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Presentation about Hot Topics in 

• Sterilization & Depyrogenation
– Moist Heat sterilization (Fo- Concept)
– Dry Heat Depyrogenation
– What can go wrong and common Audit findings 

• Cleaning and Disinfection 
– Procedures and Best Practices
– Common mistakes and audit findings 

• Gowning Procedure to enter Grade A/ B room
– Important points to consider
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General Sterilization Methods 

• Sterile Filtration: Products for Aseptic Filling 
– Liquids, Vent Filters - Air

• Steam (Autoclave and SIP) 
– Solid, liquid components, equipment
– Equipment (e.g. filling nozzles)

• Dry Heat
– Glassware, also for depyrogenation

• Radiation
– Heat sensitive components

• Gas:  Ethylenoxide

• VHP : Vaporized Hydrogen Peroxide (Surface Sterilant)
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PDA Technical Reports to consider: 
TR No 1  
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PDA Technical Reports to consider: 
TR No. 48 
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PDA Technical Reports to consider : 
TR 61 
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Definitions (from PDA TR 61)
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Definitions and Concepts

8

Sterile

Free from living 
organisms, especially 

microorganisms
Merriam-Webster definition
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Definitions (from PDA TR 1)
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Definitions and Concepts

SAL
• Terminally Sterilized – 10-6

• Des not apply to Aseptic Processing 

10

FDA 2004 & EU Annex 1(2022)
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Steam – Moist Heat Sterilization

• Steam is water in the vapor 
phase

• As water changes from liquid 
to vapor a substantial amount 
of energy must be added

• When steam contacts an 
object at a lower temp, this 
energy (= latent heat) is given 
up as the vapor turns back to a 
liquid (condenses)

• The large exchange of heat 
and transfer of moisture to an 
object by steam accounts for 
its biocidal activity

11
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PDA TR 61:  (1 bar = 14,5 psig)…
„Saturated Steam“ 
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PDA TR 61: … latent heat transfer: 
energy is transferred

13

- Thermal destruction by direct contact
- Transfer of energy occurs from latent heat
- Important is a prevention of air traps within autoclave chamber
(air traps: prevent steam contact)
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WHY do we need a Fo- value as a 
reference model ?  

14

How do we know the cycle was effective ? 

Did we meet our minimum requirements, 
e.g. Fo > 15 min ?
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Lethal Rate Calculations

• Lethal rate (in “Minutes” ) is calculated by the 
following formula: 

• L(Tref,z) = 10(T-Tref)/z

T= Temperature of the item being heated

Tref= Reference temperature (Usually 
121.1°C)

z= z-value of the challenge organism (or 10°C 
if not known)

25

* Source: PDA Technical Report No.1, Validation of Moist Heat Sterilization Processes: Cycle Design, Development, Qualification and Ongoing Control, 2007
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Lethal Rate:  Examples

L = 10(120-121,1°C/10) = 10-0.11 = 0.78

Thus, one minute at 120°C is equivalent to 0.78 minutes
at 121°C

L = 10(121.1-121,1°C/10) = 100=  1.00  

Thus, the Lethality for one minute at 121.1°C is 1 minute 

26

* Source: PDA Technical Report No.1, Validation of Moist Heat Sterilization Processes: Cycle Design, Development, Qualification and Ongoing Control, 2007
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F0 –Value
• F0 value (FPHY) is calculated by integrating (summing) 

the lethal rate over time:
F0 = d(∑L) 

28

* Source: PDA Technical Report No.1, Validation of Moist Heat Sterilization Processes: Cycle Design, Development, Qualification and Ongoing Control, 2007

Lethality for 1 min at 121,1 °C 
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F-Values – Moist Heat

• F-Value (Lethality Factor): 

A measurement of sterilization effectiveness  
(like the Killrate/ Heat-Effect) that is expressed as 
F(Tref,z) that is the calculated equivalent lethality, in 
terms of minutes at a reference temperature (Tref), 
delivered by a sterilization cycle to an item.

21

* Source: PDA Technical Report No.1, Validation of Moist Heat Sterilization Processes: Cycle Design, Development, Qualification and Ongoing Control, 2007
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The Fphysical –Value 
(= sum of lethalities)

• Fphysical value (FPHY) is calculated by integrating
(summing) the lethal rate over time:

FTref = d(∑L)

Where: 
d = the time increment between each temperature 
reading (Note GG: typically 1 min time interval)
L  = the lethal rate calculated for each temperature 
reading
FPHY for Tref of 121.1°C is expressed as F121.1°C (Fo)

28

* Source: PDA Technical Report No.1, Validation of Moist Heat Sterilization Processes: Cycle Design, Development, Qualification and Ongoing Control, 2007
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PDA TR 61: 
Fo is the equivalent lethality at specific 
reference conditions : 121.1 °C

20
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Example for better understanding : 
Autoclave cycle and resulting Fo value   

21

F0 = d(∑L) 
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D- Value : time for 1 log reduction
• D-Value: The time in minutes required for a one logarithm, 

or 90% reduction of the population of microorganisms 
used as a biological indicator under specified lethal 
conditions. 

• For steam sterilization, the D-value should always be 
specified with a reference temperature, DT. For example, 
a BI system with a D121°C = 2.5 minutes requires 2.5 
minutes at 121°C to reduce the population by one 
logarithm.

• Typical bio-indicator for moist heat sterilization is 
Geobacillus stearothermophilus

52

* Source: PDA Technical Report No.1, Validation of Moist Heat Sterilization Processes: Cycle Design, Development, Qualification and Ongoing Control, 2007
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PDA TR 61: 12 log reduction / D 2.5 min à Fo 30 
min 
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Sterilization Effect with a Fo 12 min 
(Note: this is would be no overkill sterilization, only for a D- value of 
a Biological Indicator of 1 min)  

29
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SIP ….Steam in Place (TR 61)

29

Complex Process !
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Autoclave /SIP (Steam in Place) 

• Common Audit findings : 

Loading configurations in validation and routine 
manufacturing are not 100 % identical

Parts wrapped within aluminum paper -> ineffective air 
removal

No BI´s or thermocouples within a long tubing
(Thermocouples  / - controls not positioned at worst- case 
positions 

…
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Hot Topics for Autoclave /SIP 

• Steam Quality 
• Non- condensable gases testing
• No Temperature & Pressure correlation
• Evacuation cycles ( e,g. within hoses or

wrapped material) 
• Microlab: autoclave (waste treatment should be

in separate autoclave)
• Nutrient Media preparation- do not overcook

…
29
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Dry Heat Sterilization / 
Depyrogenation

28
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PDA Technical Report to consider 
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Dry Heat Sterilization

• Uses only hot air
• Requires higher 

temperatures than 
moist heat

• Can be batch process 
(oven) or continuous 
(tunnel) 

30
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Dry Heat Depyrogenation 
and Sterilization

• Dry heat processes 
can provide 
sterilization or both 
depyrogenation and 
sterilization 

3131 31

Depyrogenation

Dry Heat Sterilization
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F- value (Dry Heat) / TR 3 
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Dry Heat / TR 3 
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Glossary (PDA TR 3)
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Depyrogenation 

Endotoxins are fever producing 
substances commonly found in the 
cell wall of certain Gram negative 
bacteria. 

Depyrogenation: 
• The destruction or removal 

of bacterial endotoxins. 
• A depyrogenation process 

should demonstrate at 
least 99.9% or a 3-log 
endotoxin reduction.

35
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Depyrogenation tunnel / TR 3 

11
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Questions to audience : How to
prepare/ sterilize ... for aseptic filling ?

• Glass- ware (vials/ ampoules)
• Rubber stoppers for vials
• SST piston pump
• EM controls (e.g. settle plates)
• Forceps and scissors
• Glass – Syringes within Tubs
• Product contact surfaces (filling nozzles)
• Indirect Product contact surfaces

(stopper bowl, tracks)

37
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3  Take Away Messages ?

38
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Cleaning and Disinfection Aspects

39
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Definitions according to PDA TR70
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Definitions According to PDA TR70
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PDA TR 70

42
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Validation of Disinfectants

43

*PDA Technical Report No. 70 Fundamentals of Cleaning and Disinfection Programs in 
Aseptic Manufacturing Facilities, 2015. 
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General Industry Efficacy 
Recommendations 

• Suspension acceptance criteria
• 4-5 log reduction

• Carrier/ Coupon acceptance criteria <1072>
• 2 log reduction bacterial spores
• 3 log reduction vegetative bacteria, yeast, 

mold spores
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Disinfectants (PDA TR 70) 

45

*PDA Technical Report No. 70 Fundamentals of Cleaning and Disinfection Programs in 
Aseptic Manufacturing Facilities, 2015. 

(EPA Data Call 2018 !) 
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Disinfectants

46
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J. Polarine, 2016
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C & D Steps (PDA TR 70) 
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Spraying (PDA TR 70) 

49

Good wetting, but no cleaning
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Mopping (PDA TR 70) 

50

Good cleaning, no uniform wetting
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Wiping (PDA TR 70) 

51

For smaller surfaces, wetting may not be sufficient, ability to clean surfaces
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Fogging or Gassing (PDA TR 70) 

52

Fogging generates small droplets, or gassing :  no cleaning
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Resistance and Rotation 
(PDA TR 70) 

53

Rotation is only required with sporicides
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Categorization and Rotation of 
Disinfectants

Ø Alcohols: is also used for removal of other 
disinfectants/ 5- 10 min contact time (cell wall 
penetration)

Ø Phenols, Quaternary Ammonium compounds: 
broad range disinfectants-facility surfaces; non-
corrosive

Ø Chlorine; Hydrogen peroxide (also combined 
with Peracetic Acid): are effective sporicidal agents

Rotation: sporicidals used on a limited basis (e.g. 
weekly or monthly)

54
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Cleaning and Disinfection

Ø Pre- Cleaning is an important prerequisite to 
disinfection. 

Ø If the surfaces are not clean there is a greater risk 
that the disinfection process may be ineffective. 

Ø This can be cause by:

• Soiling material (dirt) physically preventing the 
disinfectant from coming into contact with any 
underlying organisms

• Soiling material reacting with the disinfectant and 
inactivating it. 

55
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Cleaning and Disinfection of Non-
product Contact Surfaces and  
Work Surfaces

- 1. Precleaning (if required) 

- 2. Disinfection: disinfectant or sporicide (wiping
or spraying with a 3- 5 min contact time) 

- 3. Dry wipe down or 70 % spray down -
followed by a dry wipe in case of residue from 
disinfection step.

OR use: Combination of Cleaning & Disinfectants
56
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Disinfection- Practices

• Floor:  Mopping from the cleanest 
to dirtiest 

• Walls:  Mopping from highest to 
lowest surface point 

• 3 or 2 buckets / single use mops/ 
wipes

• Cleanrooms:  From higher to 
lower grade 

57
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TR 70 

58
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Three Bucket Method

59
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Pull-lift method 

• Floor and Walls:  Total 3 strokes overlapping; each less 
than four feet in length, mop pulled toward the operator.

60

Source: Anne Dixon- H. 
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Horizontal Mopping 

• Is used for work stations

– Source: Anne Dixon- H.

• Requires complete coverage with a film 
to allow contact times at validated
concentrations

• Contact time is generally 5- 10 min 

61
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Prevent residues of disinfectants !

62
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After RABS door opening : Wipe

63
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Important Points I

• Validate your disinfectants (Carrier test) with all materials from 
your cleanrooms

• Use only “sterile“ disinfectants within grade A/ B, and perform 
periodic microbial count testing of your self- prepared
disinfectants (in their final container – including sprayheads)

• Label the disinfectants flasks with defined expiry dates 

• Aseptic Practices: 
• For gloves use dispensers, not spray- bottles
• Prevent bottle shuttle between grade A and B 

64
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Important Points to Remember II
• Cleaning Practices:

• Use combination- disinfectants (cleaning/ disinfection)
• If clean,  limited usage of detergents 
• Additional (sterile) single use IPA wipe may be required 

• Use at least a 2 Bucket methods or systems with single use , 
disposable mops and wipes

• Follow a correct sequence

• Establish detailed cleaning/ disinfection programs – in SOP & 
very detailed Checklists (pictures should be included)

• Have a very detailed documentation about the Cleaning and 
Disinfection activities in a logbook.

65
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Important Points III

• Within Grade A : 
• Sterile IPA towels usage (during aseptic filling ), and after filling (of 

cabinet)
• No spraying during operations

• Filling cabinet - Environment: 
• sporicidial (at least monthly or even higher frequency )

• Sporicidial Disinfection: Corrosion risk

• (Direct/ Indirect) Product Contact Surfaces- NEVER Disinfect ! 

• Finally: Intensively Train your Clean Personnel (and include personnel
in the Environmental Monitoring Program)

66
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Gowning Procedures & 
Qualification

Important points to consider 

• General Gowning Requirements
• Handwashing
• Glove Wearing
• Disinfection
• What can go wrong

67
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EU Annex 1 (2022)

68
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Hand Washing / Hand & Gloves Disinfection

Ø Correct Disinfection of Hands and Gloves 

Ø Correct Exposure Time 

Ø Audits (my experiences) !

15

69
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Importance of Handwashing & Gowning -
Skin flakes

70

Of those billions of skin cells, between 30,000 and 40,000 of them fall off every hour.
Over a 24-hour period, you lose almost a million skin cells [source: Boston Globe].

In one year, you'll shed more than 8 pounds (3.6 kilograms) of dead skin. 
10 g per day !

Some cells, like skin cells, are constantly dividing. We need to continuously make 
new skin cells to replace the skin cells we lose. 

http://www.boston.com/news/science/articles/2008/09/01/does_the_dust_in_my_house_really_include_my_own_skin/
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Training Video: Hand wash and Glove 
wearing video 

12
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Disinfect hands and wear Gloves/correct Gowning 

12
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Put on First Pair of Gloves

73
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Put on First Pair of Gloves (continued)
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How to perform ?

75
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Coveralls

76
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Step Over Bench or a Line (Important)
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Second Pair of Gloves
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Ready for Work

79
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Gowning

80

Ø No skin is exposed, 
once gowning is 
completed



Aspects to Sterilization / Disinfection/ Gowning 
© 2022 Parenteral Drug Association

Longer gloves (2 gloves)

81Page 12
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What´s wrong here ? 

82
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Gowning Qualification

What is important :

- Practical Training outside gowning room (e.g. 
in classroom) before qualification

- QA oversight is required
- Visual review of practical performance
- Surface Monitoring of gowning and gloves
- Typically 3 times
- Certificate (only) for entering cleanrooms

83
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Flipchart – How to enter Grade A/B 

84
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Question to audience : Gowning is

• Multiple Use ?
• Your experience ?

• Single Use ?
• Your experience ?

85
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Gowning Practices
Important points to consider :
• What might go wrong ?

– Space limitations/ no separate INLET/ EXIT
– Incorrect gowning and cleanroom concept
– No boots after bench (or line) to step in
– Not „inverted, folded trousers“ (single use/ multiple use) 
– Gowning touches floor (except integrated shoes)
– Operator touches outside of gowning
– Handwashing and Disinfection procedures
– Too short second pair of gloves
– No mirrors and no pictures / descriptions
– 3 -4 layers of gowning / high RH and T/ Goggles fogging/ .
– Control of number of washing cycles / supplier

86
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Good Example about gowning
description (is required)

87
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3 Take Away Messages :  

88
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Back-Up 
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z-value: temp. change for a D value 
Change Factor (10x or 1/10)  

• z-value is defined as the number of 
degrees of temperature change 
necessary to change the D-value of a 
biological indicator (BI) by a factor of 10. 
The z-value is a component of the F-
value calculation. 

• A z-value of 10°C is generally used in 
routine steam process design and 
evaluation. 

22

* Source: PDA Technical Report No.1, Validation of Moist Heat Sterilization Processes: Cycle Design, Development, Qualification and Ongoing Control, 2007


