBIEE DEFERYCIIONEOE QQCHSETS onnent al |y
robust spheroidal oocysts of 4-6 min diameter. The Cryptosporidi um oocyst
wall is both chemcally and physically tough and is virtually inpervious
to chem c@ielddfsheieeddttgn W t h common di si nfectants such as chlorine. The
infected host can 15 excrete |arge nunbers &e.g. 1010 oocysts daily for up
to 14 days) i ntldetpresertnipiventinrrelatahio abngiiodofes thatdestrustiotrgfpeamysts i di um
favours c 1. GOt am natl on and wat erborne transm ssion. In nany cases
t he Cr@pt gé%ﬁﬁ?@%t‘l&ln%%cdgﬁ??%?ﬁegd faeces reach water bodies such as dans
and rivers. Ingestion of C. parvumcontam nated water 20 nay cause

abdom nal _cranps, nausea and acute, self limting diarrhoea that could |ast
for 10-158 oupdst I 160 nor nal i mune system However,
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There is currently no therapeutic agent for ‘cryptosporidiosis. The only
opt i off i s8aSERInAFiaL tiack of mesimglechypt dbp dransinuinsipar fram Haes infeeted host
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W h wat
presence Pt}{ﬁbﬁﬁ%@éb’r e phypicallattonghsanshis virtually imperviges ito cheprionl ens

L?;%/edAugg / g%&%@u@g xMtﬁ %%Hﬁﬂ&ni(ﬂﬁﬂ?éc,rtgntsgﬁ%hraes”c%\ig%ing.f Ti{%)igt%/c%)e%élﬁgs?’t can

15  excrete large numbers (e.g. 10" oocysts daily for up to 14 days) into the

environment. The ubiquitous nature of Cryptosporidium favours catchment
contamination and waterborne transmission.

In many cases the Cryptosporidium contaminated faeces reach water
bodies such as dams and rivers. Ingestion of C. parvum-contaminated water

20 may cause abdominal cramps, nausea and acute, self limiting diarrhoea that
could last for 10-15 days in those with a normal immune system. However,
Cryptosporidium ingestion by both the immunocompromised (e.g. the elderly,
young infants, HIV /AIDS patients), or those receiving immunosuppressive
therapy can potentially have complications with fatal consequences.

25 There is currently no therapeutic agent for cryptosporidiosis. The only
option is symptomatic treatment. Cryptosporidium parvum has been responsible
for between 250-500 million infections annually in Asia, Africa and Latin
America. This ubiquitous protozoan is now a major concern to water and health
authorities in developed countries due to its association with waterborne

30 outbreaks of diarrhoeal disease. |

Thus, the presence of Cryptosporidium in water is one of the more

serious problems faced by the water treatment industry. The removal of



Crypt ospori di um parvum from pot abl e water supplies has cone under
I ncreasing legislative scrutiny in devel oped countries in the |last few
years. Dapigoseeat nent of potable water, Cryptosporidi umCaoaypsvesomay be
removed by conventional water treatnment processes. These processes invol ve
5 coagul ation with coagul ants such as f&rric chloride or alumfollowed by
addition of polyelectrolytes as coagulant aids and in sonme cases high
nol ecul ar Crypiogperigioiny mpaivaimr denvic potdiler vaitels . supdiesodsus| afortk nahded al i s
renoved b i.t.hern sedinentation,or, filtration through sand filters.
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uncl ear. Wien this happens, oocysts reach t ter reticu Ion system
This sitdemiosed iby egmventionad wateausatmhot poosessss. Tindsekprozebses involve
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in vater. addeicd of golyelectRfyl a@%o%‘ﬁ’l@h{ BIARUEY RF SIS daBed RfphBbRcular
treatment plant it is likely that the water consum ng popul-ation could be
at risk. @eighi polyrperic airganisefiliek niden The coagwatedatmterial isc rambved hy

pools. S r breaks of..Crypt oridiosis, due to contam nated sw mm ng
pool s ha\%t%‘ggé%ﬁ%}eeﬁ%?@%ﬁorﬂgaﬁgﬂ?g%%btsi%a F;lgerﬁ_sual ly due to faecal
acci dents in tBvafepoobeydis chi ®reqy ﬁﬁ@ugl;l, SVHIE GHHeANRTERGS lis Q{Bﬁéreﬂﬂ s can

be rapid. This is partly due to the ineffectiveness of” curren
di si nf@ct iopATaiEc uRde eptinmmetanditions Werirersopedlos plant bpeskthidughwateer i s

cont i nuous] LI d.;.t hrough sand filt to _renove ticul ate terial
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optim se solids renpval. However, if C’yptosporidi um contanination occurs,

removal byesistant in cllerine disinfgeiion normally cami¢dnut n swjér Feathdritiglens may

not be co e f dvie. ¢ Detection _of oocysts re ts.in ppol closure
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Several outbreaks of Cryptosporidiosis due to contaminated swimming pools
have been reported. The contamination is usually due to faecal accidents in the

20 pool and the spread of infection amongst pool users can be rapid. This is partly
due to the ineffectiveness of current disinfection procedures.

Normally in swimming pools and spas, the water is continuously filtered
through sand filters to remove particulate material and disinfected by chlorine
addition followed by recirculation. In some instances low concentrations of

25 inorganic coagulants are added to optimise solids removal. However, if
Cryptosporidium  contamination occurs, rtemoval by filtration or
coagulation/filtration through sand filters may not be completely effective.
Detection of oocysts results in pool closure for the treatment of the water, for
example, by superchlorination at a level of 3-5 mg/L. The efficiency of

30  superchlorination as treatment for deactivating Cryptosporidium is not
guaranteed. The use of other stronger disinfectants such as ozone, chlorine

oxide or mixtures of strong oxidants has also been tested with mixed success.



-3 Accordingly, a need exists for a nore effective and reliable nmeans for
renmovi ng Cryptosporidi um contam nation from various forns of water supplies
such as pwoDakioes29mt er supplies and recreational water supmCredio2806amary
of the Invention W have found that conpositions conprising surface-exposed
Al OH groups are capable of not only c@®pturing oocysts irreversibly but

al so destroyin the qQocyst structure due to the strength of the specific
adhesi ve for ce/\BeRipERsly, freessbeyists orsarmare etfpetivehenditelialte meansTiors
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Fur t her moguh ddpoisbly watirtseppliey aht @serk¥iofal w@tea@&pFneﬁ. to the
surface-exposed AL1OH groups. It is also possible that the sporozoites are

al so destroyed inside the oocysts when the oocysts are flattened as a
conse ”emiiﬁﬂﬁtﬁggﬁ‘r’%‘ﬁ&{' process. 15 Accordingly the present invention
provi des oyT ng oocysts, and destroying or inactivating
sporozoi tes coweahaed founti thdtheompoeitiins, coltipeisinge ishiefhce@polsd SAIAH)
contacting the oocysts with a conposition conprising surface- exposed ALOH
groups t BSOHREAT¢ §3rakie opsey eply eaptutipgnosystsdrrenersitly uymlsg desfroying
sporozoi t dhor C . r ing in
dest ruct itg% %@C}{gﬁg&%n giptﬂleegias{p}%r %t%(%%%ﬂelg?? tglﬁos}b%%%%clt %%%%ﬁé ?(?Blcf l%e%ﬁ{eé%t i ng
the rel eadedosp@tezairfaee ad thaRlOH gedupe aMmsinesdfs an thantleas® @f choi dal
agent. Preferably in (a), the oocysts adsorb on the surface-exposed ALCH
25 grifupsSParazeites rentamad avithisotisegoests sthich @ase thpRGNaRR stseeRibie 4Pned
spor 0zoi tyes:hel 2 t i i ion
o ovi des. STHRE RHEsARTAAS! ReAE MALERAK, M pork ARy SRS helBERRS, [0
spor 0zoi tles adsoibednidthd shiface-tkpodc N3O gihipsh Inid hrd posriblestmt tBO (i)
contacting the ogocystg wi.th a conposition conprising surface- exposeq ALCH
groups whiRAFOZRILes freralee destyaved wsids the @Qféfssﬁwb%ége Q96F 5 1age (fgljﬁtep@d
rupture a%gj ggﬁs&ﬁ{é&l%%?ﬂlesé’c?go‘}ﬁﬁbheiﬁofsé)ssbe rel eased and/ or WD 02/ 094293
PCT/ AU02/ 005 '

15 Accordingly the present invention provides a method of destroying

oocysts, and destroying or inactivating sporozoites contained within the
oocysts, which method comprises:
(1) contacting the oocysts with a composition comprising surface-
exposed AIOH groups to cause (a) the oocysts to rupture and the
20 contained sporozoites to be released and/or (b) the oocysts to flatten
resulting in destruction of the contained sporozoites; and, optionally
(ii)  contacting the released sporozoites with an effective amount of an

anti-sporozoidal agent.

Preferably in (a), the oocysts adsorb on the surface-exposed AIOH
25  groups, resulting in the adsorbed oocysts rupturing and the contained
sporozoites being released.

In another embodiment, the present invention provides a method of
destroying oocysts, and destroying or inactivating sporozoites contained within
the oocysts, which method comprises:

30 (i)  contacting the oocysts with a composition comprising surface-
exposed AlOH groups which adsorb the oocysts causing the adsorbed

oocysts (a) to rupture and the contained sporozoites to be released and/or



-4 (b) to flatten resulting in destruction of the contained sporozoites;
and, optionally (ii) contacting the rel eased sporozoites with an effective
anount ofwer2/oe4w3 - spor ozoi dal agent. 5 The present i nventPCaM@RAGOPr ovi des
a nmethod of destroying an oocyst, and destroying or inactivating one or
nmore sporozoites contained within the -%ocyst, which nmethod conprises
contacting the oocyst with a conposition conprising surface-exposed ALCH
groups to caust®)tthdlaitery sesulting dptdestrughiont ¢fetlE0coniizdtepompoites.cinds t o
be rel eased sucht.th L%t he rel eased sporozoites are brought into contact
with the surfa%%-l%[iag ed A1OH groups. The rel eased sporozoites may

optional ly be gg Nt agdrffcithd Bhetbl€4sel Gpoy8zc1 AR thodn ffe@idd amdRAt BZ ahdal
agent. Preferably the surface-exposed AlOH groups are present as hydrated

15 al um na. Typiteappiozoida agenhore of the oocysts are Cryptosporidi um
oocyst,s and/or G ardia cysts, nore preferably Cryptosporidi um oocysts. The
oocysts may be present in a fluid, such as a biological fluid or water. In

one enbodi ment Thé arebéniti FrvamyioRealsw! prbidds t0 niefBY &t R tdYing GR06AFAL,dal
20 agent and/or conposition The water may be intended for "use by humans or

ani mal s, @k ilearoybg oe dRaeliyatingnony drumens sporegsiieal containedwaiin thy al so
be i nt endg%}js(ar wHiEh  REARA %Hrﬁﬂ%s%fs oonqgctgr Oi zacgg%gy%ﬁ p&ﬁ&g&ﬁ%‘%gﬁsﬁhon

products. e present rnvent1o arther—p a

conposi t i esmpzisirgosmiface-agpcied HIDIS pidupy oUAREE $hé Bost teeapRIEe aadcthel OH
groups together wth a_ pharnmaceutically acceptable carrjier or diluent.

Al so B ovsdainesd gporazoiisa tPobe gelsased rigichhthaihtheraeleatad: sporazmiiesiateon

whi ch net P | L: a 0Sit] I Sing. sk face- exposed
ALGH g oS uel  HS, SR CE Mt Mol ERES IR AIORY b8y “h CETRE0 e
present ispordkoides alao0optionalle beacdmacted Upthed® REfee 8P Ansduet 6f af WIAPSI ti on
conpri si ng surfﬁgi- exposed A1OH groups. In a further aspect, the present

a

i nvent i onSRATE%P 8%et hod of treating,
Preferably the surface-exposed AIOH groups are present as hydrated

15  alumina.
Typically, one or more of the oocysts are Cryptosporidium oocysts and/or
Giardia cysts, more preferably Cryptosporidium oocysts.
The oocysts may be present in a fluid, such as a biological fluid or water.
In one embodiment, the fluid may be purified to remove the anti-sporozoidal
20  agent and/or composition
The water may be intended for use by humans or animals, such as for
consumption by humans or animals. The water may also be intended for the
preparation of food products or pharmaceutical products.
The present invention further provides a pharmaceutical composition
25 comprising a composition comprising surface-exposed AIOH groups together
with a pharmaceutically acceptable carrier or diluent. Also provided is a
method for producing the pharmaceutical composition which method
comprises admixing a composition comprising surface-exposed AlOH groups
with a pharmaceutically acceptable carrier or diluent.
30 The present invention also provides a food supplement comprising a
composition comprising surface-exposed AIOH groups.
In a further aspect, the present invention provides a method of treating,

preventing or reducing a protozoal infection in a human or animal, said



preventing or reducing a protozoal infection in a human or aninmal, said WO
02/ 094293 PCT/ AU02/ 00609 -5 protozoal infection being initiated by the

i ngesti orwO0 0ef92exysts, which nmethod conprises adm ni st ePCagtoe/oemd d

ani mal or human a pharmaceutical conposition of the invention or a food
suppl enent of the invention. The nethed may further conprise adm nistering
an anti-sporozoidal agent to the 5 animal or human. |In another aspect, the
present i puenkzoannfecidndbsing fritdtedebephadhgesticl bhlooogsts coatiilaehahod
drinking straw conpri si _n(% a conpositjon conprisipng surface-exposed A1CH
groups suEPTPESEs WALHINKIRRE (he sahmpeRimalorr ohtiiens af qlwrwaceutical
placed i ncthe EREAPHRCHS Hveglrti%\f‘p ok Y gyl &{hﬁ)l?ﬁeﬂ%'&gtﬁé @0entddh, e
present invention also provides an item of of'hing selected %M a nappy,
under wear methsdvimaye durthermeonspreg adsdnisesing an adireposizogiL ugeaceo theposed
Al CH %rou S, SaiiCh that when the clothing is worn by an individual, the
conposi ti B} ‘HrlHHBﬂ’cl' into contact with faecal matter produced by the

i ndi vidual . Thg, i hi : CO | a I = i dal
15 agent . The ot SOMA alhRlAn0 BRtcre iElicED FROVRG: A OO0 SRBBIERE 0 or
i nact i vat dnigking a¢deggerie comp doinking stans cegenisingi € tomepdsiton avpnpii€ng
contacti ng t.he agent \Qg{d’ha conposi.tion cgrrpr,i si ng surface-exposed ALOH
groups t oSuHEsexRRsed {85ORRS susl tRaidvhen iR disey theceupepidioacontesis
groups. | er it | ' ARAShEL medi uns
conpri si n?ﬁéﬁlﬂggﬁ%%&% %ﬁ%ﬁ%{}%@?d%@é@{ggg@ for %lglg@?rﬁg\{'he pr esent
i nventd on conpiThs erédedH igventien a2 poviflesaar imadedodting kelestvd from af t he
conposi tion. ferred conposition is one which conprises, alunm na (A12Q3)

A pr C
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mat eri al t C ' [ : [ : ption
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15  agent.

The present invention further provides a method of destroying or
inactivating a pathogenic proteinaceous agent which method comprises
contacting the agent with a composition comprising surface-exposed AIOH
groups to cause the agent to be adsorbed to the surface-exposed AIOH groups.

20

Detailed Description of the Invention

Compositions or mediums comprising surface-exposed AIOH groups
Compositions for use in the present invention comprise AIOH groups
25  which are exposed at the surface of the composition. A preferred composition is
one which comprises alumina (A1,0,) which is hydrated at the surface so as to
form surface Al-OH groups. This material presents a chemically active substrate
for the direct adsorption and destruction of suitable biological species such as
protozoal oocysts. It is, however, important that the alumina is in the
30 appropriately hydrated form. The compositions may comprise other materials
that do not themselves comprise AIOH groups provided that the surface of the
composition has a suitable density of exposed AIOH groups.



conposition has a suitable density of exposed ALCH groups. WO 02/094293
PCT/ AU02/ 00609 -6 The surface density of Al-OH groups on the surface of
t he conpowptieom2es | deally an average of greater than abeai/AUocbgaiooxyl
group per 10 nn2 of surface (1 hydroxyl group per 10 nnR), preferably
greater than about 1 hydroxyl group pe% 5 nn2, or 1 hydroxyl group per 3
nn2 especially 1 hydroxyl group per 2 5 nn2. Mst preferably, the density
of the surfaceThgdusiage dgnsiip of ifd-GH greupaga thefsugfagatofithe hempabiian is

hydr oxyl i al | ster . than about 1. h |
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avai |l abl e for adsorption_of the biol ogi caIz species to be separated, 10 the
aver age r BE®SopmsypF dchydyoxpHeerwu per Fenmings petiadlyr 1 duwslraxpagraup abo@t 1

hydr oxy!| u t hydrexyl, _arou er 0.25 nn2. In
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destructi oﬁgma¢Mﬁata®ouImelyﬂmbagﬁcgi@ﬁpqmqf niS S FRSally élgdtél*t‘hdﬁsaﬂémq
activated alumna is 15 thermpdynam cally favoured and can be achi eved by

hydr at i ngDHBIROALTRABBAT 0175 RHOSE ableut [1daydmexyhgroapt pext 86 wxanplhenddei vat ed

al um na e . W . 0 r ol gnged tine. A second. net hod

i nvol ves n?%e(%t rsnaaﬁ?g%\an \égstg(g)&é?% qﬁ%}&r é%ﬁ@geﬁ,mgymgyéd%ea%pge m na

surface i sudass ateedvdibibie 8l addorptiont dtethehidiopivdl fcRidstd Be Rephats®d. I n
hod, the activated alunina 20 may be treated by exposure to

athird t
ul tralff oIrTg’te AVeeeeitate pE spHace ndeOBr steamsr Pézapmiirof surface reacds ebpubduces

ozone whi e I | r o) f AlzOH_ In a
fourth rre%iﬂ%gjréf:}t \(/)ap e%élapuqr? Irrllg?? Egta?’ga?\é\%ﬂ&nd%%%l t%/rglrlggé r g’e oxide i ch
produces germrdi dauyrhs,r fadiyc Ay dwied lelahtiae ks mbst Affe&iverfod @l railodul Radt he
formation,of Al -OH _These nethods may be controlled to 25 introduce the

desired f@%ﬁﬁ%%@@fONW@-i groups over the surface area. By way of exanple

ly, th | um . t f_qth I um
ony., el ring SdacRgi e LSRN dEA Ok i
wi t h ¥ ontharmddymaptiesiy vovfredvahdrcandpoathie et by g dedtiigd enothbdy Rnedvnt he

al um na surf.ace, aﬁté\(at d alumna 30 (dehydrated alum na) still contains
sonme hydr B-‘}(W%ﬁeeﬂq pd dn the grt, efgaﬁiga@pl@g@nvated alumina may be soaked with

water for a prolonged time. A second method involves treatment with sodium

hydroxide (NaOH), where the upper alumina surface is dissolved thus allowing

other hydroxyl groups to be formed. In a third method, the activated alumina

20 may be treated by exposure to ultraviolet light in the presence of water vapour.

This process produces ozone which breaks the Al-O-Al bond allowing the

formation of AI-OH. In a fourth method activated alumina is treated with

hydrogen peroxide which produces a hydroxyl radical which attacks the Al-O-

Al bond allowing the formation of Al-OH. These methods may be controlled to

25  introduce the desired frequency of Al-OH groups over the surface area. By way

of example only, the alumina surface may be hydroxylated by treatment of the

alumina in 1 x 10°M NaOH or in 30% w/v/H,0, for more than one hour or
treatment with ozone in the presence of water vapour.

Because of the nature of the alumina surface, activated alumina

30 (dehydrated alumina) still contains some hydroxylated sites, for example less

than about 1 hydroxyl group per 10 nm? However, this material is ineffective

in removal of Cryptosporidium from contaminated water.



t han about 1 hydroxyl group per 10 nnR2. However, this material is

I neffective in renoval of Cryptosporidiumfromcontam nated water. WO

02/ 094293wB@2/HN02/ 00609 -7 The term "conposition” incl ues/Aocange of
physi cal fornms including powders, granules, crystalline solids, plates, or
conpressed discs or wafers. The al umi n&-may exist in the anorphous state or
as al pha-A12G8_or gamma-Al1208. 5 Particul ate alumna, such as powdered and
granul ated for kBe (6FByIernpesitipnc inekidles surange ofrdysinal foomsnachudingr e

sui tabl e C ' [ rtridge whi ch can be used alone or in
conj unct i %ﬁ‘r/v\gl\ngfshlégﬁq-kl{elrgs’fcé}%’%agﬁ?eosr?hs%sﬂeﬂ’%‘?’ Orﬁ(?%leésc?daﬁacsgpléﬂ’ﬁ 4P al uni na
is readily avaThabdlaninadivayesast idi t@ehelorfhé®s stABIGS af Clph €.orf rom

about 15 mm down to about 50 microns (0.05 mm). 10 The size of the
parti cul ag¥nEaMHlfd -used may be varied depending on the application. By

way ofz exanpl ; parti te si ran cont lated _by.the
et on 15 tPamclaBiuRRhL S CoShASIAAP (FRRTIN B5H, pdadd f
Anot her phatdréasedanefaiezged ppYeolutnd AAMNaRS SliftaBleFolBhéltghh® UhtoQaPtridges Yet

another particul ate size range contenplated by the present invention is
from 15 #Bele @. U5 gepjuneiiorxwithl etlerafikmtion systemd. 1 mm

@5 13
Dependi ng l ' | e particl.e si.zes Wyl | be between
500 m or RONT0E B ila? HAREL & Wil PBINIS iF B it 35
sel ect ed rdnget dormexainpdd, ffesihi abwusiBenan ddimh ftordboy 500gfidiofisg0i05 hinj.he
case of n;% i cipal water treatnment, usually larger particles size, 20
typi ¢l 1y gﬁe%?%roft%mrtiﬁﬁlmumr%@apué& A3y he verigdr depening eame the

out 10 eotSRIEIGH Ine SRR Mam BRGNS, ornB pRleRlR SRR R B o
al uni na bleyl thmihtentionpiaritémladoat 3 enirotoadisiiite X foreRanesiey abowds-Rshm.

mai nt ai ni nger}ll gh water throughput. 25 Simlarly in the case of water
t r eat nent APGHSTnRYRIGHale fre pARES Is TR akout &5t mEn peepkew Pnmem. Water f or

in th fact: : ' . ag i :
Vot unms. ot P PAHP AR bize0Rel VMop BBIIBA MY VA plesch itbod 18 i
muni ciSpal alvattelr.5 wiinl tousheait 0yoshmnadoperamplé 0rausim to Abowtv®l mbe real i sed

that the use o]fJ filter cartri dq_es containing the hydrated
‘ epending on the application generally the particle sizes will be between

500 microns (0.5 mm) to 13 mm. The most suitable size range will be selected
in terms of effective size and uniformity coefficient.
In the case of municipal water treatment, usually larger particles size,

20  typically greater than 1 mm would be preferred in order to achieve appropriate
water throughput. However, pilot plant testing may be carried out to establish
the optimum relationship between the thickness of the alumina bed and the
particle size to ensure maximum removal whilst maintaining high water
throughput.

25 Similarly in the case of water treatment for industrial purposes, such as
in the preparation of water for use in the manufacture of food and
pharmaceuticals, relatively large volumes of water will be treated. Accordingly,
a similar approach to municipal water will usually be adopted. It must,
however, be realised that the use of filter cartridges containing the hydrated

30 alumina may be desirable in some manufacturing facilities. In both municipal
and private swimming pools applications it may be appropriate to use finer
particles, say between 0.5-2 mm to maximise collision and capture of biological

species by the particles.
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include strong disinfectants, gamma irradiation, UV, chlorine derivatives

including chloramine, chlorine oxide, mixed oxidants, or mixtures of strong
oxidants, ultrasound, high temperature. Furthermore, the surface Al-OH groups
are also capable of adsorbing and destroying the released sporozoites. In

20  addition, the adsorption of the oocyst to the surface Al-OH groups may result in
flattening of the oocyst and destruction of sporozoites contained within the
oocyst.

The terms "adsorb” and "adsorption" as used herein may refer to either
electrostatic adsorption or chemisorption.

25 Chemisorption is an irreversible form of adsorption resulting from the
formation of chemical bonds between surface sites on approaching surfaces. In
natural systems chemisorption typically occurs between carboxylate, phosphate
and wide range of metal cations such as aluminium, calcium, iron etc. The
precise nature of these chemical interactions is often complex but may involve

30 ligand bonding to carboxylate and phosphate groups on the surface of micro-

organisms.
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der Waals forces generally act to pull-%olloids together into strong

adhesi ve contact. Qppositel char(I:;ed colloids usually adhere due to

el ectrostatic Ifbﬂd‘élsfyl.orﬂ'W@nd%@y‘é\h@ safaces generally antdoepull icollaids tagdthwri ch it

Fuias | eSS eSivg Coty Grpar e EAToR bl fttedielp e

and bodi | ¥ylesaeERticFbfces.The oocysts may al so be present in solids, such as
solid food or faeces, particularly solids with a substantial water
cont ent. Wat er Thapoppsts Braityridally paesent anieeflyidowhicdu itcie dlesingdrbayiréns tosed

for a. 10 | ety of purposes,. For, exanple, the ter nmay, be untreated or
parti a5I I yre é‘é%t&eé&y%te\%&% ,mléj\f\‘/ltlﬂﬁi rPgarﬁBIEﬁr Pa? %?’ﬁ{x}(isdtlgélugi]ei m?]&‘?fg aﬁgt er.
The wat er biglygicall Beedr! @ 0Eh Yad d1ot5E d pledina; ORSHITEA P By YeERERE. anhER! s,
the preparation of food products or pharnaceutical products. The water nmay

al so be u8eeysthmeyqalae betpresend. ig. sdlids, sngh e splidfopdmaSfaeces; pakigularly
depuratio te sa.that, the 15 aquatic organi sns do not becone

cont anm na Oelgasvm%%,%‘ %%us[}%?lﬁfa}} ‘g%fteﬁg.agfﬁng. ~organi sms. The nethod of killing
oocysts accor difget Malylie: phRsesd fioi @NVdiddty FFaBREcesSed aidyRBe hided tfbe a
oocysts with the conposition of the invention. T)L/Dgl cally,” the oocysts are
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oocysts, © _@f?odsPH_?ﬁﬂCéS oy Rhfemagantirehpeidustpobire wader graanalsesbe @sed finui d or
by 25 LSRN, SRS SRR s LB Gl B e
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destr oyi ngrgtakrlliesrggcyst and rel easi ng the sporozoites containe
The method of killing oocysts‘ according to the present invention
comprises contacting the oocysts with the composition of the invention.
Typically, the oocysts are brought into contact with the composition by the
20  flow of a fluid containing the oocysts towards, over or through the composition,
such as in the case of a water treatment plant, swimming pool treatment
apparatus or other means comprising a means for producing a flow of fluid.
Alternatively, the composition may be added to a fluid containing the oocysts,
for example by the addition of a powder or granules to a fluid or by
25  administration of the composition as a pharmaceutical composition to an
individual infected with oocysts or sporozoites.
Adsorption of the oocysts on the composition then results in rupture of
the oocyst wall, destroying the oocyst and releasing the sporozoites contained
therein. The sporozoites may then be brought into contact with the surface-
30 exposed AIOH group which may also result in their destruction and/or physical
removal from the fluid or solid which is being treated. Alternatively, or in

addition, the released sporozoites may be contacted with an effective amount of

an anti-sporozoidal agent which inactivates or kills the sporozoites. The anti-
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treatments for the removal of disinfectants such as chlorine are known in the
art (e.g. activated charcoal resins).
For the majority of applications, the contact time between the
20  composition comprising surface-exposed AlOH groups and the fluid or solid to
be treated will be minimal. Typically contact times of between about 1, 2 or 5
seconds and 1 hour will be sufficient to achieve normal removal. The contact
time is, however, dependent on a variety of factors applicable to each use
situation such as the extent of the contamination, the available surface area of
25  composition for contact with the water, i.e. particle size and volume of
composition, the surface density of hydroxyl groups and the flow rate of water
over or through the composition. The person skilled in the art will appreciate
that a suitable contact time may be established through appropriate testing and
evaluation. Techniques for monitoring oocyst destruction using microscopy are
30 outlined in the Examples.
In general terms, operation of the invention will typically result in at
least a 1 log reduction in the oocysts present in the water. In the context of this

specification, a log reduction refers to a 10-fold reduction. For example, if there
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certain protozoagand in Sporozoea (a Class of protozoa), the passive phase into

which the active vermiform phase changes in the host. Preferred species which

form oocysts or cysts which may be killed or destroyed by the methods of the

present invention are Cyptosporidium and Giardia, preferably Cyptosporidium

20 and any other protozoa (e.g. Cyclospora, Caryospora, Isospora, microsporidia
- and Blastocystis).

The methods of the present invention may be used to treat drinking
water/sewage effluent. In this embodiment, the composition comprising
surface-exposed AlOH groups may be part of a mixed filter bed. In this form,

25  the composition is generally disposed on the downstream side of the in flowing
water. In this way, the water will preferably have been conventionally treated
prior to contacting the composition. The person skilled in the art will
appreciate that the mixed filter bed may include discrete beds of, for example,
hydrated alumina of different particle size ranges.

30 It is also important to appreciate that in some applications, it may be
permissible to utilise beds of the composition comprising surface-exposed

AlOH groups that are fed under gravity.
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may be introduced between the
y supernatant of the Backwash water, for example in the preparation of municipal

water, thus ensuring that organisms such as Cryptosporidium are removed.
Backwash water is generated in water treatment plants by reversing the water
flow through a filter in order to remove the material trapped. The backwash

20  water is normally decanted and the supernatant may be recycled to the head of
works.

In a domestic water situation, the water will have already have been
treated by the normal processes as described above. However, viable micro-
organisms may remain in the water supply or may be introduced between the

25  water treatment plant and the domestic user. This may be due to sewage
infiltration into the reticulation system.

Whilst swimming pool water is not classified as potable water it is
important that microbial contamination and the consequent risk to public
health is minimised. This is particularly important in the case of public

30 swimming pools and spas. In order to maintain water quality, it is desirable that
swimming pool water is subjected to filtration and disinfection. As chlorine is

inefficient as a disinfectant against Cryptosporidium it is important to be able to
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the invention n be..used in a_variety of applications including th
prepar at i qunapéﬁ%gd@{t&m a gravity fe cartrlgge. In t?us situation, water is 31mpqy fe
under gravity through a cartridge that is open to receive the water at one end
and at the other end, allows the water to drain into a receiving vessel.
Alternatively, the hydrated alumina may be contained in a water permeable
20  bag. In this situation, the bag containing the hydrated alumina is immersed in a
vessel of water to be treated for a suitable contact period. .
Fluids, such as water, treated by the methods of the invention may be
used in a variety of applications including the preparation of foodstuffs
(including washing foodstuffs) and the preparation of pharmaceutical products.
25 Furthermore, the findings disclosed herein showing that compositions
comprising surface-exposed AIOH groups may be used to kill/destroy oocysts
and the sporozoites contained therein may be applied to the productions of
prophylactic and therapeutic products for the prevention of and/or treatment of
protozoal infections. Thus, a composition comprising surface-exposed AIOH
30 groups may be used to prepare a pharmaceutical product by admixing with a
pharmaceutically acceptable carrier or diluent. Suitable carriers and diluents

include isotonic saline solutions, for example phosphate-buffered saline.

Alumina should be used as a fine (roughly micrometer size) particulate



(i ncludi ng washi ng foodstuffs) and the preparati on of pharmaceuti cal
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Thus, the present invention provides a method of treating, preventing or

reducing a protozoal infection in a human or animal, said protozoal infection
being initiated by the ingestion of oocysts, which method comprises
administering to said animal or human a pharmaceutical composition of the

20 invention or a food supplement of the invention. In some instances it may be
desirable to co-administer an anti-sporozoidal agent to the animal or human to
ensure that the released sporozoites are destroyed. Suitable anti-sporozoidal
agents may include nitroimidazoles, co-trimoxazole, anti-malarial regimes,
clindamycin, tetracycline, pyrimethamine/sulphadiazine.

25 Compositions of the invention may also be used in the manufacture of
utensils and containers used for the consumption, presentation or storage of
food such as a food receptacle, drinking receptacle or drinking straw. Such
items will be manufactured such that a composition comprising surface-
exposed AIOH groups is on a surface that is exposed to the liquid or food that is

30 being consumed i.e. such that when in use, the composition contacts food or
fluid placed in the receptacle or drawn thrdugh the drinking straw.

Furthermore, as discussed above, faecal accidents are a major cause of

oocysts contamination of swimming pool water. One possible means to reduce



ensure that the rel eased sporozoites are destroyed. Suitable
anti-sporozoidal agents may include nitroimdazoles, co-trinoxazole,
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conprissi ngpmpaositiane- exposed ALOH groups to renove proteins fromfluids or
solids. O part ic%l_l ar interest are gat hogeni ¢ protei naceous agents such as
prions. Fl ui dsitbpddision; tgogesgts; idnpaaee MasFibie tansaeemppaitions romprsiBEood,

pl asna, Cm&%i-é{ﬁaléd AlOH groups to remove proteins from fluids or solids. Of
particular interest are pathogenic proteinaceous agents such as prions. Fluids or
solids may include biological materials such as blood, plasma, compositions

20  comprising growth factors, animal derived products etc.

Modes for Carrying out the Invention

The invention will now be described with reference to the following non-
limiting Examples and Figures. In these examples, destruction of
Cryptosporidium oocysts is described. It will of course be appreciated by

25  persons skilled in the art that other organisms, particularly microbial pathogens

may be removed from water using this invention.

Brief Description of Drawings

30 Figure 1. Showing possible uses of the technology described herein.



20 comprising gromh factors, animal derived products etc. Mdes for
Carrying out the Invention The invention will now be described with

ref er encewd@moimeod ol | owi ng non- limting Exanpl es and Fi gecgsuokmodohmese
exanpl es, destruction of Cryptosporidiumoocysts is described. It wll of
course be appreciated by 25 persons skilé{ed in the art that other

organi sns, particularly mcrobial pathogens may be renoved from water
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Figure 3. ShOWI ng a contact node AFM i mage of oocyst debris produced after

adsorp io of Cryptosporidi umoocysts to a plasma cl egned sapphi
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of silica osure to tospori di um
oocysts. (b-dbugim® wafet aphi cal |y depicts the pernmeate |evels of

Crypt ospori di um oocysts adsorbed after repeated washings through various
packed col ums of nat uraI m nerals: alum na (A1203), fl uorspar (CaF2),

geothite Fe Qred); t (& i 02).

20 Fi gur eﬁ‘%&ga%erratl C s bke{?ﬁx dasgﬁ% g%tefjg §§§a ﬂla%hlgr t% ?e#glsf‘i in

di sti10 edsappdtiey whésrng rel eased from packed al um na coI um (| e. blank) and
(B) showing a reduction in particulate rel eased (< background | evels)

after oocyst loading. This suggest that the oocysts, actually reduce the

rel ease ofjdg té (‘Sﬂcﬁ%gxﬁn?%rm rmérro MRS Calitim 2{1 E{ﬁﬁ% rafesafple 1-

Mcroelectrop oresis |n|se gamma- 1 rradi
exposure to Cryptosporidium oocysts

15  Figure 6. Graphically depicts the permeate levels of Cryptosporidium oocysts
adsorbed after repeated washings through various packed columns of natural
minerals: alumina (ALQO,), fluorspar (CaF,), geothite (alpha-FeO.0OH), rutile
(TiO,), pyrite (FeS,) and silica (Si0,).

20  Figure 7. Schematic showing (A) a number of fine alumina particles in distilled
water being released from packed alumina column (i.e. blank) and (B) showing
a reduction in particulate released (< background levels) after oocyst loading.
This suggest that the oocysts, actually reduce the release of particulate material
from the column.

25
EXAMPLES

Example 1 — Microelectrophoresis of formalinised, gamma-irradiated and live
Cryptosporidium oocysts.

Previously, the zeta potential of gamma-irradiated Sydney isolate of

30  Cryptosporidium parvum oocysts was found to be negative at pH values higher

than around 2.7. The negative zeta potential increased its value up to around

pH 6.0 and leveled off at pH values greater than 6.0 (refer Figure 1). This data
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with (10%  formalin, The formalinised oocyst adsorption was carried out on
two diffepagtine sample was divided into several sub-samples and subsequently

formalinsed, gamma-irradiated or treated with potassium dichromate, and the

impact of such treatment was assessed using micro-electrophoresis. The results

obtained suggested the surface charging properties for formalinised, gamma-

20  irradiated samples were similar to the live sample (refer Figure 2 ).

Example 2 - Rupture of live and formalinised oocysts and release of
sporozoites by adsorption to alumina (Optical and atomic force microscopy
studies)

25 Oocyst samples obtained from Murdoch University (W.A) with a oocyst
concentration of 6x10°0ocysts/ml were made inactive by treatment with (10%)
formalin. The formalinised oocyst adsorption was carried out on two different
substrates poly-D-lysine coated silicon and perfectly clean alumina wafers.

The poly-D-lysine coated silicon was used as a blank to demonstrate the

30  specific effect of the alumina surfaces. A silicon wafer was coated with a thick
layer of (0.1%w/v) poly-D-lysine (70,000-150,000 molar mass) and imaged

under water using contact mode AFM.
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t he slibst frigsnghderthgsabstrgteahNbie: Mo AFMdnegeddithe Lomgasts faupdytD-lysine
could be obtained because of this mobility, since only fixed objects can be
imaged. However, the mobile oocysts could be seen through an optical
microscope and their behaviour was captured on videotape and photographed
from the monitor.

20 The adsorption of the same formalinised oocyst sample onto the
uncoated plasma oxidised alumina wafer substrate was followed in real time
using an optical microscope. The oocysts upon adsorption became angular and
irregular (no spherical objects were observed) and were much less well defined
(even within only 10 minutes’ exposufe]. In real time optical microscopy -

25 captured on video tape - the oocysts were found to rupture immediately upon
settling onto the substrate under gravity and the anchored debris was found to
flicker rapidly, possibly as the sporozoites were released.

Closer examination using atomic force microscopy revealed oocyst
debris, was strongly adsorbed to the substrate and clearly much smaller than

30 the initial oocyst size (see Figures 3 and 4). On further examination using the

AFM some of the debris appeared to be adsorbed sporozoites.
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Example 3 - Adsorption to silica and alumina substrates ~ a comparison
(confocal studies).
The adsorption of live and formalinised Cryptosporidium oocysts, after
20  exposure to silica and alumina substrates were studied using a Biorad Radiance
2000 confocal microscope.

A 100 ul aliquot of a 6.8x10°00cysts/ml sample of formalinized oocysts in
solution (-28 mV @ pH 6.6) was transferred to either a welled, silica slide
cover-slip sealed with nail varnish, or placed into a silica-quartz cell for

25  confocal study. Oocysts adsorbed to the silica were found to be spherical
(4.5 pm dia.) with characteristic internal structures reflecting the presence of
sporozoites, were not deformed, were mobile and moved freely with no oocyst
debris present (see Figure 5).

By contrast, the same oocysts sample when exposed to plasma cleaned

30  (0.01 torr Ar 0.05 torr H,0, High 1min) sapphire (a-alumina) wafers were found

to have no defined oocyst shell upon adsorption. Oocyst shell debris was
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sugge¥ ed no aBepegied orstedies s alomfirmedonites hyldsthygtien iamh sffédersy orof

primary ferric lde a curred over hIS range.
e it h ¢ Ftp e YRGS B ol it e el ol pbiicuRtomie ot um
flocs andb§hRoOARYS bubdirat®d. uti on because of their different si ze shape and

25 scattering ability. The zeta potentials of Cryptosporidi um oocysts in
the presence of 6.8 ng/L alum were studied over a pH range 4-8. The

g]?af ﬁ;egl laﬁ:? ; e?(%' al i%q%rgfecftr%u ril%rgs?isb?(? I mtc'ws%onﬁ' um ggé}sl%g‘lan ed p?‘(las%rlllcteo that
15  of water treatment coagulants — a comparison of ferric flocculants and alum
flocculants.

The zeta potentials of Cryptosporidium oocysts in the presence 5mg/L
ferric chloride were studied over a pH range 3-10. The measured potentials
were found to be negative over the entire range and similar in magnitude and

20  sign to oocysts in the absence of coagulant. This suggested no adsorption of
soluble ionic hydrolysed iron species or primary ferric hydroxide precursor
particles occurred over this pH range.

As with the ferric flocs, it was possible to differentiate between the alum
flocs and the oocyst in solution because of their different size, shape and

25  scattering ability. The zeta potentials of Cryptosporidium oocysts in the
presence of 6.8 mg/L, alum were studied over a pH range 4-8. The measured
potentials were found to be similar in magnitude and sign to that of the alum
flocs alone.

The specific adsorption of the hydrolysed aluminium based species in

30  solution caused the oocyst potential to change sign below pH 7. At pH values
above 7.5 the oocysts became increasingly more negatively. The magnitude and
sign of the measured potentials of the entire pH range studied (pH 4-8) were

similar to that of the alum flocs formed in the absence of oocysts. This
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absence of oocysts. This WO 02/094293 PCT/ AU02/ 00609 -21 suggested the
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al um ni untheasedsspeci es for protozoal, e.g. Cryptosporidium oocysts.

Exanmple 5 - Col grm filtration experinments Alumna 10 The chargin
behavi our of AlSege pbwiﬁs JeHiden suppogl| fain thex peerifisitys Qfashsdhpgwsedned as

posi tive ShareRonbaSRELEEPRIGIA g CGuaPAThRR. BEPe appr oached

zero (iso-electric point) around pH 6.1-6.2. At pH values above 6 the
Al2C3 su[ﬂf‘:ace ecane negatjvely charged. 15 The surface reactions

responsi bE¥ample §or Gohwan ftratiopexpaBimenst i ve charge have been descri bed
inthe literature as follows: MOH2+ H+ ---/.-MH -- OH -MO> + HRO 20 Mh+

+ xOH 10 MOH X In-x)+ MOH) X(n-")+ + OH -- MOH) X+ (--"-1)+ MOH) x
(n-x)+ + Mumidd OH) x-1. (n-x+1) + H2O 25 Wiere Mis the netal Al. One
pass of a disp,gflsio of, oogbyigs_through the colum of Al 233 particles at a
flow thte of 160hf1 chasging Pepavionre @i MAiPBei Powdsp| ased r dandhe crbimpat er .

A furt here,gsll%rﬁbgg{é 1ad d@{@érﬁ{iﬂég?@?asﬁﬁ{ct{ ug?%ﬁﬁﬁof? ?ﬂlﬁée%é{%ﬂﬁ)ﬁg%gbu Lum

with 30 di wat er resu invir €l'ease Of" par ate
mat eri al 4dluominghwas AA203 te tlavema jestdvéicharge &) pHTWdlaes hdloabedHehat, O, he
oocysts were strongly atta}(l:hcied to ,AlZfB particles.
surface charge’approached zero (iso-electric point) around pH 6.1-6.2. At pH
values above 6 the Al,O, surface became negatively charged.
15 The surface reactions responsible for both the positive and negative

charge have been described in the literature as follows:
MOH,* ™ —»MOH—> % —MO + H,0
20 M + xOH —» M(OH), ®*
M(OH),®¥* + OH- —» M(OH),,,=*9*

M(OH), ®¥* + H* — M(OH) ,., ®**Y + H,0
25
Where M is the metal Al.
One pass of a dispersion of oocysts through the column of ALO, particles
at a flow rate of 10 mi/1.28 min resulted in their complete removal from water.
A further 10 distilled water washes of the Cryptosporidium loaded column with
30 distilled water resulted in virtually no release of particulate material from the
ALO, column (see Figure 6). This indicated that the oocysts were strongly
attached to Al,O, particles.



WO 02/ 094293 PCT/ AU02/ 00609 -22 It is interesting to note that the nunber
of particles for subsequent washings were well bel ow that of background

| evel s. IwDermes2dhgly, this suggested that oocysts act ualPCy/At@doe®9t he

rel ease of particulate material from the colum. It is possible that finer
particles which are normally rel eased Bfom 5 the col utm are adsor bed onto

t he oocysts which are then adsorbed to the alum na support (see Figure 7).
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renoval otlirhimacagieis(sbe igwatmr. Passage of water through the | oaded

colum resulted in no rel ease of the oocysts. This result appears to
suggest a specPfithe PHPr6i0)| &t whieh geliron eyeniaenishwers pesfoomed Hae

t f . | l,, . 1989 (Act a ,Ch
Scand. a3 e BaEs WablopE borint RS%s0 ThR CHhieRbo M o R b A,
car boxyl i hage aupsgativd HargpeThesforr, anitRllyStheSobtstOwovad B¢ adsstbd@ teT per

bond. If it is assuned that the area of contact of the oocysts with a flat
surfat® ofhea12kR):i sublageindia. an nplectrogiticd ipteractiomafelliowedaby aspeeidic103

chemi cal 0 F@g’ r e, t tal. e a he
bonds thatg H%%% Ogﬁgéﬁe%ﬁ}{aﬁ Ey e E%%ﬁg‘td%ét tht Ié&%ﬁeﬁ?c%%%&é%ﬁdt eO 5
oocysts apsbups dohihesAl,Oaearfate A12C3 coul d be in the range of 103 kT. The
al um na colum experinents were al so repeated using an aged oocyst sanple.

Thi s was i npor £ARH 150 ddeeretai polrpEiakep! dddysandafireupecysis wergvelsang

effected L ; 1.Ni i . neytyal 70- 0 mesh
(b cky 62700 selfectvelyt CAARKPL Sportlis ML 8 ohis I eV ai3” Ve
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aged Crypt.osporidi um Qocysts was | paded onto_ the packed col um, the
g ypthroﬁg{l tﬂe%oa e yco umn resulted in no release (?f the oocysts. This result

appears to suggest a specific irreversible interaction between the sites on the
oocyst surface and on the Al,O, surface.’

Marklund et al., 1989 (Acta Chem. Scand. 43: 641-646) reported that the

20 bond energy strength between carboxylic groups and Al species in aqueous
solution was around 10 KT per bond. If it is assumed that the area of contact of
the oocysts with a flat surface of Al,O, is around 0.1 pm? it could be estimated
that around 10° chemical bonds could be formed. Therefore, the total energy of
all the bonds that could potentially be formed at the interface between the

25  oocysts and on the surface of Al,0, could be in the range of 10° kT.

The alumina column experiments were also repeated using an aged
oocyst sample. This was important to ascertain whether oocyst capture was
adversely effected by the age of the oocysts. Aluminium oxide 90 neutral 70-
230 mesh (Merck) 63-200 microns was fractionated in a measuring cylinder to

30 give the >100 micron fraction. A column was packed to a depth of 1 cm. The
aged Cryptosporidium oocysts was loaded onto the packed column, the

permeate collected and then the column flushed with copious distilled water



perneate collected and then the colum flushed with copious distilled water
WO 02/ 094293 PCT/ AU02/ 00609 -23 washings. The perneate and each distilled
wat er frawoioenIeed | ected and examined in a Zeta neter (RzaH/AR0280609

m croel ectrophoresis MK11). The oocysts were found to be conpletely
removed by the adsorbent, this result é&nfirned oocyst capture/renpval was
unaffected by the age of the o To illustrate the specific effect of
t he al um vashiagp.urie m%gleﬁ@atﬂ%%seacherf@tdéﬁd|W@lte©ufraﬂbpna0ﬁ1l¢ﬁiéd andot her

e

and quar twefe ésurfd goibe domplél{aehivvied hpkhdadkeBett]) thio reetlt Ebﬁﬁﬁh@dgl ng
behavi our of geot hi te powder used in the colum experinments was determ ned

as a funceeqist sRPirPBYMAYEwes saaHepndhysihe agvied thgeeeystte surface was
posi tisvel y chaggegh oahawapH Bedinll offecd 8P the QG801 " L RY Nhestidbidlloner
pH vaI ues, the alp O. ecane i ncreasrngly nore egati vely

char ged. Whes rtﬁgﬁecﬂ veutpédreat hambencot agkst hatwakmitdrakt tRit8-(AlpHapH 6:
-14mV) in_a_linear %fglhl on, then remal ned at a_maxi mum val ue of -19nV

above pH EeQ.OHh ands disemadite | Fep@ilnt fluemspar dEaF.)pr@it) (Ee%h Pyagiustifent
wth a Schuyl enbr ogh and
Sanger (3@&9@%@8% &?96) ﬁlhn%tag§is;dgagaeﬂ&eﬂﬁ% Bt%??éehhg?r persi on t hrough the
goethite colum at pH between 5.5 and 6.0 resulted in no renmoval from
water, i. adsorbed on the mneral surface (see

Fi gurlé) Ar MEion woul d exist between geothite and
oocyst surfac p aﬂﬁﬁi f.aun

conpl etely reen‘rgblg gg?}%ﬁggs evequ %%Igln%fstéagﬁﬁwz%m%wenlgt“}aed\e\ﬁzlcttggsg a{-"?rcln
repul si veeX;mrrments(wase daternirhéd talgm Altdidnsof pHdey nueﬁ&ﬁe(ﬂcb}ahorpatse'fﬁ‘h'eal of

-17nmV and th ooc ts -27 ﬁre oqfor t he Iagﬁ renoval of
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Under thgélgrllis%%ér @{:Yatl%nstﬁg ﬂ?\ee(g@{ W%C% bgéfﬁﬂﬁ %Areg\?%grlg,}ﬁ u?yﬁ%uggest
t hat 16nl ynegmimlﬂdhgrgedpi'hemdgam pmunhtiak Eﬁméasev]n bdtweenbpyvdloef 3r8i7

hosphat e r.ou
phosp ()pl-gﬁ 1BLmV) in a linear fashion, then remained at a maximum value of -19mV

above pH 8.5. The iso-electric point measured (~pH 3.5) was in agreement with
that reported for a natural mineral geothite by Schuylenbrogh and Sanger (zpc
pH 3.2).

20 The passage of the oocyst dispersion through the goethite column at pH
between 5.5 and 6.0 resulted in no removal from water, i.e. the oocysts were not
adsorbed on the mineral surface (see Figure 6). An electrostatic repulsion
would exist between geothite and oocyst surfaces opposing adsorption.
However, alumina was found to completely remove oocysts even against this

25  type of electrostatic repulsive barrier (i.e at pH 7 the Al,O, surface possessed a
potential of -17mV and the oocysts —-27 mV).

The reason for the lack of removal of oocysts by goethite compared with
AlLQ;, is unclear at this stage. Both Fe(III) and Al(IIT) would react with the active
groups on the oocysts. Under the charge conditions determined by pH 6.5,

30 however, would suggest that only the —AIOH groups on Al,O, would react

with carboxylic (and phosphate) groups.



WO 02/ 094293 PCT/ AUO2/ 00609 -24- Haematite (Fe2G3 col umm The char gi ng
behavi our of haematite (FezO3) used in the colum experinents were

det er m neawoag/os2baincti on of pH by m croel ectrophoresis. TReT/Ataeneidt e
surface charge was positively charged below pH 3.0 (i.e. isoelectric 5
point). At higher pH val ues the (Fe203%4surface potential became

I ncreasingly nore ne atlvely charged. The isoelectric point neasured (- pH
3) was n aematlmuFEga@erLumm that previously reported by (iep --- pH 8.5
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and collecting the permeate for _examnation in the m croel ectrophoresis

cel | . 101 oosygagsris gimilpr i@ thajef geothite ne aaeistiterayrbiwes expggedspor i di um
parvum 25 sanple was diluted to 20 M in distilled water. 10 mis of this
solution was allowed to percolate through a 2 cmfluorspar packed col um
at a rat eFluptéparl(CaFA&okun the perneate and several vvashi ngs were

coll ected and _exam ned by dark field illumnation_ in th

m croel ect rophﬂ“é’ﬁ&al’c@qontﬁbgaﬁg 1§ ﬁePO%BV@]Wc@]éafﬁé‘ﬂlsm@S@T@l aéétﬂ’wlt?ﬂlaﬁﬂ
h 3
P oh megary i tons for i sdaaBi Ao P TGl i b5 WRLREE BIckhGRA0 KA 2

pot et al poaysty sChentisdriptione rceutd)uan@b tecov@meid hheufpiniationhefi @i talaium

er meat e. e perneate was fou
P Cargoxglate/plalosphate with ﬁie oocyst surface.

The fluorspar obtained in rock form from the ANU Department of

Geology, was coarsely ground in a ball mill and fractionated by sedimentation

to remove any fine particles. The coarse fractionated material was transferred to

20  a chromatography column (28mm OD, No. 3 glass sinter) to a depth of 2 cm.

The background particle density (blank) was determined by passing distilled

~water through the fluorspar support and collecting the permeate for
examination in the microelectrophoresis cell.

100 ul of a 1 x 10”7 oocysts/ml gamma irradiated Cryptosporidium parvum

25 sample was diluted to 20 ml in distilled water. 10 mls of this solution was

allowed to percolate through a 2 cm fluorspar packed column at a rate

(10 ml/1.28 min), the permeate and several washings were collected and

examined by dark field illumination in the microelectrophoresis cell, noting the
particle density at each plane across the cell.

30 Even though the original Cryptosporidium feed had a high negative

potential, and the column support should have a positive potential, cocysts still

were found to come through in the initial permeate. The permeate was found to

have dropped from an average particle density of 30 to 3, indicating that



have dropped from an average particle density of 30 to 3, indicating that
WO 02/ 094293 PCT/ AU02/ 00609 -25 electrostatic forces acted to retain the
oocyst s twogemengegree within the colunm support. The colPammtsaso6od nsed
with a nunber of 10 mM distilled water washings, which appeared to show
continuous particle desorption with eag®h washing (see Figure 6). 5 These
initial results denonstrated oocysts were desorbing fromthe support.
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were determned as a Ion o m Ccroe rophor uor spar
surface chashimgiase Pisire 6y.el y charged bel ow pH 5.6 (i.e isoelectric

point)., At hig H val.ues the CaF2 s rface potenti ca
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used in tﬁaem&ﬂagﬁﬁ?se&eg%%em mEEP%]P TRBAOIR S WAT Cﬂﬁ}hqd PRhtive XRF. 20

Pyrite (FeS2) Tﬁbuﬁﬂa@ﬁgtﬁeﬂ‘@ﬁoﬁpow f1Qo8eal NEIdFEr thMel &% %Beagéﬁfrﬁﬁ”t for

Crypt osporidium renpval; as oocyst desorption vva§ found to occ

cont i Huouexgerimentshvener réetsymuwd @sza (f@zlm PCPHALY mmmeﬂectre)}zlﬁeresw The
fluorspar surface charge was positively charged below pH 5.6 (i.e isoelectric
point). At higher pH values the (CaF,) surface potential became increasingly

more negatively charged. The isoelectric point measured was found to be

~pH 5.6.
15

Oxide wt % Wt % dry basis Oxide wt % Wi % dry basis
Sio, 2.33 MnO, 0.01

TiO, 0.01 MgO 0.05

ALDO, 0.1 CaO 60.5

Fe,0, 0.02 Na,O 0.01

SO, 0.5 K0 0.02

Fluoride 33-35 P,0; 0.005

PbO 2.1 Loss of ignition 2.35

Table 1 - Chemical composition of the fluorspar sample used in the column

experiments. Determined by semi quantitative XRF.

20  Pyrite (FeS,) column

Pyrite was shown to be ineffective as an adsorbent for Cryptosporidium

removal, as oocyst desorption was found to occur continuously (see Figure 6).



Pyrolusite (MO colum Unfortunately colum experinments could not be
conducted, as the natural sanple obtained consisted of needles <75 min

si ze, whiwb o02B99ehnt i nuously deslimed upon washi ng. Rutil ePCTiADd20@d0eimm The
rutile used in these investigations (1.D. 46065) was obtained fromthe
Departnent of Geol ogy (The Faculties) "8 the ANU. It was sieved through a
10 series of (75, 90, 105, 106 and 210 m nesh) sieves. The coarse 106-210 m
fraction was washed with copious distilled water to renove any fine

particles ; r 0 a chromatography colum (28mm OD, No. 3
gl ass si rﬁi@aﬁlﬁgygéaéﬁu?%cm The background particle density (blank

approx 3/fi el dUQfoNﬁﬁdﬂle@&llﬁﬁhe@HFé\ﬁﬂ;eWs Rasgd nfodibet icoh@dcikd, Wad ehe
through the rutile support and collecting the perneate for exam nation in
the m cr dedtusel somplespbtaingd . cangstad of aegdles1aoqepstis/ size, which
gamasxi rrad) rJ di um sanple was diluted to 25 m in

di sti IBI e ﬁ%@&sgﬁgél?%ggt%g?%ﬁbébn was then transferred to the 2 cm
packed rutile columm, the solution allowed to stand 20 15 m ns before being

all owed to percolate through at a rate (10 m/1.28 mn). After the entire
contents &legﬁgeh‘ﬁlﬂﬂ%gh, the colum was washed three times with 10 ni
of distilled | .ow i .col. at ethr t i.m lar _rate to
that of the or 15s Raioci¥atE ot BrRSHESIEME TSR foaPriilatHhom' s
fracti on Repertoeht eft@sblogy ¢TasActeHed)att i ANUOH GekrHptat ehicugheh! 25
using dark field illumnation noting the particle density at each pl ane
acr os9 t Heriesf|(75:19% 16py h0%aper2 19 nimmash)iséevesef or e passi ng t hrough t he
packed support i Rac t . i . | G gi ven
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15  water through the rutile support and collecting the permeate for examination in

the microelectrophoresis cell.

100 ul of a 3 x 10° oocysts/ml gamma—irradiated Cryptosporidium parvum
sample was diluted to 25 ml in distilled water. 5 mls of this solution was then
transferred to the 2 cm packed rutile column, the solution allowed to stand

20 15 mins before being allowed to percolate through at a rate (10 ml/1.28 min).
After the entire contents had passed through, the column was washed three
times with 10 ml of distilled water allowing it to percolate through at a similar
rate to that of the original Cryptosporidium sample. The permeate and each
10 ml fraction were collected, and examined in the microelectrophoresis cell

25  using dark field illumination noting the particle density at each plane across the
cell.

The Cryptosporidium sample, before passing through the packed support,
contained about 64 negatively charged particles at a given plane of view within
the cell. The permeate which was passed through the packed column was seen

30 to have about 14 negatively charged particles. Several 10 ml washings were
passed through the column to see whether the Cryptosporidium oocysts would
desorb or whether there was a lag time involved in total “Cryptosporidium”

recovery. Washings 1-7 were found to contain 6, 7, 7, 11, 2, 32 and 13



negatively charged particles, respectively. The results obtai ned, suggests
the oocysts were only weaked retarded within the colum and upon

sequent i aWO opastbhg t he oocysts were found to desorb and pagsswonedonous!y
t hrough the columm support (see Figure 6 ). 5 Ballotini (lass) particle
and quartz To minmic the conposition of2and filters, glass (anorphous
silica) and quartz (crystalline silica) particles were used as adsorbents
for CryptRASISVEH GRRIGSECpatticlenerpeativedy.ahbie giganlty ohteinedgasupgesty thhar ged

at pH val r o .t:he Loni sation of the surface
o1 Bnol (B SR ol Wpaked) Fordifed SR HRT PORRE WS PR oo
to a sizewasliinhgxthd08ody¥ts mibrélifannd &b. deésosh Widy pats Ebafoaslpethesuyie the
transferred to a glass chronmatography col umm F28 nm O. D) containing a #3

gl ass si MERMIhauppQréésee KigytA @)was run fromthe col um |eaving a packed
columy to a depth of Smm 15 10m of distilled water was allowed to
percol ate through the packed colum and the perneate collected. The

per meat e Babotinmialgkise) pedideahf@uanizcr oel ectrophoresis cell allow ng the
background | evel (8 negﬂgi vel y charged rp,afarti cles) to be determned. A 100

| of a 3 x 1loslelimissHy campreidioayct sind filigas glppu(amomhas silisa) ang
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glass vials. After the entire contents had passed through, the colum was
washed t ht dae ttp foe iqpisatiam ofitheouréicstsilaned (waiOH) groepé-ng it to percol ate

h h b | h f th i i nal , i di le.
Each 25 1om 1 aeeiiss GalobBrhdihelis VoS Brefpifod 2o 4 rE RBac A0 3RET e <
cel | and inexdianfaer. U nglgtey K of | ehebel | gt vefe TRAGsFIIHA ORPOL | @ldsd

sanpl e before passing through the packed support contained about 75-78
negat i vel SAIOMAGEIEPHAr ¢9lums (28 mmdPJBcqntamdngfa #leglasssimiehthenexenss| . The

per et HAUEWIER HARSF AU HIGsREE BB A 00 R RS,
put t1sr ougdml lo€ Hiled Wetes emasWilkdhed thhsercbMid eBftighdthepaslesly sbkingul d
desorb or ether there was a lag time i'nvolved in total 02/ 094293
PCT/ AUO2/ odhe permeate collected. The permeate was transferred to the
microelectrophoresis cell allowing the background level (8 negatively charged
particles) to be determined. A 100 ul of a 3 x 10°® Cryptosporidium oocysts/ml
was diluted to 25 mls in a volumetric flask, 10ml of this solution was then
20 transferred to the packed silica column, and the solution allowed to stand
15mins before being allowed to percolate through the silica at a rate (10 ml/hr)
into glass vials. After the entire contents had passed through, the column was
washed three times with 10 ml of distilled water allowing it to percolate
through at a similar rate to that of the original Cryptosporidium sample. Each
25 10ml fraction was collected, transferred to a microelectrophoresis cell and
examined using dark field illumination.

The Cryptosporidium sample before passing through the packed support
contained about 75-78 negatively charged particles at a given plane of view
within the cell. The permeate which was passed through the packed column

30 was seen to have about 70 negatively charged particles. Three further 10 ml
washings were put through the column to see whether the Cryptosporidium

oocysts would desorb or whether there was a lag time involved in total



-28 "Cryptosporidiunt recovery. The first, second and third washi ngs were
found to contain 34, 13 and 8 negatively charged particles, respectively.
The resulwe o2obeai ned are shown graphically in Figure 6. PoTssienwost rat es
that Cryptosporidiumwas not retained _in the colum support (i.e no
adsorption 5 evident) thus allow ng tHhé®8 vocysts to travel through |arge
intra-poreg _spacing,  between adj acent silica particles. The Cryptosporidi um
oocyst s wekB/Aepeadgn” pecayesnsthy t 1ﬂ-‘$¢r Gﬁ!@ﬁldtﬁﬂ% uéma@hmﬁﬁ weatd lormndrio
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The silicebstinédicere Ihowhar gRphacalBPSid i Ehye char gedided&onkirdtel | teat t he
i soelectric point). At hi gher pH val ues the (Si QZ) surface potential.
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t he rmde wieradeteominéd thaguaction of pbl by paticbledtrosiwrpsivnThe sillna quréawet i ng
adsorption to sa h|re g&iéﬁy gi@g}tn1substrates which led to ogocyst

dest rtitt i Bharggvg PP%}HV argg Wikt 2d1 epﬁ?ﬁ/lﬁ%@ﬁ%‘}}@twmﬁ A ont o
a 25 | abo e p

Crypt obl abp vt e B sfihof DAERNA BesRte okl A0 L ety ugn
t he col unoharged! | owed by several distilled water washes, the eluant
fractions were collected and analysed. The CRyptoBl ast colum was found to
renmove 99.996% (> 4-1ogs) of C. parvumoocysts in the process. The results

obt ai ned Bkainjde 63FlhehacahbStaiaiiny £nd Epiflibi@bcidd Bivesayationen the high
oocyst load, the small packing depth and the high flow rate. WO 02/ 094293

PCT/ A2/ 00609Fluctscent staining and epifluorescence microscopy techniques were

carried out to study the effects of Cryptosporidium oocysts adsorption to
plasma cleaned silica (i.e. blank) and sapphire wafers. Sapphire (a-alumina)
having a similar surface to that of CRyptoBlast™ (hydrated aluminium
oxide/alumina) was used to develop a fundamental understanding of the

20 surface governing the interaction between oocysts and the CRyptoBlast™
surfaces. It appears that the mode of action of this anti-cryptosporidial
compound is by promoting adsorption to sapphire or CRyptoBlast™ substrates
which led to oocyst destruction.

Distilled water seeded with C. parvum oocysts was loaded onto a

25  laboratory scale (1.5 cm) column, packed with (150-200 micron) CRyptoBlast™
to a depth of 2.3 mm. The water was allowed to elute through the column,
followed by several distilled water washes, the eluant fractions were collected
and analysed. The CRyptoBlast™ column was found to remove 99.996%
(>4-logs) of C. parvum oocysts in the process. The results obtained at the

30 laboratory scale show high efficiency given the high oocyst load, the small
packing depth and the high flow rate.



By contrast, conparable colums |oaded wth glass (silica) (Ballotini)
spheres with a particle size of around 80 mcrons only renoved between 31-
51% of thwowewoyeds (ie 0.2-0.3 log renoval ). The renpval @CTOADYSE®IW t h
the glass spheres correlates with literature reports that indicate that
oocysts can be 5 partially renoved wi tf%a sand filter. However, it nust be
stressed that any renoval by silica could only occur via filtration as
silica is unabB® qoptwesbnsayeparabip eptumnsdoeeded witbh glask (sflicepdBaHpiini)

i nteactio h th ' he_oocysts surface. In dition
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oocyst el S0 Bl R F- 10BL S OBIN bolftoend Al Al e RaslpeR © e

spor ozoi teispHalmeradund 206, Thérefqnes yehovdArbmalvaRer dorilé nbdbesatiiigutedcyst

and targets the nucleii and DNA. Oocysts which were treated with CRY104,
FI SH ¥hd Opecnpstatin@fraginn.i ed to the sapphire (a-alunmina) wafer initially

gave positive : it I jfd V | si:gnal-$: weyer,
after hal f houfﬁﬁaf?l%%gsucgeﬁ%hgﬁﬁ(’@wg&g i‘5‘5§°§’ﬁ%§‘a§@ |€"'6%{s1i hf%l!dgt h8 Fi SH
and DAPI prapristolyg c ablptwsgatiditen-spediftat i gorebee iNAnastbdibiaiof aditileody,

spor 0zoi tg;éwe(ge de%%%g ed . in the adsorption process. |t agpears | ikely
that the $RRWeY opey TuptigR wae waaldeqted by theyspaiere mpdification rexdtizgey st
destructi I+ osive as usually seen on 30

non- per rreggﬁ f%ﬁ@&@gé’?@‘?e%ﬁét he oocyst shell remained partially intact
(i.e B ghost cdhl §rder posgdinviur@R¢l Mkightghalo s inbaer vé CRyoBYERE™ wht h
time (>0.5 hr) the oogyst contents, f].f,é,he Ssporozoites were rel eased, and
their WO P29%584viahi mﬁgwgpg@’g@gsztu ydridization (FISH) testing and staining

with the fluorogenic vital dye, 4',6-diamidino-2-phenylindole (DAPI) was
carried out. Both tests involve procedures that permeabilize the oocyst wall.

The FISH probes penetrate the oocyst wall and bind to 1000s of specific

20 rRNA targets in the 4 sporozoites contained within the oocyst. DAPI also
penetrates the oocyst and targets the nucleii and DNA.

Oocysts which were treated with CRY104, FISH and DAPI and then
applied to the sapphire (o-alumina) wafer initially gave positive CRY104,
positive FISH and positive DAPI signals. However, after half hour although the

25 CRY104 signal was still positive, the FISH and DAPI probes became negative
indicating the RNA and DNA of the sporozoites were destroyed in the
adsorption process. :

It appears likely that the oocyst permeabilization used for FISH/DAPI
prevented the oocyst destruction from being as explosive as usually seen on

30 non-permeabilized oocysts. As the oocyst shell remained partially intact (i.e a
ghost cell) a positive CRY104 signal was observed. However, with time

(>0.5 hr) the oocyst contents, i.e the sporozoites were released, and their



-30 RNA/ DNA destroyed (FISH negative, DAPI negative) by the adsorption
process onto "CRyptoBlast". These and the earlier columm experinents

i ndi cat e wbar/ogebuirms of fine "CRyptoBlast” particles camChauwgeesodor the
effective renoval of oocysts from 5 swi nmm ng pool water (as a polishing
filter) and drinking water (as a houseB®1d tap filter). The alternative
met hods, ﬁjc%é? a %gatoma(ieous earth filters, have_ nuch smaller particle
si zes, si Pﬁi@/ pap¥ed (KISH pegativeal DAPT negativi byathe adsesplen msoeesgui r e
much hi gh p | ssures and would give nuch Iower flowrates. The
active ad@gtppﬁ@ﬁg?ﬁs?étion process, inherent in the 10 "CRyptoBl ast"”

met hod, of f er sThesmuad thadarlisrusiiunr experdwkheaindiedtdithhbsslunihd bf Gheat er

conmmer ci al_val u anple 7 - Animal Infectivity Experinents To test the
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of CRyptoBl ast' S non-i Pf ectious to oral ingestion 2. treatnment wth
CRypt oBl a¥{uf Rt Ratdicley slzega sinces By opgrade vigophysieeh fidration apdct ed

m ce. Wt | ' S A
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Past eur pilpwetiatys. cdPltai actige a adsarptivnghfiltegtéon ofproceaet | dmiadredt 28 the
CRypt 0Bl M ra% 150-200 .m cron particle size). Several sanples from
this ]?bI | ?ﬁ@@ﬁ) t%aﬁ?ﬁﬂ@é &ﬁ%%@ﬂ&@n‘b@@ﬂo@ﬁ@éﬂ@%P%&%’c SOR{Eltions
detected mhéﬁgﬁ&mgﬁqal hgofiltrate fromthis treatnent was then
adm nistered Tto the neonatal 4 day old C57BL/6j mce to see if an
I nfection woul d establish. Seven days post inoculation, all animls were
sacrificed and t%e smal |, intestines 30 renoved. Two sanples from each
exper i mentg0Ple s Aumaldnfectivity ExperimeBly, with the remaini ng sanpl es
honogeni sed. The hormégenat es were exam ned for. the presence of oocysts

e

usi ng a haenmoc}®opst afiech 2f JSRyp® vt dofectivify of live oocysts,

15 animal infectivity experiments were carried out on 4 day old C57BL/6] neonatal

and on adult interferon-gamma (IFN-y) knockout mice to establish whether:
1. water infected with Cryptosporidium parvum when passed through a
column of CRyptoBlast™ was non-infectious to oral ingestion.
2. treatment with CRyptoBlast™ prevents or decreases severity of

20 infection in infected mice.

Water infected with C.parvam passed through CryptoBlast™ Column

A 2ml suspension of oocysts (~1 X 10°/ml) was passed through a column

(glass Pasteur pipetie) containing a 3 cm high layer of fractionated

25  CRyptoBlast™ (approx 150-200 micron particle size). Several samples from this
filtrate were examined using a haemocytometer; no oocysts were detected in
these samples. The filtrate from this treatment was then administered to the
neonatal 4 day old C57BL/6] mice to see if an infection would establish. Seven

days post inoculation, all animals were sacrificed and the small intestines

30 removed. Two samples from each experimental group were fixed for histology,
with the remaining samples homogenised. The homogenates were examined for

the presence of oocysts using a haemocytometer.



We found that the infected controls had typically -10500cysts in the

i ntestinal honbgenates. W could not detect any oocysts upon m croscopic
exani nat iwp 0f094203 est i nal sanples in 50% of intestinal horogavtaresoexam ned
(total n = 42) frommce inoculated with the CRyptoBlast treated filtrate,
5 suggesting no infection had establisB&d. In the other 50% of sanples, it
was uncl ear whether | ow nunbers of particles detected were oocysts or not.
These sanpl esWeefeurdribahthetinféciag chatrolsohadxiypicedlyi orl0°@oaystatin dbal of
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not i nf ecétaanina@ionlof RItESIERM]. saBRIBE €8 5084 Of liateatingK ABhiMEnbies (dxamiapfomet ry
and found to_contain 6, 5,108, 0 and 20 oocysts whereas, the infective

control s (ted 1 surdl)t Gormvmice inoghlatest deith dhe10ByptaBlsstd” tratedmHilprat®l ast Tm
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exam nation on intestinal sanples. 'Direct exam nation of intestinal
honmpgenat ¥3nplegiveeecipreentiatednairthes feor examinadinn, argreat gedl of debniséngheahen

det ect ed. | 8.1 ndj S use Qfq.the f.i.ne t oBLast col unms f or,
SW nmi ng Spaooijﬁgn%qiﬁ@u;egh‘gftga%gt Orssﬁ)rﬂégﬁ ﬁé ttﬁl\‘iﬁc:‘:%ﬁ%tonill%tv F%E%"g Fﬁ?lécqfi ve
by- 20 presiysts presenit hendel tedifficihefapetitirg wathér GryRbOBhRstolS g
neonatal mce 4-5 daly old C57BL/6J mce were infected with 104

ep

- 10508y sPresent. Saayples sypredater erastined bywlew exdemetyy and foentdo gosthised in
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treated fidie dideeoflagSoodysidli s manner, by which stage (7-9 days post
infection), an_infection shquld have established. The mce were then

sacrificed at TRe &RimioBlastor fillresysism arrmerved eaeysts i effectivelizsandnoved
for furth VS| ' y prect.30 h t o ™
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istological examination on intestinal samples. Direct examination of intestinal
homogenates indicated either no oocysts present or very low numbers when
detected. This indicates that use of the fine CRyptoBlast™ columns for
swimming pool and household water treatment will not introduce infective by-

20  products into the eluent.

Therapeutic use of CryptoBlast using neonatal mice

4-5 day old C57BL/6] mice were infected with ~10* -10°00cysts. At day

four of infection, when oocysts are being produced in the intestines, several

25 neonatal groups were treated twice daily with a suspension of CRyptoBlast™
(18-32 micron particle size). These animals were treated for five days in this
manner, by which stage (7-9 days post infection), an infection should have
established. The mice were then sacrificed at the ninth day of infection and the
small intestines removed for further analysis. From histology and direct

30 heamatocytomer examination it appears CRyptoBlast™ reduced the level of

infection.



knockout m ce The aimof these experinents was to determine if treatnent
with CRyptoBlastTM prevents, or decreases the severity of infection, in

i nf ect ed,wo32iomarehodeficient mice. IFN-y knockout m ce ar@Creyioepveddt o be
hi ghly susceptible to infection, in that they can becone infected with as
little as 10 oocysts, due to their suppressed i mune system This
susceptibility is reported to result in high |levels of infection, where

t he entir §hpeanguticofusehof s fayptoBlasttdt ising adultdindexfexomgamnz HEENM
heavily c |0Q*ng by parasitic stages. 10 This colonisation results in
rapi d wei AP BEIIGSy hi gh | evel s of oocyst shedding. 6-8 week old nmale C5

7BL/6J | FN-y k{ﬂﬁcko_ut (régldc,g were infected wwth --104 oog:fysts. At day. four
of infection itlGelimyreyithess) eXPEEMETSH Wah! tos determygeall trpatment withect ed

m ce woul | e d.cli 0 heyi es . el ioo S t age
(4 days plé)Rls)@gd rﬂ?ﬁt r Cej%iﬂtegegrrl\?’ vctv%ftS Eé%foegiés %ﬁ%@ﬁé@f% %f%&é%{’mﬁgrlgﬁg&%(grti cle
si ze) & | imbhegiodeficient ddcey. IFN- knaedbuenivdsareomdportall foobe5 highly, at
whi ch point (9 gas pi), .the anjnmals were sacrificed as the infection

shoul d beSUsEsPHbEs o pfesten, ipjbat they eaupeeome ipfrcted yeith msiittle ag dBt ed

controls Ly I . L Qf i . | s cysts
R e e e e
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experinment was term nated and the_ animals sacrificed, The entire small
i nt est i nel PSS Jarant ereant dycamenktayilyaralosdsnd Syspasgsitie plageved for

furthgy apglys otely t XM [ Y
i ntesti na?ﬁLor%rﬂgg)erﬁg% es, erte Eeutls n%c@?%%@%ﬁ (c)ﬁagswere lei%hf gﬁﬁegé t(%atgébféﬁcf ected
and t he tskeatdddg.m ce appeared to have a reduced | evel of infection.

Crypt oBl ast TM t r eat nent. has_shown to decrease the |evel of infection in

infected, i mufrédeeeki dft mahel (RraHdealF Mivcknogiostundraowerrp ndented Usithns 30
Cr ypt ospor i i ySit.S LIrev i.oly..attached. t 0, al um.na surfaces at
oH Vet uos 0 (kSR Boady o oESBIBBRY WhE FPERkY Batthdn HRERS, o by
el ect r ost aaiac tlaft the ¢hiegtedogliveRbulibedin\sbled dal s S8 tS I fiRGLIBEO Bis(dTDSt
i kely WD 02/094293 PCT/ AU02/ 00609 -33 carboxyl ate and %vr[]osphat e) on the

t

oocysts fHHp sikae MydayrepBi thalgeatment with 200u] CRyptoBlast™ (18-32 micron
particle size) will begin twice daily. This treatment was continued for 5 days, at
which point (9 days pi), the animals were sacrificed as the infection should be

well established. Over the course of the experiment, infected controls showed

no clinical signs of infection. No weight loss or oocysts in the faeces were

20  detected. The experiment was left to continue for several more days until 20
days post infection at which point the experiment was terminated and the
animals sacrificed. The entire small intestine from each animal, treated animals

and controls, were removed for further analysis as done for the neonates. On
examination of partial intestinal homogenates, the infective controls were

25  found to be infected and the treated mice appeared to have a reduced level of
infection. CryptoBlast™ treatment has shown to decrease the level of infection,

in infected, immunodeficient and neonatal mice.

DISCUSSION AND CONCLUSIONS
30 Cryptosporidium oocysts are irreversibly attached to alumina surfaces at
pH values between 5 and 8. The adsorption is probably initially mediated by

electrostatic attraction between negatively charged surface groups (most likely



chem sorption between these groups and the specific sites on the surface of
al um na. The strength of the adsorption is sufficient to rupture the
oocysts woPeeP493 t he sporozoites. Oocyst debris, includi RgTsyipROOIt €S,
appear to be 5 strongly captured by the al um na surface during the
process. By conparison, several other ©8hmmon natural materials such as

goethite, haenptite, qu rtzb silica, .pyrite and fluorspar were all found
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I nfect other hosts. pt oBl ast has heen shown to work via djrect
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the infected host and are excreted in the faeces. Illness arises from the

population growth on the walls of the upper intestine causing diarrhoeal
20 disease; oocysts completing their life cycle are excreted in the faeces to
potentially infect other hosts.

As CRyptoBlast™ has been shown to work via direct contact,
CRyptoBlast™ given orally would progress through the gastro-intestinal tract
allowing it to come into direct active contact with Cryptosporidium ooocysts

25  attached to the intestinal wall. Consequently, an ‘active-contact’ treatment
method (as proposed) could reasonably be expected to have a beneficial effect
on infected animals either via removal, or reduction of oocyst numbers to a
level at which the body’s natural immune defences can control the infection.
The results presented indicate that the level of infection has been reduced by
30 the use of CRyptoBlast™ as a therapeutic treatment for cryptosporiosis.

The alumina adsorbent has other potential uses (refer Figure 1) such as a

péwdered adsorbent incorporated into baby nappy liners and baby waders, in

drinking straws, drinking water cartridges (domestic units, water utilities), as a



-34 cartridge for water treatnent backwash and recreational sw mm ng pools.
The adsorbent could also be used as a nethod of producing a high standard
of wat er wouwalop4293 f or use in pharmaceutical s preparati onspCroam2peeuct i on
i ncluding aquaculture. Alum na could be used in therapeutic agents for the
treatnment of 5 protozoal diseases such3&s cryptosporidiosis or used in

phar maceutical preparations, as an alternative disinfectant for protozoans
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Throughout this specification, unless the context requires otherwise, the
word "comprise”, and variations such as "comprises” and "comprising”, will be
understood to imply the inclusion of a stated integer or step or group of integers

20  or steps but not the exclusion of any other integer or step or group of integers or
steps.

Those skilled in the art will appreciate that the invention described
herein is susceptible to variations and modifications other than those
specifically described. It is to be understood that the invention includes all

25  such variations and modifications. The invention also includes all of the steps,
features, compositions and compounds referred to or indicated in this
specification, individually or collectively, and any and all combinations of any

two or more of said steps or features, as appropriate.



sporozoites contained within the oocysts, which nethod conprises: 5 (iii)
contacting the oocysts with a conposition conprising surface- exposed ALCH
groups whwohnagees b t he oocysts causing the adsorbed oocPSTAW0POGD
rupture and the contained sporozoites to be released and/or (b) to flatten
resulting in destruction of the contai#ed sporozoites; and, optionally 10
(iv) contacting the rel eased sporozoites with an effective anmount of an
anti-sporozoi dal agent. 2. A nethod @EABMSt royi ng an oocyst, and destroying
or inactivating one or nore sporozoites contained within the oocyst, which
met hod conprises 15 contacting the oocyst with a conposition conprising
surface- exposed Ah&odr ovfpsddserogaits CoddiRtROoand! dedtioyig!t 6r afActiRgting
contai ned sporozoites to be rel eased such that the released sporozortes
are br ougtROIPZERitEcenRtaedwithin the oenystsasehishpoetded xpmrprisasups. 20 3. A

net hog according, to W ic rthar c ris contacti.ng th

rel eag)ed sporo o] tg%oq{vagéft@éﬁﬂgf?ogg%ﬁvS—.‘Vlgjrmau%f) Sgtio%rﬁof@%rb%lngz%qrg%qe'agent .
4. A method acegiodedgAIOHagupsavRichChdédth thel Bodysthenakingt iR sd4drBEE-
exposed ALCOH groups are present as hydrated alumna. 25 5. A nethod

accordi ng to 8Fyskeladto rrpiuse arddhegoptanad sphwazeitas tobe relepsrrbandiooH
g I t t 1
Pvaroeyt oo ohey pRia0s, SEIACAoA oY cQladlaatidolofl: 4R00

claim5 wher eioptidealbxposed ALOH groups are present at an average surface
density of greater than aboyt 1 hydroxyl group per 2 nn2. WO 02/094293
PCT/ 492/ 006091V)- 3@0ntaqil%¥hwl%?éeé SAPFREQ s rih mneeffgrdive; amewnet ekppsed
AlOH groups arg iR average surface density of greater than from
about 1 hydr ox;‘{;}-ll B?@%@i%agiaggﬂt% nm2 to about 1 hydroxyl group per 0.18
nm2. 5 8. A nethod according to any one of the preceding clains wherein the

conposition is, in partigcylate or plate form 9. A nethaod according to claim
8 wher ei et he %Gﬁ‘ﬁﬂ'&dt pgaegwg apoocyst, and destroying or inactivating one or

more sporozoites contained within the oocyst, which method comprises

15  contacting the oocyst with a composition comprising surface-exposed AIOH
groups to cause the oocyst to rupture and the contained sporozoites to be
released such that the released sporozoites are brought into contact with the

surface-exposed AIOH groups.

20 3. A method according to claim 2 which further comprises contacting the

released sporozoites with an effective amount of an anti-sporozoidal agent.

4. A method according to any one of claims 1 to 3 wherein the surface-
exposed AIOH groups are present as hydrated alumina.

25
5. A method according to any one of the preceding claims wherein the
exposed AIOH groups are present at an average surface density of greater than
about 1 hydroxyl group per 10 nm? of surface area.

30 6. A method according to claim 5 wherein the exposed AIOH groups are
present at an average surface density of greater than about 1 hydroxyl group per
2 nm?,



particles which conprise surface-exposed ALOH groups and said particles
have 10 a dianmeter in the range of fromabout 15 mmto about 0.05 mm 10.
A et hod wooengi2eg) to claim9 wherein the particles whi chPcamanzses09
surface-exposed ALOH groups have a dianeter in the range of from1l.5 nmto
about 0.05 mm 15 11. A nethod accordi-8@ to any one of the preceding clains
wherein one or nore of the oocysts are Cryptosporidiumor G ardia cysts.

12. A netpod @A%&ﬁid@a&@oﬁﬁﬁ%% Haith ! fhBrane; refgﬁs%d%cs ggr%gﬁx%é are
20 Crypt OSlpOI‘IdI um oocysts. 13. nmet hod, accordi_ng t o any one of "t he
pr ecedi ngPEFEM At RReRIIASE 1HuriaRe idensiyrofzetealar tyehirons abeikdr Bydraxm

chl ori ne @bdpqaeme25 2m 1. abdubetyddoRecabdpierionigdnm?one of the preceding
clainms wherelin the oocysts are present in a fluid. 15. A nethod according

to claim 14 which further conprises purifying the fluid to renove the
spori Zoi dal agénmnesnot accomtipg$otamn ond0ofl the Aroeddiad daitns dilngretro theai m 14
or clai mg&?%ﬁ' | . N VIRTo A ¢ 9l ogical fluid. 17. A nethod
according to c g?%ﬂiﬁ?ﬁ%@?ﬁ%ﬁ%egognh the fluid is water. 35 18. A

met hod according to claim 17 wherein the water is intended for use by

humans. org ani 1A motME OR/cBRHAG3PERIALPAOAARM 1h37odpodidR! BOthrRRES! di Ng
to claim17 wherejn.the water :rifs i nt ended Ior human Elpaéaé" mal, .consunpti on.
5 20. A rRATHGLESITRLHERgPIISe S1 ?Fﬁ‘PfP%f‘gré AH; greupaeef said PartiGlaedarer the
pr epaitat i pdiamhetbo b th edipetd fivm pbatias el wadbowt @b ign. 21. A net hod
according to 20 wherein said food products are, or are derived from

aquatic organisns, and the aquatic organisnms are grown in the water. 10 22.
A phar macElt i cAl metngbsccomling domlaisi 9y wihereipdsé tpacticlas wleichneomiprise
surface-exposed AIOH groups have a diameter in the range of from 1.5 mm to
about 0.05 mm.

15
11. A method according to any one of the preceding claims wherein one or
more of the oocysts are Cryptosporidium or Giardia cysts.

12. A method according to claim 11 wherein one or more of the oocysts are
20  Cryptosporidium oocysts.

13. A method according to any one of the preceding claims wherein the anti-
sporozoidal agent is selected from chlorine and ozone.

25 14, A method according to any one of the preceding claims wherein the

oocysts are present in a fluid.

15. A method according to claim 14 which further comprises purifying the

fluid to remove the sporizoidal agent and/or composition.

30
16. A method according to claim 14 or claim 15 wherein the fluid is a
biological fluid.
17. A method according to claim 14 or claim 15 wherein the fluid is water.

35

18. A method according to claim 17 wherein the water is intended for use by
humans or animals.



any one of clainms 1 to 10 together wth a pharmaceutically acceptable
carrier or diluent. 15 23. A food suppl enent conprising a conposition as
defined iwoanyoepe of <clains 1 to 10. 24. A nethod of treatriAw/omoevent i ng
or reducing a protozoal infection in a human or animal, said protozoal
infection being initiated by the mges@?on of 20 oocysts, which nethod
conprises adm nistering to said animal or human a pharnmaceuti cal
conposition according to claim22 or a food suppl enent accordi ng to claim

2 i 5 éﬁ;hﬁggﬁiﬁ%m&gm DRI Yot HESHARE oitRadad fose. A

f ood recelpr@menar ainnmhcpgsum@(b]pnacl e or drinking straw conprising a
conposition as defined in any one of clains 1 to 10 such that when in use,
the conposition contacts food or fluid placed in the receptacle or drawn
through 2 the wethed rgcendingyio ziaimna7i wheresn tbeowhiends atendieddforrtbm a

nappy, u Wio&bf%d@mhctm%drﬁd& #icaP kd.on as defined in any
one of CP%%?B 1 to 10 such that ‘when thg cl ot hi ngC I's worn by an

i ndi vidual, the conposition is brought into 35 contact with faecal matter
produced m/ t hA matliod atwehrding8o Bnwheesmahid lfmdlpﬁgimgefejldmré @egivadm 27

021 054208 R PABOSF Soeti A e%néﬁi?%*?%f%%%aﬁﬂgfﬁ%? BRI R et ca

corrpo]sq tion according to claim22 which nethod corrprl ses adm xi ng a

conposi tipn asp éﬂﬂl%i:eh’ﬁcﬁpﬁom BSitin EJ&ﬁ’]{p@ﬁlﬁg b0 Jsrgp&'&hgnazh geﬁ?ed in

phar maceut i caII ce tab car er or uent
dest r oyi rifopPne t‘?§€ arl%?t]r Fﬂgl% ogathrgwiha p ﬁ@ﬂ@%ﬂ&@@ﬂé’ aggeptablerriEier @at hod
conpri sesditesritact i ng the agent with a conposition conprising
surface-exposed AL1OH groups to cause the agent to be adsorbed to the
surface- exposed Al OH groups.

15 23. A food supplement comprising a composition as defined in any one of

claims 1 to 10.

24. A method of treating, preventing or reducing a protozoal infection in a
human or animal, said protozoal infection being initiated by the ingestion of

20 oocysts, which method comprises administering to said animal or human a
pharmaceutical composition according to claim 22 or a food supplement
according to claim 23.

25. A method according to claim 24 which further comprises administering
25  an anti-sporozoidal agent to the animal or human.

26. A food receptacle, drinking receptacle or drinking straw comprising a

composition as defined in any one of claims 1 to 10 such that when in use, the

composition contacts food or fluid placed in the receptacle or drawn through
30 the drinking straw.

27.  An item of clothing selected from a nappy, underwear or swimwear

comprising a composition as defined in any one of claims 1 to 10 such that

when the clothing is worn by an individual, the composition is brought into
35 contact with faecal matter produced by the individual.

28.  An item of clothing according to claim 27 wherein the clothing further
comprises an anti-sporozoidal agent.
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29. A method for producing a pharmaceutical composition according to
claim 22 which method comprises admixing a composition as defined in any
one of claims 1 to 10 with a pharmaceutically acceptable carrier or diluent.

30. A method of destroying or inactivating a pathogenic proteinaceous agent
which method comprises contacting the agent with a composition comprising
surface-exposed AIOH groups to cause the agent to be adsorbed to the surface-

exposed AIOH groups.



