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PIC/S GMP Guide Annex 1Draft, 2019

m Sterilization by heat
m Moist heat sterilization
m Dry heat sterilization

m Sterilization by radiation

m Sterilization with ethylene oxide

i< 8.47-8.51 (5)

8.52 — 8.62 (11)
8.63 — 8.67 (5)

8.68-8.70 (3)

8.71-8.76 (6)

m Filter sterilization of products which cannot be sterilized

in their final container

8.77- 8.91(15)
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USP <1229 >STERILIZATION OF COMPENDIAL ARTICLES

1229.1 Steam Sterilization by Direct Contact

1229.2 Moist Heat Sterilization of Aqueous Liquids
1229.3 Monitoring of Bioburden

1229.4 Sterilizing Filtration of Liquids

1229.5 Biological Indicators for Sterilization

1229.6 Liquid Phase Sterilization (Formalin, H,0, ...)
1229.7 Gaseous Sterilization (EO, CIO,...)

1229.8 Dry Heat Sterilization

1229.9 Physicochemical Integrators and Indicators for Sterilization

1229.10 Radiation Sterilization

1229.11 Vapor Phase Sterilization (H,O, Peracetic AC|d )
1229.12 New Sterilization Method

108 TPDA04034-A
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Sterilization vs. Decontamination

A7 Isolatorp i@ * VHPZ = i Ae v % KBI10° L £ F W
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m Agency is being asked, why Vapour Hydrogen Peroxide (VHP)
cannot be used for “sterilisation” of these direct and indirect product
contact parts. After all, pharmacopeias refer to VHP as a sterilising
agent. However, our concern is that although under ideal conditions,
VHP can achieve a reduction of biological Indicator spores of up to 6
logs, the process itself is incredibly fragile.

m VHP failure due to very minor occlusion, even to the degree that
fatty acids from a fingerprint may “protect” contaminating organisms
from the VHP demonstrate the true fragility of the process as a

sterilant.

Ref. Andrew Hopkins, VHP (Vapour Hydrogen Peroxide) Fragility MHRA Blog, Apr.2018
6
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USP <1229>STERILIZATION OF COMPENDIAL ARTICLES

Demonstrated PNSU
//Probability of Non-Sterile Unit : 106

Information Needed

Process Impact on Materials

Bioburden Bioburden / Bl Overkill
Method Method Method

Figure 1. A basic comparison of various validation methods.
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EMA

EMA Guideline on the sterilisation of the medicinal product, active
substance, excipient and primary container, Mar. 2019

m Steam sterilisation performed with finished product temperature
below 115 "C during the holding phase is an exceptional case and
should be scientifically justified and supported by additional data
as described in Table 1.

m |If temperatures below 110 °C are included (during heat-up and
cool-down) in the determination of F, this should be justified.
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Figure 1 Decision tree for sterilisation choices for aqueous products " o "

Canthe product be sterilised by steam
sterilisation at a temperature 2121°C for
215 minutes?

No | Yes

Can the product be sterilised by steam sterilisation Use steam sterilisation at a
with Fy 2 8 minutes achieving SAL of <10°6? temperature 2 121°C for 2 15
| minutes.
NO Yes
Can the product be filtered " .-
through a microbial retentive filter? U§e steam Ste,” isation
with Fy 2 8 minutes.
No Yes
: mbination of steril
Use pre-sterilised individual or mixed Lllse a'co b °. .° o :
p : filtration, pre-sterilised containers
components and aseptic processing. : .
and aseptic processing.

108TPDA04034-A
Figure 2 Decision tree for sterilisation choices for dry powder products, non-aqueous liquid
or semi-solid products

Can the product besterilised by
dry heat at 160°C for 120 minutes?

\l/ No Yes
2 = k4
e e monat
> o > i
to the standard cycle achievingan SAL of £ 1057 =200 Cfors 130 milnures

'l
Yes

No
v 4
Can the product be sterilised by ionising radiation Use dry heat with alternative combination
with anabsorbed minimum dose of = 25 kGy or of time and temperature to the standard
using avalidated lower irradiation dose (ref ISO cycle achieving anSAL of <10°.
11137)?
|
No Yes
|
W v
Canthe product befilteredthrough asteriising Use sterilisation by ionising radiation with
filter? an absorbed minimumdose of 225 kGy or
[ using avalidated lower irradiation dose.
No Yes — _l
Use pre-sterilised individualcomponents or Use sterilefikration, pre-sterifised
component mikand aseptic processing. containers and aseptic processing.
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Table 1 Cycles for steam sterilisation and post-aseptic processing terminal heat treatment and corresponding data required in the quality

dossier

Cycle Type of process Enfonnaliun in LBio!Jurden level before steam sterilisation or terminal | Bioburden Process hold
ossier” \eat treatment Characterised | temperature

Ph. Eur, 5.1.1 Sterilisation 1,6 100 CFU/100ml (non-routine) No 2 121 °C for 215

Reference Cycle minutes

Overkill cycle Sterilisation 1,2,3,4,7 100 CFU/100ml (non-routine) No 2121°C

F, >12 min

F, > 8 min Sterilisation 1,2,3,4,7 100 CFU/100ml (routine) No >115°C

F, > 8 min Sterilisation 1,235,738 100 CFU/100ml (routing) Yes** > 115°C

F, > 8 min Sterilisation 1,2,3,4,7 100 CFU/100ml (routine) Yes >110°C

F, > 8 min Sterilisation 123,578 100 CFU/100ml (routine) Yes** >110°C

F, <8 min |fost-asepu'c processing |1,2,3,4,7,8 0 CFU/100ml, aseptic filtration and processing prior to Yeg*** > 110 oC****
erminal heat treatment terminal heat treatment (routine)

F, <8 min Post-aseptic processing |1 2,3,5,7,8 (0 CFU/100ml, aseptic filtration and processing prior to Yes*** > 110 oC****
|terminal heat treatment terminal heat treatment (routine)

* For clarification of the code numbers, see below

** In-process control demonstrating acceptable heat resistance of bioburden

*¥¥* The bioburden prior to the sterilisation step (i.e. filtration) should be characterised for heat resistance

*¥4¥% Temperatures below 110 °C may be used if justified. The requirement for additional documentation for such cycles is evaluated on a case by case basis 11
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m D(60) values of Staphylococcus aureus ranged from 4.8 to 6.5 min

Reported D- and z-values for Staphylococcus spp. in acid and pasteurized
foods at 82.2°C are 0.4 s and 7°C, respectively

m Staphylococcus epidermis at 0.87 water activity, a D-value at 70C of
500 s was recorded
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1.2 B#R F2
PIC/S GMP Guide Annex 1 Draft, 2019

Section 8 Introduction
m Moist heat sterilization utilises steam or superheated water,

m  Moist heat sterilization of hard goods or porous loads is primarily
affected by latent heat of condensation of clean steam and the
quality of steam is therefore important to provide consistent
results.

13
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1.2 BER R
PIC/S GMP Guide Annex 1 Draft, 2019

m For aqueous liquid-filled containers, energy from moist heat is
transferred through conduction and/or convection to the contents
of the container without direct contact with the autoclave steam.
In these cases, time and temperature are the key parameters and
steam quality does not have the same impact to the process.

m Superheated systems are typically used for the terminal
sterilization of product in flexible containers where the pressure
differential associated with the steam would cause damage to the
primary container.

14
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1.2 ;& # = 702 - 18 A2 7) it (Processes Types)

3.1 4 {r 7 ;1 i 47 (Saturated Steam Process)

3.1.1 3¢ & % i 42 (Pre-vacuum Process)
3.1.2 £ 4 % # #F 4% (Gravity Displacement Process)

3.2 &% 7 % & A2(Air Overpressure Processes)

321 %% /7 § ® & ¥ (SAM)iE 42 (Steam-Air Mixture
Process)

3.2.1 4z #-kiE 42 (Superheated Water Process)

17
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Figure 4.3.1.1-1 m Prevacuum Process Cycle Example
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Figure 4.3.1.2-2 » Gravity Displacement Process Cycle Example
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Figure 4.3.2.1-1 = Steam-Air Mixture Process Cycle Example
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Figure 4.3.2.2-1 m Superheated Water Process Cycle Example
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2. EN 285
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Annex 1 Draft, Dec 2017

Steam used as a direct sterilising agent

7.17 Purified water, with a low level of endotoxin, should be used as
the minimum quality feed water for the pure steam generator.

7.18 Steam used for sterilization processes should be of suitable
quality and should not contain additives at a level which could
cause contamination of product or equipment.

The quality of steam used for sterilization of porous loads and for
Steam-In-Place (SIP) should be assessed periodically against
validated parameters. These parameters should include
consideration of the following examples: non-condensable gases,
dryness value (dryness fraction), superheat and steam condensate

uality.
q y o
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2.2 ;& $ - EN 285, 2015

13.3 Steam supply to the sterilizer chamber
13.3.1 Non-condensable gases

The sterilizer shall be designed to operate with saturated steam
containing up to 3,5 ml noncondensable gases collected from 100
ml condensate when tested as described in 21.1.

NOTE

This method does not necessarily express the true content of NCG
in steam. The limiting value was defined experimentally in the
1960s in relation to the sensitivity of air detectors commonly used
in the UK at that time. Repeated measurements give an idea of the
true picture of NCGs in the steam supply.

25
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2.2 =& F - EN 285

13.3 Steam supply to the sterilizer chamber
13.3.2 Dryness value

The sterilizer shall be designed to operate with saturated steam
with a dryness value not less than 0.95, where the dryness value
denotes the mass of the gas fraction in the mass of saturated
steam, when tested as described in 21.2.

3 : 13.3.3 Dryness value The sterilizer shall be designed to operate with saturated
steam with a dryness value down to 0,95 for metal loads and 0,90 for other
types of load when tested as described in 22.2. (EN 285 2006)

13.3.3 Superheat

When the supplied steam is expanded to atmospheric pressure the
superheat shall not exceed 25 K when tested in accordance with .,
21.3.
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2.2 4% - EN285

13.3 Steam supply to the sterilizer chamber

13.3.4 Contaminants

The sterilizer shall be designed to operate with steam that does not
contain contaminants in quantities that can impair the sterilization
process or harm or contaminate the sterilizer or sterilized load.

NOTE 1 Suggested maximum values of some contaminants are
given in Table 4.

NOTE 2 A method for obtaining a condensate sample is given in
21.4.

217
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2.2 ;& F - EN 285

Table 4 — Suggested maximum values of contaminants in condensate
from steam supply to the sterilizer chamber

Determinant Condensate
Silicate <0,1 mg/l
Iron <0,1mg/l
Cadmium® 0,005 mg/l
Leads < 0,05 mg/1
Rest of heavy metals except iron, cadmium, lead® <0,1mg/l
Chloride <0,1 mg/l
Phosphate < 0,1 mg/l
Conductivity (at 20 °C)3 <43 pS/cm
pH (20 °C) value 5to7
Appearance Colourless clean without sediment
Hardness (I Ions of alkaline earth) < 0,02 mmol/]
a4 See European Pharmacopeia.
b If the condensate meets the requirements on conductivity, it is not necessary to perform heavy
metal tests.
€ The limiting values meet the requirements for potable water. 28
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2.2 4% - EN285

13.3 Steam supply to the sterilizer chamber

13.3.5 Pressure fluctuation

If steam is supplied from an external source, the sterilizer shall be
designed to operate with a pressure fluctuation not exceeding + 10 %
of the pressure measured at the inlet to the final pressure reduction

valve.

29
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2.2 =& F - EN 285

13.3 Steam supply to the sterilizer chamber

13.3.6 Feed water
If a dedicated steam generator is used (see 5.2.1), the sterilizer shall
be designed to operate with steam produced from water free from
contaminants in a concentration that can impair the sterilization
process or harm or contaminate the sterilizer or sterilized load. If the
quality of feed water can affect the quality of steam supplied to the
sterilizer chamber (see Annex B) it shall be specified [see 25.2 m)].

NOTE Non-condensable gases dissolved in the feed water can cause
an increase in non-condensable gases in the steam, see 13.3.1.

30
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Ref. Technical Report No.1: Validation of Moist Heat Sterilization Processes:

Cycle Design, Development. Qualification and Ongoing Control; PDA 2007
31
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m ;% # (Moist Heat) -
m 47 o 7% (Saturated Steam)
m /7§ R & 4 (Steam-Air Mixture) (SAM)
m 47 #-K (Superheated Water) : /8 & 42:8100°C e fs -k > 3
B AR EFE A

m 7 & (Temperature) : 8 & & # 5 g P B
(;8 R % f#) Temperature Distribution

m i (Heat) : - BHHfev hk B2 B £ m A4 %
5 = (4% %) Heat Penetration
32
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Figure 3.3.1-3 m Pressure and Temperature Phase Diagram feEi 2B R
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Figure 3.3.1-1 = Heating Curve of Water at 1.0 Atmosphere
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k& 3.3.1.4-2 B ERA

= g

REGRZE(AL

BTU/1b. F

BTU/ft’ °F

212F

970. 3

36. 1

200°F

945.3

68. 3

% 3.3.1.4-3 &

Condensation to water will cause a volume decrease
in excess of 99% for saturated steam cycles.

Y

BEE

BTU/1b. F

BTU/ft’ °F

212°F

1. 001

59. 87

250°F

1.003

28. 98

%k 3.3.1.44 RR/ZRARLDS

BEE

B

60% 7%,

5% % 4

90% 7 %,

F

BTU/Ib. F

BTU/ft*F

BTU/1b. °F

BTU/ ft*F

BTU/1b. °F

BTU/ft*F

212°F

13. 06

0. 61

19. 94

0. 86

217.6

1. 10

39

250°F

11. 56

0.72
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Figure 3.3.3.2-1 m Dryness Fraction at 2.0 Atmospheres (Absolute)
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