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Assessing the Risk 

of Filter Masking

Test Description and Results
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First Things First – What is PUPSIT ?

PUPSIT = Pre-use/Post Sterilization Integrity Test
Used to determine whether the terminal sterilizing grade filter in front of filling is integral 

after the sterilization of the filter. 



Annex 1 PUPSIT Paragraph - Past

The integrity of the sterilised filter should be verified before use and should be confirmed 

immediately after use by an appropriate method such as bubble point, diffusive flow or 

pressure hold.

Filling

Caveat:

The filter has been sterilized by either gamma, 

autoclaving or in-line steam sterilization

It is critical that Filtrate Side is sterile and 

requires to stay sterile, however PUPSIT 

requires manipulations on the sterile filtrate side



Pre-use Test Implications*
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Hold Vessel

Bulk

Filling

• Wetting fluid reaches the sterile filtrate side

• Wetting fluid potentially dilutes product

• Pressure on sterile side requires to be atmospheric

• Downstream volume requires to be large enough

• Cooling time to obtain  appropriate temperature  

Wetting

*To be reiterated in the Points to Consider for Implementation of Pre-Use Post-Sterilization Integrity Testing (PUPSIT) 



The Possible Need Pre-use Test

• Filter fails post-use test

– if possible, reprocessing required

– if filled or reprocessing not validated, batch needs to be discarded

→ Economical burden

• Filter passes post-use test, but has been non-integral during filtration

→ Unknown occurrence, but main concern by regulatory authorities
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What Risks are involved, when not pre-use tested ?



When Masking became a Topic

Concern: Bridging 

covers a smaller flaw 



The Masking Prospect triggered Enforcement

• Sterilization processes and filter manufacturing 

inconsistencies pose a risk of flawed filters being 

used

• Anecdotal evidence of filter flaw masking was 

mentioned by regulators and the basis of the 

need of PUPSIT

• With the filter flaw masking potential, European 

regulators started enforcing the use of PUPSIT



The Risk Balance

PUPSIT

Risk

Masking

Risk

• Increased complexity of the 

filtration set-up

• Manipulation of the sterilized 

filtrate side

• Microbial ingress of the 

filtrate side

• Product dilution with wetting 

fluid

• With product wetting, 

unknown effects on the 

product by the test gas and 

time

• …

• Flawed filter will not be 

detected by the post-use test

• Microbial penetration potential 

not being detected

• Sterilization process 

detriments are not detected

• …



The Risk Balance

We needed 

scientific data 

for a 

resolution !

PUPSIT

Risk

Masking

Risk

• Increased complexity of the 

filtration set-up

• Manipulation of the sterilized 

filtrate side

• Microbial ingress of the 

filtrate side

• Product dilution with wetting 

fluid

• With product wetting, 

unknown effects on the 

product by the test gas and 

time

• …

• Flawed filter will not be 

detected by the post-use test

• Microbial penetration potential 

not being detected

• Sterilization process 

detriments are not detected

• …



1st Step – PDA/Biophorum SFQRM Initiative

Memorandum of Understanding

Defined tasks:

• Joint communication into the industry

• Definition of known and potential filter failures modes

• Masking studies – protocol establishment and tests at PDA TRI

• Best practice design of a PUPSIT 

• Risk assessment template



2nd Step – PDA/Biophorum SFQRM Task Groups

Masking 
Trials

BCT Data 
Mining

Best 
Practice

Risk 
Assessment

Combined Communication



Masking Trial Work      – Data Mining Work

Masking 
Trials

BCT 
Data 

Mining

• Blocking/masking trials performed 

with various filters to see whether 

masking is possible

• Filter suppliers were essential to 

gain flawed filter elements

• Test protocol was established and 

reviewed by European regulators

• Data of product bacteria 

challenges tests were collected to 

see whether pre-use and post-use 

integrity test data shift

• Data were collected from a 

multitude of trials with various 

solutions



Masking Trial Work

• Blocking/masking trials performed 

with various filters to see whether 

masking is possible

• Filter suppliers were essential to 

gain flawed filter elements

• Test protocol was established and 

reviewed by European regulators

Masking 
Trials



Determination of Test Parameters Masking 
Trials

Test Fluid

Ovaltine™: proteinaceous malt, cocoa extract → mimics biologics solution well

Blocking rate

Typical area 

of capacity 

use

Worst case blockage, 

commonly not used in 

terminal sterile 

filtration

Foulant concentration

24 g/L 

worst 

case

0.8 g/L

mimic

typical

biologc



Masking Trial, Phase 1 – Test Protocol

• Filter manufacturers collected marginal flawed 10” filter cartridges

• Filters were water wetted and integrity tested (Bubble Point)

• The filters were subjected to the blocking solution (Ovaltine 24g/L 

concentration) at constant pressure (10 psig) till >90% blocking rate

• Post-use the filters were flushed with water (50L/m2) and integrity tested 

(Bubble Point)

• Both integrity tests were performed with automated integrity test systems

Masking 
Trials

>90%

24g/L

Worst Case 

Scenario

Foulant 

Concentration

Blocking Rate



Masking Trial, Phase 1 - Results Masking 
Trials

Phase 1 Masking Trials, 10” filters, worst case scenario

24 filters tested → 2 passed post-use (>90% blocked)

Outcome summary:

• We verified that worst case blocking rate and foulant 

concentrations can block minor flaws

• We understand that a terminal filtration step would not see 

such blocking rate

• Next step Phase 2 trials at different blocking rates and 

foulant concentrations

>90%

24g/L

Worst Case 

Scenario

Foulant 

Concentration

Blocking Rate



Masking Trial, Phase 2 – Test Protocol

• Filter manufacturers collected 47 mm disc filters and a defined 

10 micron hole was laser drilled into it

• Filters were water wetted and integrity tested (Bubble Point)

• The filters were subjected to the blocking solution (at 24 g/L 

and 0.8 g/L concentration) at constant pressure (10 psig) at 

25%, 50%, 75% and 90% blocking rate

• Post-use the filters were flushed with water (50L/m2) and 

integrity tested (Bubble Point)

• The integrity tests were performed with automated integrity 

test systems and manual

Masking 
Trials

25%, 50%, 75%, 90%

24g/L

Multi Parameter 

Scenario

Foulant 

Concentration

Blocking Rate

8g/L



Masking Trial, Phase 2 - Results Maskin
g Trials

Phase 2 Masking Trials, 47 mm discs, laser drilled flaw

8 filters tested at 24 g/L → all failed

44 filters tested at 0.8 g/L → 2 passed (81%, 97% blockage)

Outcome summary:

• We verified that only at very high blocking rates filter flaws may be 

masked

• It does not necessarily always happen as 16 of 47 mm disc filters 

at a blockage rate >80% failed the post-use test

• Filter flaw masking is very dependent on the product and process 

conditions

25%, 50%, 75%, 90%

24g/L

Multi Parameter 

Scenario

Foulant 

Concentration

Blocking Rate

8g/L



Masking Trial – Summary
✓ Masking of filter flaws can happen under extreme circumstances of 

fouling and blocking of a sterilizing grade filter

✓ The masking possibility depends very much on the process, product and 

filter capacity conditions

• Foulant concentration

• Filter combination and membrane composition

• Pressure conditions (cake compaction)

Masking 
Trials

92%

8%

Masking Phase 1

Failed Pass

96%

4%

Masking Phase 2

Failed Pass

High △p



Masking Trial – Summary, cont.

✓ Filterability trials and understanding of one's product and 

process conditions support the risk assessment whether 

masking is a possibility or not

✓ Risk assessments of the risks of PUPSIT implementation 

versus masking risk probability will allow a proper judgement 

to assure patient safety

✓ Reduction of foulant materials by preventative measures like 

prefiltration in front of the sterilizing grade filter will avert the 

risk of masking

Masking 
Trials



Data Mining Work

BCT Data 
Mining

• Data of product bacteria challenges 

tests were collected to see whether 

pre-use and post-use integrity test data 

shift

• Data were collected from a multitude of 

trials with various solutions



BCT 
Data 

Mining

To determine the influence of fluid properties on the integrity test 

values

Data Mining

BP blocked filter

BP new filter

Integrity test value shift may be indicative of filter masking

Is the post-test BP the 

same as the pre-test 

BP ?



BCT 
Data 

Mining
Data Mining – Data Base

• The data mining integrity test data source were the pre- and post product bacteria 

challenge test integrity tests performed in filter process validation

• The bacteria challenge tested level is > 107 cfu B. dim. per cm2 filtration area with 

various products

Challenge test



BCT 
Data 

Mining

Data Mining – Collection
✓ Data have been submitted by two users and all four participating filter 

manufacturers’ filter validation laboratories, with each BCT consisting of three 0.2-

micron filters and one 0.45 micron filter (control filter)

✓ This data set includes pre-test and post- test BPs on 2086 filters (1,571 x 0.2  

micron filters and 515 x 0.45 micron filters), representing 531 BCTs on 518 different 

fluids. The data set actually comprises 518 average corrected ratios from the 

combined test and control filters for each test (3 x 0.2, 1 x 0.45 micron)

2086

Filters

0.2 

µm
0.2 

µm0.2 

µm

0.45 

µm

518 combined BCT test 

results

3 BCT results could be considered as a correction factor could not be 

determined



BCT 
Data 

Mining

• Various 0.2 and 0.45 micron filter compositions and materials 

were used

• A large variation of fluids were used, under different process 

conditions

• If product wetting was used for the post-use integrity test, a 

correction factor was taken into consideration to be able to 

compare the result with the water-wet pre-use test

• The integrity test used was Bubble Point, since the filters were 

disc filters 

Data Mining – Collection, cont.



BCT 
Data 

Mining
Data Mining – Results
• Out of 518 average Bubble Point ratio data points (2086 filters), 

there are 5 outliers (<1%) where the Bubble Point shifted

• Reviewing the outliers, it seems the fluids used were high foulant 

fluids and cause pore plugging

• In addition, the conditions of a bacteria challenge test are extreme, 

and not representative typical production conditions

• As with the Masking trials the Bubble Point shift experienced is rare
99%

1%

SHIFT OF BUBBLE 
POINT

Non-shift Shift



BCT 
Data 

Mining
Conclusion
• The masking trial and the data mining results showed that under 

extreme conditions a filter flaw can be masked, or a Bubble Point 

test result can shift

• These conditions are rare and can be tested to determine the 

likelihood of occurrence

• If a risk assessment, including filterability tests show a higher risk of 

filter fouling steps can be taken to prevent fouling, for example 

prefiltration or higher filter surface areas

• Fouling respectively masking is a measurable risk and can be 

implemented into the process validation of sterilizing grade filters

Masking 
Trials
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