WO 01/ 12296 PCT/ GB0O' 02878 1 AIR FILTER The present invention relates to
an air filter for a circulating and/or recirculating air stem conpri si ng
a filter WOAWI€oONt ai ning a biol ogically effective arrmﬂﬁ”%‘?““%%l ynmeric
bi guani de. The invention also relates to a nethod for reduci ng odours and
air--borne mcro-organi sns conpri si ﬁg passing air through a filter nmedium
containing the biologically 5 effective anmount of a polyneric biguanide.
Air filters are comaonly used to renove particulate nmatter in a w de range
of air «circulation systenms. They Flgern the form of bags or envel opes -
(commonly known as Sack filters) rough which air is blown or as pads or
papers which are used in a frame. Sack filters have a high collection
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t hese odoriferous microbial by-products. in addition the presence of large numbers of microbes
in re-circulating air has been implicated as a possible cause of “sick building syndrome”.
To avold these problems the filtration medium may be treated with antimicrobiat agents to
25 inhibit the growth of microbes such as bacteria, fungi, viruses, algae, yeasts and protozoa.

A particular problem in hospital environments is the controf or elimination of
pathogens, especially Gram-positive pathogens, for example Staphylococci, Enterococci,
_Streptococci and mycobacteria. Many of these pathogens have developed resistant -

.. stains, for example methicillin resistant staphylococcus (MRSA), methicillin resistant
30 coagulase negative staphylococci (MRCNS), peniciflin  resistant Streptococcus
pneumnoniae and multiply resistant Enferococcus faecium. Once established these
resistant strains are difficult to treat and eradicate from the hospital environment because

they are resistant to conventional anfibiotics such as penicilin and methacilin. The
particulate matter collected in air filter media, especially organic matter, can act as a

35 source of nutrients for such resistant pathogens and result in their proliferation both on the
filter and into the air stream passing through the filter. There is therefore a need for an air
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bridging group is such that there are at least three, and especially at least four, carbon
atomns directly interposed between two adjacent biguanide units of formula 1. Preferably,
there are not greater than 10 and especially not greater than eight carbon atoms
interposed between two adjacent biguanide units of Formula (1).
25 The polymeric biguanide may be terminated by any suitable group which may be a
hydrocarbyl or substituted hydrocarbyl group or an amine or a cyanoguanidine group.

—NH ‘—ﬁ—NH—CN
NH

30 When the terminating group is a hydrocarbyl group, it may be alkyl, cycloalkyl or
aralkyl.

When the terminating group is a substituted hydrocarbyl group, the substituent
may be any substituent that does not exhibit undesirable adverse effects on the
microbiological properties of the polymeric biguanide. Examples of such substituents or

35 substituted hydrocarbyl groups are aryloxy, alkoxy, acyl, acyloxy, halogen and nitrile,
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The polymeric biguanide preferably contains more than two biguanide units of

Formula (1) and is preferably a finear polymeric biguanide which has a recurring polymeric

16 chain represented by Formula (4):

—-—X—-NH—'ﬁ— H—(ﬁ—NH—Y—NH—ﬁ—NH—(ﬁ—NH— (4)
NH NH NH

wherein X and Y represent bridging groups in which together the total number of carbon
20 atoms directly interposed between the pairs of nitrogen atoms linked by X and Y is more
than 9 and less than 17.

The bridging groups X and Y may consist of polymethylene chains, optionally
interrupted by hetero atoms', for example, oxygen, sulphur or nitrogen. X and Y may also
incorporate cyclic nuclei which may be saturated or unsaturated, in which case the

25 number of carbon atoms directly interposed between the pairs of nitrogen atoms linked by
X and Y is taken as including that segment of the cyclic group, or groups, which is the
shortest. Thus, the number of carbon atoms directly interposed between the nitrogen
atoms in the group.
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is, together, from 3 to about 80, wherein X and Y are as hereinbefore defined.
10 Preferably X and Y are each, independently a polymethylene chain, more
preferably hexamethylene (i.e. -(CH,)-).
The preferred linear polymeric biguanide is a mixture of polymer chains
represented by Formula (5) in the free base form:

(CHo)—NH—C—NH—C—NH (5)
NH  NH

n

15
wherein n is from 4 to 40 and especially from 4 to 15. Itis especially preferred that the
average value of n is about 12. Preferably, the average molecular weight of the polymer
in the free base form is from 1100 to 3300.

Linear biguanides may be prepared by the reaction of a bisdicyandiamide having

20 the formula:

CN—NH—%—NH—X—NH—?I:—NH—CN
NH NH

with a diamine H,N-Y-NH,, wherein X and Y have the meanings defined above or by

reaction between a diamine salt or dicyanimide having the formula:
25

(HaN-X-NHz)(N(CH)p),

with a diamine H,N-Y-NH, wherein X and Y have the meanings defined above. These
methods of preparation are described in UK specifications numbers 702,268 and



25 + -r (HBNNX-N H3)(N (CH)2 )2 with a diam ne H2N-Y-NH2 wherein X and Y
have the meani ngs defined above. These nethods of preparation.are
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The polymeric biguanides readily form salts with both inorgén_ic and organic acids.
The choice of acid depends primarily on whether a water soluble or water insoluble salt of
the polymeric biguanide is desired for the preparation of the air filter. The choice of salt
will depend largely on the type of medium used as the filter. In many instances, it will be -

20 convenient to use a water soluble salt of the polymeric biguanide. Where the polymeric
biguanide is represented by a compound of Formula (2) in the free base forim, a preferred
water soluble salt is the digluconate. Where the polymeric biguanide is represented by a
compound of Formula (3) in the free base form, a preferred water soluble salt is the
diacetate and where the much preferred polymeric biguanide is a mixture of linear

25 polymers represented by Formula (5) in the free base form, the preferred salt is the
hydrochloride.

The polymeric biguanide will also form solvent soluble salts with organic acids
containing from 4 to 30 carbon atoms. The organic acid which forms the solvent soluble
salt with the polymeric biguanide may contain a phosphonic, phosphoric, sulphonic or

30 sulphate group but preferably contains a carboxylic acid group. The organic acid may be
aromatic but is preferably aliphatic, including alicyclic. When the organic acid is aliphatic,
the aliphatic chain of the organic acid may be linear or branched, saturated or
unsaturated, including mixtures thereof. Preferably, the aliphatic chain is linear and it is
also preferred that the organic acid is an aliphatic carboxylic acid.

35 It is preferred that the organic acid which forms the solvent soluble sait with the

~ polymeric biguanide contains not less than eight, more preferably not less than ten and
especially not less than tweive carbon atoms excluding the acid group. Preferably, the
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25 remove any residual water soluble salts.

The filter medium may be made from natural polymer or synthetic polymeric
plastics material. Exampies of natural polymeric materials are cellulose, such as viscose
and wood pulps; silicates such as glass; and wool. Examples of synthetic polymeric
plastics materials include polyesters such as polyethylene terephthalate; polyamides such

30 as nylon 6,6 and 6,10; polyurethanes; polyacrylamides including those containing
carboxylic and sulphonic and groups; and polyolefines such as polyethylene and
polypropylene. A preferred polymeric material is cellulose.

The filter medium may contain the polymeric material in any suitable physical form
which allows for the passage of air. Thus, the polymeric material may be in the form of

35 sheet, fibres, flakes, chips and granules, including combinations thereof. When the filter
medium is made from fibres, it may be either woven or non-woven. The non-woven fibres
may be either dry-laid or wet-laid and are preferably in the form of a felf or sheet. itis
preferred that the fibres are woven. Especially preferred fibres are cellulosic for example
cotton or viscose fibres.



any nmethod known to the art but is preferably nmade by precipitation of the
bi guanide from aqueous solution by addition of the organic aci d under

al kal i ne wonditizoons. The organic acid salts of the bi guncr/dBoomzg7sbe
further purified by dissolution in a suitable organic liquid which is
preferably imm scible with water anddvashi ng the organi c phase with water
to 25 renove any residual water soluble salts. The filter nedium may be
made from natural polyner or syntheti c poI yrreri C pI ast i cs material.

wod pul ps; o1 el of Fibnc Budindt & Ahreordhal B obbinely o ifia™" °™

pol yner i cmegiumgnay: warnyevesr wide §mpt$Ic Pc&i@ayw the amepist @mnﬁlcmumldays aote
t er epht hajegs than DWORER| o prelfabBthot kessiHan 0.05% amdiespcibfly ndttdss Wit 013%€S ;

I I t I d
gfoﬁggr y B‘%Eegeq?\ fhP ‘i&é@é ;&9 g{ljé}%fdlﬁﬂn I@fs%ﬁpre&?freagﬁéi thfi ig%@n?& e&ﬂ;%léA;% an
prefe?red ‘EB?’WRE'F net grgater than 10%. gerg FH?fS ly npd grefer than éf“i‘J ﬁ?ﬂ?&&a"b Bett ai n
the pol yngreater thahel%h by weightofths filtérahédium.h Ysefobeéffdcts inave\ideien lobtainedwehehor t he

pass age 0 heGifou tTci?‘;‘:'éIyrrIeh QQM&@E%M%% 24 Hwe d&ﬁ of thelnfiér hélidhOf 35

sheet , res,

S, and granu conmbl nat1 ons t hereof.
wher the £11 teTh ruéﬂﬁcbb@ 198 e SRRt the filer meciio BY mimes g
non- wov ento thé artndhuswwhere the pommercmsuamﬂeearuta selt Graysdlld iitdnayr beaddet! 40 theand ar e

pr ef g6 abl Fitdr fncldlifn léﬁ& m.fa‘rm@ disthibuted bysiig; such dsssltlrrﬁlbetfr%hél&ﬁb th@?erétkbe I It bres
ar e woven C e. e otton
a7 VoY pol Rl drRir] Blod ' 3o i e e hphn] B CH By 1

bi guani dedispersian in amapergpriaip ligyid imedivsht Whea dhe polymeri¢ piguanide peis &7 vy vary
over wi desblubble irswater, #eclicatd wediiinds prafarably obtep ahy wheh thedpalymerTicdsiguanideot -

| ess than Dganrsggwn flifRh ldrfﬂ%dll#rﬁ%spém aﬁér@aﬁﬁ%ﬁfaﬁﬁ%ﬁ' agy not

| ess  than so preferred

that W ho Swoakancls KeiAnBhe PGS siafeaAPREls Sl IpHRLE mudrosarBons: FruBRg: o

pr ef er abl halnganatpdederivatiesh therdssf aWher desitsdathieypalymericgbigaanide taynalds/bby

wei gh: 011: appiied filohi 11 erfi@igion WhicHsfdybe e%mrﬁmrw&/-.mférmdhedmmf 4 E he
anmount o | 0.2% iIlter
medi um Tﬁgﬁ%x{@n@ﬁa&b%%‘g%ﬁﬁg t é\éqghpm%dﬁh}n 82 g Q%L'?l&@qur% %%Q?L}rﬁsby any
nmeans knoRFe e’PUYt‘HEfm&?'Y istribrded v%@#@hquﬁé ?)WW& Phasgaby dﬁe%‘ﬁ Pk ansalt i's
a sok0d i apprapridie cﬁmbdzsdnt or Iehmlsvfﬂlﬁg fagbnter Whedi thn filted medidnorisriay syhitlsdtici but ed
by m xing o@MGHc 3p‘ias%¥:é rrﬁét@ﬁalorthé lﬁ‘érﬁdeal?tlléil bQOYIﬁI‘b?r'h gﬂﬁ'ubﬂﬂhym?” c

blguanlde ro sol uti,on or rsion in
o appr opiayaioft ez SRR TG m?e" W@P%# e Pathg Rkules, | | s
sol ubl e i ships e flakeswith the wotymetel bigranide. p Wévers thel golmrsrblmmmeapmlhé :
pol yner i c flaimgd aiquidemedium, the liquid is preferably removed by evaporation. The coated -

25 granules, chips or flakes may be fabricated into sheets or fibres by appropriate heat
treatment such as melt extrusion and melt spinning. It is preferred, however, that the -
polymeric biguanide is applied to the surface of the filter medium.

It is especially preferred that the filter medium comprises cellulosic fibres and that
the polymeric biguanide is PHMB in the form of its hydrochloride salt. It is also preferred

30  thatthe PHMB is applied from aqueous solution.

In an embodiment of the present invention the air-filter further comprises an odour
controf agent. We have found that the presence of an odour control agent in conjunction
with the polymeric biguanide is particularly effective for controlling odour when the air
being filtered is contaminated by odorous components. Examples of such odorous

35 components include combustion products such as smoke produced from tobacco
products; fats and grease arising from the preparation of fobds; and gaseous/volatile
emissions resulting from the handling and processing of chemicals. '

Suitable odour control agents include activated carbon, zeolites, cyclodextrins and
undecylenic acids and derivatives thereof.



is soluble In an organic liquid the liquid mediumis preferably an organic
sol vent such as 15 C, -4-al kanol s, ketones, ethers, esters, aromatic and
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the micro-organism with a biologically active compound. This contact is generally
25 mediated by water. It has now been found that the growth of micro-organisms in the filter
medium of a circulating and/or recirculating air system grow and proliferate under “dry”
conditions and can be inhibited by contacting the micro-organism with the filter medium
containing a polymeric biguanide under “dry” conditions. By “dry” conditions it is meant air
having a relative humidity between 20% and 80%. The filter medium containing the
30 polymeric biguanide has been found especially effective at controlling odours and the
growth of micro-organisms when the relative humidity of the circulating air is 55% + 15%.
As noted hereinbefore, the filter medium containing the polymeric biguanide has
been found to reduce odours in air circulated through the filter medium containing the
polymeric biguanide and/or reduce the amount of air-borne micro-organisms. Thus,
35 according to a further aspect of the invention there is provided a method of reducing
odours and/or air-borne micro-organisms in circulating andfor recirculated air which
comprises passing the air through a filter medium containing a polymeric biguanide.
Again, as noted supra, the growth of micro-organisms on or in the air-filter of a
circulating and/or recirculating air system can reduce the efficacy of the air filter either by



I's incorporated into the filter separately fromthe medi umcontaining the
polyneric biguanide. This may be achi eved for exanple by incorporating an
addi ti onalydgfgihs®E nedi um inpregnated with the odour conpepicpage2sis i Nnto the
filter. 10 A preferred nmethod for incorporating a solid odour control agent
such as activated carbon is to incor®orate it as a layer in the filter. In
a preferred enbodi nent of the present invention the filter nmedium conprises
a hereinbefore described filter medi um containing a polyneric biguanide
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vermiculite in each of two chambers. The lids of the petri dishes were removed, and the
chamber lids sealed into place. The humidity chamber lids had a 4cm x 2cm ‘window’ cut
into one short side. Through this ‘window’ the inoculum was sprayed using a compressed
air spray gun. Following inoculation, the ‘windows’ were sealed shut and the duplicate
30 chambers incubated at 37°C for 24 hours. At the end of this time the agar petri dishes
were evaluated for survival and distribution of the inoculum.

35



9 inhibiting the flow of air through the-filter caused by m crobial growh
and/ or degradation of the filter nmedium The Incorporation of a polyneric
bi guani dGWJblhE@6a' r-filter mtigates against such | osycaiceobbiseacy.

Hence, according to a further aspect of the invention there is provided a
met hod for protecting the filter medioum of a circul ating and/ or
recirculating air 5 system agai nst m crobi al degradation which conprises
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up was e;mtR@hiy acting as a humd ty chanber. To check the ino I um
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containing solid nutrient agar, were placed onto t he surface of the
i Sheg. weGeriiety and The.  chanber 'T?‘SQ*’?EQT’Z?“‘?%?B“H Bee " he: bur di ¢
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10 into each petri dish base, and the lid of the chamber sealed into place. Duplicate
chambers were prepared. The chambers were then inoculated as described above,
sealed and incubated at room temperature for one hour, The chambers were then
unsealed and the cotton pieces treated in one of two ways:-
Dilution Counts ~ Each of the five cotton pieces was placed into 10ml of inactivation
15 liquid (2% polysorbate plus 0.3% azolectin inactivation liquid for PHMB) and a serial
dilution pour plate count carried out with physioclogical saline, into nutrient agar. These
plates were then incubated at 37°C for 24 hours.
Overlay Method - Each of the five cotton pieces was placed onto the surface of
nutrient agar and further cool molten agar poured over to completely cover them. These
20 plates were also incubated at 37°C for 24 hours. Results are shown in Table 2.



Table 1: Effectiveness of the aerosol as a neans of inoculation Location
of Plates in Chanmber Description of Bacterial Gowh Back Left .Back Ri ght
Centre Le{jlodtashepP! ate had several hundred individual CeoticBodhizghs
colonies evenly distributed across the surface Centre of the agar. Front
Left Front Right The results in TabHé 1 show that in the experinental
protocol the inoculumis 5 evenly distributed The survival of mcrobes on
a cotton air filtration mediumin this systemand the influence of its
position wthin the hurp chanber was th n . eval uated as follows. Five

i nverted 25 Sury F P Fdown into the saturated
vermculite, to rovi de a dr Iatformfor the cotton. A 5cnR (0. 24g)

" pi ece of [[Tr | S afje, and the
lid of tlECEeHARRECation in han b'?a e. QI “éﬁ"g hanéé’? Mer e Jrepar ed.
The chanjjeglationtodnoeriationm yindow'ed ji described abbve. sealed alid i ncubated
at room fegpera ure for one hour. The chayogrs wefe then+ unseajjed and the
cotton p|IECES: Fat ed— T one of 1 Wan):g.a L1'03u1i S of the
five cot s was—placed—intoll OP°dE™ ati ifjuid (2%
pol ysor bgCentoé us 0. 3% azol ectin i ndctivatfixoW'liqujd for #HVB) afjd a seri al
di lutionfipgys g ate count carried qut wyiyfy Rysi of ogi calyysal inej into

nut ri ent ar chse ptat S VETE tireT |r]'L,u gred—gt 37"C+T1)l 24—fjour s.

Overl ay- t he surface
of nutrient agar and further cool nolten agar poured over to conpletely
cover the r?*,0 | ates were al so incubated at 37C for 24 hours.
Resul'ts aF ?ﬁioqv ¥ Wo 01/ 12296 PCT/ GBOO/ 02878 11 Table 2:

Survi fal of S{d%?q'%@ﬁcﬂ%@eaureus on Cotton Location of Cotton in Chanber
i n Count ef u/=r A fowatodlanjes visitl@t i on to i nocul ation “wi ndow Back Left 1.5 x

104 ++ . Bagk Rﬂ@éeréke%u%bépgfﬁlﬁniegen”e 1.7 x 104 ++

The results in Table 2 show that micro-organisms are able to survive on a “dry”
10 substrate in the humidity chamber and confirm that the inoculum is evenly spread
. throughout the chamber. :

Example 2
Exampie 2 demonstrates the ability of a cotton filtration medium treated with 1%

15 -~ PHMB hydrochloride to inhibit bacteria when compared with an untreated control sample.
Four humidity chambers and a 107 cells/mi inoculum of Staphylococcus aureus
were prepared as described in Example 1. Three samples of untreated cotton (5cm?) and
three samples of cotton dipped in a solution of PHMB hydrochloride and air dried were
placed onto six inveried petri dish bases in each chamber. Each chamber was inoculated
20 and incubated as described in Example 1. Duplicate untreated and treated cotton pieces
were removed at time intervals of 15 minutes, 1 hour and 4 hours. The cotton pieces were
treated as described in Example 1 under Dilution Counts and Overlay Method.



Front Left 1.1 x 104 ++ Front Right 3.1 x 103 ++ cfu = Colony form ng
units 5 - = No colonies visible + A few colonies visible ++ = Mderate
nunber of woloani®s The results in TabI e 2 show that m cr ®CarGpaG028P%E ar e
able to survive on a "dry": 10 substrate in the hum dity chanber and
confirmthat the inoculum i s evenly sfiRead throughout the chanber. Exanple
2 Exanple 2 denonstrates the ability of a cotton filtration nmediumtreated
with 1% 15 PHMB hydrochloride to inhibit bacterla when conpared with an
untr eat ed cloe . ! " cells/m

i nocul um o SV ARiv : et st Frbed in Exanple 1.
Three sanples of untreat ed cotton (5cmZ and three sanples of cotton

di pped in y roc@ pl aced onto
Si X invert + Bas '!44443 € &{*" er—as i nocul at ed
20 and |nj (i5adinetens desdiineated n Eéa'hiﬁ)kéo‘l Dup’r*rcate untreaffed and treated
cotton pidces were renguvespgisst | oxigrval s pf cdibnied nutes, i1 hour and 4
hour s. The TTon pirecey T TTrequ d5s desc ] e 1 under

Ol uti on QUURE and ovor ITeRgE hod @5% 01/ 12p 878 12 Table
3. Conparilson_of PHVB Trid% BdMB8ot t 9P %@'h Unt r picele ontact Tine

Sanpl e CoylfH&wer | ay 15 [Mfdbiegs Untlregkedt 3. 5 ><+-él;04 ++ 1 AP 0 x 10" 3

colonies {1l Hour Untreat qd aEx 10,0 +E,1% PHM 1%011 " 0 colpnies 4 Hours
Unt r eat ed By pec— han 20

colonies 5 ++ = Moderate growh +++ = Dense confluent growmh The results

shown in Table 3 qgg@t“ﬁﬁﬁ@[:ﬁoﬁl&e PHVB effectively eradicates

St aphyl ococcus aureus 1 noc ated onto a cotton air filtration nedium
= Moderate growth

+++ = Dense confluent growth

The results shown in Table 3 demonstrate the PHMB effectively eradicates
Staphylococcus aureus inoculated onto a cotton air filtration medium.

10

Example 3

These experiments show the antimicrobial effect of an air filtration medium treated
with PHMB hydrochloride when evaluated by an alternative protocal.

A bacterial cell suspension of Staphylococcus aureus was prepared in sterile

15 saline to give a final nominal concentration of 10° cells/ml suspension. Aliquots (0.1mi) of
the cell suspension were spread separately across the surface of eight nutrient agar plates
and the plate was allowed to dry under sterile conditions. Four untreated pieces {2.5¢cm?)
of cotton and four pieces of cotton dipped in 1% PHMB hydrochloride and air dried were
placed separately onto them (one piece/plate).

20 At contact times of 0, 15 minutes, 1 hour and 4 hours, an untreated and a treated
piece of cotton were removed from the agar surfaces. When all the cotton pieces had
been removed the plates were incubated at 37°C for 48 hours and the areas where the
cotton had been in contact with the agar surface were examined for viable colonies of
Staphylococcus aureus.

25 Growth became established in the areas which were in contact with untreated
cofton. At all contact times growth was eliminated in areas on the agar surfaces which
had been in contact with cotton treated with PHMB .

The test results indicate that under the conditions of this agar contact method:-
a) An Untreated cotton filtration medium does not prevent the growth of
30 Staphylococcus aureus.



10 Exanple 3 These experinents show the antim crobial effect of an air
filtration mediumtreated w th PHVB hydrochl ori de when evaluated by an

al ternat i woopnzwecol . A bacterial cell suspension of StaPRVCHEYESIE aur eus
was prepared in sterile 15 saline give a final nom nal concentration of
106 cells/m suspension. Aliquots (0?1 m) of the cell suspension were
spread separately across the surface of eight nutrient agar plates and the
plate was allowed to dry under sterile conditions. Four untreated pieces
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Untreated ' Unused
Used

Table 5: Fungal C mination

Filtration medium Use Contamination
PHMB freated Unused None
Used Moderate
Untreated Unused Moderate
Used Heavy
20
Tables 4 and 5 show that an air filtration medium treated with PHMB is able to
control the growth of fungi and bacteria both before and after use.
Example 5
25 Evaluation of the samples described in Example 4 via a recognised industry test,

AATCC Test Method 147. A culture of Staphylococcus aureus was grown overnight in
nutrient broth and diluted 1:10 in sterile water. Inoculating loops were loaded with
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for 48 hours at 37C, and malt agar for 7 days at 25C. 15 Table 4: Bacteri al
Contam nation Filtration nedi umuse Contam nation PHWB treated Unused None
Used Nonewadnteaat ed Unused Mbderate Used Heavy Tabl e BET/GROMGRA?S

Contam nation Filtration nedium Use Contami natigon PHVB treated Unused None
Used Mbderate Untreated Unused Mbdef4te Used Heavy 20 Tables 4 and 5
show that an air filtration nmediumtreated with PHVB is able to control
the growh of fungi and bacteria both before and after use. Exanple 5 25
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Pl ates were |ncubat ed at 37C for 24 hours, and the growh of bacteria on
the filterlablef AAJCO AT TeshWH 8uSr rounding the filter assessed. Table
6. AADCC 147 Test W|th S. aureus 10 Bacterial Zone of Treatnent Use

growh on fi[Ter Tnnipition Bacterial Zone of
Treatment Use growth on filter inhibition

0.4% PHMB Unused None 1mm

Used None Omm

Untreated Unused Strong None

Used Strong None

Thus, an air filtration medium treated with PHMB inhibits the growth of S. aureus
both before and after use in a re-circulating air system.

15 Exampte 6
A comparison of the antimicrobial efficacy of an air filiration medium treated with
PHMB with one treated with 3 (trimethoxysilyl) propyl octadecyldimethyl ammonium
chloride using an established industry test method, AATCC Test Method 30.
A fruiting culture of Aspergillus niger was swabbed for spores with a sterile cotton
20 bud. The spores were dispersed in a conical flask containing 50ml sterile water and a few
giass beads. 1ml of the spore dispersion was pipetted onto the surface of a petri dish
containing Czapek Dox agar. A sample (2.5 x 2.5 cm) was placed onto the surface of the
inoculated agar. A further 0.2 ml of spore suspension was pipetted onto the sample
surface. The inoculated plates were incubated at 25 C in the dark for 7 days. Fungal
25 growth was assessed. Three samples were evaluated; untreated cotton; cotton treated
with 0.25% PHMB by soaking and allowing to dry; cotion freated with 0.55% 3-
{trimethoxysilyl) propyl octadecyldimethyl ammonium chioride by soaking, drying and
curing at 100-120°C.

30
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5 Example 7 Efficacy of an Air Filtration Medium Treated with PHMB Used in_a Hospital
Environment _ :
Air filters were set up and run in an open ward at Macclesfield General Hospital,
United Kingdom, to test the efficacy of a PHMB treated filter compared to a non-treated
filter.
10 The filter media used in the tests consisted of a layer of activated carbon
sandwiched between two layers of woven cotton fabric. The treated filiers were treated
with PHMB by applying a uniform coating of a 20% solution of PHMB hydrochloride to the
cotton fabric on the air input side of the filter medium followed by air drying.
Samples of the air were taken at various points within the ward with an air cleaning
15 filter unit running with either a standard filter, or a PHMB treated filter. The effect of the
filters on the airborne microbial population was assessed using the following protocol:
Determination of Microbial Population of The Air
The number of culturable micro-organisms within a known volume of air, sampled
20 from the hospital ward, was determined using an M Air T air sampler. The air sampler was
pre-set to sample 1000 litres (1 cubic metre) of air, which took approximately 5 minutes.
The collected air was passed over a tryptone soya agar, a general purpose agar which will
support the growth of a wide variety of micro organisms. The inoculated plates were then
incubated at room temperature for 4 days prior to visual assessment and enumeration of
25 bacterial colonies.

The air sampler was positioned at the same places within the ward for each set of
air samples and was left running continuously for 7 days prior to taking the air sample. To
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by approximately 60% compared to the untreated fiiters,

10

Number of Micro-organisms Recovered per Gram of used Filter
Samples from the treated and untreated filters described above from various

positions in the hospital were evaluated for the degree of contamination by bacteria
following 7 and 10 days of continuous use by the following protocol.

15 Small samples were cut from each filter, placed upon tryptone soya agar and
incubated for 4 days at room temperature. The bacterial counts per gram of filter are
shown in Table 9.
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A “"in Table 9 indicates that the bacterial count was not performed.
Table 9 shows that the number of 'bacteria on the PHMB treated filter medium was
5 reduced by about 98% compared to that on an untreated filter medium.



18 CLAIMS 1. An air-filter for a circulating and/or recirculating air
system conprisi‘ng a filter medium containing a mcrobiologically effective
anount ofw;g@ﬁhmerlc bi guanide or salt 5 thereof. 2. AcTacBoohisiser as
claimed in claiml wherein the polyneric biguanlde contains at |east two
bi guani de units of the Formula (1): 48H1j-NHIf-NH- (1) 10 NH NH which
are linked by a bridging group which contains at | east one nethyl ene group.
3. An air-filter as claimed in either claim1 or claim2 wherein the

pol yneric biguanide is a mxture ofC ar pol ymeric biguani des having a
recurring polynmer chain represented Formula (4): X-NH-C --NHC
-NHY-NHCGNHC-NH (4) 11 11 11 11 NH NH NH NH wherein X and Y represent

bridgi ng droupani &ir-ier br b Q@retibgig diForl RERduldiHG R sydfent 26MPASINg@ Fifep s
directly i %ﬁ%@g&ﬁ%nﬂs "‘BEbegﬁ’dgif;%u Effé&:&é gﬁ.ﬁltﬁhtao? Qgﬁ% CJrﬁé?n‘é%g’gLBXndé FYY IS

nmore than I'ess n-Clairm 3 whi ch
is a M xt hereefy pol ynmers wherein the nunber of individual biguanide units
of forrrulae 25 -X-NH-I1-NH1I1-NH and -Y--NH1I-NH- I-NH NH NH NH NH

|s, together, a}‘/\h‘){ff&ﬁ#& @Qﬂg{{lln@alm%%r%reiﬁ‘%e?digrﬁégkBﬁ:bgfﬂg% Féﬁﬁ?& Iéd%ﬁe' t her

claim3 or ereln exanet hyl ene
bi guani de)W ?h’gﬂﬁn‘%“%sgﬁ@efoﬁ?‘ég&dt -(CH2)s-. 6. An air-filter as clained

in any one of clains | to 5 wherein the polyneric biguanide is a mxture
of polynmers of the Formul a (57-NH353+NH—J?—|-NH-H:1111llﬂlﬂ.llllllNNl L Ks W
01/ 121%96 PCT/ GB00/ 02878 NH NH

which are linked by a bridging group which contains at least one methylene group.

3. An air-filter as claimed in either claim 1 or claim 2 wherein the polymeric biguanide
is a mixture of linear polymeric biguanides having a recurring polymer chain represented
15 by Formula (4):

—X—-—NH'—ﬁ—-NH—ﬁ—NH-Y—NH—ﬁ—NH—ﬁ—NH— (4)
NH NH NH NH

wherein X and Y represent bridging groups in which together the total number of carbon
20 atoms directly interposed between pairs of nitrogen atoms linked by X and Y is more than
9 and less than 17.

4. An air-filter as claimed in claim 3 which is a mixture of polymers wherein the
number of individual biguanide units of formulae:

25

-—X——NH—ﬁ—NH—(].‘i—NH—- and -—-Y—-—NH-—-ﬁ—NH—-ﬁ—NH__
NH  NH

is, together, from 3 to about 80.

30 5. An air-filter as claimed in either claim 3 or claim 4 wherein the polymeric biguanide
is poly(hexamethylene biguanide) in which X and Y are both -(CH,)s-.

6. An air-filter as claimed in any one of claims 1 to § wherein the polymeric biguanide
is a mixture of polymers of the Formula (5):
35

L



19 (CH2)g NH-I1I-NHi -NH (5 NHNHnNn whereinnis from4 to 40. 7. An
air-filter as clained in any one of claim1l to 6 wherein the ‘polyneric

bi guani dewopN1829%6n t he form of a hydrochloride salt. 8. PRUGBPVG2RI8t or as
claimed in any one of clains 1 to 7 v1\lnerein the filter mediumis nade from
a natural polymer or synthetic plastigs material. 10 9. An air-filter as
claimed in claim8 wherein the natural polynmer is cellulose. 10. An
air-filter as claimed in any one of clains 1 to 9 wherein the anount of

pol yneric biguani de contgai ned on the filter diumis fromO0.0001 %to 10%

based on the weight of t hlt e ediwmel A air-fiJter according to
any one of the preceding ?%'f"#s ﬁ&r{%er coﬁrprﬁr{si ng an od®ur control agent.
12. A nmethod of reducing pdours and/N#t ai NHborne mi cro-organisns in

circulating 20 and/or reé&irculated air which ednprises passing air through

afilter rag‘?i,emg%%' ﬂ”tg a polymeric biguanide or salt thereof. 13. A

net hod as ained 1n claim12 wherein the air has a relative humdity
bet ween 20% and 80% 25 14. A nethod for protecting a filter nmediumof a
circul ati g andnair-filtecas cair@tiimgnyaone ofxyameintod@whersin the polginedd bigegnidedat i on

whi Ch59°”’ﬁ’§i¥ﬁl’?§fei’rﬂ?@£ Rdrédmdidelsay. or on, the medium a m crobiol ogically
ef fective amunt of a polymeric biguanide or salt thereof.

111111121212222222212, ,0jjj,.]
8. An airfilter as claimed in any one of claims 1 to 7 wherein the filter medium is

made from a natural polymer or synthetic plastics material.
10 9. An air-filter as claimed in claim 8 wherein the natural polymer is cellulose.

10.  An airfilter as claimed in any one of claims 1 to @ wherein the amount of polymeric
biguanide contained on the filter medium is from 0.0001% to 10% based on the weight of
the filter medium.
15 :
11, A airfilter according to any one of the preceding claims further comprising an
odour control agent. "

12. A method of reducing odo_drs and/or air-bome micro-organisms in circulating
20 and/or recirculated air which comprises passing air through a filter medium containing a
polymeric biguanide or salt thereof.

13. A method as claimed in claim 12 wherein the air has a relative humidity between
20% and 80%.

25 _
14. A method for protecting a filter medium of a circulating and/or recirculating air
system against microbial degradation which comprises incorporating in, or on, the medium
a microbiologically effective amount of a polymeric biguanide or sait thereof.

.
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