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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
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'. C. parvum has also been known to contaminate public swimming pools.
Several outhreaks 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, removal 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 superchlorinaﬁon 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,
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15 ~ Accordingly the present invention provides a method of destroying
oocysts, and destroying or inactivating sporozoites contained within the
oocysts, which method comprises:

(@) 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 AlIOH
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 AIOH groups which adsorb the oocysts causing the adsorbed

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



exposed Al OH groups whi ch adsorb the oocysts causing the adsorbed oocysts
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sporozoidal agent.

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 AIOH 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



30 The present invention also provides a food suppl enent conprising a
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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.



for the direct adsorption and destruction of suitable biological species
such as' protozoal oocysts. It is, however, inportant that the alumna is
in the 30 appropriately hydrated form The conpositions may conprise other
mat er i al ¥O 424242930 not thensel ves conprise ALOH groups prpeidecddeed the
surface of the .conposition has a suitable density of exposed Al OH groups.
WO 02/'094293 PCT/ AU02/ 00609 -6 The' surfface density of Al -OH groups on the
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exanﬂge ctivated al um na may be soaked w or a pr
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upper al '{:@:ﬁu e | i ssol ved thus, al.l ow ng .other hydroxyl groups to
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process ar oduces ozone which breaks the oW ng
f or mat i oHeYFUBHOmA! OpgEyssf ourth met hod activated alunina is treated with

A “hond el owit PReofd a4t Sl AL O et dstivalpdvalivuine o8 1 ed 1o
2o 110l st et b 1 U0 B4 VB g
t 1 eat menf® Bhostqng?leg in the art, for example activated 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 AI-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.
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15 abq};t 0.5 mm to about 0.05 mm, for example 0.3 mm to about 0.1 mm.

Depending 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 bioldgical
species by the particles.



25 Simlarly in the case of water treatnment for industrial purposes, such
as’ in the preparation of water for use in the manufacture of food and
pharmaceuticals, relatively large volunes of water will be treated.
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the 1®0C¥pbrozoidal agents such as chlorine or ozone. Other anti-sporozoidal agents

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 grotips 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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15

aquaﬁc organisms do not become contaminated with or retain pathogenic
organisms.

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 odcyst 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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t he conprdeasedrsposorditess when the fluids are to be used for pharmaceuti cal
or medical, pﬁ]goses. Ui t.abl e tregt nments_for the renoval of disinfectants
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For ise ami @ rdioté tRPROLSPbIAUTdalldient QREAG tHE é&nﬁ’c?&%ﬁp sh8i€as when
the fluids are to be used for pharmaceutical or medical, purposes. Suitable
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 AIOH 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 cocysts 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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removal fsdshe oocysts or other biological species fromthe fluids or
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certain protozoa and 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

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

20

The methods of the present invention may be used to. treat drinking
Wéter/sewage effluent. In this embodiment, the composition comprising
surface-exposed AIOH 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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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 Ibotable 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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composition within a gravity fed cartridge. In this situation, water is simply fed
under gravity through a cartridge that is open to receive the water at one end

andv 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 iﬁvention 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
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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-trimoxézole, 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 through 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



opti rru}m route of administration and dosage for any particular patient and
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; Ib?r' Q %@iﬁn&&&%u?& hgﬁpéfiéngo
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cont am ngtad SlcEWay; ter. One possi bl aps to reduce WO
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et

.suface~exposed 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.



Under cl ot hi ng i ncl udes underwear and nappi es. The above itens of clothing
may desirably further conprise an anti- sporozoidal agent. The conposition

and opti@Ball t he anti-sporozoidal agent nay typically be present in the
i tem of YOORPdP as a liner incorporating the 15 conmposiRGHAU0208603ddi ti on
to oocysts, it may be possible to use conpositions conprising

surf ace- exposed ALCH groups to renmove¥roteins fromfluids or solids. O
particul gaf int ergit a;lg at hogeni ¢ protei naceous agents such as prions.
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with ref foremdinited {diandoeldspwi ng non- linmting Exanples and Figures. In

t hese exanpl es, destruction of Cryptosporidiumoocysts is described. It
wi |l of course be appreciated by 25 persons skilled in the art that other
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Crypt osp(ﬂﬂ‘r@umﬁa‘ﬂﬁfﬂm oocysts as a function of pH Note: Live
(triangles), gamma-irradi ated (squares) and formal i ni sed (dianonds). 5 *
Figure 3. Showing a contact node AFM i mge of oocyst debris produced after

4 . o et . -
adsor pti Pigae 4. Wsﬁﬂégéj'o?r@l&oﬁﬁ%lﬁeao?@cﬁlta(fégﬁis(:ltg?gg%s;g?%géé led . 0 o

((x-alum na) wafer. Figure 4. AFMinmage of t'he adsorbe

pl ash chappidee walersapphire wafer. Figure 5. Showi ng confocal nicrographs
of silica and alum na substrates after exposure to Cryptosporidium
oocysts. 15 Figure 6. Gaphically depicts the perneate | evels of
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packed columms of natura m ner a um na orspar ( ),
geot hi t e eXpogyiEe t¢FEDypigsporidinineoocysts.

15  Figure 6. Graphically depicts the permeate levels of Cryptosporidium oocysts
adsorbed after repeated washings through various packed columns of natural
minerals: alumina (ALO,), fluorspar (CaF,), geothite (alpha-FeO.0H), rutile
(TiO,), pyrite (FeS,) and silica (Si0O,).

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 cocysts, actually reduce the release of particulate material
from the column.

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 highef

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



(Ti2), pyrite (FéSZ) and silica (Si02). 20 Figure 7. Schematic showi ng (A)
a nunbet of fine alumna particles in distilled water bei ng rel eased from
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esti mat ewifiKa glgcdproaingep. $iBRE a"E‘FE‘%ﬁg&f or a termnal carboxylate in a
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protein of 3.1 and for an  ioniza phate in a phospholipid ' of 2.1
or a carboxyl 1@ deteaming dhe duyguct wft cheanighl end rghysidal (iRadtivaidl ba el d
pKa2.5). r.{1 he A ct af,, chem cal and physical inactivation on

t he cha‘r:fg?rr%gﬁ %gﬁ%ﬁgﬁi ngjﬁﬁﬁ%%@mé}WﬁWo argingthehaiimgi ng
behal oupf aliginealipé s&inlple prbdtdss tored in the absence
of any antibiotics or su?f agt antg %@Hﬁg%?ﬁlﬁﬁ%%gaq%gﬂ%%afﬂ%ﬁ,nggﬁor{lcél um,
adsor pt i ShsaHackeas wealdetermiaedi bauidditiony sedobumurbésorptiofrandt @uEesd1di um

sanpl es I rogessed i.n a varjety of ways, it was inportant to
ascertai #ﬁgﬁﬁ@{?ﬁ% hgse%eguPP?Wt aﬁfﬁ sPerédiam nsasvplegatwhinh wesre i n any
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i rradi at ed) . process usedwTheﬁalys’eﬂogﬁgsltl oe&ég{at% eg\%\n(‘feggad\‘v g%@ef'rﬁﬁ

several EiblSanbledacchhy thesecmvestigytionomes iinsaty veiBf isKRd B QfleOr
treafsed ﬁiefcl@ivﬁﬁbﬁs file! r?ogﬁ]%ﬁrnggé%l or gaerllrglrrgah?rradiated) process used. The live

pristine 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°cocysts/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.



i mpact of such treatnment was assessed .using mcro-electrophoresis. The
results ' obtai ned suggested the surface charging properties for

formal i ni _ - 20 irradiated sanples were simlar to the live sanple
(refer Fibvs(ggzéwgﬁ?. Exanple 2 - Rupture of live and for malFGH/ABR/006¢y st s
and rel ease of sporozoites by adsorptjgon to alumina (Optical and atomic
force mcroscopy studies) 25 Oocyst sanples obtained from Miurdoch

University (W i i_on,.of_ 6x10500 ts/{,m re made
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a cysts an

i mersed _i n_agueous maciia re contacted with water containing o
the ef f edYeI§rSeeRIOEHOMApsetie nBdehgryilyyomist theopubatmite amd upommontict ce

m crosco 1 Iy sited . onto the - -D-lysine coated
silica gﬁggggﬁtg?ééﬁ%%éq gf\/\%“gxlﬁ(% ugcgngfe Pl‘ﬁ@aifﬁﬁ 19 aaﬁoxg’%t‘{rbal ?1/1 croscope.
The oocysts Wésieg semrtacton®ldevAFM aht | docyBiietveds Fvihd @Nbe bR SHakiyate

and upon ﬁ%n%?gft, t he oocqyé[s)ts remai ned Spherical and nobil e fndicat1ng no
adsor pt i 8Reted o the subsiratepliavasaridaat Get yhe oopsts wevenmafiected Toytye weak| y

adheged qRedihgdinis I ident -t hat t.he.oocysts re unaffected
by the :10. Weakhg%:egé‘?eosﬁ (%?.\g@g:éagﬁ)(r‘%_ ge_rf - Wﬁ%age‘?{'}tbﬁ“\?l@e Ry |
wi-th no @éftbe patystishelifevidenthocyst shel'l evident). Upon rastering the AFM

stylus across . the substrate, the oocysts were found to be easily noved
around on the @?ﬁi’sﬁ%ﬁ?@ngu aBEM shgs tageossFiie eubstrdtey the aoepsisaivees nore

than 48 W&sndiiadi ' LRkt ts wer inply .15 "resting” t he
substrate. Note: bﬁlgée,{b\s@%l | magé1 %ﬁ%ﬁgggoﬁﬁfsfgg%ﬁa%ofﬁgﬁ@ﬁ I‘Véﬁ‘%éﬂg be
obt ai ned chati}ayee, exfernt after mobé thidny/ 48 Sirs)dadilhg thue thoBbEFts wead sifiply mged.
I—|owe¥§r, «l h%nrép%inlﬁloo sts coul d be seen through an opt’ cal

res € substrate. Note: No AFM image of the oocysts on poly-D-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°0cysts/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 ym 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

80 (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



The adsorption of live and formalinised OCryptosporidiumoocysts, after
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magni t udExample 4 — Microelectrophoresis of Cryptosporidium oocysts in the presence

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 Cz;q)tospbﬁdium 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



20 sign to ‘oocysts in the .absence of coagul ant. This suggested no
adsorpti'on of soluble ionic hydrolysed iron species or primary ferric

hydr oxi day@le®gdsasPr Particles occurred over this pHrange. As with the
ferric flocs, 1t was possible to differentiate between th&CEHAMROGPOCcs and
the oocyst in solution because of theipqdifferent size, shape and 25
scattering ability. The zeta potentials-of . Cryptosporidiumoocysts in the

presence sifggbstednuihe a S j ve H range 4-8. .The measured
pot enti al g\%/e?e f ound %lg&iodewgs@m %gkﬁ%esg?ﬂg%i ih selutiony Badt he
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i gn

. based quj}iee@cg, 30 solution caused the oocyst potential t0 change
bel ow pH 7. "At Eﬁ‘-i val ues above 7.5 the oocysts becane increasingly nore

negatively. Thphé@gqiegg;{? Py h sured potentials of the
, entire pH. range studied pilﬂglwg’sg’ \%gpgt)l’téiﬁ{r' ° SPERECIr ofhdydrelysed ocs
formed | ﬁlmnméﬁsedapeciesfatpotdﬂﬂ@, o\ O/ HePRlinAlo AU02/ 00609
suggest ed the hydrol ysed al umi ni um based spéci es i n sol uti‘on had
chem sorbed to the oocyst surface facilitating the growmth of A (OH)3 floc
around tHa VL Chlastn i : jde support for the specificity of
hydr ol ysed al um ni u%ﬁbagghé%ggf)gl\sih?%}tspr otozoal, e.g. OCryptosporidium
oocysts. Exanple 5 - Colunm filtration experinents Alum na 10 The chargi ng
behavi ourAl(&E .,16\11203 powder used in the columm experinents was determ ned as
a functi H by m croel ectrophoresis. The alum na was found to have a

posi tibve char gqeheat u A1203, surfagce, charge approached
Rl "BoRAGR, B 21D Bovagt, el vt

zero (iso-electric poirnty aroun uds oveolamme

A1208 sufKREEMRNis veamdetarimimid as hdfugetonldt ﬂﬂ%fﬁﬁél%%?ech%gﬁ FRAS The

r esponsi 9%1511&?& bo? taedgﬁgl tive and negative “charge hav een C?éSCI’I bed
in the |iTerature a8uns foliRve Mbasitive:chargrgh pH -val@ls below 6: TROAD M+ +
XOH' - - - stifeb& dhargd sipproached 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

charg_é have been described in the literature as follows:
- MOH,*-#* —»MOH—» % MO + H,0O
20 , LY +I XOH —» M(OH), ®9*
M(OH),"®9* + OH- —» M(OH),,,=>=v*

MOH), &% + H* —p M(OH) ., ™ + H,0
25 ‘

Where M is the metal Al

One pass of a dispersion of oocysts through the column of AL,0, 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. |



MO X(n-X)+ + O -- MO X+, (----")+ MO x ("-")+ + H+ ---- MOH) X,
(n-X+1) '+ H20O 25 30 Wiere Mis the netal Al. One pass of a dispersion of
oocysts through the colum of Al12C3 particles at a flowrate of 10 m /1,28
m n resuM@e|AM293heir conplete renoval fromwater. A furedeavifoodistil | ed
wat er washes of the Cryptosporidiumloaded colum with distilled water
resulted in virtually no rel ease of pa#%iculate material fromthe Al12Q3
colum (see Figure 6). This indicated that the oocysts were strongly |
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colum. It is_possible that finer particles are normal Ty rele
from5 t Heecoluma. 3t is persiblsdhabliner pheidecydiich wié abranHyteRasatigomped t o

the glumg ort ( Figure 7). At the pH (5.5-6.0) at whi.ch col um
experi men gacm%?#gﬂbgrgofﬁab?‘ﬂém%ﬁl Oy 8@’19\5&1'8 o, 3dpeibgd| tp &her ged.
The Cryptalanﬂndxdﬁppbﬁqgé@F%ﬂ@lyb.d have a negative charge. Therefore,
initially the oocysts woul d be adsorbed to 10 the A1203 surface via an

el ectrost at i ¢ Aintles PH i(5-6.0) ladweblichycalpam biperinteens st p&forghed ige 9r oups
pr esent h, Lhth the. .hydrated roups on the Al 2G3 surface.
At pH 7. 8“??&?'%‘2?%3{')‘%“\3@5theaP%SIBVglg(l‘g&geéﬁ‘J%%Gg@éwﬁm eocysts weuld - 27
v, 1 espédeivievie nggalDpé HBrEX PEid Si j ' , ver. al so
15 resulted i cgerlrpl ete rég(mp%%rgﬁié’t ﬂ‘gﬁéﬂc%‘? ?6#?’%%1‘5/\72@ BE‘F%(is}gé%éFB? wat er
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resul t u st _a specific irreversible interaction between the
sites on%?ﬁgﬁgglgjcyos 0235% ag:rguggd)rgﬁeqth@n Aﬁ?(%’cé’ﬁtf f‘"&@étgﬁ/gbl@rﬁiﬁﬁ MO |
1989 (Actgrotpeon the AlD, ddifakdl- 646) reported that the 20 bond energy
-strength bet vvefn carboxylic groups and Al species in aqueous

t pH 7.0 the zeta potentials of AL,O, and the oocysts were -17 and

~ -27 mV, respectively. Column experiments carried out at this PH, however, also
15  resulted in complete removal of the oocysts from water. Passage of water
through the loaded column resulted in no release of the oocysts. This result

appears to suggest a specific irreversible interaction between the sites on the
oocyst surface and on the ALO, surface.:

Marklund ef 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 AlO, is around 0.1 pum?® 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 ALO, 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
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Therefore, the total energy of all the bonds that coul d pote a qy be
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. colu fl ushed, wi;t h _copious distilled water
was hing]ngs. The ﬁ’eﬂmfggégﬁ %ﬁﬁ@ieﬁﬁcllﬁdthﬁamamlmmbiﬁemgaﬁ)mnd
exan nedy 0s.em groel ect rophoresi s MK11). The oocysts .
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illustra speci.fic effect of the al'um na, Ions were
carried gﬁ?@ﬁﬁ“ﬁ’%}m  SPHCH(F0)). pad qusrtz{see Figure 6Jeot hite (al pha-

FeO OH) and haematite (Fe2Q3), fluorspar (CaF2), pyrite (FeS2), pyrolusite
(MQ,), rutile (Ti2), silica (Si@), and quartz (see Figure 6). 10

Goet Hi t eGoathitetalpha-BED.OH) eobufihe char gi ng behavi our of geothite powder
used in the Cﬁ,k#nn exggr{) nts was _determ ned as a function of pH by

ni cr oel ect r oph8f e SPETERR e gg@ﬁ'@ﬁi‘téfsa@qtbd@ wawdsosused elry thearcghdnhel ow pH

Surt see Bbdaneaes Gas oty fuflbdl 3 i By s iR ern i ordshy The

surface becane increasing negat i .
pot ent i aeqthitesastage vetsyaesitipélywtargsd Below PH(:i).b1 (Be. th%‘i%lécﬁ%@ l:d# ar
fashi on, -19nV above pH 8. g e

rash| ec?ﬁ[’ !]}e}g[b%ﬁeﬁ-i B%ig%, o e(m_a ﬁ%ﬁ%ﬁxﬁ&fﬂm drpcemree mcreasinglyt madre
[ epare Cdnéitively Wit THREhBkatdRP bBldtiaPn RN BORKSA pB farRan 45 (2P
(pH 6: -14mV) 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 AlII) 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 ALO, would react

with carboxylic (and phosphate) groups.



20 The passage of the oocyst dispersion through the goethite colum at pH
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experinents could not be conducted due to continuous
haemat i t €onHpueverdesiiming ofidhe t eerhatdientHdwevek) giverd abat itheShabmatitd 0 t hat

of ggot hi . 0QCcV.st 1 v ..expected. .Flugrspar (CaF col um
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conditions, for this reason fluorspar, |ike alum na should
el ectrostatically bind 15 oocysts. Chem sorption could also occur via the
f or mat i oflugrs Jia0lugpam boxyl at e/ phosphate with the oocyst surface. The

fl uorspar obt partment qQf Geol ogy, was

coarsely gr ou%‘é&feﬁpé‘p lgg}olclklﬁ) Iqlearpa:féoafmpt&g"t%i"gﬁgP %I"gﬁgl watarit ntapewwal PH r enove
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15  oocCysts. Chemisorption could also occur via the formation of a calcium
carboxylate/phosphate with the 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 pl of a 1 x 107 oocysts/ml gamma irradiated C’iyptospoﬁdium 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, oocysts 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
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Si 022. 33MnQ 0.0 0.0
~pH 5 6.
i5

Oxide wt % Wt % dry basis Oxide wt % Wt % dry basis -
Si0, 2.33 MnO, 001
TiO, | 0.01 MgO 0.05
ALO, 01 CaO 60.5
Fe,0, 0.02 Na,0 0.01
S0, 05 K0 10.02
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).
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Pyrolusite (MO colum Unfortunately colum experinents could not be
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par t il esontipnousipnetineddipon washiigrat ogr aphy col urm  (28nm OD, No. 3

glass sinter) to a depth of 2cm The background particle density (blank
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through kg4 PO PcoliRRe’t and collecting the perneate for exanmination in
t he n‘icro“e‘l"ét‘{{fm‘ﬁﬁvr‘esr‘s cell. 100 pl of a 3 x 108 oocysts/n
gama- i rr adi aThd r@tijetespir ildise inpestigations SR 1806%)Swald bbtadsed SrofPtHE i N

s of this solution was then transferred to the 2 cm

distilled water. 5

packed rg?Pf‘ﬁn%?é‘ltLﬂﬁ:be?lﬁgy ddihe Fasnlsieshat dhe ANRAY was sBvaidnthrbughrae bei ng
|1 d : t .28 mn). Aft th ti
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of ~distilled Wateoardel 106-2 pin HiacHonchhsivashdd Qe capichssdistilled watet € t o
t hat of %he or i gi nal Cryptosporidium sanPI e. The perneate and each
0 Temove any fine particles then transierred to a chromatography column

(28mm OD, No. 3 glass sinter) to a depth of 2cm. The background particle
density (blank approx 3/field of view) was determined by passing distilled

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 Crypiosporidium 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
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15 10ml of dls’ulled water was allowed to percolate through the packed column
and the 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
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carried out to study the effects of Cryptosporidium ococysts adsorption to

plasma cleaned silica (i.e. blank) and sapphire wafers. Sapphire (a-alumina)
having a similar swface 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.
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, order to gain er insight into the impact of CRyptoBlast™ on

oocyst viability, fluorescent in-situ hydridization (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 1RNA ftargets 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 althc;ugh 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
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i nfectivit k "&‘%@ ?rﬁv W45 animal infectivity experinments were
carried out on 4 day ol d C57BL/ 6J neonatal and on adult interferon-gama
(I FN-y) knockout mice to establish whether: 1. water infected with

Cr ypt os pBxaniplen7paAnimahiinéectpdcEdpérinmugd a col um of CRyptoBl ast was
non-infectious to oral ingestion. 2. treatnent with CRyptoBl ast prevents or

decreases sev@bi tegt he effect of CRyptoBlast™ on the infectivity 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 adniinistered_ to the
neonatal 4 day old C57BL/6] mice to seé 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.
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| ‘treated filtrate. The lack of infection in the inoculated mice was confirmed by

histological 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.
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oocyst s idata,tthatf theciefested enice would begin shedding oocysts in their faeces. It is at
15  this stage (4 days pi), that treatment with 200pl 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
examinatiron 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
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undergo a complex life cycle. The oocysts multiply several fold in

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

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

drinking straws, drinking water cartridges (domestic units, water utilities), as a
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Throughout this specification, unless the context requires otherwise, the
word "comprise”, and variations such as "comprises” and "comprisiné", 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.
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3. A method accordmg to cldim 2 which further compnses contactmg the released
20 sporozoites with an effective amount of any anti-sporozoidal agent.

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

25 5. A method according to any one of the preceding claims whercin the exposed

AIOH groups are present at an average surface density of greater than about 1 hydroxyl
group per 10 nm? of the surface arca.

6. A mcthod according to cl‘a'im 5 wherein the exposed AIOH groups are present at
30  an average surfacc density of greater than about 1 hydroxyl group per 2 nm?.

7. A method according to claim 6 wherein the exposed AIOH groups arc preseut at
an average surface density of greater than from about 1 hydroxyl group per 0.25 nm? to
about 1 hydroxyl group per 0.18 nm?.

35



group per 10 nnR2, of the surface area. 6. A method according to claim5
wherein the exposed Al OH groups ‘are present at 30 an average surface
density of greater than about 1 hydroxyl group per 2 nn2. 7. A nethod
according.to claim6 wherein the exposed.A1OH groups are present at an
average surface- denS|ty of greater than from about 1 hydroxyl group per
0.25 nr2 to "about .1 -hydroxyl greoup per"- $ 18 nr2. 35 36 8.. A nethod
according to. any one of the preceding.c %i ns wherein the conp05|t|on is
in particulate or plate form 9. A method according-to -claim8 wherein the
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12. A method according to claim 11 wherein one or more of the oocysts are
15 Cryptosporidium cocysts.

13. A method according to any one of the preceding claims wherein the anti-
spor0701dal agent is selected from chlorine and ozone.

20 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 sporozoidal agent and/or composition.

25
16. A method according to claim 14 or claim 15 wherein the fluid is a biological
flnid.
17. A method according to claim 14 or claim 15 wherein the fluid is water.

30 ' '

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

19. A method according to claim 17 wherein the water is intended for human or
35 animal consumption: |



humans or aninmals. 19. A nethod according to claim 17 wherein the water is
i ntended for human-or 35 ani mal - consunptiox): 37 20. A nmethod according to
-claim 17 wherein the water is intended for the preparation of food
products or pharnmaceutical products. 21. A nethod according to claim20
wherein said food products are, or are derived 5 from aquatic organisns,
and the aquatic organisns are grown in the water. 22. A pharmaceutica
conposition conprising a conpositi-on as gefined in any one of clains 1 to
10 together. with a pharnmaceutically acceptable carrier or diluent. 10 23.
A food suppl ement conprising a conposition as defined in _any one of clains
1 to 10. 240. A detmbodfaceording ty cladme\énwhergino ther svalRti g infensled t 97 ofhie
infection i Rprépabativarf@sod podi@s or stakdadehtéd pesductsnf ection being initiated
by the ingestion of oocysts, which 15 nethod conprises admnistering to
said animal or human a 'pharnaceutical conposition according to claim22 or
a food supplZren? Bethefgiceryding te |ckiinn 203whergingsid fRodproivgtsase R drnderivedcl ai m
24, whi chsf rdmeiueFiEhsiass, a0t suafid Hgarieme Bid growR ol aecidal agent to the
ani mal or human. 26. A food' receptacle, drinking receptacle or drinking
straw conprising a conposjition as defined in any one of clains 1 to 10
such that w#n i d phesmaegusicalcepmmesition sempsising @t confpositionras fdefinet inl asyeniei n

t he recept adf@lads UMD tddefiRy dhthtaihanfideitidaNy astdptilc derier/or dilentt em of

clothing selected froma nappy, underwear or sw mwear conprising a
conposition as defined in any one of clainms 1 to 10 such that when the
cl ot hi ng 1Ps 23wor A Ppdanppladient eaaprisingrecarapgstivntasalefined br anygime of slagme dnt act
with faecal tgapter produced by the individual. 30 28. An item of clothing
according to claim27 wherein the clothing further conprises an
anti-sporozoi dal agent. 29. A nethod for producing 'a pharnaceuti cal
conposi ti on 24accdr ethgdiod tentitanprEyent3s aredicingst prothzoslipfectensinadminsdngy a
conposi ti on zasmalekhidestotdZodNihfeilion Heid Alifilted byOthe ingestion of oocysts, which

15 method comprises administering to said animal or human a pharmaceutical

comaposition according to ¢laim 22 or a food supplement according to claim 23.

25. A method according to claim 24, which further comprises administering an anti-
sporozoidal agent to the animal or h}iman.
20 - el
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 the
drinking straw.
25
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 contact with faecal mattcr
produced by the individual.
30
28. Amn itcm of clothing according to claim 27 wherein the clothing further

comprises an anti-sporozoidal agent.

29. A method for producing a pharmaceutical composition .according to claim 22
35 which method comprises admixing a corposition as defined in any onc of claims 1 to
10 with a pharmaceutically acceptable carrier or diluent.



10 wi'th a pharnaceutical ty acceptable carrier or diluent. 38 30. Use- of a
conposition' as defl ned in clains 1-20 in the preparation. of a

.medi cament fo'r' ‘treati ng, pr_eventl ng or reducing a protozoal infection:
in a human or . animal, said protozoal infection being initiated by the

i ngestion of oocysts. S - :

38

30. Use of a composmon as dcﬁned in claims 1-10 in the preparatmn of a
memcameut for treaung, prevénting or reducmg a protozoal infection i m a human or

animal, said protozoal mfecnon being initiated by the ingestion of oocysts
5 .



