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FILTER INTEGRITY TESTING

PUPSIT CURRENT PRACTICE



Filter integrity test

Filtration line design for pre-use integrity test

• Regulatory overview

• Current practices

• Qualification

Filter at POF  perspectives

Overview
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Check correct installation
• Detects system leaks due to o-rings, gaskets, faulty 

seals

Confirms manufacturers specifications
• Assures the correct pore size filter

Check for damages
• Assures integrity before/after sterilization

Sterility assurance
• Sterile filter is at the core of the aseptic process

Regulatory requirements
• Link between validation and current processing 

conditions
• GMP Requirement

Why perform Integrity Testing?
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Defect
made visible 

by smoke

Virus retention

Bacteria retention

Aerosol

Air binary gas

Freon Diffusion

Current flow test for PTFE

Air Diffusion 

Bubble point, WIT

� Water

� Low surface tension fluid

Integrity 
Test sensitivity
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Proprietary
High sensitivity

Industry
Standards

In development

Gold standards
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Physical integrity test    
Diffusion + Bubble point

Gas 
Flow

Bubble 
Point

Pressure

Diffusion

Viscous flow

Viscous flow

Bubble point
Pressure
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Correlation to bacteria retention

Quantifying Retention Performance
Graphical Summary

Bubble Pt.
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Determine Bubble Point

with High Retention Confidence

Bubble point can have 
a direct correlation

Diffusion & other tests can 
have an "go - no go" 

correlation
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Integrity Testing
A critical element of overall sterility assurance strategy

Validated sterilizing membrane

Validated sterilizing filter

Bacterial retention validation 
testing (WCC)

Process Validation and Control

Batch integrity test
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Wetting procedure

1 lpm/0.1 m2  - 5 min
Differential pressure = 0.2 bar

inlet

0

outlet

0.2

inlet

2.8

outlet

3

1 lpm/0.1 m2     - 5 min
Differential pressure = 0.2 bar

Gas bubbles dissolution

PUPSIT - An update on the debate | 08.11.20169

Low Pressure High Pressure



10 Title of Presentation | DD.MM.YYYY

Static pressure phase during filter wetting

Start Middle End



Design space for robust wetting – Bubble Point

Flow and Pressure Wetting Limits
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Critical parameters : Time, pressure, volume/unit area
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Design space for robust wetting – Diffusion

Critical parameters : Time, pressure, volume/unit area
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Flow and Pressure Wetting Limits
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Silicon oil interference

Membrane extracted with
Tetrahydrofuran

Aliquots on diamond ATR 
crystal
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cm -¹

Freon residue – silicone rubber tubing on 
Millidisk

Silicone oil

Impact of tubing material on the failure of product-specific bubble points of sterilizing grade-filters  Meyer Vargas  Merck & Co

PDA Journal of parenteral science  Vol 60 n°4 2006
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Decision tree       PDA TR26
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FILTRATION LINE FILTRATION LINE FILTRATION LINE FILTRATION LINE 
DESIGN FOR PREDESIGN FOR PREDESIGN FOR PREDESIGN FOR PRE----USE USE USE USE 
INTEGRITY TESTINTEGRITY TESTINTEGRITY TESTINTEGRITY TEST
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Remove

• Wetting Liquid
• Test Gas

Maintain downstream

• Sterility
• Atmospheric pressure (test)

Avoid product dilution

Maintain upstream sterility
(biological product)

How to implement pre-use  integrity testing?

BC

Filling Line

Sterilising
Product

Filter

Steam Water

GasCondensate

A
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How to implement pre-use  integrity testing?

Grade A
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Regulatory overview

Current practices

MilliBarrier Technology

Qualification

Overview
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EU GMP: The integrity of the sterilized filter should be verified 
before use and should be confirmed immediately after use by an 
appropriate method such as a bubble point, diffusive flow or 
pressure hold test

EU GMP Annex 1 for the manufacture of 
sterile medicinal products, February 2008

US FDA: Integrity testing of the filter can be 
performed prior to process and should be routinely 
performed post-use. 

US FDA Guideline on Sterile Drug Products Produced 
by Aseptic Processing, 2004

SFDA: After sterilizing filter is used, the integrity of 

the filter should be tested and the results recorded. 
The test methods could be bubble point, diffusion or 
pressure hold.

SFDA Guidelines, 2010

Regulatory Requirements

Where sterility is claimed: IT before use 
is recommended, after use is required
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Industry Guidance
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PDA® TR26 – 2008  Sterilizing filtration of liquids

• Where the claimed purpose of the filter is to sterilize, pre and 
post filtration integrity tests should be performed.

• Prefiltration integrity test may be performed prior to sterilization of 
the filter and, preferably, after sterilization.

• Steps should be taken to ensure that the downstream side of 
the system remains sterile when performing a post sterilization, 
pre-use integrity test.

p 34

PUPSIT mandatory  regardless of method of sterilization

� PDA® TR 66  - 2014 Single-Use systems 

• It is less important to conduct a pre-use integrity test of a 
sterilizing filter that has been sterilized with gamma radiation. 

• The pre-use test has a primary purpose of detecting a damaged filter, 
a purpose that has roots in steam sterilization, which has known 
mechanisms by which filters can be damaged. These mechanisms 
do not exist with gamma radiation sterilization. 

p 33

PUPSIT less important for gamma sterilized 
filters 



Industry Guidance

ISO® 13408: The filtration system should be 
designed to permit in-place integrity testing as a 
closed system prior to filtration. 

ISO® 13408, 2003

PDA® recommends IT pre-use and post-use.
Industry guidance emphasizes that maintaining 

process sterility is of critical concern
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Inspectors guidelines

PIC/S : … the  integrity  of  each  individual product  filter  used  for  
routine  production  should  be  tested  before  and  after use.

Recommendation on the validation of aseptic processes July 2009

PIC/S : However,  if  a  system  of  two filters with redundancy is 
used (the second filter is used for security, if one fails the required  
SAL  is  still  achieved),  sampling  should  be  performed upstream  
of  these filters  in  order  not  to  compromise the filtration step.

GMP annex 1 rev 2008, Interpretation guide (PI-032A 1)  Dec 2009
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http://www.ema.europa.eu/ema/index.jsp?curl=pages/regulation/q_and_a/q_and_a_detail_0000
27.jsp&jsenabled=true
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The debate
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PDA commentary

PUPSIT decision should follow a risk based analysis
for microbial ingress linked to:

� filter failure
� absence of over pressure.

PUPSIT decision should follow a risk based analysis
for microbial ingress linked to:

� filter failure
� absence of over pressure.
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PDA conference  June 2013
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The idea of risk based approach is progressing…The idea of risk based approach is progressing…
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PDA Points to consider for Aseptic Processing
Part 1 January 2015

PUPSIT decision should follow a risk based analysis
Elements for justification are getting more precise. 
PUPSIT decision should follow a risk based analysis
Elements for justification are getting more precise. 
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PDA TR26  pp 35-36
7.6.1. Pre-Use Integrity Test Considerations

Test online
Pre–sterilization?

Sterile system for 
wetting and 
testing

Serial filtration:
Test F1 first
Sterility between F1&F2

Sterile side opened to
atmosphere or large volume
or equipped with P sensor
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In certain filling operation where test is not yet implemented or impossible to implement due to process limitation 
(product (e.g. foam)/low volume/water presence/ line design & Isolator)

Current Practice 1 - No pre-use test

Off line Integrity 
test of liquid 

filter post 
filtration

Formulation Integrity test
Filtration
& Filling

Sterilization

Justification for such SOP is required!
Including e.g. non plugging fluid assurance (pre-filtered), Tank to tank transfer, 

possibility for rework , Identification of responsibilities, detailed SOPs for failure mode, 
risk evaluation and acceptance for filtration failure
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Current Practice 2 - Pre-use test: to downstream equipment

buffer tank 
is used to collect wetting liquid and test 

gas 

Optional: sterile gas filter maintains 
line sterility upstream of product 

filter

Points to consider
� Limited buffer tank volume

� Limitations to re-wetting and 
re-test

� Failed integrity test triggers 
complete new line 
preparation
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Current Practice 3 - Pre-use test: Isolator case

buffer tank 
is used to collect wetting liquid and test 

gas 

Points to consider
� Limited buffer tank volume

� Limitations to re-wetting and 
re-test

� Failed integrity test triggers 
complete new line 
preparation

� Millibarrier or flush bag 
implementation 

Isolator

Sterile gas filter sterilizes gas flowing into the 
isolator

αβ port -transfer system
La Calhène canister / single use β

bag
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Current Practice 4 - Pre-use test: to flush bag/derivation tank

Points to consider
� Limitations to re-wetting 

and re-test

� Failed integrity test 
triggers complete new line 
preparation

� Carboy handling and 
preparation is 
cumbersome

� Drying is impossible

� Risk of over pressure is 
mitigated with diffusion 
testGamma irradiated flush 

bag collects wetting 
liquid and test gas 

Vent filter - as an option

Autoclaved 
carboy
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γ Sterile flush bag and connector

γ Sterile filtration set 
with flush bag and test 

port

Current Practice 4 - Pre-use test: to flush bag
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Current Practice 5 - Pre-use test: recirculation to feed tank

Points to consider
� Unlimited volume

� Excellent preconditioning

� Extractables diluted into the 
whole batch volume

� Return loop could be seen 
as a bypass….

� Valve sequencing & liquid 
flow direction must be 
unambiguous

� Filtered product is “recycled” 

� Feed tank is a sterile holding 
tankPeristaltic 

pump

Flow direction for filter 
wetting

Flow direction for filter 
testing

Sterile 
holding

tank
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Current Practice 6 - Redundant filtration – Enable a valid test

Pre-use

F1 F2

P2
P1

Post-use

F1 F2

P2
P1

optional
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How to precondition your filter?
Millibarrier technology
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What is MilliBarrier?

One disk 
pair 

3 x Hydrophilic 
membranes 

1 x Hydrophobic 
membraneGas

Liquid

Condensate
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Current Practice 7 – Pre-use test : to drain through MilliBarrier

Class B/AvClass C

Product
Holding

Tank MilliBarrier

Sterilizing
Product
Filter

WFI
loop

PUPSIT - An update on the debate | 08.11.2016
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Points to 
consider

•Unlimited flush volumes

•Line blowdown

•Breathing capacity 
profile linked to Phobic 
PVDF

Diffusion test  �

Bubble point test small systems �



Examples

SIP

γ- Irradiation

Autoclaved

PUPSIT - An update on the debate | 08.11.201640



Single use assemblies in final filling

Isolator

α
βSterile

Connection

Closed venting in 2L bag

Closed filter 
Integrity test 

system

Dosing
Loop for peristaltic pump

Test pre-use
&

Line  
Drainage

Liquid transfer in 
Class A

DPTE bag

MilliBarrier
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Current Practice 8 – Pre-use test : to drain through Philic - Phobic 

filtration system

40L80 L

Hydrophobic

Hydrophilic

� Unlimited flush volumes

� Line blowdown

� Diffusion test  �

� Bubble point test - Large systems �

� Passive draining  �
� Two ancillary filters to test
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FILTER AT POINT OF FILTER AT POINT OF FILTER AT POINT OF FILTER AT POINT OF 
FILL  FILL  FILL  FILL  
PERSPECTIVESPERSPECTIVESPERSPECTIVESPERSPECTIVES
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Line flush

Filter preconditioning

Pre-use integrity test?

Line stoppage concerns

� Impact on adsorption

� Impact on filter capacity

Filling Machine 5 µm filter

Drug manufacturer perspectives
with implementation of filter at Point Of Fill
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Flushing volume established during qualification 

for:

� Particles flushing

� TOC / Conductivity / Oxidizable subtances

- Extractables flushing

� pH stabilization

� Pharmacopeia strains viability

� Air removal

� Membrane preconditioning to minimize 

aggregation

� Flush volume to recover 99 %  [ excipients ]

� Robust integrity test

Flushing volume
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Impact on filter capacity?

Line stoppage concerns

Impact on adsorption/extractables?
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Example
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Particle removal (5.0 µm units)

Final sterilization (0.22 µm units) 

Particulate risk mitigation at POF



Integrity testing strategy for redundant filtration 

F1 
(redundant filter)

F2
(primary filter)
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Risk Assessment
• Filter Identification
• Filter mix-up
• Wetting volume
• Bioburden
• Product dilution
• Closed valve
• Filter resistance
• Tubing resistance
• Impact on bacteria retention
• Diffusion / bubble point
• Gas volume generated
• Foam & API degradation
• Filter drying

Qualification

P2
P1

Test
� Accuracy
� Sensitivity
� Product specific 

diffusion / bubble 
point

� Failure mode

FMEA

� Filter failure /absence 
of F1, F2, Vent

� Filter blockage

� Filter Identification and 
tester printout

� Improper wetting

� Pressure build-up
� Diffusion vs. bubble 

point
� Closed valve
� Failure detection with 

additional  pressure 
sensors

Bioburden reduction  - Sterilizing 
filter?

Redundant filtration?
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� Does my bacteria retention test includes integrity test?

� Pre-use test included in media fill 
• as applicable

Qualification

Product 
recovery

Pre-use IT time
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Sterile filtration dashboard

Filter 
Integrity

Pre-use

Sterilization

Line
flush

Pressure Time Bioburden

10

Filter 
Integrity

Post-use
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Integrity test fundamentals and practical aspects  - PDA TR26

Pre-use integrity test was recently under inspector scrutiny.

Implementation is easy

Qualification is critical with complex system

Conclusion
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Thank you.  Any questions?
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