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SOLUTIONS" BACKGROUND OF THE INVENTION The present

invention generally relates to the detection of gram positive microbial
contaminants. More specifé&%&ﬂeﬁeﬁlﬁi&%n relates to methods
and compositions that employ the detection of peptidoglycan in peritoneal
dialysis solutions. PeptidBHN.da0F arHajor ERirst components of gram
positive organisms and thus serve as a good marker of these microbes.
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7 Dialysis processes have been devised for the separation of elements in a
solution by diffusion across a semi-permeable membrane (diffusive solute transport)
across a concentration gradient. Examples of dialysis processes include hemodialysis,
peritoneal dialysis and hemofiltration.

Hemodialysis treatment utilizes the patient’s blood to remove waste, toxins,
and excess water from the patient. The patient is connected to a hemodialysis machine
and the patient’s blood is pumped through the machine. Catheters or the like are
inserted into the patient’s veins and arteries to connect the blood flow to and from the
hemodialysis machine., Waste, toxins, and excess water are removed from the
patient’s blood and the blood is infused back into the patient. Hemodialysis treatments
can last several hours and are generally performed in a treatment center about three or
four times per week.

To overcome the disadvantages often associated with classical hemodialysis,
other techniques were developed, such as peritoneal dialysis,

Peritoneal dialysis utilizes the patient’s own peritoneum as a semipermeable

membrane. The peritoneum is the membranous lining of the body cavity that, due to
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molecular weight agent is icodextrin. Dialysis solutions contamning icodextrin are
commercially available and have been found to be useful in treating patients with end
stage renal disease. |
Peritonitis is a major complication of peritoneal dialysis. Clinical suspicion of
peritonitis is prompted by the development of a cloudy-appearing dialysate In
combination with variable clinical manifestations that may include abdominal pamn,
nausea, vomiting, diarrhea and fever. See, for example, Vas SI: Peritonitis. In: Nolph
KD, ed. Peritoneal Dialysis. 194 od. Dordrecht, The Netherlands: Kluwer Academic
Publishers, 1989:261-84. Most episodes of peritonitis are caused by intraperitoneal
bacterial infections, and the diagnosis is usually readily established by positive
dialysate cuitures. However, there are several well documented causes of non-

infectious or sterile peritonitis. Aseptic or sterile peritonitis, which also is described as
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acetaldehyde (See, for example, Tuncer M, Sarikaya M, Sezer T, et al: Chemical
peritonitis associated with high dialysate acetaldehyde concentrations, Nephrol Dial
Transplant 2000;15:2037-40). A unique form of aseptic peritonitis, eosinophilic
peritonitis, is a much more common entity that can occur shortly afier the start of
peritoneal dialysis. See, for example, Gokal R, Ramos JM, Ward MK, et al:
‘Eosinophilic peritonitis’ in CAPD, Clin Nephrol 1981;15:328-330.

As previously discussed, glucose polymers, such as icodextrin, can be used in
place of dextrose in peritoneal dialysis solutions. Icodextrin is a polymer of ghicose
derived from the hydrolysis of corn starch. It has a molecular weight of 12-20,000
Daltons. Peritoneal dialysis solutions containing icodextrin as the osmotic agent are, in
general, used for long dwell (>4hour) exchanges. The majority of glucose molecules in

icodextrin are linearly linked with o (1-4) glucosidic bonds (>90%) while a small
fraction (<10%) is linked by « (1-6) bonds.
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exchange experiences in 39 patients starting peritoneal dialysis, Perit Dial Int
2002:22:471-6; Heering P, Brause M, Plum J, et al: Peritonezal reaction to icodextrin in
a female patient on CAPD. Perit Dial Int 2001;21:321-2; D el Rosso G, Di Liberato L,
Pirilli A, et al: A new form of acute adverse reaction to icodextrin in peritoneal
dialysis patient, Nephrol Dial T ransplant 2000;15:927-8; Goffin E, Scheiff JM:
Transient sterile chemical peritonitis in a CAPD patient using icodextrin, Perit Dial Int
2002;22:90-1; Tintillier M, Pochet TM, Christophe JL, Scheiff JM, et al: Transient
sterile chemical peritonitis with icodextrin: clinical presentation, prevalence, and
literature review, Perit Dial Int 2002:22:534-7; and Gokaal R: Tcodextrin-associated
sterile peritonitis, Perit Dial Int 2002;22:445»8. These patients typically presented
with cloudy dialysate, no abdominal pain, and dialysate cell counts varying from 300
fo 3500/mm°, with variable percentages of neutrophils, lymphocytes, and

macrophages. In general, there is no change in ultrafiltration profile or peritoneal
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pcl'sliﬁ ga&eha such as peptidoglycan and the like, will not be detected by the LAL

test. See, for example, Dinarello CA, O’Conner JV, LoPreste G: Human leukocyte
pyrogen test for detection of pyrogenic material in growth hormone produced by
recombinant Escherichia coli, J Clin Microbiol 1984;20:323-9; Poole S, Thorpe R,
Meager A, et al: Detection of pyrogen by cytokine release, Lancet 1988;1(8577):130;
Ray A, Redhead K, Selkirk S, et al: Varjability in LPS composition, antigenicity and
reactogenicity of phase variants of Bordetella pertussis, FEMS Microbiol Lett
1991:63:211-7; Taktak YS, Selkirk S, Bristow AF, et al: Assay of pyrogens by
interlenkin-6 release from monocytic cell lines, J Pharm Pharmacol 1991;43:578-82;
and Fennrich S, Fischer M, Hartung T, et al: Detection of endotoxins and other
pyrogens using human whole blood, Dev Biol Stand 1959;101:131-9.
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Icodextrin is derived from corn starch, a natural product. It is well known that
products of natural origin are contaminated with a wide variety of micro-organisms. The
inventors have found that some mnatural products, such as corn starch, contain an
acidophilic thermophilic bacteria, such as Alicyclobacillus acidocaldarivos. The later
organism is ubiquitous in the food industry, particularly in acidic beverages. It is the
alicyclobacilius that produces guaiacol, which is a causative substance for an ‘off’
flavour orange juice. See, for example, Matsubara H, Goto K, Matsumara T, et al.
Alicyclobacillus acidiphilus sp. Nov., a novel thermo-acidophilic, omega-alicyclic fatty
acid-containing bacterium isolated from acidic beverages. Int J Syst Evol Microbiol
2002; 52:1681-5.

Peritoneal dialysis solutions and parenteral solutions in general have not been
recognized to have contaminated by this organism or its degradation products. This is

mainly because the current testing procedure for microbial contamination of peritoneal
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glucose polymer; d) sterilizing the glucose polymer solution;
polymer;

d) sterilizing the glucose polymer solution;

¢) adding a reagent derived from silkworm larvae plasma to the sterilized glucose

polymer solution, wherein the reagent is reactive with peptidoglycan to determine

a peptidoglycan concentration; and

f) using the sterilized glucose polymer solution to prepare the dialysis solution if

the peptidoglycan concentration is determined to be about 10 ng/mL or less.

In an embodiment, the reaction initiates a serine protease cascade.

In an embodiment, the serine protease cascade includes a prophenol oxidase
cascade.

In an embodiment, the reagent is derived from a silkworm larvae plasma.

In an embodiment, the amount of peptidoglycan is further determined by a
colorimetric measurement in response to the reaction between the peptidoglycan and

the reagent.
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s further determined, rimetri rement in response to the

that I?eua%égﬁ @%ﬁé@%ﬁ%@%&?&%ﬁ@%ﬁé&%@ lrrﬁéagent. 7 In an
enibodinteert, b alifficiéntibyaow depahofdtdepoptitodpdapriyidbegitptOtoneal

. /mL or less. n.embadi tg&ﬁ% 0 - selutio .
i e B A S bluon
utiliziogoextdgeirt soransmatbraliforprithatds disbcto swlakenhmgsolecicntly low

palymer-pased solution. [n o%ﬁr iment.there.is provi :
evel S A s B e T B R b Aine e
peritimehldeafrepacivgenperiberregkdialysis solution utilizing a reagent to

engure al i peritoneal diaksip alution i & sufigentiioulevel f 2.

peptidoglycan So as to prevent peritonitis in the patient; and providing the
soluppesitoneal dialysis solution to the patient. In an embodiment, the peritoneal

dialysis solution includes an icodextrin-hased_solution. In an emhodiment

e b AR e e O R S oy S B e
dialystmtinuatiswambataibotytperitoriealedlaligissnohdnbdikée 7a In an

embodiment, the patient is monitored for peritonitis during peritoneal

dialysis. For example, a dialysis effluent can be collected from the patient

to determine an IL-6 response that correlates to an incidence of

peritonitis.
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In an embodiment, the reagent is used to determine if the amount of the
peptidoglycan exceeds about 10 ng/mL in the peritoneal dialysis solution
prior to use during peritonea] dialysis. In yet another embodiment, there is
provided a method of testing a peritoneal dialysis solution for an amount
of a peptidoglycan that exceeds a level sufficient to cause peritonitis. The

methpd MMaynipchige mddingpatieagenhimitedaetippeatshalysim-sluigRoneal
Wwherein the reagent is capable of reacting with the peptidoglycan to .
digltiite SoseRREBloteh it REsanl Y a%@e#?ﬁirﬁﬂb&ﬂapadaﬁaﬁnf%% {hggient to

dREeRtrealy TRy Fepoaxampleothadeodestiindiased soltionaan be tested
to determine if the amount of peptidoglycan exceeds about 10 ng/mL. In

still y&t o fRRPUHIBTHin{BRt e i6piatid &Y SHTEOdR ' CoiPestioR! the

pépaliinciuaesaceagabbeapaneraf reatiing:withe peptidoghtanodHédr to use
dembodiment, a leyel. of peptidoglycan can be established above which the
WIBERErBGR Pr0dRkige sterile peritonitis. In an embodiment, use of affinity

columnsywithoeistnsthiss inchpeptidoglycan dedrbeadised ¢0 wxnimiz e thitoncal
contamination of peptidoglycan in glucose polymers. In a second aspect,
A S PO T AP b e TR SO O 331, FREF Ty ESELISCIER! 1o
coontaorination, The methoed iwamprisidg: aa)iprovidingagltuahseppdlymneeal dialysis
&o der form; bt)n%Jerformj]_n%a mggifi biotburde%ltﬁit on %h gllucos itiat
Shoiymer 16 detect Afeyiobadiits acidocaldants, wiiidhhs @8ofte of e @
speptidoglyean;cay@répacing dgtucosepalwmensolation ubingthedogivden. For
Lorme! e alusose, pelvmeti d) sieriizng the glcose olmer sgign: . of
an e?a 8|ng areagen derived from Silkworm farvae pefasma o the
psterdizgygiucosedpalymel Gojutidn, wherein the reagent is reactive with

peF’“dﬁlg'Q{qﬁ%oa‘?ﬁ‘c%%%” b§dﬁ% doglyeap {gﬁ{\‘f‘% iragion g %Qﬁ&%%&i@sgﬂon
glucose polymer solution. n advantage of the disclosures herein’is

fbgoﬁd@@mmmmmpfd@msd@tmp@tﬂmme&radvantage of the
disclogyres ARSI 1P RIRVIAS MPRIBYSSRGINAAS Ohstablished above which the

product would produce sterile perttonitis.
In an embodiment, use of affinity columns with resins that bind peptidoglycan
can be used to minimize the contamination of peptidoglycan n glucose polymers.
In a second aspect, there is provided a method of testing a glucose polymer for
peptidoglycan contamination, the method comprising:
a) pfoviding a glucose polymer in powder form;
by performing a modified bioburden test on the ghicose polymer to detect
Alicyclobacillus acidocaldarius, which is a source of peptidoglycan;
¢} preparing a glucose polymer solution using the powder form of the glucose
polymer;
d} sterihizing the glucose polymer solution; and
¢) adding a reagent derived from silkworm larvae plasma to the sterilized glucose
polymer solution, wherein the reagent is reactive with peptidoglycan to determine

a peptidoglycan concentration in the sterilized glucose polymer solution.



manufacturing and using peritoneal dialysis solutions that employ a

detection protocol to determine the presence of peptidoglycan in the
peritoneal dialysis solution. Yet another advantage of the disclosures

herein is to provide improved testing procedures that can be employed to
preveni pesitenitinin PateN S bRkIRSE NaReritone ahdialisisiPRIARY péRtoneal
still another advantage of the disclosures herein is to provide an improved
?E@éféﬂﬁ?}.“%ﬁﬂ?position that utilizes a detection procedure in the
manufagiufie-thareatds: detremingdignRnesencs &f prRRigoahsaRedaicthods for

Additjonal features and advantages of the disclosures herein are .
BEBURSE TS R NTEOE HBST REARGT, SHEGOND WM BRI S estnpRspocol
of dbedmventiepandniteo figurese BRERFDESFRIFIHO B ADiT kfution.
FIGURES Figure 1 illustrates a correlation between IL-6 response in a

PBMC assay and peptidoglycan concentration in icodextrin. I1L-6

responygerwasthecagusachge treghlydiistlaties meeocKes perideatipioved testing

volunteers. Each symbol and line represent data from a single donar. :
Figti uﬁeﬁlJEEﬁIat a eef‘f@&ijj%%iﬁﬂd%‘{/%% %?’f‘fﬂl%‘%il%?aﬁ’%ﬂ%’fts that receive
pettsapkiidialndoeheertoneal fluid of rats. Peritoneal fluid was collected six

hours after single injectjon (35 mL/kg),of jcodextrin contajning . )
peptidotCal AL SSRGS SP e BRrSb B O nroved
thedpetitorealfividonftkatsifhigure deilustrajesadefectiod peplideglycancreof to
%gtéL-GlrilQ t]i&egétr(!)c%e&l fluig f lractgﬁ Figure 5 illustrates frequency (%) of
aseprﬁrllc perl? Aits reportg?)le PPUSE'SF icodextrin. DETAILED
DESCRIPTION OF THE INVENTION The present invention generally
relates to the detection of gram positive organisms and fragments
thereof. In particular, the present invention relates to methods and
compositions that employ the detection of peptidoglycan in peritoneal
dialysis solutions. The inventors have surprisingly discovered a novel

cause of aseptic
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peritonitis--aseptic peritonitis associated with gram positive microbial
contamination of a dialysis solution. Peptidoglycan is a major component
of a grain positive bacterial cell wall and thus can serve as a marker for

gram itive hacteria. In this regard, testing,for, peptidoglycans can h .

ST B SO BSeH BERER B aERI Ma NES harpaRtones n
anddieilfdis sppationdrauckhassarionedldialysiDsaitifians traheaniaiiion and the
f %Iucose polymer including an icodextrin and the like. Aseptic peritonitis
'#%4&8ociated with icodextrin-based peritoneal dialysis solutions is believed

to be the largest adverse event reported for a peritoneal dialysis solution

due to a contamfititihioPhiiérBbRI 16Ny IOFBASEF G tRESXperimental 9

WO 2005/093087 PCT/US2005/005187 investigations as described in

detalil BERW, thisheiRsge serplatips fridogipcAh-th gseorssdiexeriRBBdedssay and
peRRISADER daheaisapliian Wasie FRUIABYe.306 O (RSCRIG sRRUIR S shy
_Further, pharmacovigilence data as detailed below supports the
isolfRebRARSEEH e CoAdEtvesRRsFSakachantvaekanfdisersameaet data from
a sPkaedyre. to prevent the occurrence of peritonitis. These findings

illustrate that while endotoxin is deservedly one of the more worrisome

bactbRATprodiryirss carrEissseferrtidecbraarondhsamshistion oforapsophils

in SRepRARolBathfRuIgOsY daROPENUALAXIRAM QURANSoREGRASIx hours after single
ptidg chapllr%ethat have not been previously identified, are capable of

. .pe ! ‘ .

mjg%% g MLkl QYRR ORI BEBH I9HEais demonstrates that

parepigiad Pharnageulicalprodugisthridasmtbs TNPReNFIMNLSSISERA! fluid

so meet Pharmacopoeia standards may still require a further level of

f@giting to effectively determine the efficacy and safe use of such products

to beffiguensullesgualifyolifecisstipspaissptiatedowith 656 HeSpmedatifuid of
tE)resent invention, non-LPS pyrogen contamination was recognized as a

ra problem because peritoneal dialysis exchanges permitted the direct
obsefFiatientofl peptidoghyqaenind (kg doin Haspmatier imail reptidoghEamke of

iccﬁ a heteropolymer formed from (3 (1-4) linked N-acetylmuramic acid and

of

?gé%?yl-D-glucosamine residues crosslinked by peptide bridges. See, for

example, Royce CL, Pardy RL: Endotoxin-like properties of an extract
from a symbidtic] ddkEly dAEEhBIETEIRNiKE gFeBnIAIyae TIE@Xdotoxin Res

1996;3:437-44. The glycan backbone is chemically homogenous,
The present invention generally relates to the detection of gram positive

organisms and fragments thereof. In particular, the present invention relates to methods
and compositions that employ the detection of peptidoglycan in peritoneal dialysis
solutions. The inventors have surprisingly discovered a novel cause of aseptic
peritonitis--aseptic peritonitis associated with gram positive microbial contamination of
a dialysis solution. Peptidoglycan is a major component of a gram positive bacterial cell
wall and thus can serve as a marker for gram positive bacteria. In this regard, testing for
peptidoglycans can be utilized to effectively prevent peritonitis in patients that use the
peritoneal dialysis solutions, such as peritoneal dialysis solutions that contain a glucose
polymer including an icodextrin and the like.

Aseptic peritonitis associated with icodextrin-based peritoneal dialysis solutions
is believed to be the largest adverse event reported for a peritoneal dialysis solution due

to a contaminant of microbial origin. Based on the experimental



whereas the peptides cross-linking the sugars vary. Peptidoglycan

occupies approximately 40% by weight of gram positive cell wall, but
WOBEP93%0% of the total weight of the gram negative cell walf& FBErls/005187

CL, Pardy RL: Endotoxin-like properties of an extract from a symbiotic,

karyotic cholerella-lik - J_Endotoxin Res 1996:3:437-44..
PR o2 S LA GO 5 LTSS b oA i e

icb’lfébdﬁtlh(—ﬁéls@cﬁﬂilﬁlrlifllﬁi@dlirﬁﬁamﬂ@tﬁmﬁtduai?gCﬂmpmnemfsfeohgeﬁt of aseptic
gram-positive cellular walls. Seg, for example, Sris an S, Cohen J:
P@F%Wﬁpogﬂw%repggﬁlTH?@ﬁﬁ%ﬂﬁeC@% AE eé%k.%%g(:tgr}céf)gepss‘%pgrﬁ the
efRRRlshGE Rbilaselphia WeiBn SauhdersEampany st82AiRY 7pdd@dure to
Like endotoxins, peptjdoglycans can induce cytakine production in a wide. .
PGPS ENT S RAETEAY e oAU 1 AR LR OH oS e
dé&eH Secofneranplritanerfatefiigsodubh thatarenmss ideationffects

of candida-derived, 10 WO 2005/093087 PCT/USZOO%/ 05187 mannan h
tor Pa{ifaiin BIdvARGnBln R FosiS HEO PR Ka RTINS SR TRES D, Such as
pdpHBLEydAR0; Gkt bSle Gk arpvadlods Fhidgisifepyopertigsable of producing

peptidoglycan-polysaccharide  polymers from. cell. walls of path nic and
cligFihl fIGHEBAEEHa MRS ze H?nar‘%ﬁnf‘é%‘?%?ﬂﬁ%ﬁﬁ%ﬁ pateniteral

pfRRRnRodQnavers PreAtisiasyEarsmfmsRYEBkerdadssof neagRiiuceacopoeia
less potent than endotoxins as provoc teL%rs of these bgﬁ?%i | effects..

stebn o PR T MBI RO ITE STVITRBTEN BLSETa T SaDS, the

ofRvel Gassat vislgneeHagtansowhic b crusadinstdissivg pplifolisgyebyssociated
inducing cytokine synthesis, Microbiol Rev 1996;60:316-41; and
wifhpsg AR EMaeda H, Murai T: Evaluation of the in vitro pyrogen test

system hasedeamproiefiasinasary eytplingetelaaseniiantidimanecognized as a

monocytes: Comparison with a human whole bloqd culture test system .
PEHRC e eRESEABETIBPFal SrtEes éﬁﬁgﬁqﬁﬁs Lgﬁf%tﬁ‘?ﬂn%ﬁzéﬁi?&g@%%mﬂ of

pgam?@ﬁmid&ﬁ:emiﬁmﬂmmgamzdmptmmﬁpfglmmsfm@mﬁsfmed
.3 tg/kg, while that of endotoxins.is 0.0 27#%%31. SeleDfor examlﬁxleé cidues
it o B P50 S RLBHTID & 15 AP RUTAD) EL UL residucs.
cMRdlaned Repsindichigay sk dst ixaupinatogtegyhPurdydiig Bytokinén-like
synthesis, Microbial Rev 1996;605316-41. n addition t? t%{zﬁjaléaﬁgnceeegfal ae. J
PERRERERIC L AR TAGH Stittn SELOLa G “UF BEPES SPA FOLRES o 28ae,
Heeheraly Aefinprbhby Biammacopoeitytestirkisiaeminaetieaiically homogenous,

whereas the peptides cross-linking the sugars vary. Peptidoglycan occupies
approximately 40% by weight of gram positive cell wall, but about 1-10% of the total
weight of the gram negative cell walls. Royce CL, Pardy RL: Endotoxin-like
properties of an extract from a symbiotic, eukaryotic cholerella-like green algae, J
Endotoxin Res 1996;3:437-44. Peptidoglycan and another cell wall constituent,
lipoteichoic acid, include virtually all of the major inflammatory inducing cemponents
of gram-positive cellular walls. See, for example, Sriskandan S, Cohen I: Gram-
positive sepsis, In: Opal SM, Cross AS, eds. Bacterial Sepsis and Septic Shock,
Philadelphia: W. B. Saunders Company, 1999:397-412.

Like endotoxins, peptidogiycans can induce cytokine production in a wide
variety of cells and have long been recognized to have immunomodulatory actions.

See, for example, Garner RE, Hudson JA: Intravenous injection of candida-derived
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sterility. Bacterjal cultures are generally performed at.neutral pH using an

incubation temperature between 20-35C. These are!suboptimal
wastthenstor the growth of thermophilic, acidophilic microorgamignssmsohs 187

as Alicyclobacillus acidocaldarius that require an acid medium and

elevated temperature for growth. Therefore, routinely employed "sterility
mgRISSe s HY Sl dad Joriigesreais astsrfalpte destelst imnieronngByients:mun

X g vention (tir bodiment.of the .

o A el e 4 By R e

PHYBIY SOBY stalcIabsppéduteorutiexand. Thmsd fanutactsriagvihitiohsize
maraRViiaRle fonihe 9emgh piAlisy q@!}%&%ﬂ,ﬁf}@ﬂé&é%?dgaang%% %g;[rgghl _OAdSers of

discordant with those used to determine ste on biobur
mpghitufednpeiset thaealetpuiscrippay efateinobdiigathielfiptingstace. See,

foPR4ARADEIOMAINRGCArdRAEE §‘,’ WA0.8 Oﬁ%ﬁgpwgkﬁ%zénéﬁ@i class of

.nvention by way of example and without limitation: C
vipilppes daqgtons vesch AN fissuenpithitjogl diycosmeigegutdsiia synthesis,
MigPsisIrRATedngan TRled wiinaf: i >909%6), while a

small fraction (<1’0%%§ L'ér\é& (I%i’nﬁ%% by a%%%%lggﬁge 8%%%6‘0%70%&&91% of
the drr/itso oms 1 &Rt Sistenu lsadight plistriflationatficaeottiewakase from
mesforRed el ' r aphyd e distribution of a(1-6

and a(l- 4)_?%6%osidic %inké5 ?ﬁggdger%%lﬁ%éas as?eggoé) t§33}ll?nuf(§?1e§Pt SS/Ste"z and
with-iisanbbis soresrtepectinddiony atolatitearl (099 388:Te Brganienple, the

' ] L 1ol I liquid chromatogr _
O LT MBS (R E AR ghac of
endefgEissinthRE fromkatisers foerexamplezcd doddoodeRyiRonletholiésn M:
pddiabigprideaalal Rroisle andselaetin AOOSAE XIangs (hid, ey

3.
and TNF-a). lcodextrin metabolites were assayed using high pélrsf%r {5hdissue

paﬁm&gy&xmwmm@mwmwmwmmmémamcuon.
See, fRr £¥BA¥NC %&%ﬂ?&c@v&dg\ﬂggéﬁé? cKleYa TR Dlrglg:sttances, safety of

determination of polyglucose metab In plasma u gS

pargitsrab RIRdpgs arr denaeliagafnatiby ibedraeperom étsis detdetianing their
stfg%?ﬁ%%ﬁl 189 33 i nbra oG RSICANY Hé%ea'pp%%l 1Sr’1|§ A Tcubation
temperature between 20-35°C. These are suboptimal conditions for the growth of
thermophilic, acidophilic microorganisms such as Alicyclobacillus acidocaldarius that
require an acid medium and elevated temperature for growth. Therefore, routinely
employed “sterility definitions” and the supporting assays may fail to detect
microorganisms that do not grow under conventional conditions. Tn an embodiment of
the present application, acid hydrolysis at an elevated temperature is used for
hydrolysis of starch to produce icodextrin. These manufacturing conditions are suitable
for the growth of Alicycclobacillus acidocadarius, but discordant with those used to
determine sterility based on bioburden.

As referenced above, a detailed description of the investigative findings are
provided below in accordance with an embodiment of the present invention by way of
example and without limitation:

CHEMICAL AND PHYSICAL INVESTIGATIONS

The majority of glucose molecules in icodextrin are linearly linked with ¢ (1-4)

glucosidic bonds (>90%), while a small fraction (<10%) are linked by « (1-6) bonds.
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with Boehringer Mannheim/Hitachi 911 Chemistry analyzer. Cytokine

measurements were made using ELISA kits (R&D Systems, Minneapolis,_
WORIYRAHSUREMENT OF PYROGENS Endotoxin concentr&fidhtizt0s/063187

icodextrin solution was determined by a fixed point chromogenic LAL test.

ee for example,. Weary M, Dubczak J, Wiggins J, et al: , Validating an .
M??R‘f_d%: rro‘?neééﬁ]le?niglgtﬁbéltg{g e %&%%%%g%?fc}rg ?grgpee Sfimed p}‘é’reﬁ?i:‘r Wigphion
chivatsogrgivy.L dlin Jidobitsky Tof, edb>Detpctind of bacigrighenddioxiimks in
‘o O\ggh lim‘L)JVIéJSs gsrpeeg)eo(g:)()te Ilyuscette test. N w York: Alan R. Ljss, 1987@07-%2.
a%%ll’t]pyrogen BSt Was PEITOrMEEI AedSPaaAE TRATRR G R  inRigtle and
sempiexodieddn tngalioropepurifrisarmaeopsianmebpban Rphrmacopaeite liquid
chr%g ens é‘sagg. ,lStragl%%%%t(l):rance: Council of Europe, 2002:131-2. An
ax V|V§rp§’r gen teSt that MEASRes IL-6 response in freshly isolated
periphBExBMAATE FididAERANAIESIBBMC) following exposure to a test

sub S itat n- in._pyrogens, See,for. .
o IR SR BRI RIS Bl oo
masgboljtas.ibsglvredieiesctioial pfoiokngndisinciionagyrogrovetietickinendL-6, IL-13

r ed by ' ichia.coali,.J Clin Microbiol 1984 .
angoq:%?g?g anlgglgggﬁ@?%%bigg %,%Iéggg%rs e gﬁifﬁet%gﬁoﬁ% 0169%8%”@1011
exghangrokimerslisasepinandtt pobed BEFRRABOM EASIHREMEM]T OF example,

D | [ quantitation was performed wijth,.
et g b SRR TR i
in plasn@siiag dapanyxsve glorhiince b/ 0980871 RE ThiBRANGINOBABE ion,

i (W3 M/ B\ | F: Detection of tidoglycan and
e e e, i R R SR PP e

withiEiesbringes Memdeia4itabi 913, PlatenistNoanhB70r S2ytSkiRecortainsmatints
weliagtals Rl eRIORNE MOk EARE, RN aRgRdS Aol defense

mechanism ects. The PPQ cascade Is initiated by ‘peptidoglycan, in
whicMEBRSURERNHAEIPBANBRGEdNBhenol oxidase. The phenol oxidase
activity, | I | ' -gJi enylalanine as )
b O Y R R ¥ g

chremeganichb A4 fegimieeT Her SkPmplt, ddEsmoiielabendioloWigehs iyt al:
VAHIHIRLHT WiS cRRAGELNS: 4:B40ate %y;8égl{(%ggp 8¢ tﬂ?g%le&gﬁ}rirqg gfgrenterals,
In: Watson SW, Levin J, Novitsky TJ, eds, Detection of bacterial endotoxin with
limulus amebocyte lysate test. New York: Alan R. Liss, 1987:307-22. Rabbit pyrogen
test was performed in accordance with the guidelines provided in the European
Pharmacopeia. European Pharmacopoeia, Pyrogens, 4" ed. Strasbourg, France:
Council of Europe, 2002:131-2. An ex vivo pyrogen test that measures [L-6 response
in freshly isolated peripheral blood mononuclear cells (PBMC) following exposure to
a test substance was used to quantitate non-endotoxin pyrogens. See, for example,
Dinarello CA, O’Conner IV, LoPreste G: Human leukocyte pyrogen test for detection
of pyrogenic material in growth hormone produced by recombinant Escherichia coli, J
Clin Microbiol 1984;20:323-9; and Poole S, Thorpe R, Meager A, et al: Detection of
pyrogen by cytokine release, Lancer 1988;1(8577):130.

MEASUREMENT OF PEPTIDOGLYCANS

Peptidoglycan (PG) quantitation was performed with the silkworm larvae
plasma (SLP) test (Wako Pure Chemical Industries, Ltd., Osaka, Japan). See, for
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peptidoglycan (or (3-G) can be carried out as follows. A sample containing
the peptidoglycan is well mixed with a reagent that includes a fraction
wovhishspetifically reacts with peptidoglycan ("PG") to prepare@iresesizmosis?
“solution. After a certain period of time, an enzymatic activity, e.g., activity
of BAEEase, PPAE, PO, etc., in the reaction solution can be measured
ex byl &€ OPsreshiipn M metito NStk oorkip Erddeveichionatibrafib daglyees and B-glucan
previpusly optained, by usjng P dard solutions With KnOWRaae. 1 <. .
W K OATORC B SUER A e o Bl et Aoocus 034
antb @ySp |y asephelorherioy SRatH Preemaipsradl for thetoactiVdtiopropRe@ol oxidase

ends qQn the centration,of PG inthe sam i 0%
e et & e R I i B IS Phe) BuRURY i iicd by
pefiidn glequireih ferhichadindy ia oditainelylogivitbd tnenobbridetorThe phenol

oduct generated by. PO is measured.,By.way gf . .
o A ke R Sroe e i S B EEk plA M pine o0 o
subenalecTskithadcof dtmeiovitbf premidb ghicasninotthietraseviutinnemofpasd to

follows, Peptido n (RPG) an 3)--Diglucan (BG) are components of
betﬁég %%I?ghgg é‘)g?nesﬁggﬁ%v%agg%ée%ae%% %%%l respectively. PG and
BG are mighsdiedosdthitht). SilkaterinNoa 88 R1a8mn StmpbstiiEhtsittion of

test cqntains allﬁf‘r}iactor of the, pro- phen idase (PPQ) cascade, an
P 8@3’8@&% ersé %He%é%é’ﬁ%‘ré)‘{o ?#sg?:tgl?%‘gs‘P sanfplc, containing the

papifiRiEE v Re REIDEIMGANw ith whiedy B Ghatomeditie8 Afraction which specifically

ihydroxyphenylalanine (DQPA) to melanin. The resulting formation of .
CRAAF I ERANEAFCS o EEESE GO AG A DM tam period

of aagEr ahhentavw Ariatasalitigodaxiruvit/igsiefl Badiiied MAFasP|imtt.pfin the
detection (LOD) of Q.74 ng/ml (the 13 WO 2005/093087 .

oA SIITOBEY T (BRETe S A TSRO AR epgared with

caietch SueheapieXbiANChkinsd tegtadinfp@ikitingridnfoldtionerdethtdnown

mitigate.the m%trix inhibition cause%b}g he presence of electrolytes. The
© BURRRSPEtEmrEE I8 IS .4 ng/ml after correcting for the

1:10 QikgioatifdMAls $oLDBIES NppBbsetvanhbicnt taval e Eg)imd for the
aé%le\ggll%%gg{‘cﬁg iHJS&? Sx(t)rlilnt ¢ Goncentration of PG in the sample. That is, after
.mixing the PG reagent with a sample in the presence of the substrate of PO, a time

' required for reaching a cerfain value of the amount of reaction product generated by
PO is measured.

By way of example and rot limitation, an experimental procedure that utilizes
the SLP test can be condiicted in accordance with an embodiment of the present
invention as follows.

i Peptidoglycan (PG) and (1,3)--D-glucan (BG) are components of the cell walls
of gram positive' bacteria and fungi, respectively. PG and BG are measured with the
Silkworm Larvae Plasma (SLP) test. The SLP test contains all the factors of the pro-
phenol oxidase (PPO) cascade, an important self-defense mechanism of insects. The
PPO cascade is initiated by peptidoglycan, in which PPO converts 3,4-

}  dihydroxyphenylalanine (DOPA) to melanin. The resulting formation of melanin is

_ colorimetrically detected at 650 nm using a standard plate reader. The raw material

jcodextrin is tested undiluted and has a limit of detection (LOD) of 0.74 ng/ml (the
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determined in a raf"model. A total of 45 male Sprague-Dawley rats (Harlan
Inc; Indianapolis, IN, USA), weighing 255-280 g were divided into 9 equal

WORHIHEE388ch group received a single intraperitoneal injectiorf 6f/US2005/005187
icodextrin spiked with 0, 1, 5, 10, 50, 100, 500, 1000 or 5000 ng/mL

peptidoglycan at a dose of 35 mL/kg. Peptidoglycan derived from )
oSO BB S PROfh FOE RIS IRE S hatiot, oF U WAAL is

tests@h LENGSRBXPRAMEN S SchourmitpstdnigstigauthaRisiME @aused by the
sacrificed, and the fluid in the peritoneal cavity was quantitativelyﬁlcollected

PIBSPERFRIRRNG bHE W ERTHEAMRYS SitHEn SR drdismtid WaDapbK Jdeefayl after

cortiigaiad clé countihag differential counts, total protein, and IL-6 and
TNF-a_concentrations. STATISTICAL ANALYSIS Post market

survéﬁmééldg veral hundred batches of icodextrin manufactured ‘
betwakn Ny2aD BfftGechtembarBDl Wereprpalmsagomdaieitvidexain was

association between ptégo lycan.leyel and the incidence of asepii ‘
AR e TR i R PHrEBB A EEcgaiyn e
Indisplgpkanislaingapewaighiop (CREY0) datecrecdéviladditiedirigual groups. Fach
eptidoglycan leve] in a log scale, namely, 9.4, >7.4-15, >15-30,.>30-60,
R SOV G AT CALHPER ISTHBRE bl PR B ke 10,
s@ormpiairgstandaoe tetalsmoits splthivepeptaloglatad. khea GRM ubits BpldnL/kg.
were computed as the total ¢ laints divided hy the jotal units sold
PRSI D, BHSC TR RS B AT ST hBRchRg s » Sarasots,
FlBs$8%4 theaassedidtiothdetwesniGBitk agikphptidophicanjiein Toe rats were
stafistical analysis .performed using the, SAS procedyre GENM
SRSt I CEAPHAEIRTCAT (A S, ATCHG rEped by
dereeilgastiheugbigihe B X bl PAlbHGA REIGORRARAII N s10idhatd cell
harmacqyigilance system in 2000, the frequenc ber of complaints
S R e e
TheresHaFIg BileATNAEESE in reported cases in 2001 to a peak
frequ 04%, i rch 2002. The patient e ragely.febrile. or .
tonie L0 it B MBI e A kA G AES 88 Feodenin
- mRGFAUS2E05008a8 Tuly 2640 cadsteptabbent) (02 iatly samdywed toldathrmine an
n lul ith di ll.c s, varying from 300 to 3500/mm3 ...
o L AR S R SRR St B, To
accumulate sufficient complaint frequencies to effectively display complaints per
' million (CPM), data were classified into peptidogiycan level in a log scale, namely,
.4, >74-15, >15-30, >30-60, and =60 ng/ml. For each of peptidoglycan
concentration range, the total complaints and the total units sold were calculated. The
CPM units sold were computed as the total complaints divided by the total units sold
multiplied by one million. Negative binomial regression was used to assess the
association between CPM and peptidoglycan level. The statistical analysis was
performed using the SAS procedure GENMOD (SAS Institute, Cary, NC, USA).
CLINICAL CASES |
According to reports received through the BAXTER HEALTHCARE
CORPORATION's global pharmacovigilance system m 2000, the frequency [(number
of complaints + number of patients treated) x 100] of aseptic peritonitis was 0.095%.

There was a steady increase in reported cases in 2001 to a peak frequency of 1.04% in

March 2002. The patients were rarely febrile or toxic in appearance; abdominal pain
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macrophages without eosinophils). Unlike bacterial peritonitis, there was

no change in ‘ultrafiltration or peritoneal permeability for small solutes.
WOBles@ gl dialysate cultures were invariably negative. Antibiptasuserne/ 005187

variably instituted by the local physicians. All clinical signs resolved upon

stopping icodextrin. In some cases, icodextrin was restarted, and aseptic

wasanfsisrideetsa teabahpriteay dendsred e RpORATION SAitistdbcqunts

g ML AND BE AL T A OGO, MRekltes, nd

maGonbEser RINhesk nsRePBHEMIMalikn Bagkykad ReTHoBititAlisHs WiTeealegse in
ultCAGIT, Ratches nwe r&ﬂﬁé&@ﬁ%{@ﬁaﬁ abRkEeBISNAld QYa9: A8 Xultures

differences in molecular weight ibution of icodextrin, percent

waseaivaiRP b BReabERIidBobiesics tese & werhicagu s hiv iadredrphrficians.
Almartiashevesniiha %ﬁtﬁh@&,eaﬁ%c&%@%}wﬂﬁ aseRinORURRIti 08 rin was

those not associated with adverse clinical events. All solution comxonents

regfriashnplamd ba®isesof icaBRIHRScorerriERidialfbase Midke WHENEIEICARE

cOrastrisTResilicAtinns andiNeLSHFSHERR RasPRPSIR slaNE@idRd batches of
DIALYSATE EFFLUENT ANALYSIS A marked elevation in IL-6

icedrrdantaidnwa8%bserved in the dialysate effluent from a patient with
asepligpgiitonitia oPRarertia aantghatiNe Tt (RSO dcRsBNTRENDG/ML,

respectively). An increase in protein concentration was ngted, with the
compifshem pleRdab e Py e BTG gatenmgldiecalied dopssxig detohes
wéespesivalyl. Thrse wasyResdifigrencrirdreaexdiffandtis mairheliity weight

(glucose polymers with degree of E_olymerization from 2 to 7) between the

digfribryion of Aep ds3 e RTINS PLRINGIAIChaBdRatinfFfey olatile and

sclf@RXHR RPgAiS IHRiRRRIEe MR ERn e BkRineUdsecoitasaii ARt MESIonitis
PYROGEN ANALYSIS QF ICODEXTRIN Endotoxin I?vel in all the
and ShoseindapineisdsBahadvrin s0anl pwaisnitdl Rl donePgPgRents of

coftifilihesprabdctdimicid @ Eblitinlas deigfsaied e thathil tast. Phoduct
OGBS TEBH S A owever, an increase i
IL-6 respDysa TR BREIRITD RBMG sissay was observed with both
Cpmpki i%aitr eg € fj:gé mgtalirlil "fﬂ—ﬁl 5(:0ncentration was observed in the dialysate
effluent from a patient with aseptic peritonitis compared to control effluent (>5000
versus 59 pg/mL, respectively). An increase in protein concentration was poted with
the complaint sample compared to the control (236 mg/dl. versus 125 mg/dL,
respectively). There was 110 difference in icodextrin and its metabolites (glucose
polymers with degree of polymerization from 2 to 7) between the complaint and
control samples. These results indicated that neither icodextrin nor its metabolites were
the likely cause of aseptic peritonitis.
PYROGEN ANALYSIS OF ICODEXTRIN
Endotoxin levels in all the icodextrin samples associated with aseptic
peritonitis were found to be within the product limit (< 0.25 EU/mL} as determined by
the LAL test. In rabbit prro gen tests, there was no increase in temperature with either
complaint or non-complaint icodextrin batches. However, an increase in IL-6 response

in the in vitro PBMC assay was observed with both complaint icodextrin-containing
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WO 2005/093087 PCT/US2005/0051.87 dialysate batches and the:

icodextrin raw material used to manufacture the complaint batches of

WOpSAtEHa dialysate as illustrated in Table 1 below: Tablel: IL-B4&E4FEHREH05187
of complaint and non-complaint batches of icodextrin in the PBMC assay.

In this assay, an IL-6 response of greater than 500 pg/mL is considered a _
diphysittvebpaicsernd ibspisRdexTasTasamplerbNerD I3 PUHERODE Hihepmplaint
ba‘i?éi?r:spg%lﬁléﬁﬁﬂ(éﬁkcﬂ%@&tegé’ﬂ‘iﬁ%&f!&%@'ﬂﬁ%ﬁé 2488wAositive Control

12,000 10,000 10,000 Negative Control' 130 92 150 Icodextrin o

(non-ohlplaifty 8853863 06 cropplaxiANE S9IpRARP Birbbafchepod zepdextrin in

I i phaink) 4, 2 [0 le j yal{c ' i
O 00 oo i i enal (oS08 30, ey D i
caBrigkedrmosiny cppaaieIesrgRtvith supplemental components,

"Baxter experimental product, 'Glucose containing standard peritoneal

dialysis solution The IL-6 provoking substance in the complaint samples

£&.

T%\é?g%ll? le;btb'u' mrthepresence gf PYYLIYEH8, U SHAoEsINg thefdhor 011

was not LPS. See, for example, Rool EJ, JohaanG, J S, et "al:

; T . : “EARE, pg/mL
Differentiation between endotoxin and non-endotpxin _pyrogens in human

CalorhMsdiugions using an ex vivp wholéblood clilture ddsay, J 50

Pgéﬁl‘%l SRy 1999;20:79-89 711 fiitrqgm@xpeffmenw@mg a 30 KD16,000

molecular. weight cut-off filter, the contaminant p aducing the

Negrtinearnyabsponse in the PBMC ass#) was found ifldhe reténtate 150

RIS SRR EGHT Weight of The ™ gypstance was 3530 KD, €. Targeg
IL-6

than icodextrin. The negative assays for LPS _but. positive. PBM(

|
Isedperiad pemelaindihat the likely tause@dPlseptic perito®ifs wad a 27
Imgﬁﬁgq@ﬂpﬂm{@gen contaminpnt |n4|QQ@extrm raw m;@@grlal used to700

__manufacture—the final peritoneal-dialysis-solution PERTIDOGLY|CAN
Toodex WirCR BIRSTILIRRIPRIGAL Y SIS 2200 780 1,600
Icodextrin raw material (non- 91 100 130
complaint)

*Bagle minimum esseniial medium with supplemental components, PBaxter
experimental @roduot, ‘Glucose containing standard peritoneal dialysis solution

The IL-6 provoking substance in the complaint samples was uﬁaffccted in the
presence of polymyxin B, thus suggesting that it was not LPS. See, for example, Pool
EJ, Johaar G, James S, et al: Differentiation between endotoxin and non-endotoxin
pyrogens in human albumin solutions using an ex vivo whole blood culture assay, [
Immunoassay 1999;20:79-89. In a filtration experiment using a 30 kD molecular
weight cut-off filter, the contaminanf producing the inflammatory response in the
PBMC assay was found in the retentate, suggesting the molecular weight of the
substance was >30 kD, i.e. larger than icodextrin. The negative assays for LIPS, but
positive PBMC IL-6 response indicated that the likely cause of aseptic peritonitis was
a non-endotoxin, pyrogen contaminant in icodextrin raw material used to manufacture
the final peritoneal dialysis solution.

PEPTIDOGLYCAN AND MICROBIOLOGICAL ANALYSIS
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16 WO 2005/093087 PCT/US2005/005157 Analysis of several hundred

recalled batches of icodextrin indicated that 41% of the batches were
wWoczmtEenaosted with peptidoglycan that was detected by the SR RES205/065187

Peptidoglycan concentrations ranged from the detection limit of 7.4 ng/mL

to 303 ng/mL. Because the manufacture of icodextrin from maltodextrin

requird S AEES ShdasentibandrdrrRiehbrfieachireseymiorindicate that 41%
drrese e Rifastidious ArSRNISMG MRS LNHEHISKaN 1ER V. AteRs-Of bghllllllé: SLP

icodextrin were found to be contaminated with a thermophilic, acidio

aPam dostidesdrgamcrronnisyims demut Berotedaiegton isysiorabilwg/ml to
W3 BOURS Al eneaniaminaling &eﬁHéeﬁwﬁaﬁonﬁﬁaﬁ@a%ﬁ{;@mes heat

filtration procedures applied to the near final product eliminated

Pecreidiatiag: thepiptliciyEsn coivestisatint. farptsitipecsonss| atibrfastidious
oMmiaudyhRelwesmpaptiqog] leyelz dadeagdexidn 2ac.th Sl hPeontaminated

response observed in the PBMC assay (See, Fig.1). Substantial
wihagihermerhilis re ssitieahiits sesm baarddvedomerisuygedtingtebacillus

dANBEM AN NS 1opRePHACIhCAl ANMAK ﬁzgwéﬁlfﬁgﬁn‘gfgggfcgﬁlycm

intraperitoneal administration of peptidoglycan in rats was inve

Fitfernd sloalsiiGhation procrAl earPpiadsuths asnifintl preduibitbiyinated the
vaRegiicasianiar éﬁeq@ﬁﬁwbgﬁaﬂf%mmaﬁww@Jﬁ%w%&mﬁ GEY§ founa

and neutrophils were elevated in the peritoneal fluid of icodextrin +

bsbpaeR dsettestysiayg vels chnipadetin ot dls-haespamivenbserved in the
; Ao . o Mg
ey (et e ATl VRO RBP4 RSN s soon

befyr o5t HERPTHARBSASER} 59R8Ri A ScoRbivitie tivseenddpahdent increases
with N®xfahvaluga i ng/mL for TNF-a (See, Fig.3) and 100 ng/mL for

IL-6 (Sge, Fig.4). The.lowest. NOEL for peptidoglycan was for TNF-a
respo evﬁ#&ﬁt)%/vgz 1BBRAeRED Rl EISHRYRIB pfTpFRtEdeelycan in rats was

IRERTIREIGH CEN A b ik B TNOPE RTRRNER A RS HVE GBI 08bulatory
was n concentration in- icodextrin and CP

ound between. peptidoglyc {
SBEHIHR T TS HelD P AURSEC o elahBReiit BN iS Al and
nRetrdpHisNWEP b} wines Bottlapeipapiidogly cIneaseeH AR HAIGPHaR R ated
ra?tosluggr?ipared to control rats that received icodextrin without peptidoglycan.
Infiltration of neutrophils in peritoneal fluid showed a dose dependent increase with a
NOEL at 100 ng/mL (See, Fig2). Both inflammatory cytokines showed dose
dependent increases with NOEL values at 10 ng/mL for TNF-o (See, Fig.3) and 100
ng/mL for IL-6 (See, Fig.4). The -Iowest NOEL for peptidoglycan was for TNF-o
response which was 10 ng/mlL.

CORRELATION BETWEEN PEPTIDOGLYCAN AND ASEPTIC PERITONITIS

A positive comrelation was found between peptidoglycan concenfration in
icodextrin and CPM as iltustrated in Table 2 below:

Table 2: Correlation between Complaints Per Million (CPM) units sold and

peptidoglycan concentration in icodextrin solution

Peptidoglycan (ng/mL) | Total units sold | Total complaints | CPM per units sold®

=74 2906643 53 18.2
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Peptidoglycan (ng/mL) Total units sold Total complaints CPM per units

solda <7.4 2906643 53 18.2 17 WO 2005/093087 PCTIUS2005/005187
 WOREFH93B35539 10 12.0 -->715 - 30 349503 10 28.6 > 30- 86 DY H2HE/BN5187
34.6 760 415099 105 253.0 'Complaints Per Million (CPM) units sold was

nrited A +a| comnlanted nitc cnld +tinliad

‘§"' g miion. The bseinbomt was 18.2, whal pepdaplycan IeVEls

1 GJCIUVV LIIC UC[ULLIUII II ) .’-I- II&._IIIIL. III Lwlud.b'l —[
% when peptidog|ycan fjéve(?s wereg equal to or greater than 60 nggmL

S sociation betwgen CHY 61 pe JLidugichgl was highty sign Gegnt
p<06jg001) INCIDENCE OF R%‘%PTIC PERITONITIS FOL LOWINC?

ORRECTIVE ACTIQN TMj\Ig§5002, BAXTER FIEALTHCARE 533 g
~ CORPORATION recajled all batches of icodextrin contaminated with

peptidoglycan at a concentration >10 ng/mL, as well as-all Tots that were
not assayed for peptidoglycan at the time of the recall. In addition, an

interraltggiaaterypeperiinalionorpsridaglysaa belaw be feiartian imit cotal

of the assay (<7.4 ng/mL) was implemented for product release. Routine,
copipmtssHitsini hpsabuyeramiindisbbntresailion was

implemented. The peptidoglycan concentrations in all the recent batches

mangrﬁct ed hav REN bemi/\ét?ht% tﬁ&%’é’ﬁ% tlof the1 t%;strg e%ﬂw the

are ev0| an IL eI|C|t|ng age ssay |g * 5 SAGWS
deﬁem:idnnmmﬂtefd]’ asqimipdnt@nmday rthenEPdé girani g2 Se ptéuarb el lyean
Ja nuary, 2003. The fre decrease

ue as from a
o RSP a0k AT o0 B B S0 TArR AR Ibos T M and
peﬂtﬂdglpbememtahughigfscgmiﬁcﬂne(ammhe number of patients using a

TR Ot PR AT RO RN Rpanve agmon

periot e AP B ASTER AN THIOBR TG ORRQBATIOR sstalled ol batches
of SONRALHR ACHAORNALA BARDRIRAN (LRI S WA XGEG? SAMBDALS G well

aseptic peritonitis due to peptidoglycan contamination in
as all lots that were not assayed for peptidoglycan at the time of the recall. In addition,

an internal regulatory specification for peptidoglycan below the detection limit of the
assay (<7.4 ng/mlL) was implemented for product release. Routine, serial monitoring
for peptidoglycan and thermophilic bacteria was implemented. The peptidoglycan
concentrations in all the recent batches manufactured have been below the detection
limit of the SLP test and are devoid of an IL-6 eliciting agent by the PBMC assay.

Fig. 5 shows the incidence rate of aseptic peritonitis by month beginning
September 2001 to January 2003. The frequency of complaints has decreased from a
peak value of 1.04% in March 2002 to 0.013% in January 2003 following the
implementation of corrective actions. The number of patients using a commercially»
available peritoneal dialysis solution known as EXTRANEAL from BAXTER
HEALTHCARE CORPORATION during this period remained at approximateiy
7,000. These results suggest that corrective actions have been effective in preventing
excess complaints of aseptic' peritonitis due to peptidoglycan contamination in

icodextrin-containing dialysis solution.
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icodextrin-containing dialysis solution. 18 WO 2005/093087

PCT/US2005/005187 As previously discussed, the present invention
WOrgdateigsiethods and compositions that employ the detectidd&IS2005/005187

peptidoglycan in peritoneal dialysis solutions. This allows testing for

bacterial fragments as peptidoglycans are the major cell wall component

of grin pESTRESrgdlsmIsRsdin this regem, Jepadbylyastateetéctiontads and

corBpRIRAY %&Yavtiéﬁr%%’;?_%@V%@Ie@ﬁﬂprﬂfﬁsﬂ'égiﬁfé dhatuse e, .o dialysis
peritoneal dialysis solutions, such as peritoneal dialysis solufions that

solubangin Bhiglgtess fransefonbrstmiglidoumxents 28 dthtdidelyiesh cutdlizemajor
1RRRRRCIIE dRhFUPRAsHio it lalysisgsojytions and method

e of r_nanufaﬁg)urin and using‘i%g?@%an %Ilﬁrigl\%i/d;éﬁ inﬂg%\yrg%%trg%lg ?ﬂ%grim%ré can

detctigec spahecohitetivslE mbibanfciot prevenpreadionitiseintigntitnanthat use the

perfiiiRadivnans e RIsRN! lvantonrrauides biskurden tealing. suehas. .. .
bioburden testing for acidophilic thermophilic organisms according to
gl“%d&*&ﬁ%é@@%ﬁb@%@@@éﬂ@@ﬂdﬁ%ﬁb@s Pharmacopoeias. This type

o ehtamern e dilierhes e ddesielal St AHHO0 Billns and
testing for bacterial fragments by detection of peptidoglycans as
megiedfrisiyanstastadas rndrigindeurncrn represdet inventionifahlvidesner in
accBiRthpds mAAcldGR detlonsaldpsRANIon TETElRdca
‘include any suitable number and type of processing stages. For examrlﬂé,
Preﬂ?@%@@@@%m&@%bmm’g@mélpblym@nbm@@h@@grﬁctdo;ahilio
theHifoBIHAESEPRNIRRT WIRBIEIRING rgﬁgﬁgédsleﬁ%g QT CARING WA o e
peptidoglycan; determining an amount of the peptidoglycan; and using e

Phaymiasepositymdhis tpketiespetitonehrditiliend solationldd itveltefimata in

ddhaa ici idoglygands present in the.glucose
B the Do Ao aar oo APHASE B s o
preyipislydissystero ng/mL or less, the glucose polymer can be further

pr?}fﬁﬁﬁ%@ﬂ;@)é%l%‘{lﬁ, Eﬁ% B&Qgﬁﬁl&'vgﬁ@oﬁfﬁbﬂlzi&% r%%r%ﬁ'ré& ?ﬁgﬁteﬁ'{a%tgring a
perpseaL a9l a0 B e s eehiscimyettebdegiuors and type of
proRed¥RE sEARsDe PERCESH ViR %&Qéqgadﬁé@gﬁfv%ﬂ%yf %Iﬂtzose polymer;

., Separation devices, such as an affinity device and/or the fike.

adding a reagent to the glucose polymer wherein the reagent is capable of reacting
with a peptidoglycan; determining an amount of the pcptidoglycan; and using the
glucose polymer to make the peritoneal dialysis solution if it is determined that a
sufficiently low level of the peptidoglycan is present in the glucose polymer. If the
amount of peptidoglycan or the like exceeds this level, such as about 10 ng/mL or less,
the glucose polymer can be further processed to remove the peptidoglyéan or the like
in order to achieve a sufficiently low level of same. The glucose polymer can be
further processed in any suitable manner. In an embodiment, the glucose polymer can
be processed with any suitable number and type of separation devices, such as an
affinity device and/or the like.

In an embodiment, the present invention provides compositions, such as
glucose polymer compositions that can be used to prepare peritoneal dialysis solutions.

A variety of different and type of compositions and solutions containing same can be

utilized. For example, the type of compositions and solutions can same can be found
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In an embodimen, the present invention provides compositions, such as
lucose polymer compositions that can be used to prepare peritoneal _
WO gi'étrg&%?é" dlutions. A variety of different and type of compositldris ArgU>/e0s187

solutions containing same can be utilized. For example, the type of

o TSP ST B B e A RS R

CONERIFONEAIABRDM MIERETALSI @ BARB QYDA Tdntitled

AT A RO, BT g, .

Pag@ 7@ I60E i8R0 PERT ORERT OMEANS| B INDY 10 MEDSCIONWS SITIONS

IN' 5P No.5, B1,.entjtl
PO SR BB R AR BT E S s B sl pupD oF
PESOIONEANS, BHAIHSHDs WS ENGEwRIEADQSE: SaFahvAaR irBOFIGTAGNS, the
. i 3 Additi les of iti d solutigns...
o o U e R L R R o
ex depkB/8L T2 60 sititile iRl CUOMPRATIBLE D daYS| Gafr b A8 be found in U.S.

PN

Pk emtea R 00 o Al MO S RREVER rrums

CERUANISN CONTENRERNG)OfHE &b | DS&ENER NS, X062, oand etefnbPitent

as the _dis f which in t ' e ingar. d '
Ag é&l%gt?gpeang In %ﬁﬁgﬁ%gdimegr% rt}ﬁae pe ﬁém%/s%@gggﬁs cgﬁﬁ?HON
COnCIdETENG RMIEAETBPB A0 BRXHERS,HGRR Ec ORRERAT I@N 1998, the

. Sui ifications thereof..In.an embodiment, t resent invention
i o e o W B ctee. n an
emdrholent thpapinc esht iiblsssaddistenvate thabedt ERERADFSIS. by BAXTER

' ﬁé%ﬁ; itoneal dialysis, the patient performs several
%ﬁﬁ# and dwe %{/ﬂé‘lge%i%i%sﬁga %%y‘,h%ﬁé%%ttrlﬁp e, St four times
per HaynEechbwdatewnt bpclpreahithinveltims ardiadesfilnatiddwvel, takekiing

f r utomated peritoneal dialysis is similar,tq continuou

P S e P S TG Afornated

pemiennakifiabirsiwallcopdisudieesiaratagiakysis malchizigss) tte ptitiaty performs
‘Q%{ thrge of peritqpeal dialysis treatment icall

se over%%nlg ﬁfv%ﬁfe%dewpa%ggﬁéﬁse ég?”mg RE ?ﬁlay, %Xr examf)ale, ggoh%yg)ur l1¥nes per

day. Each treatment cycle, which includes a drain, fill and dwell, takes about four

hours.

Automated peritoneal dialysis is similar to continuous ambulatory peritoneal
dialysis in that the dialysis treatment includes a drain, fill, and dwell cycle. However,
a dialysis machine automatically performs three or more cycles of peritoneal dialysis
treatment, typically overnight while the patient sleeps.

With automated peritoneal dialysis, an automated ciiai_ysis machine fluidly
connects to an implanted catheter or the like. The automated dialysis machine also
fluidly connects to a source or bag of fresh dialysis solution and to a fluid drain. The
dialysis machine pumps spent dialysis solution from the peritoneal cavity, through the
catheter, to the drain. The dialysis machine then pumps fresh dialysis solution from
the source, through the catheter, and into the patient’s peritoneal cavity. The

automated machine allows the dialysis solution to dwell within the cavity so that the
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With automated peritoneal dialysis, an automated dialysis machine fluidly

connects to an implanted catheter or the like. The automated dialysis
WOrHBSHeSso fluidly connects to a source or bag of fresh dialR&TsUSeGaOnS187

and to a fluid drain. The dialysis machine pumps spent dialysis solution

from the peritoneal cavity, through the catheter, to the drain. The dialysis

oA e RSP RIS BT el ShPTofhetReaitrecb padigatndo the
disigéhelshiand daip e patient a Reripnealeavitls The .aremaled MachinR hine

llows the dialysis solution to dwell within the cavity so that the 20 WO

so S dlsgeaT 1P EbasIh Osfons FetPriplicatly shwadhe natm Wrgaecisskto the
disMaerdiamiibe patiextnMloodaieant iatha iadysis SRIUlien ©amiakRe dialysis

place. A computer controls the automated dialysis machine so that the

sYRfmy aarealinrihy gRduTeaiviy earpRIHIHdhRisathen P iTAk ERsoallows
fotlaeHighvsipsnaehing: O mxamicamhenthe prlies-iRans pladbistegard,

the dialysis system automatically and seqluentially pumps fluid into the

peritoRERE St anfo AGIL EYSE BE RacHn G Heritsamgniaviyso, a
firandoieRRAtR AT IroRegyicalBerss@be et AnHomelE el 8 Wik RaeHiment,

during the treatment. Also, a final volume "last fill" is typically used at the
whaFlrarHES A St Red oRegkse vbaah BN AR AhesPRiaRe Pesnpnels from
theaulysef iheRatierinvhendhe patienhdisermmssts imayRedidlYeiSatient from

machine for the day. Automated peritoneal dialysis frees the patient from

hapingig EARAAIDHRS Hien draii i eille puch §isitep Jatinadhndeay n an

enlBodimenmbasisisisaptamsies Redieneahslialysisfsies B%”[R[ b¥ admix
utilizing an admix device, such as ADMIX HOMECHOICE by BAXTER

depjeea | PEBARES CORPEORATIONELHARE mdtifiBAsTERerBHARTEHCARE

CORHDRIATEONN RS iRsRRIINKERIeAREIdes A test to determine if a
peritoneal dialysis solution, such as an icodextrin-hased solution, includes

pepttfodfy SaRdasiiedts FTBsRt SHRAEAN PERidespRrifshit fieigrane if a

pefitdieal thailyses samdonesamsent inentiosprevifiesa8eterlinf, includes
pe%r.oto ol that utilizes %rei‘%ent, such a reagent derived fram a silkworm

ARSI A BT°SHLR HITHOSE A SRicBEse ppéemtisd it pigent that uses

saieleClopRiesrdtiemahheratied aeteationysilablesiaadipiof iadise such
of the peritoneal dialysis solution. For example, the reagent can be added
a yt‘%age&fu %%eﬁ,olﬁﬁ{gr %&Hﬁsgg%r}%plasma, for such pumpose. It should be

appreciated that the detection procedure can be carried out at any suitable stage prior
to use of the peritoneal dialysis solution.

For example, the reagent can be added to a glucose polymer composition, such
as an icodextrin composition, in raw material form to determine the presence of
peptidoglycan.  If the level of peptidoglycan is at a sufficiently low level, the
composition can then be utilized to prepare thcl peritoneal dialysis solution. In another
embodiment, the reagent can be added to the peritoneal dialysis solution, such as after
the sterilization process in finished product form. For example, the reagent can be
added to the peritoneal dialysis solution that is contained within any suitable solution
bag, such as a single-chambered solution bag or a multi-chamber solution bag. An
example of a multi-chamber solution bag or container is provided-in U.S. Patent No.

5,431,496, the disclosure of which in its entirety is incorporated herein by reference.
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as an icodextrin composition, in raw material form to determine the
presence of peptidoglycan. If the level of peptidoglycan'is at a sufficie[ltI}/_
WO RS %he composition can then be utilized to prepare thE pEATARYPI3187

dialysis solution. In another embodiment, the reagent can be added to the
peri%ggdeﬁflelsgia}%?i%gi%lluti% ’Sa %Qtag 'aﬁgerltig}% Safe “izt%-?c% rOé: %Sc-igin atent
finishéd proauct form. For ample?%he reagent C RGeS TS HiEE P

pubiertonesididlysipsohietidrettiatlis cofetainedmiliein artirsyitable solution

bag, such as.a single-chambered solution bag or.a mylti-chamber solution
o B T R A AAIo0s SR S0 B Caione B B8 ety
prefarkd® chftediniénts 542 Qb htheidisdlb hwrepfandrichdrlitsestinbed im the art.

incorporated herein.hy reference, 21 WQ 2005/093087 .. ..
S A I ST R A Te CATe TR, o e Ap A ot b, gpirt and
scopelbiftdiopaiealaingniatenid pulttioatidisiaichingoisardteddicadiatiyges. 1t is

reference in their entirety.,It should be understood that varioys, changes

el T HHE SHESERN 8, BN B e e o pbended

clainegein will be apparent to those skilled in the art. Such changes and
modifications can be made without departing from the spirit and scope of
the present invention and without diminishing its intended advantages. It is
therefore intended that such changes and modifications be covered by the
appended claims. 22 CLAIMS 1. A method for manufacturing a dialysis
solution, the method comprising: a) providing a glucose polymer in a
powder form; b) performing a modified bioburden test on the glucose
polymer to detect contaminating Alcyclobacillus aci-docaldarius; c)
preparing a glucose polymer solution using the powder form of the
glucose polymer; d) sterilizing the glucose polymer solution; e) adding a
reagent derived from silkworm larvae plasma to the sterilized glucose
polymer solution, wherein the reagent is reactive with peptidoglycan to
determine a peptidoglycan concentration; and
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f) using the sterilized glucose polymer solution to prepare the dialysis
solution if the peptidoglycan concentration is determined to be about 10
ng/mL or less. 2. The method of claim 1, wherein the reaction with the
reagent initiates a serine protease-caggade. 3. The method of claim 2,
wherein the seine protease cascade includes a prophenol oxidase
tascAdBeHofHer MEMHERCBI DRI yaRRelH YRR Mg iespparmPrising:
concanfigiininig sgtesovaedipyéa solopmeiscmeasurement. 5. The
met gd og (Ijair_nnl, Wherg%n H]E n%odéfiedtbi?burign tht Includes te§ting foct
for th Aqlcycﬁ%é%iﬁu@%élé?oca qariasat gspl-?% SsSHTART (T8 006 =eC
The mettritiasfiokiing Bisyhiohsipithe ambdiffedbidtsurden test includes
testing fardbgrnicyciobasilusagidesaldaliith st PREIANR 080 CofOthe

60 C. 7. The method of claim 1, wherein the glucose polymer includes
icodextrifU8°5E RRAYASY: of testing a glucose polymer for peptidogly can
contaimisaditiaint ehengithed e ponprisirgit@)gproviding a glucose polymer in
powder . 23 formin dified bioburden t n the glucgse..
oy or e o R RS AR e I e Sfiaec
peptRIBEMpEarC ¥ BF i aviiatdB el RaRaedoRutivrciivmyithepeiidaalycan
formtgfddesliteoscpatunotad)sietdiringdhepyicose polymer solution;

and ¢) adding a reagent derived from silkworm larvae plasma to the ,
D L R e TR R
peptifl i yeantidtey deser nuines atfadptide glyieamicer dertecionin the steritizieds.
glucose polymer solution. 9. The method of claim 8, wherein the reaction

with the reagent initiates a seine protease cascade. 10. The method of
drairhns, MAERSI PR B rindvppGrinthe reaction with the reagent initiates a serine

protease cascads.

3. The method of claim 2, wherein the seine proiease cascade inciudes a
prophenol oxidase cascade.

4. The method of claim 1, wherein the peptidoglycan

conceniration is determined by a colorimetric measurement,

5 The method of claim 1, wherein  the  modified bioburden

test Inciudes testing for the Alicyclobacillus acidocaldarius at z pH of less than
about 5.0.

8. The method of claim 1, wherein  the  modified  bioburden
test inciudes  testing for  the Alicyclobacillus acidocaldarius
at a temperature of 50° C. to 60° C.

7. The method of claim 1, wherein the glucose polymer includes icodexirin.

8 A method of testing a glucose polymer for peptidogiy
can confamination, the method comprising:

a) providing a giucose polymer in powder form;
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cascade includes a prophenol oxidase cascade. 11. The method of claim
8, wherein the peptidoglycan concentration is determined by a
colorimetric measurement. 12. The method of claim 8, Wherein the

fied.bioburd f lob
BRI S RO e R et B o O3 REATBE cigm Getec
WheréihmhwwmcbbmdeﬂaewMudmag}fﬁm;ﬂmgtycan
Aligyclabagily Saagi@&@q%%ét lgTeReiaiy ey ROGadP 8% oF4nd ;&cose

method of claim 8, wherein the glucose polymer includes icodextrin.
polymer,

d) sterilizing the glucese polymer solution; and
¢) adding a reagent derived from silkkworm larvae plasma o the sterilized
glucose polymer solution, wherein the reagent is reactive with peptidoglycan

to determine a peptidoglycan concentration in the sterilized glucose polymer
solution.

8. The method of claim 8, wherein the reaction with the
reagent initiates a seine protease cascade.

10. The method of clam 8  wherein the serine protease
cascade includes a prophenol oxidase cascads.

11. The method of claim 8, wherein the peptidoglycan concentration is
determined by a colorimetric measurement.

12, The method of claim 8, wherein the modified bioburden test inciudes testing

for the Alicyclobacillus acidocaldarius at a pH of less than about 5.0.

13. The method of claim & wherein the modified bioburden test includes testing

for the Alicyclobacilius acidocaldarius at a temperature of 50°C. to 60°C.

14. The method of claim 8, wherein the glucose polymer includes icodextrin.
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