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ABSTRACT

Aseptic drugs are often difficult to sterilize doetheir inherent sensibility to heat-induced degaion. According
to Good Manufacturing Practices (GMP), if a termlirsderilization is not possible, filtration through bacteria
retentive filter or aseptic processing is usedtrition of liquids through 0.2um diameter filters is a common
method for removing microorganisms from the drugtfsensitive solutions to obtain sterile filtratctually, final
filtration with a 0.2um diameter filter is the simplest last unit opesas in the process; however, it is a critical step
for successful manufacturing. Filter clogging castor primarily because of molecular aggregation arah result

in the deterioration of product quality and longerocessing times. This shows the aim of the vatidadf the
sterile filtration which requires many evaluatioingluding a bacterial challenge.

Keywords: Aseptic process; Validation; Bacterial challensterile filtration; sterilization.

INTRODUCTION

In the early 1900s, the first parenteral drugs weenufactured on an industrial scale. The needeamgind a
suitable sterilization method for heat-sensitivedurcts that could not be autoclaved in the finaitamer, i.e., had
to be aseptically processed. Later, filtration #move subvisible particulates from parenteral mapmns,
particularly solutions introduced intravenously,swaund to be importait].

When looking at filtration as an overall techniqueich ensures quality for pharmaceuticals produbese is only
one clearly defined and accepted level of ratifge sterile filtration[2]. According to the Food and Drug
Administration (FDA, USA) and the United States iPhacopoeia (USP), sterile filtration is definedaasominal
rating of 0.2 um and 0.22 um respectively to predsierile effluenf3-7]. Thus, the obvious objective of a sterile
filtration step is the removal of any viable micrganism that may be present in the bulk producis Ehtypically
accomplished by the use of “Sterilizing Grade” meanie filters, defined in the FDA, as those capaibléotally
retaining a challenge level of 1@FU/cnt [4]. The FDA currently acceptBrevundimonas Diminutat this
challenge level as a worst case model in validation it is also acceptable to use natural floretudlly , until the
late 1960s, 0.45 m-rated membranes were considstedlizing grade" filters, and were used sucaoglfsfin the
sterilizing filtration of parenterals. Such filtemgere qualified using 0.6x1 ui8erratia marcescensa standard
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bacterium for qualifying analytical membranes uded water quality testing. In the mid-1960s, however.
Frances Bowman of the FDA observed a 0.45 um lstéitered" culture medium to be contaminated with
organism, subsequently shown to penetrate 0.45gt@strmembranes repeatedly in small numbers ateciggl
levels above 1910° per cnf [9].

Bowman also observed that the next finer grade cercial membrane (nominally 0.22 m-rated) effectjvel
retained this organism at similar challenge levd@lfis 0.3 X 0.6-0.8 pm contaminant was identifiesl a
Pseudomonas diminutgurrently reclassified aBrevundimonas diminufaand registered with the American Type
Culture Collection (ATCC) as Culture No. 19146. §kirain has been accepted widely by filter mariufacs and
industry as the standard challenge organism folifguney sterilizing grade membrane filtef9-13. Following the
broad acceptance &. diminutg FDA incorporated demonstration of its retentiarthe definition of a sterilizing
filter [14].

The use of this microorganism provides several atgged15]:
-Originally a process stream isolate, it is therefarealistic potential problem organism;

-Generally regarded as nonpathogenic to humanspargdimicrobiology laboratories can use it withouajon
biohazard concerns;

-It can be consistently cultured under controlledditions to yield very small, monodispersed celltva narrow
size distribution. These can penetrate 0.45 mrdilteproducibly in small numbers at high challefeeels, thus
representing a potential worst-case challenge.

The validation of a sterile filter means that thedtion of the filter has been checked with différand correlated
challenge tests, and that these parameters afalaedor both the filter manufacturer and theefiliser, in order to
perform an integrity tegtl6]. Validation of a filter briefly means that paraeset are measured and given as a proof
of the desired function of the filter, which must bnked to how the filter works in realify2,13,17. The most
important factors that impact on the choice og&filand filter systems are the dirt capacity offttier, the physical
and chemical compatibilities of the filter, all &ther with the design and the function of the pssce

A sterile filter is generally intended for the elimation of harmful particles from a fluid. Simultwusly, the filter
system must be inert; the filter system shouldauat or remove anything from the fluid, even thoitghay not be
regarded as a contaminant at first glance. Thighig all the different parts of a filter system iantact with the
process flow must be test¢di8].The filter manufacturer performs such tests anuietones these tests are also
performed by the filter user. Particle release,ramtable substances, and physical as well as chémic
compatibilities, all together with absorption ofitical substances are some of the factors that ustally
investigated. Toxicity tests, bacterial challenggtd and physical integrity tests constitute otiraportant tests that
are performed19, 24Q.

The aim of this work was to accomplish a part didagion, which concerned especially the bactesfalllenge test.
The aim of bacterial retention validation studiessvto have documented evidence demonstratinghbdtltration

process generated a sterile effluent; and reliedatyoved a high level of a standard bacterium @veeit bioburden
isolate suspended within our product under simdlaterst case processing conditions. Factors patgntiffecting

microbial retention include filter type (structuréase polymer, surface modification chemistry, peiee

distribution, thickness), fluid components (forntida, surfactants, additives), fluid properties (p¥iscosity,

osmolarity, ionic strength), process conditionsnfterature, differential pressure, flow rate, pracésie, re-use,
sterilization and re-sterilization) and the spec@haracteristics of the actual bioburden in tredpct[21].

EXPERIMENTAL SECTION

The first step was to determine the most suital#éhod for performing a liquid bacterial challengsttfor product
and process specific filter validation. The vialiliest method was based on the principles destiib@arenteral
Drug Association (PDA) Technical Report n°2?] which are:

-The test organism’s viability should be verifieddiyect inoculation into the carrier fluid (produamt stimulant);

-The micro-organism for viability testing has grownthe same way as that used for bacterial chafldesting, in
order to preserve its morphological and physiolaiharacteristics;

-The test exposure time should equal or exceeddiualgprocess filtration time. The test sample lsarconsidered
non-bactericidal if no more than a one log redurctio count is noted, after the exposure time. teduction in

761



Belgaid A.et al J. Chem. Pharm. Res., 2014, 6(12):760-770

microbiological concentration of more than one isgioted, the product should be considered baalatiand an
alternative testing methodology considered.

-The challenge organism may survive in the produnlen normal processing conditions, but not for Itota
processing time. This is considered a moderatetyebiaidal product. In this case, the product cenirtoculated
directly with the challenge organism for the vighilduration (a minimum time period of 30 minutd3)is
challenge should be done after preconditionindittes with the product under process conditions.

To qualify as sterilising grade for a filter, iteds to provide a sterile filtrate when challengeth\Brevundimonas
Diminutabacteria at minimum challenge level of 1 X' GFU/cnf of filter area.

In our case, we choose to study the test produdenfimm Tiemonium methyl sulfate and which is ditezd by
aseptic liquid filtration using N66 filter cartridg(SLK7001 NFP) (Pall). In our case, it could net fossible to
work with the actual test sample, due to its tdyicabuse potential, limited supply or bactericidativity. The
simulant fluid had to match the product as closedypossible terms of its physical and chemical attaristics,
without adversely affecting the challenge microasmgm.

1.Viability study

1.1Viability Study

Historically, P. diminuta, recently reclassifiedBoevundimonas diminutéATCC 19146), has been selected as the
microorganism of choicdBrevundimonas diminuthas been used to rate sterilising grade filtees@incentration in
excess of 10organisms per chof Effective Filter Area (EFA) with testing cardeout following ASTM F838-05
test methodologj17].

It is important to determine if the standard chadie organism is viable in the process fluid for éxposure time
required, simulating the expected period of filtesse. Where organisms are non-viable, alternatigarosms or
surrogate process fluids may be recommended.

The microorganism for viability testingrevundimonas diminutATCC 19146) has grown in the same way as that
used for bacterial challenge testing, in orderrserve its morphological and physiological chamastics[22]. The
test organism’s viability was verified by direcorulation into the tested product at 18°C - 25°Gqubts of the
product sample were taken over a time period tateded the real process filtration time (T=1 ren60
minutes, 120 minutes, etc... until the maximum tint&gch aliquot was serially diluted and a Total \&aRerobic
Count (TVAC) was performed and determined using tame filtration (Pall). The filter membrane wassthed
with an additional minimum of 25 mL of 0.9% NaCl.(Mdller GmbH & Co. KG) to remove potential tesbguct
residues inhibiting growth of the test organisminigiincubation. This step was repeated using pletsphuffered
saline as a control. The filter membrane was timenbated aerobically for a minimum of 2 days att3B°C on
Tryptone Soya Agar (TSA) (Biokar).

1.2Flush studies

Performing bacterial retention testing on bactddtiproducts makes it more difficult to answer bgtrestions
relating to validation: what effect does the pracheve on the filter, and what effect does the pobdhave on flora
within the product. Bacterial retention testingfpemed on a bactericidal formulation or under ctradle conditions
adverse to microbial viability (e.g., elevated temgiure) may not produce valid results.

To overcome these obstacles, an alternate testatgoaiology is required. This may involve modificatiof the
challenge fluid or challenge conditions or a coratiom of the two.

To evaluate the potential effect of the productéess on the filter, the filter may be preconditibmégth the product
under actual processing conditions, including fi@te, pressure, temperature and time. This pretionilig may

be performed by recirculating the product through test filter in a closed loop system, or by a@lempass through
the test filte{ 23)].

1.2.1 Recovery Filter Flush Study

The recovery filter membrane was situated downsireé the test filter during the bacterial challertgst and
recovered the test organism if penetration had meduthrough the test filter, under process spediisting
conditions. One recovery membrane was left in agntdth the test product for the maximum processingg, and
then flushed with 1000 mL of water for injection, iemove potential bactericidal residues inhibitgrgwth of the
test organism during incubation. The recovery membmwas then inoculated with the test organismpdanced into
TSA. The TVAC was compared to a control.
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1.2.2 Test Filter Flush Study

The test filter membrane was situated upstreamhefrecovery filter during the bacterial challengstt If the
process product was bactericidal, then the battehmelenge study consisted of a product re-citbotrabefore the
recovery membranes were assembled. It was critieatl bactericidal product residues were removedfibe
system upstream before the test organism and recovembranes were introduced. The test filter maméwas
left in contact with the test product for the maxim processing time, and then flushed with 1000 rwater for
injection to remove potential bactericidal residudse last 10 mL of the flush was collected anctinated with the
test organism and a TVAC was performed using mengbfitration and compared to a control. The expogst
filter membrane was also inoculated with the teganism and placed into TSA.

Achievement of acceptance criteria is summarizéovib€Table 1):

Table1l. Acceptance Criteria Met

o Acceptance
Test Reference Acceptance Criteria Criteria Met
Viability Test Control Sample| Control demonstrates no more than a one log remtugticount[21]. YES
0,
Recovery Filter Flush The TVAC of the test sample must be equal to oatgrethan 70% of the control YES
sample[22].
0,
Test Filter Flush IQ;;;?S] of the test sample must be equal to aeagr than 70% of the control YES

Abbreviation: TVAC= Total Viable Aerobic Count.

2.Bacterial challenge study :

According to the PDA : “The goal of conducting be@l retention validation studies is to generasgad
demonstrating that the filtration process will dstently remove high levels of a standard bacteriamrelevant
bioburden isolate, suspended within product (oragiate fluid), under actual process conditions”.

The bacterial challenge test serves two major fanst The filter manufacturer uses it to classifigefs as
sterilizing grade if the filter provides a sterééluent with a minimum of 10 cells &.diminutaATCC 19146/crh
of effective filter surface area.

Bacterial challenge tests also are required talatdi the sterilizing filtration process of a spegifroduct. The filter
challenge test must be performed with actual prodyovhere justified, suitable surrogate fluid.

The Bacterial challenge protocol proceeds as falow

Three filter membrane lots were included in prochadtterial retention validation studies:

-At least, one of the filter membrane batch usedWacterial retention validation had a pre-filtratiphysical
integrity test value at or near the filter prodantiimit;

- Physical integrity was determined prior to chajlertesting, using water, product or other dampefiing for
which specifications exist;

-If the test organism was recovered downstream gffidter membrane after the product bacterial avadie, an
investigation was performed. If such investigatimmfirmed penetration of the filter membrane byt organism

and the filter met its integrity test specificatiadhen the applicability of the filter under thge®cess conditions had
to be reconsidered.

2.1Preparation of Test Organism

Challenge Organism Selection Criteria:

-The challenge bacteria had to be small enoughatiestge the retention of the sterilizing gradesfiland simulated
the smallest microorganism that could occur in potidhn[24];

-“A sterilising grade filter had to be validatedrepeatedly remove viable microorganisms from tlec@ss stream
producing a sterile effluenf?] ;

-“B. diminutahas grown under standard culture conditions petegtr@.45um-rated membranes in small numbers
at high challenge levels (typically > 30[22].

The micro-organism for bacterial challenge tes{iagdiminutaATCC 19146) was prepared from frozen cell paste,
in order to preserve its morphological and phygjaal characteristicsB. diminuta American Type Culture
Collection (ATCC) 19146 was supplied as a frozeh paste producing suitable suspensionsBofdiminutaof
approximately 0.3-0.4m in diameter by 0.6-1.0m in length[25].
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2.2Bacterial Challenge Study

The bacterial challenge test validates the abdity filter to provide sterile effluent in a spécipharmaceutical
liquid. It is also the ultimate compatibility tedipcause the bacterial challenge simultaneoustg tes physical
chemical interaction of the liquid product and fier, under process conditions. Any filter inadegy caused by

this interaction will be detected by the bactecizllengg 26, 27.

The bacterial challenge study was performed udinget Ultipor N66 filter membranes (Pall) from thraiéerent

batch numbers. At least, one lot number of thefikst was made from membrane material, which aiasr near to
the manufacturing production limit and was, therefaat minimum specification. The test filter meare and
control filter membrane were “Bubble point” testaek and post bacterial challenge to confirm cormestallation

into the disc holder. The test equipment was aat@d and sterilised at 125 °C for 60 minutes (LeguePressure
gauges were sanitized in 60/40 Isopropyl alcohBAjIWater for a minimum time period of 15 minutd$e test
assembly was aseptically assembled in a laminar debinet (Telestar).

For this process, our test product was directlycitated with the challenge organism at the endhefgroduct
exposure at 120 minutes to deliver a minimum chakelevel of 10 CFU/cnf of filter surface area, under
simulated processing conditions, including timenperature, pressure and other critical variables.minimize
product adulteration by the inoculum, the inoculumume was as low as possilfleable 2).

Table 2. Selection Criteria for Manufacturing Processes andialidation test

Parameters - Process Parameters Validation Test Parameters
Routine Worst case

Filter part number 2 X SLK7001NFP 2 x SLK7001NFP FTKNF*
Filtration area (cm?) 1400 1400 12,5
Filtration mode Constant Pressure Driven Constant Pressure Driyen onst@nt Pressure Driven
Total exposure time 7 hours 36 hours 39 hours **
Pressure (mbar) 200 500 500
Product temperature (°C) 18-25 18-25 18-25
Sterilization conditions Autoclave 122°C for 45 mir}  Autoclave 122°C for 45 Autoclave 125°C for 60 min

*Test disc membrane FTKNF was made from the saménaeenused to manufacture SLK7001NFP;
** Due to laboratory shift, the test contact timaswextended to 39 hours.

0.2 pm
Filter test

Sty
KT
.2 9
®

Product
Tank

Figure 1: Bacterial Challenge Test Re-circulation
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2.3Downstream Sampling

Challenge effluent analysis was performed by dipadsage through a 0.22n rated recovery filter membrane
installed downstream of the test filt@igure 1). The test filters had to avoid penetration of th&t trganism and
demonstrate no recovery of the test organism. Bmtral filter had to allow penetration of the tesganism and
demonstrate the recovery of one or more CFU oftés¢ organism. A TVAC of the challenge inoculum was
performed at the start and the end of the challefge recovery filter membranes, positive contralsd TVAC of
the challenge inoculum were incubated aerobicallgtat 2 °C on TSA and read at 7 d§28]. The appropriate
flush regimes were used as determined during teility study.

2.4Acceptance Criteria :
Achievement of acceptance criteria is summarizdovibéTable 3):

Table 3. Acceptance criteria not met

Acceptance Criteria Caorrective Actions if acceptance criteria not met

| If the bubble point integrity test prior to the tbage did not mee

Each of the tes_t filters and the control filter geh a prechallengp acceptance criteria, replace the disc with a neg ffiom the same batch
filter bubble point test. )
and test again.

If bacterial cell paste titre was lower than expdctapproximately 1.0
10 CFU/ mL) investigate low cell paste titres and eaip bacterial
challenge test.

If bacterial cell paste titre was satisfactory @mel TVAC in the challenge
fluid was lower than expected, review viability ttedata and non-
bactericidal or stimulant sample.

Each test filter and control filter was subjectedhtchallenge dB.
diminuta(ATCC 19146) at a minimum of 1.0 x 1GFU/cnf filter
surface area

The control membrane (0.4hm pore size) had to allow Review viability and flush qualification results rfdhe product and
penetration of one or more colony forming unitvéoify physical | simulant; confirm pore rating of the control memieaby reviewing the

monodispersion of the test organism (Positive Gibntr bubble point integrity test performed at the stéithe challenge.
Each of the test filters and control filter passegost challenge If the bubble point test at the end of the chakedg not meet acceptange
filter bubble point test. criteria and recovery was observed, repeat theehatthallenge test.

Defined challenge test parameters had to be metriaximum
flow rate and /or differential pressure, tempemtand time
period).

If bacterial challenge test parameters were not, metermine the roo
cause.

Gram stains had to be performed on all microbiahgn.

Isolates identified as Gram negative rods had tadbatified to species
level by biochemical identification, if possible.

Microorganisms that were identified Bs diminutademonstrated test filte|
failure.

Micro-organisms that were identified as not beig} diminuta
demonstrated recovery filter contamination.

If gross contamination was observed, the preseh8 diminutacould be
masked, therefore, the challenge study had topmated.

The test filter recovery membranes had to show noavttp of B.
diminuta

Abbreviation: TVAC= Total Viable Aerobic Count.
Achievement of acceptance criteria is summarizdovibéTable 4):

Table 4. Acceptance criteria Met

Acceptance
Acceptance criteria criteria
Met

(Yes/No)
Each of the test filters and control filter pasagatechallenge filter bubble point test YES
Each test filter and control filter was subjectechtchallenge oB.diminuta(ATCC 19146) at a minimum of 1.0 X1@FU/cnt YES
filter surface area
The control recovery membrane had to allow perietraif one or more colony forming units to verifirysical monodispersior YES
of the test organism (Positive control)
Each of the test filters and control filter pasaqubst challenge filter bubble point test YES
Defined challenge test parameters had to be mak{mum flow rate end/or differential pressure , pemature and time period) YES
The test filter recover membranes had to show owrir of B. diminuta(ATCC 19146) YES

RESULTS AND DISCUSSION

1.Viability study :

1.1Viability study results

The TVAC was calculated by choosing the dilutioct@a that yielded a bacterial count between 30-GBU[3(Q] ;
this had then been divided by the volume of thetiih and the lowest average value was reported. [dWest
TVAC was 1 CFU at 10. Therefore, the minimum detectable count was D*CFU/mL. Results of the Viability
Study Test Results are shownTiable 5.
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Table 5. Viability Study Test Results
Average TVAC (CFU/mL) -
Test Sample 1 min 60 min 120 min | Maximum processing time Log Reduction
Liquid product X | 3,20x10 | 1,68 x10 | 1,17 x 10 1,06 x 16 < 1 within 120 min
Control 3,30x10 | 3,20x 10 | 3,40 x 10 2,41 x 10 > 1 across the entire contact time

Abbreviation: TVAC= Total Viable Aerobic Count.

Concerning the viability Test Control Sample, tlatcol demonstrates no more than a one log reduaticount

1.2Recovery Filter Flush Studies

The TVAC of the test sample is equal to the consample .The test ensure that the specified acuepta

criteria is met. Results of the recovery filtarsh study are shown ifable 6.

Table 6. Recovery Filter Study Test Results

Test Sample Flush Eluid Flush Volume TVAC Acceptance Criteria Met?
p (mL) (CFU/membrane) (YES/INO)
Liquid product X Water for injection product 291
Control (WFI) 1000 295 YES

Abbreviation: TVAC= Total Viable Aerobic Count.

1.3Test Filter Flush Studies
Results of the test filter flush studies are shawhables 7a and 7b.

Table 7a. Test Filter Study Test Results — Inoculad Flush Fluid

Test Sample | Flush Fluid | Flush Volume (mL) | TVAC (CFU/membrane) | Acceptance Criteria Met? (YES/NO)
Eroduct x WFI 1000 250 YES
Abbreviation: TVAC= Total Viable Aerobic Count.
Table 7b. Test Filter Study Test Results — ExposeEkst Filter membrane
Test Sample| Flush Fluid | Flush Volume (mL) | TVAC (CFU/membrane) | Acceptance Criteria Met? (YES/NO)
(P:LOnC:II’Jc():It X WFI 1000 2% YES

Abbreviation: TVAC= Total Viable Aerobic Count.
The test filter and recovery filter flushes werghivi the acceptance criteria.

2.Bacterial Challenge :
The test and control filters were installed inteadholders and dampened with water. These werehthielnle point

tested to confirm installation and pore ratifiglifle 8).
Table 8. Bubble point results

i : . Installation Bubble point Test Value (mbar)
*

Fiter QBP * of filter membrane (ps) Min acceptable | Before Challenge| After Challenge
Ultipor N66 50.9 3180 3;;5;2 3PG:SOS
Ultipor N66 49.4 3180 i‘g; ?3‘25805
Ultipor N66 50.2 3180 3;25;2 3P7aosoS
Ultipor N66 2200 2250
Positive control NA 2000 Pass Pass

Abbreviations: QBP= Quantitative Bubble Point.
* QBP: Quantitative Bubble Point (QBP) of the membrasedito manufacture the 0.22 pum sterilising graltier fdiscs was measured on
membrane wet with water.

The equipment used to conduct the test was thérétad (Pall). This equipment is automatic and desd and
manufactured in compliance with GAMP standdi2§. The Palltronic system is calibrated at Pall-fiedi service
center.

To run the integrity test, we simply connected Btaditronic to the filtration system and started plnegram, which

conducts the test automatically while the toucleserdisplays the progress of the test. No openat®rvention is
required during the test. At the end, the testltesuie printed by the system as documentary stippor
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After, the TVAC were performed in the product tésit had been inoculated with the test organisriciyly at the
start and the end of the bacterial challenge tgst®ure; the lowest was used to calculate totdlerige (Table 9).

Table 9. TVAC results

Filter Part Total challenge (CFU) | Challenge per filter arez (CFU/cm?) | Recovery
Ultipor N66 3.15 X 10° 2.52 X 10’ N/D
Ultipor N66 3.15 X 10° 2.52 X 10 N/D
Ultipor N66 3.15 X 10° 252 X 10 N/D
Ultipor N66 Positive control 3.15 X 10° 2.52 X 10’ TNTC

Abbreviations: N/D: Not Detected; TNTC: Too Numerous To Count.

The results of the viability study test demonstiateat the test organisB, diminuta(ATCC 19146) was not viable
in the product test for the maximum processing acintime; however the test organism was viableha tested
product at a minimum time period of 120 minutes.

The test organism was directly inoculated in theteteé product during the final 120 minutes to deli@eminimum
challenge level of 70CFU/cnf. The test filter and recovery filter flushes wevithin the acceptance criteria. All
filters tested in this study met Forward Flow infggtest specifications, both pre- and post-chajke and were,
therefore, integral. These filters were bubble ptésted using 60/40 IPA/water as the dampeninid,fiand these
values were reported in Table 8. The three 0.2 atedr“sterilizing grade” filter types from Pall veetested, and the
bacterial challenge test results were summarizélchbile 9. All three filters tested produced a #egifluent, when
challenged for the maximum processing time witkaltehallenges of 2.52 x 10FU. All three filters produced a
sterile effluent.

The bacterial retention validation study generataigh demonstrating that the filtration process bastly removed
a high level of a standard bacterium (usBigdiminuta) suspended within the product test under simulateibt
case processing conditions. It proves that theymiioh process generated a sterile effluEinése results validated
the efficacy of sterile filtration of SLK 7001NFmhder the conditions previously described and supber use of
functionally qualified 0.2 um rated filters as dieing grade filters in our pharmaceutical opesat (Table 10).

Actually, nowadays, concerns have been raised degarthe potential effect of drug product propertiand
composition on microorganism ‘size and/or its apito be retained by 0.2/0.22 um rated filterssltvell known
that bacterial sizes in laboratory culture are tihet same as under industrial process conditionghénharsh
environment of a pharmaceutical process, nutrieatsbe very limited and many Gram negative micranigms
have been shown to reduce up to 45-75% in cellmelunder such nutrient deprivation conditions.dms cases,
changes in osmolarity can induce a change in #teeddithe microorganisms ; for exampitecoli have been shown
to decrease about 15-20% in size when taken frds0amosM NacCl solution to 300 - 500 mosM NacCl .dAlthe
presence of specific enzymes or antibiotics maydedL-forms that have been known to penetraterdiltbat
usually retain the parental stra[34].

The three different 0.2 um rated sterilizing grddeer types tested in this study differed widelg many
characteristics. For example, the QBP of filtemtheane of the three 0.22 um rated filters testeded from 49.4
psi to 50.9 psi, a variation of less than 15%. Whilminor portion of this difference is almost agiy attributable

to differences in pore morphology and surface ckamithe range is too large to be solely relateduch effects
and is indicative of significant differences in paize distributions (as the bubble point of &fils considered by
some authors as an indicator of the largest sqtooés in the filter membrane), and hence, microleahoval
performancd25]. In theory, filtration or process fluid parametérat modify the physicochemical properties of the
filter membrane or bacteria can impact passagether publications, high viscosity has been suggkti decrease
retention by increasing processing tif8a, 33.

Besides the product bacteria challenge test, tésigtractable/leachable substances and/or paateEuéleases have
to be performed. Extractable measurements andethdting data are available from filter manufactsréor the
individual filters. Each filter used in aseptic pessing requires individual process and produetted| validation
efforts. Evidence has to be given that the filsewbrking under the conditions specified by theruse

The current study, thus, provides additional evigefor the efficacy of functionally qualified 0.2@n rated filters

to consistently produce sterile effluents undeiilsintest conditions that resulted in penetrati60.€/0.22 um rated
filters.
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Table 10. Summary results matrix

COLUMNS A B C [ D E
PROCESS PARAMETERS VALIDATION TEST PARAMETERS
TEST
PARAMETERS ROUTINE WORST CASE REQUIRED DEVIATIO
N
Product X X X X No
Filter part number 2XSLK7001 NFP 2XSLK7001 NFP FTKNF FTKNF No
Filtration area (cm?) 1400 1400 125 12.5 No
Line 1 Line2 Line3 No
Filter batch number Not applicable Not applicable NK1078 NK1079 NK1080 No
Filtered volume (mL) 132000 176000 Not applicable Not applicable Notliapple Not applicable No
S Constant  Pressur¢ Constant  Pressur¢ Constant  Pressure .
Filtration mode . . . Constant Pressure Driven No
Driven Driven Driven
Total product exposure time ?72 ?]Orzlrr;) (2316? gozlr'g) (23394 ?10::"2) 2340 min (39 hours) No
Challenge time Not applicable Not applicable Final 120 min FidaD min No
Filtration time ?72 (r)]o[?rlg) (2316? gozlr'g) (23394 ?10::"2) 2340 min (39 hours) No
Product Exposure phase Linel Line2 Line 3
Time Point (minutes) T:. T= ) T= ) = T= . TI= . = T= . TI= .
1 min 1440 min 2220min 1 min 1440 min 2220min 1 min 1440 min 2220min
Flow rate (mL/min) Not applicable Not applicable Not applicable 30 39 36 30 36 42 30 36 39 No
'(:rl?lilymir:;tcemzper unit - area Not applicable Not applicable Not applicable 2.4 3.1 2.9 2.4 2.9 3.4 2.4 2.9 3.1 No
Pressure (mbar) 200 500 500 500 500 500 500 500 500 50D 500 50Q No
Product Temperature(°C) 18-25 18-25 18-25 22.2 23.2 23.6 22.2] 23.2 23.6 2 22. 23.2 23.6 No
Challenge Phase Linel Line2 Line 3
Time Point (minutes) = = T= = T= T= T= T= T=
1 min 60 min 120min 1 min 60 min 120min 1 min 60 min 120min
Flow rate (ml/min) Not applicable Not applicable Not applicable 24 18 15 24 18 18 24 18 15 No
'(:rl?lil\/lmir:;tcemzper unit - area Not applicable Not applicable Not applicable 1.9 1.4 1.2 1.9 14 1.4 1.9 1.4 12 No
Pressure (mbar) 200 500 500 500 500 500 500 500 500 50D 500 500 No
Product Temperature(°C) 18-25 18-25 18-25 23.6 23.9 23.9 23.6] 23.9 23.9 6 23. 23.9 23.9 No
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CONCLUSION

In this report, we have documented that the thiéerent 0.22 um rated sterilizing grade filter &g from the same
manufacture, consistently produced sterile efflaamtder similar test conditions. However , somelisgisuggests
that knowing the native bioburden (both quanti@tind qualitative) and the potential effects ofghecess fluid on
those organisms are critical in selecting the atrsterilizing grade for each application, thuspyiding effective
aseptic processing of drug produf24]. These studies support the use of functionallylifigeh 0.2 um rated filters
as sterilizing grade filters for applications eitli@r long-term filtration processes, or when baetdike B. diminuta
are present in the bioburden.

Product and/or process conditions, under which tpatien of 0.2/0.22 pm rated filters have been reggb(by the
FDA) to have occurred, such as drug solutionseftaer support growth of bioburden in the prodocthat provide
minimal growth support of bioburden in product (redyn nutrient deprived solutions), or that conthjrids, may
also benefit from the enhanced sterility assuraagsociated with the use of functionally qualifie@ um rated
filters. Actually , there is increasing awarenelat tthe current industry standard for sterilizirigefs, namely
0.2/0.22 um rated filters qualified with. diminutaas per ASTM Method F838-83 (described by the Anaeric
Society for Testing and Materialg34] or comparable methodology, does not necessaréyaguee sterility for all
bacteria under all conditions. This has led to werte emphasis on routine bioburden assessment, itgtiast as
well as qualitative, to support the continued ut6.8/0.22 um rated filters. Thus, it has been nevended that,
apart from knowing the viable bioburden count (iRWmL) in the drug product and/or process, one nalsb
identify and specify the microorganisms present hbpe is that this information can be used tafjutite use of
0.2/0.22 um rated filters on the basis that thdiniden does not contain any microorganisms, whachpenetrate
the filter more easily thaB. diminuta used in process- and product-specific bacteeigntion validation studies

[35].

We noted that the final selection of filter matérgad pore size should be based on available mimaical
retention data, which then have to be strengthdayeprocess specific validation wofR6]. Sole reliance on pore
size rating, besides promotion of smaller pore Bizeeasing safety, is inappropriate and often aassary. Each
individual process requires, through review antlstegs back-up the final decision of which filtesndiguration and
pore size should be usg@i7]. An overall approach cannot be justified as beiaigr, when it is not required.
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