SPECIFICATION TITLE OF THE INVENTION "METHODS AND
COMPOSITIONS FOR DETECTION OF MICROBIAL CONTAMINANTS
IN PERITONEAL DIALYSIS SOLUTIONS" BACKGROUND OF THE

INVENTION The presentdriventiongegesaifyyrelates to the detection of |
gram positive microbial contaminants. More specifically, the present

invention relates to methods_and compositioni[t&qi employ the detection

of peptidoglycan in perimﬁg’lﬁgm . Peptidoglycans are major
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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 paﬁeﬁt’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
bemodialysis machine. Waste, ioxins, 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 2 freatment 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



membrane. The peritoneum is the membranous lining of the body cavity
that, due to | the large number of blood vessels and capillaries, is capable
of acting as a natural semipermeable membrane. In peritoneal dialysis, a
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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 pain,
nausea, vomiting, diarrhea and fever. See, for example, Vas SI: Peritonitis. In: Nolph
KD, ed. Peritoneal Dialysis. 3 ed. 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 cultures. However, there are several well documented causes of non-

infectious or sterile peritoniiis. Aseptic or sterile peritonitis, which also is described as



dialysate cultures. However, there are several well documented causes of
non- infectious or sterile peritonitis. Aseptic or sterile peritonitis, which also
is described as 2 aseptic, chemical, or culture-negative peritonitis, is
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peritonitis, is a much more common entity that can occur shortly after 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. Icodexirin is a polymer of glucose
derived from the hydrolysis of com starch. If has 2 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.



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 a (1-4)
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example, Pinerolo MC, Porri MT, D'Amico G: Recurrent sterile peritonitis
S21. at onset of treatment with icodextrin, Perit Dial Int 1999;19:491-2;
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Pirilli A, et al: A new form of acute adverse reaction to icodextrin in peritoneal
dialysis patient, Nephrol Dial Tfansplant 2000;15:927-8; Goffin E, Scheiff JM:
Transient sterile chemical peritonitis in a CAPD patient usimg icodextrin, Perit Dial Int
2002;22:90-1; Tintillier M, Pochet JM, Christophe JL, Scheiff M, et al: Transient
sterile chemical peritonitis with icodextrin: clinical presentation; prevalence, and
literature review, Perit Dial Int 2002;22:534-7; and Gokal R: Icodexirin-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
to 3500/mm’, with varable percentages of neutrophils, lymphocytes, and

macrophages. In general, there is no change in ultrafiltration profile or peritoneal



sterile chemical peritonitis with icodextrin: clinical presentation,

prevalence, and literature review, Perit Dial Int 2002;22:534-7; and Gokal
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1991;63:211-7; Taktak YS, Selkirk S, Bristow AF, et al: Assay of pyrogens by
interleukin-6 release from monocytic cell lines, J Pharm Pharmacol 1961,;43:578-82;
and Fenmrich S, Fischer M, Harting T, et‘ al: Detection of endotoxins and other

pyrogens using human whole blood, Dev Biol Stand 1999;101:131-9.



Meager A, et al: Detection of pyrogen by cytokine release, Lancet 1988;
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parenteral products are effectively free of contaminating substances.
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contaminated with a wide variety of micro-organisms. The inventors have
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The later organism is ubiquitous in the food ind&ust%gartifularl in acidic
prodysie @igeaiuralcom@n are contaminated with a wide variety of Inicro-organisms.

The inventors have found that some natural products, such as corn starch, contain an
acidophilic thermophilic bécteria, such as Alicyclobacillus acidocalcdariuos. The later
organism is ubiquitous in the food industry, particularly in acidic beverages. It is the
alicyclobacillus 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 gener-al 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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the glucose polymer-based solution to provide the peritoneal dialysis
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cascade. In an embodiment, the serine protease cascade includes a
cascagfophenol oxidase cascade. In an embodiment, the reagent is derived
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ng/mL or less. In an embodiment, the glucose polymer-based solution
the rgageBties an icodextrin. In an embodiment, the reagent is added to the
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polymer-based solution. In anothéer embodiment, the present invention
ng/mpreviges a method of providing

In an embodiment, the glucose polymer-based solution includes an icodextrin.

Tn an embodiment, the reagent is added to the icodextrin in a raw naaterial form
that is used to make the glucose polymer-based solution.

In another embodiment, the present invention provides a method of providing
peritoneal dialysis to a patient. The method includes preparing a peritomeal dialysts
solution utilizing a reagent to ensure that the peritoneal dialysis solution has a
sufficiently low level of a peptidoglycan so as to prevent peritonitis in the patient; and
providing the peritoneal dialysis solution to the patient.

In an embodiment, the peritoneal dialysis solution includes an icod extrin-based
solution.

In an embodiment, the peritoneal dialysis includes an automated pertoneal

dialysis, a continuous ambulatory peritoneal dialysis and the hike.



peritoneal dialysis to a patient. The method includes preparing a
peritoneal dialysis solution utilizing a reagent to ensure that the peritoneal
dialysis solution has a sufficiently low level of a peptidoglycan so as to
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perignal. daiels solulons, Anotner advantage ol e presert Iventon o,
can be used to minimize the contamination of peptidoglycan in glucose polymers.

An advantage of the present invention is to provide improved peritoneal
dialysis solutions.

Another advantage of the present invention is to provide improved methods for
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 present invention 1is to provide improved testing
procedures that can be employed to prevent peritonitis in patients that receive
peritoneal dialysis therapy. |

Yet still another advantage of the present invention is to provide an improved
icodexirin composition that utilizes a detection procedure in the manufacture thereof to

determine the presence of peptidogltycan.



~ + 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 present

invaxdtitivistdeatovis e pubaath pestinl ther prestntcsthai @anrb e dasyribyddin,

to.prevent peritanitis j ients that recei eritoneal.dialysis therapy.
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figuiggproved icodextrin composition that utilizes a detection procedure in the

- manufacture thereof to determine the presence of peptidoglycan. 8
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Figure 1 illustrates a correlation between IL-6 response in a PBMC assay
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_symbol and line represent data from a single donor. Figure 2 illustrates an
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Figur tes frequency (%) of tic pefitonitis reported with use of
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ofrélgs\{ention generally relates to the detection of gram positive organisms

and fragments thereof. In particular, the present invention relates to

meffigus dridlegratss sitieftschaf eeppidyeiiveanetn diioh iof he petbgiyerirfinid of
rats_peritoneal dialysis solutions. The inventors have surprisingly discovered a

novel cause of aseptic

Figure 5 illustrates frequency (%) of aseptic peritonitis reportecd with use of

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 compositionﬁ that employ the detection of peptidoglycan in peritoneal
dialysis solutions. The inventors have surprisingly discovered a novel cause of aseptic
peritonitis--aseptic peritoniiis associated with gram positive microbial contamination
of a dialysis solution. Peptidoglycan is 2 major component of a gram possitive bacterial
cell wall and thus. can serve as a marker for gram positive bacteria. Im 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 icodexirin-based peritomeal dialysis
solutions is believed to be the largest adverse event reported for a peritoneal dialysis

solution due to a contampinant of microbial origin. Based on the experimental



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
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. able Oof produci linic Icant Inflammagion
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a fur, evel of testm .to effectiyely determine the, efficacy and safe u
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pr&ﬂa@mcumgaqam@émlﬁyﬁpﬂmmmg&sma chatdinatibsewaton of
recognlzed a roblem because perjtoneal dlal is exchange
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- cet uramlc cid and acetyl D-glucgsami Sld sslinked '

O DR COR o B SRRl AT B TR N RSl

pr@fametleﬁ & m@ﬁfa@bﬁoms@@ym@ww@g@twmmam&@ Igfeeg reRize, J
gae, J En c}?é%%n Res 1996:3:437-44. The glycan b kbon

A P o e (e S e e

whéasys Peptideghyéan 0esdsiRking the sugars vary. Peptxdoglycan occupies
approximately 40% by weight of gram positive cell wall, but about 1-10% of the total
weight of the gram ﬁegative cell walls. Royce CL, Pardy RL: Endotoxin-like
properties of an exfract 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 components
.of gram-positive cellular walls. See, for example, Sriskandan S, Cohen J: Gram-
positive sepsis, In: Opal SM, Cross AS, eds. Bacterial Sepsis and Septic Shock,
Philadelphia: W. B. Saunders Company, 1999:397-412.

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

See, for example, Gamer RE, Hudson JA: Iniravenous injection of candida-derived
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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
mamioletstifidike degerdigaer hebnditdxiroRepHD 6@ ARV sérhm, Infect Immun
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Infectimmun 1993;61:4535-9, However, peig%(r)g\l;ycans are several orders
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withiglegitiefipelserSes:, (DR pleh Hendesse0B;Rmisd, Wisaadbie, the

. Bacterial modulins: a noyel class of virulence_factors which cause host

MINIANE PYRGRIES 1595RRICRTERBRIFRRS iRk Microhibekey Tds; that of

endfosifr 44 (OO 3kaRAVSeY,, Maedadtdid/MahdsrfuaiBatiid Rl Shevnsuilrav:
B a&)ﬁ/%%gen test system based_on prginflammatory cytokine release from

nTRGHEEted: BOInalss nofitAT FRAfiafPoiPteHRRY Caits sk, tissue
patBYRebangdndiActBe sRBRIERWIRERN AR sto &l RUAT dosmamsiagl 2002;

9:588-97. For example, the minimum pyrogenic dose of peptidoglycans in

rabbis PR/, il BHIFRCET OE RIGREGRY iCortiping RybEaRe oy safety of
par@XRIPIBsddend RO B ReR0P8:EnW ISP PMBRAGIRIEM MRERUIN AR AQKE their

class of virylence factors which cause host tissue pathology. by inducing .

stepkiactth SHLIR EEHER By R B Do 8- B s Lt éodh oubation

ten@Reenee BERYEOgEGSTINtAMG Wb shansrinspietiatiRarentend growth of
products are generally defined by Pharmacopoeia tests to determine their

thegpanml e aeidrRitiadr e nerBiEms SRR e T RSLe Sl aF i anthat
regifies Ratiapidtenyaeiai LRIbaWeRA 2enpefantBese HeHHDOPERbre, routinely
emg Dn;iééioggtg%i%ge éﬁ&%ﬁ’é’ ‘and the supporting assays may fail to detect
microorganisms that do not grow under conventional conditions. In 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 dlicycclobacillus 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 o (1-4)

glucosidic bonds (>90%), while a small fraction (<10%) are linked by « (1-6) bonds.
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thermophilic, acidophilic microorganisms such as Alicyclobacillus
acidocaldarius that require an acid medium and elevated temperature for
growth. Therefore, routinely employed "sterility definitions" and the

Mdeppartingightajistriaytitail tof dﬁmﬂxmﬁrwgmwtﬂo Bel P&heation

R B LR B . e
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cmmgmﬁwmamm@gcnpnon of the investigative findings are
prov embodiment of the present
|nvent|on y way g%iexagn?gfﬁgﬁ\%}b\%i#out limitation: CHEMICAL AND
PHYSidysat¢N ¢ESTICATIONS Treenmajoiitytof ghreospahelerules iftodexirin
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SXG%%U %(t(rgﬁ%%wagst s%s%é%l ﬂc ga?‘ﬁli(’ ?fgﬁ%‘nc gg&’?ﬁ#?%‘ p%f‘&,ggﬁoﬁﬁmp €
Butk?@l&ﬁe Hivikdski6; \%Imlihp rmnmxrﬁmpdﬁtmmﬁww&mdélﬁ{btabohtes

erformance I| ud c romat and mass spectroscopy. DIALYSATE
in ) X Pk SRS AR aection,
J G{n'ai;tzzmgfoB |¢Bﬁéﬁﬁm3ﬁﬂélab75ﬂt§$cﬂﬂ@ymdﬁ%téﬁiadrm%@ Nxanél performed

ctive pyrogeni ne L 10 and TNF-a). lcodextrin

m@neeg:‘a%q‘?gg Wear‘%ngsgé%é 5}%[?“8 ﬁ@éeénlw AipR dppsurements
.wemmnawgmmmmmmmmmmé@paﬁ@me, for example,

Burli%tR irect determination of polyglucose

meta o&%&% 5#5%@%®£change chromatography with pulsed

am pEndmemm: deiectioiion) ﬁﬁw&ﬂaﬁﬁﬁ SHE9F; @&3 SherhintdBycefideiapint
ok rotein an swer%p rformed ﬁ%ehr annheim/Hitachi 911

eﬁ?njtry analyzer ﬁgjfﬁlélg m Tusthiggnsga ot ab

VakifstiRsm $Mechsaxwhgemamh@trbﬂedi:y%§é§téﬂ H BN Qb REMeEN IS,
In: Watson SW, Levin I, 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 I1-6 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, 0’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; and Poole S, Thorpe R, Meager A, et al: Detection of

pyrogen by cytokine release, Lancet 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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Endotoxin concentration in icodextrin solution was determined by a fixed
point chromogenic LAL test. See, for example, Weary M, Dubczak J, -
Wiggins J, et al: Validating an LAL chromogenic substrate pyrogen test
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EX

=

By way of example and not limitation, an experimental procedure that ufilizes
the SLP test can be conducted in accordance with an embodiment of the present
invention as follows.

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

icodextrin is tested undiluted and has a limit of detection (LOD) of 0.74 ng/ml (the
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reaction solution can be measured by a conventional method and

compared with calibration curves previously obtained by using PG

standard solutions with known concentrations to determine the amount of
lowk® . dattminhlevetyndaid possihl e dipkhedppadinme sochthat BMTRANEAL, is

required for the activation of, PO depends an the concentration of PG |n
et e, B 8 Rt R B s R R oot b the
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value o th%]a?f)éjgélgt& reaction product generated by PO is measured. By
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orrwag)/x%% &xa pl& an Hotimitation, an experimental procedure that utilizes

the SNPMadt SaHIBEEonducted in accordance with an embodiment of the
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Pepriadwiglyciheleawedften Staphderticnis sestes (FuintBechnoldms laditiaedsota,
d tion (LOD).of 0.74 ng/ml (the 13 Igwest detectable. standargd point).
R S A s AR
saciifiorsfer andnitigafimithamétsixpiatititah cadisedsday terpratiesise efliected by
: electrolytes. The sample dilution.step re L%Ifgjg'aLOD of 7.4.ng/nil after
- detiriumng T wetehl s ek BeiiipRead haid) Wes apatsped fupapsaied cell
coulnéy eh NGk it peptito ghydamriteiapaekiiindvad TISFeiinednr-aitats.
mo%eé %4%%§gragueoawley rats (Harlan Inc; Indianapolis,
IN, ﬁ; weighing - g were divided into 9 equal groups. Each
grodfrebceiedia singldlimeapéatonaal sajectbrwideat dxtihapikédiviteRtrin
al]mg&dsgmg r idoglycan at.a dqse of 35
may Bt e R O G SE < Be W RN A B an
assFeghinplbgiviern, Bateloglycan level and the incidence of aseptic peritonitis. To
accumulate sufficient complaint frequencies to effectively display complaints per
million (CPM), data were classified into peptidoglycan level in a log scale, namely,
<4, >74-15, >15-30, >30-60, and 260 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
mulfiplied 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 in 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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FL, USA) was used in these experiments. Six hours post injection, the rats

were sacrificed, and the fluid in the peritoneal cavity was quantitatively

collected by determining the weight and volume. Peritoneal fluid was
waanaigescfoahsante dte disblbatowntschnd yidfetentlalaouriis distpapre@dingounts

o PR At oD U EAUR P PP s oLy, and

a oh severaf hun ches of icod
madfepliaeiurethdetemaophily)2UdlilenbaSentd misoalik? tivereveasalpzdunge in

determine an association b ti | | and,the inci
EE R i e R R
weﬁffﬁﬁzhi%m@“@ﬂl@ﬁﬁammﬁhﬁﬁmwaﬁlwﬁﬂﬁ?M}timm{w?réwlh&alfmh%@m.
peptidoglycan level in.a log scale, namely,- 9.4, >7.4-15, >15-30, >30-60,
AT chpiesd HigAR TRV L R RaBRG R Tl S TSt A s
rest@teglaintmand teptidal itkaiit werecealedlateB AMEER PVHEAMEBAIJARE
r ted as the total lainis divided hy the tot it I
O RN ibh R SO & BTN TERALSbige AL AR, etches of

icodsga9s heepgoomtion between CPM and peptidoglycan level. The

statistical lys] I I MOD
A T R S S R S TS B epors
receiethikive ghethiz 8 AXT ER#EN IMed R EnC ORPQRATIORNEs ylobakches
harmacovigilance system in.2000, the frequen number of complaint
W P B ATESTE R 100 57 B SR e i S SRR Wetane
distrhisuei omast dcaidadyrinpeesne brarehortedfgdsessidie ®@ohds ampeade volatile and
frequency of 1.04% in _March 2002..T tients were rarely febrile or., ..
e A A BTG T B RS o L ATE Pitonitis
andliglysatavtassstoimsdaniicellivassvithindialy satatse lAdbuntstivargmmgpoents of
300 t0,3500/mm3 (variable percentages of,neutrophils, lymphocytes, an
CORR B RECTh b O ke DAL Soromanger s, Gduct
spadfatiaige imdulies tiredio Ploarpedtpoei gendwdbility for small solutes.
Bloo ' ipvariably negative. Antibiotics were
varia%%%?gﬁﬁmﬁ%z%ns All clinical signs resolved upon
~ stoppingredaexinviticoime Bade sonusatntivnweies rebssried, dhdhesepiysate
crionis6c TER HEALTHGARE CORPORATIONRitiaie¢25000
Efggﬁﬁl rﬁ)tg%/%v%r%v%ﬁe é?@%@&%‘% %%red‘#&%che@c%éﬁ f q
versus 59 pg/mL, respectively). An increase in protein concentration was noted with

the complaint sample compared to the conirol (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 produet limit (< 0.25 EU/mL) as determined by
the LAL test. In rabbit pyrogen 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

15



}

icodextrin in May 2002. CHEMICAL AND PHYSICAL INVESTIGATIONS

OF ICODEXTRIN Extensive chemical and physical investigations of

recalled icodextrin batches were performed. These analyses did not
galfeahamndifaienaesdianalacwiar waighhl distdbitipamiricadediin complaint

percent branching of glucosidic bonds, or trace volatile and semi-volatile
bat@?g&ﬁﬁﬂmﬁ?églﬁbﬁ@éﬁéﬁﬂ%‘%ﬁ% A8kl lbslPWith aseptic peritonitis

and $h@ge; AL 3SSQEIRd W IBRAvEIE el RiGRLeYRIME AU Rl W codextrin in

components of complaint batches of icodextrin-containing dialysate were
theyRBMhesbia Sheamaioms Hrd meromse A PHEHAR b0 pe/mL is
coﬂﬂ%g&{qsgﬁi&e?ﬂggﬁl%%&g ANALYSIS A marked elevation in

IL-6 concentration 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_noted.with

TeshSagopiplaint sample compared tolfaeciieol (P3G 2dersustompr 011
mg/dL, respectively). There was no &BfEFence |n icd#5kn and its p&/mL

ColE AR SR guCOSE polymers With deggee of polymegigation from 2§y /)
Mﬂﬂﬁoﬂnnl samples.These results.indicated that
Popigivieele a8 xtrin nor its metabdites WeP80the Ijkely aPRR of dsepthd000
Ne%gﬁw@&&a«uum ANALYS[S OF [g@DEXTRIN Efdotoxin levels 5

all the icodextrin samples assocjated with aseptic _peritonitis were found

Icodep&rinitRprtrempiidRidt limit (< 0.25 EBFAIL) as|deterdifed by | the LALO

Ic&ﬁékﬁl‘ﬂl r@,gmpgyﬁ@pen tests, thete wasg pggncrease myw@@perature ng’yo
either_complaint ar non-complaint.i j V- 1 o W

ICCPﬁE?‘éH@é‘-‘IﬁIIHPJBiP&ponse in thelin vitfeBBMC assayé’v%gg observed ViR

DR GARRIY: LHpEIAINING  §300alysate batcizes andithe 1,600
Mmmmm&ture the-complaipt—batches-of

IeodexBRasMumaRIsEA @ustrated in Tabik 1 below: T;bqgl: IL-6JrI(::;;)c\)’?1%%

Gombiﬁﬁ%laint and non-complaint batches of icodextrin in the PBMC assay.

In this assay, an 1L-6 response of greater than 500 pg/mL is considered
2 POSkY5 DYGOSIIG SSBARGS - HESHRPURIE DRRIEREAP B AR e
experimental product, “Glucose containing standard peritoneal dialysis solution

The IL-6 provoking substance in the complaint samples was unaffected 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, J
Immunoassay 1999;20:79-89. 1In a filtration experiment using 2 30 kD molecular
weight cut-off filter, the contaminant 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 LPS, 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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pg/mL pg/mL Pg/mL Control Mediums 45 24 50 Positive:Control 12,000
10,000 10,000 Negative Control 130 92 150 Icodextrin (non-complaint)

330 350 110 Icodextrin (complaint) 5,100 7,000 970 Icodextrin

(compiaihtyid 208420 (hvA0relt oetmtteih banhasatd ied depimip laidiyHeB80Rat 41%

780 0 Icodextrin raw material (non- 91,100 130 compjaint) ' I
of R RS et AT L0 RS, il WA e oy he SLP
aseagpeiinpeidiadipradueincailtetsascantgih fiognstirdase it dienlodialgsig/mL to
olutjon The IL-6 provoking substance in the complaint samples was .
30 Bk P o B AL R R T T feitoeat
- andP&rifigeafonexamplecboddgicd] Jokagigaticanies theebfabnee of fastidious
"~ Differentiation hetween epdotoxin and non-endotoxin pyragens in human
OgRA EoR S o DB Mo AL Eoha) B Contaminated
witlhmanahesayphdeg; 2@ I8 dshilie,a fiitatiopesifes mertauging afidlobacillus
lecylar weight cyt-off filter, the contaminant producing the .
oGRSy (SRGHGEA IS BB SOU5 L BrG AT & BrRlifegtyean.
Heatggesieg b direlreutatvidighs ehpirdsubsianser wasPRodddt einliiges the

than icodextrin. The negative assays for LPS, but positive PBMC IL-6
el BT R R CRRIRE R AR S e RS ARG ves found

betRBeaNEGiREE1pyEA dendiontasitRR A ieadl ekl iMra/epiaseldisesitd in the
%ufacture the final erétoneal t(ii?iglysis oﬁutiqn. PEPTIDOGLYCAN
FRMD fiiteR ORI LBEICAL RRIAIS S8 ARG AR ith6r YePe FAFPRASEdtRs seen

baweRiiedbRats Resekinade tipd adicaiadwiak 44 Yepatit@atches were
contgmgg%%ﬂdqglycan that was detected by thg SLP assay.
Pepti rations ranged from the detection limit of 7.4 ng/mL
to 3(thagafitctBedaiseativei ol fadiuis widtdonextripefrodo ghatiadixiris  was
oG I (Y —
spedflextiin Wereitodagitn bevaorftemmated Total protein, white blood cells and
neutrophils were elevated in the peritoneal fluid of icodextrin + peptidoglycan-treated
rats compared to control rats that recetved icodextrin without peptidoglycan.
Infiliration of neutrophils in peritoneal fluid showed a dose dependent increase with a
NOEL at 100. ng/mL (See, Fig.2). Both inflammatory cytokines showed dose
dependent increases with NOEL values at 10 ng/mL for TNF-a (See, Fig.3) and 100
ng/ml. for IL-6 (See, Fig.-4). The‘lowest NOEL for peptidoglycan was for TINF-ot
response which was 10 ng/mL. |
CORRELATION BETWEEN PEPTIDOGLYCAN AND ASEPTIC PERITONITIS
A positive correlation was found between peptidoglycan concentration in
icodextrin and CPM as illustrated in Table 2 below:
Table 2: Correlation between Complaints Per Million (CPM) units sold and

peptidoglycan concentration in icodextrin solution

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

<74 2906643 53 18.2
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with a thermophilic, acidiophilic, gram positive organism, Alicyclobacillus
acidocaldarius. Alicyclobacillus was the source of the contaminating
__peptidoglycan. Heat and sterile filtration procedures applied to the near -
>T.4iral product eliminated th&3b&k%eria, but not thé peptidogycan 12.0
contaminants. A positive correlation was found between!peptidoglycan
> 13evBR in icodextrin apd théwﬁﬁespcgse obséfved in the PBMC&ssay

(See, Fig.1). Substamtial variability in the IL.-6 response was seen
> 3beffeen donors suggestirdp d33thge of sensitivities to peptidoglyché
ANIMAIL STUDIES The effects of intrgperitoneal administration of
26theptidoglycan in rats|was 4h¥828gated in ordef% establish a NGEB-OThis
| : list | fication for ichdextrin

manufacturing. Total protein, white blood cells and neutrophils were
eleyated in the peritoneal fluid of icodextrin + peptidoglycan-treated rats

comparERtPEL NS AtEliaat (CdbdiGiestih WithotpRptfdogs chs. total

coniﬂﬁﬂfﬁ&iGﬁ/i_?feﬁ%ﬁ&%Qﬂ%iﬂzﬂﬁéi@ﬁﬁmﬁﬂi%%’%ﬁ@xﬁ%&ndependent
increase with a NOEL at 100. ng/mL (See, Fig.2). Both inflammatory
cytokines showed dose dependent increases with NOEL values at 10

ng/fThdobaEbline (d, Fias3) &g 10@nngaplidkertjcef (BeelsFigesd. Btlew the
e e C At S
leveRERIGO RITLE 14 positivetaothaiati@nngasiio e betwdetionehtitagly PV and
DRI BRI BT TE L Milion (PV) units sold and

pepid GG OF ceRRRIIThHBRIDORKTR BOLLIOW PR (IRIANRETIT (FATGLION

oS, RSO SR Ao L
of i03lSBHIB @B16 Al BGI0pEDE RE3BatCH mplansm Paldy iHbh {@RI) as well
as ANIRSRIE YRR ST RUEA AT PSIRBb otycan at the time of the recall. In addition,
an internal regulatory specification for peptidoglycan below the detection limit of the
assay (<7.4 ng/mL) was implemented for product Telease. ‘Routine, .serial monitoring
for peptidoglycan and thermophilic bacteria was impiementéd. 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 incidenée rate of aseptic peritonitis by month beginning
Séptember 2001 to January 2003. The frequency of complaints has decreased from a
peak value of 1.04% m March 2002 to 0.013% in January 2003 following the
implementation of corrective actions. The number of patients using a commerciallys
available peritoneal dialysis - solution known as EXTRANEAL from BAXTER
HEALTHCARE CORPORATION during this period remained at aiaproxﬂateiy
7,000. These results suggest that corrective actions have been effective in preventing
excess complaints of a,septic' peritonitis due to peptidoglycan contamination in

icodextrin-containing dialysis solution.
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corhplaints divided by the total units sold multiplied by one million. The
baseline CPM was 18.2, when peptidoglycan levels were below the
detection limit of 7.4 ng/mL. In contrast, the CPM was 252.9, when

pentisopfrenflgvaliWREBEAUR! 1QREGICARIHRAM 60NA Ly TR thods  and

association between CPM and peptidoglycan was highly significant

compRsyinne 150 el CIFENC the rlgtegtion | ¢ fp ptidsrivnar FoLpoiamed  dialysis
soluaR R W W GLIAN: 15 Man<80% hE Bs"f)'éﬁtﬁi@’g'g?@ﬁg are the ma;j or

CORPORATION recalled all batches of’icodextrin contaminated with
cell ywplldeempesmcat LEcHeBhRAMIEYS 10 sliFS as elbisstaganls pratideglycan

detde@bassayer fe&e&v&@@%&m&%ﬁ%@%@%&ﬁ&&“iﬁn@@%@“ﬂmﬁ se_the

Jinternal regulatory specification for peptidoglycan below the detection limit
perifng é@é,wwp?ﬁlﬁ@% L§%ﬁs%;§|@fﬁmﬁ§d dinlyrisdselutionsstaReotiten a
emcREBLmAHoR AL RSRURal Gaa @pdihermophilic bacteria was

enen

imp ted. The peptidoglycan concentrations in all the recent batches

maHufeiifebhappreeiate ot compesiivign MTiootthelBlmisestlations and
metff8s SRt FAthihif Slgitiegageatnihe %@Mﬁe@aﬁﬁ? iali?arggag ¢ in

incidence rate of aseptic peritonitis by month beginning Septem
a-cc@&iaa@mmﬂz@@aemhemémy@ duRspRiiiey tiotleclsaseinbadinent, the
predeRtnVRINRP bloOtia B MALL 003 ,%ﬁ%ﬂ%ﬂ%ﬁéﬁr}’eggggﬁj oy B8hitic

the implementation of corrective actions. The number of patients using-a
thergenphiiec RUBANISS AsReTsknie te aitandirdispsohstdorekraswreasribed in various

afGl L P uri S .

Fh perio reméingg‘%ﬁt Faﬁpro%é@e%é l‘—17;[0@(.‘%(:) iﬁéﬁgﬁﬁ%%%"s%tﬂg& ng m
addiimetoivdadrsiechdoe beetariffeiagmmisrdyeditaytioncesspeptifigiptsrs as

preﬂﬁ&ﬂ%&%ﬂ&%‘&is due to peptidoglycan contamination in
icodextrin-contgiining dialysis solution. 18 As previously discussed, the
prebe At imbatonaalates nocasathibventind prompesiticthedsdoempiofathering a

B g e e BB e T S MRS L8 Bl of
Procesaip® Rtagesf gien pasihiie.ohsapioness inthidaegerdiduepidglyammpolymer,
e e Ao e R O L Wine
wimham#&ﬁlacm@egp@tymm@mﬁmq igﬁdga(tnnpﬁlddgh@ﬁneand using the
gﬁxcose 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 peptidoglycan 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 sohitions.
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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It should be appreciated that compositions, peritoneal dialysis solutions
and methods of manufacturing and using same can be provided in any
suitable manner in accordance with an embodiment of the present

in ibvBntiatenin AfoedtidiRht, dhigtlpde SERRITENBAIDrOIMeY BISOSOEUTION

R Ef b BUEK it h VAL . CERE TS, entied

“PEREMSEfio TAA THEI Sy paNih teiMPCETHEONE ZRORSIEsEAdEERIEYSTOf 3.

rli e o eyl e e

FORVEREOTHIERAIBE yeNiD A3, Sorrment 616, 2B e BQNaak BB MSIE THOD OF

P A S BAL TR NG R e R SR e o

displolyrmsrof adblioky i thajyenitie i arg | irespopalyi e where R MenRadealiB onal
capable.of reacti [ tidoglycan; determining an amaunt of the

th
B e R e
Patelintlysiplinitidenil 6/ 3E1@6inesinal BIOTTEPT o terghoittes FLUDS

idaglycan is pr in the glucose polymer. If the amount
COE%%yc%%ﬁﬂ%&c@ fiits M&h@s 0088 rodh gL diatent
Apkﬂ‘sm_tiblael HlacoL 2051063, Caﬂa@@e&l rmﬁmmﬁﬁg _tQDEI@U%SI\@léhe?o];UTION

i a ] in order to achieve a sufficiently low level o
O DL DR R Siete Sochrtamptablioos, he
disclesuneyr .o ahimbadimnenteiieegluses e:pehotaTa AeRPHIC RIS, an

suitable number pe of separation devices sych as an affinity

emfadiment, mffrw?ﬂ%t SO HARS RARHE TSR ANBA T RS RIS TER

HEMAGARBSCORPOR AGNOBEErRAIVBEY mompRafinnsibalean be used to
pria&r)e eritoneal dialysis solutions. A variety of different and type of

co iR RATLSRRioHE RRTETMinPEerHeR dnPRdssipethots e arapising
perihméypaighempesitignsantheoldlionsian SpReicHR Aeloned AR 9hSated
Pat%té\.l?%?émc}ﬁ%?, entitled "PERITONEAL DIALYSIS SOLUTION
PeriQbRAT AIRTNE: CRAREESHNYR ARSIy RiEikesct) $alysiethapatient performs

sevérEiSEABOf e iR HRERVERN Bl B b M55 N mBMPARIT RN Fmes per
E THEREIN"; U.S., Patent No. 6,077,836, entitled "PERITONEAL

a3 R C G SHAD FPELepe el absh sl ks abort. Four

houratent No. 6,248,726 B1, entitled "METHOD OF

Automated peritoneal dialysis is similar to continnous 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 perifoneal dialysis, an automated dialysis 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 solufion 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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PERITONEAL DIALYSIS USING GLUCOSE POLYMER SOLUTIONS, the

disclosures of which in their entirety are incorporated herein by reference.

Additional examples of compositions and solutions containing same can
trafiyéecapt beafbvein dowind. SndP atestA prlicativoniN dhbOf3R2i4R 64 binidtadam o the

. BIOC PATIBLE,DIALYSIS FLUIDS CONTAINING ICODEXTRINS, .
a8 SRR S 3602 S SO A S AR OAES, abst acpine
so Batitiesl dibisiE QRHAENDOALFS hS 1St d AT NJI@@N@NNMSM@@&E@O the

. JCODEXTRINS, filed D ber 4, 1998, t discl f which i )
ialyR BRSO AT S o B ALRRS: 1 Fosihe e Chgysis
syspeefilteneal dishbisaadl siguencallynslucss EXIRANEAE byridnédiEdvity, allows

EALTHCARE CORPQRATION or suitable madifications thereaf. In an
for R E S FHERS RELALET DR PETATE SR B AR G SRR

periw&&uﬂs&wﬁ?ﬁﬂmnﬂw%ﬁmm&at@{)mrze;r'gqneaisiwlﬁis aftko, a
utomated peritoneal dialysis. In continuous ambulatory peritonea
R G L e R R AT ——

whibk ﬁm/mh 'i@l l%jﬁ&ﬁﬁ]ﬁ&ﬁxmf ” bﬁz&gytbflllﬁfe @ﬁﬁdﬂ%ﬁfﬁ?ﬂlﬁéﬁﬁﬁl@ﬂ@ﬁis@ﬁﬁ&ﬁa from
which jncludes a draip, fill and dwell, takes about four hours. Automate

mﬂp‘@ﬁi&ﬂé&?"&@%ig%tgﬁrﬂ% 1O U TRAL eama%&%aimﬁe&am from

havinthas therfialypipdraastment inglidessaraind fillllandpdVmiig¥CiBe day. In an

However, a dialysis machine automatically performs three or more cycles

emBpAIRTEh ARt aRRIe PREIAR S CRIRIAIRAB RS rRGHOTRRE Ricsitrng an admix
desleepssibfith aytomatea-peritpnaak dEUSEE anHutopierFlialySiSAT THCARE

machine fluidly connects to an implanted catheter or the like. The
RfsFuLi tigileEsMnects to a source or bag of
freshiiglysis Soditien:a Mt bt Bralfidhendialisisanashice RiRRDe if a
spent dialysis solution from the_peritoneal ¢cavity, through the catheter, to
Perﬁ{éﬂa%inélﬁﬁfélaia@;&mcmﬁghm@% pBRpiCRESERaRSRI s ekl opcludes

pepfi@oiayse HBEueBehe. qathe iaRachintio e P giaRIS e ANER N fYat uses

The_automated machine allows the dialysis solution to dwell within the

sarpe, ifhe PEFSRHEVSBHPR RGPS didcTiRmBTaRp el St ey #isiBeRE such
2 1RANGH 8l00d StFeRaN taTRRoAIRINEHa8 ONMIOAC A ARID BEP oA COTNRHERMIA be

controls the automated dialysis machine so that the dialysis treatment

PRERRe L e the SaipNPR PiPeefRif e SBE Aubahany 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 the 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 mulii-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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dialysis machine, for exarhple, when the patient sleeps. In this regard, the
dialysis system automatically and sequentially pumps fluid into the
peritoneal cavity, allows for-dwell, pumps fluid out of the peritoneal cavity,

andAeptatsithel praekduie peeyerasitaifiohl, ant siwtiaielesosiilqagyratent
uring the treatment. AJso, a final volume last fill" is_typically used at the
b S RO G2 B SRR A SR the peritonea
cavity hloilld patiedtwioes the patient diseppRecsts Kemfitagaiatysite presently
achine for the day, Automated peritgneal dialysis frees the patjent from
PrefeRRh FTB RASHRER PeRtHRT e i |,aanmﬂr§9e§)@a%ﬁ'f%f?ﬁ]é Ky art
Sudf) @uarebedimenti felosmateshpsitnnge| THahows danke P eréeined it and

utilizing an admix device, such as ADMIX HOMECHOICE hy BAXTER .
SCORFEOK| the BIeEE! BYSIBBEIRERT IRPOPE ditumishrife Aicndethatyaptigesn It is

theRBbodimsidednBdranpnéiareaiianPiauiias-Aitest te delersdng ifid appended

peritoneal dialysis solution, such as an icodextrin-based solution, includes
CL"“B%gptidoglycan that exceeds a level sufficient to cause peritonitis in the
patient that uses same. The present invention provides a detection
protocol that utilizes a reagent, such a reagent derived from a silkworm
larvae plasma, for such purpose. 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 the 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 ofa
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. 21 As described herein, all patent applications and publications
including patent publications are incorporated herein by reference in their
entirety.
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It should be understood that various changes and modifications to the
presently preferred embodiments described herein 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 glucos%ﬁgimer in a powder form; b)
performing a modified bioburden test on the glucose polymer to detect
contaminating Alicyclobacillus acidocaldarius; c) preparing a glucose

1. Rohamer seluign: ieing ihe pRERI A the ahucaseopglyeies; d)
g)terilizin the glucose E%I]y)mer solu%\ionf' %adding a reagent derived from

iIKOY Tl ffﬁ?fs?ﬂ o thsteniized glucose polymer solution,

wWhereiorthie yeagyahifiés hectotivenwdth pehtidblysarntonteterdeipg eontaminating

peg;mgjgg&q@ggg%g@g%@nd f) using the sterilized glucose polymer
solution to prerare the dialysis solution if the peptidoglycan concentration

i I EEttohE 2BbIRT SNG I BINB L Do ISR s sy Rolymer:
wherteifithhe reagtionswithi theredgant;initiates a serine protease cascade.

3 E%ﬁiﬁ@ %%%e% glain 2 haiein e SeHns: '%95‘%8‘%&%%?&%9@ g'ﬂlsd&g%%%@mer

prophenol oxidase cascade. 4. The method of any one of claims | to 3,
wheépéiHahe PeistiiIbg iFasrrErisanty s ReRIBtleHYiARE By e metric
megpspiemsRinTorbefaethoghef any one of claims 1 to 4, wherein the
§‘°ds‘£‘1e flidbutden testinclydes. teating for the Alcydlabaclius: o it me
cidocafdarias & aTJP-f of RS ITaR abolt BT The Method of any one of
claipstideeb covtrsmsipntist o sdifisanbissuederibest ifagdestissting for the
Alicyclobacillus acidocaldarius at a temperature of 50 C to 60 C. 7. The

method qof gny.one of claims | to 6, wherein the glucose polymer includes
2. ic a%)}(.?ﬁ%m% gf claim i. wherem the reaction WltL %’lg reagent E’l][l)él[es a serine protease
cascade.

-~

3. The method of claim 2, wheremn the serine protease cascade includes a prophenol oxidase

cascade,

4. The method of any one of claims 1 to 3, wherein the peptidoglycan concentration is

determined by colorimetric measurement.

5. The method of any one of claims 1 to 4, wherein the modified bioburden test includes

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

6. The method of any one of claims 1 to 5. wherein the modified bioburden test includes

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

7. 'The method of any one of claims 1 to 6, wherein the glucose polymer includes

icodextrin.
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23 8. A method of testing a glucose polymer for peptidoglycan
contamination, the method comprising: a) providing a glucose polymer in
powder form; b) performing a modified bioburden test on the glucose
polymer to detect Alicyclobacillus acidocaldarius which is a source of
peptidoglycan; c) preparing a glucose polymer solution using the powder
form of the glucose polymer; d) sterilizing the glucose polymer solution;
and e) adding a reagent derived from silkworm larvae plasma to the

8. stemmpBadghicEsdscly BieossonrgiReimife iRt ARt eGSR AR Withmethod

compapkidoglycan to determine a peptidoglycan concentration in the sterilized
%Ilucose. .o%m r solution. 9. The %}'}O%Qf claim 8, wherein the reaction

iththe reagent mitiate %}‘%é‘?iﬁg\”ﬁrotégsé cascade. 10. The method of

tlairpedomhegeimiisbisd i prsicliseosdbe alstpe hidesc orépe@dndloyclobacillus
oxidasg.caseate whlchlibe meathed pfmayoneof claims 8 to 10, wherein
it;ge e tidogly(ian concentration is c@terminedg : colop etric _
R TIREAE 1T R YRS B B BB T OB 1 GHresRehares
dnosifié d-vipburdenaespinchedesiutestirrgdor the Alicyclobacillus
@Cﬂﬁﬁ@%%y@ﬁt &1%'@@%"@?%&@9@*%9%@ &agrﬁa g &%@%@%QQ&Q '%Siymer

of claims 8 to 12, wherein the maodified bioburden test includes testing for
the IR0 MMt abitotaRRTUS alATERpETMtuRFBR S8 E°tH 6 Clefgmine 2
The¢peibeldhanyceneobclaims8:i0id3, avhereipptheglsdosenpolymer
includes icodextrin. 15. A method for manufacturing a dialysis solution,
the method comprising: providing a glucose polymer; 24 performing a
9. rhRimedicHasn te 306 thEgIFASEEDBINNEE taFsTe AP EBERAMIRERRGTOtease
casdlieyclobacillus acidocaldarius; testing the glucose polymer with a reagent
derived from silkworm larvae plasma, wherein the reagent is reactive with

10.anphpepiidoglycaniin theighito se petiruerde determide iscpeptid pabytanc!
: oncentr%tion; and
OX1G4asC cascade.

11, The method of any one of claims 8 to 10, wherein the peptidoglycan concentration is

determined by a colorimetric measurement.

12.  The method of any one of claims 8 to 11, wherein the modified bioburden test includes

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

13.  The method of any one of claims 8 to 12, wherein the modified bioburden test inciudes

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

14.  The method of any one of claims § to 13, wherein the giucose polymer includes

icodextrin,

15, A method for manufacturing a dialysis solution, the method comprising:

providing a glucose polymer;

24



using the glucose polymer to prepare the dialysis solution if the
peptidoglycan concentration is determined to be about 10 ng/mL or less.
16. The method of claim 15 comprising testing the dialysis solution with a
reagent derived from silkworm larvae plasma, wherein the reagent is
reactive with any peptidoglycan in the dialysis solution to determine if the
peptidoglycan concentration in the dialysis solution is less than about 10

”gé%ﬁf %fo-@aebmgﬁm ?és?lglll%g!%ﬁ SL%'BB%&" I@@'Efe'@@&mtammatmo

réaction with the reagent initiates a serin€ protease cascade. 18. T
Alicyasthrsillof dpifeimdgrétaims 15 to 17, wherein the peptidoglycan

CRRERPITANQN IS delRnmiRe dby, & cRlrimelis; measure melokd- Ehge plasma,

method of any one of claims 15 to 18, wherein the modified bloburden test

whefgis) b &pgshing SR EHESANE) BB AERKAO8 BiERE AldAR BLUSPSE PR BPRELS kpmine
a pepR@HI Rt 2Ghckhgamathaeiof any one of claims 15 to 19, wherein the
mOdIer(ﬂ bioburden test includes testing for, tf]e Allc |QbaCJ ﬁ? i
Al a4t ROMPSFattir €SP 86 o ’6&“321 H%“n% thisa BRAiypelyean
coné@nenfcel ansdmined @y whesein theglucoselgalymer includes icodextrin.
22. A method of testing a glucose polymer for peptidoglycan
contamination, the method comprising: 25 providing a glucose polymer;
16. péifermitigdahadifiedhioburdergtestiop thredjiicoseopolymernttoadetgent derived
rrorf U¥Slohacilus. qidacaldariun, WDih IS SoHIcR of RRRUAOOIGAR, A0, in e
testing the gluco e po ymer with a reagent derlved from silkworm larvae
dialptzsssabitiovhier dincine re ag st hsradegiveawitezasyipaistidogiye ahrinsihgolution is

lessgll,%%glgqum%}t@ gletermine a peptidoglycan concentration in the

glucose polymer. 23. The method of claim 22 comprising preparing a
dialysis solution including the glucose polymer and testing the dialysis

17. solyflonyith 3 repgentderived:ramsHkwermdabiago PRem e WBarain ithBates a
_reagent is reactive with any peptidoglycan in the dialysis solution to

seripgRPEPARTE SRIF¥ Peptidoglycan concentration in the dialysis solution is less
than about TO ng/mL or less. 24. The method of claim 22 or claim 23,

wh rein the reaction wit the reg nt ij;itlahtes a
e method of any one o aims o] erein the peptidoglycan concentration is

determined by a colorimetric measurement.

19.  The method of any one of claims 15 to 18, wherein the modified bioburden test

includes testing for the Alicvclobacillus acidocaldarius at a pH of less than about 5.0.

20. The method of any one of claims 15 to 19, wherein the modified bioburden test

includes testing for the Alicyclohacillus acidocaldarius at a temperature of 50 °C to 60 °C.

21. The method of any one of claims 15 to 20, wherein the giucose polymer includes

icodextrin.

22, A method of testing a glucose polymer for peptidoglvcan contamination, the method

comprising:



serine protease cascade. 25. The method of claim 24, wherein the serine
protease cascade includes a prophenol oxidase cascade. 26. The
method of any one of claims 22 to 25, wherein the modified bioburden test
includes testing for the Alicyclobacillus acidocaldarius at a pH of less than
about 5.0. 27. The method of any one of claims 22 to 26, wherein the
modified bioburden test includes testing for the Alicyclobacillus

acidocg.ldariu at a temperature of 50 C to 60 C. 28. The method of any
TOVIGHE & &

orie o cfaﬁms%%otsg 59 Wherein the glucose polymer includes icodextrin.
2@erforming a modified bioburden test on the giucose polymer to detect
Alicyclobacillus acidocaldarius, which is a source of peptidoglycan; and
testing the glucose polymer with a reagent derived from silkworm larvae plasma,
wherein the reagent is reactive with any peptidoglvean in the glucose polymer to determine

a peptidoglvean concentration in the glucose polymer,

23, The method of claim 22 comprising preparing a dialysis solution including the glucose
polymer and testing the dialysis solution with a reagent derived from silkworm larvae
piasma, wherein the reagent is reactive with any peptidogivcan in the dialysis solution to
determine if the peptidoglvean concentration in the dialysis solution is less than about 10

ng/mL or less.

24. The method of claim 22 or claim 23, wherein the reaction with the reagent initiates a

serine protease cascade.

25, The method of claim 24, wherein the serine protease cascade includes & prophenol

oxidase cascade,

26, The method of any one of claims 22 to 25, wherein the modified bioburden test

includes testing for the dlicvclobacillus acidocaldarius at a pH of less than about 5.0.

27.  The method of any one of claims 22 io 26, wherein the modified bioburden test

includes testing for the Alicvelobacilius acidocaldarius at a temperature of 50 °C to 60 °C.

28. The method of any one of claims 22 to 27, wherein the glucose polymer inciudes

icodextrin,



