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lllustrative Data from Exposure of a
Pure Culture of Microorganisms to a
Lethal Agent
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Sterility Assurance lLevel (SAL)
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Sterility assurance level
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Fig. 20.3 Sterility assurance. At Y, there is (literally) 1071
bacterium in one bottle, i.e. in 10 loads of single containers,
there would be one chance in 10 that one load would be
positive. Likewise, at Z, there is (literally) 107 bacterium in
one bottle, i.e. in 1 million {10%) loads of single containers,
there is one chance in 1 million that one load would be
positive.
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Types of organisms

Level

Resistant

L

Susceptible

Frions (e.g., Creutzfeldt-Jakob
Disease)

- Sodium Hydroxide

soap for one hour
- 18 min prevacuum

steam stenlization
(134-137C)

Bactenal spores (e.g. Clostndium
teteni, Clostndium difficile)

Coccidia (Cryptospondium)

Steriization

Some spores generated by spore
forming bactena

High Disinfection

Mycobactenum tuberculosis

Monlipid or small viruses (polio,
coxsackie)

Intermediate
Disinfection

Fungi (e.q., Aspergillus, Candida)

Vegetative bactena (5. aureus, P.
aeruginosa)

Lipid wviruses (HIV, HBY, HCV,
herpes, myxoviruses)

Low Disinfection




Worse case condition

TABLE 12.4
Bioindicators for Sterilization Procedures

Procedure Species Strain Proposed by

Steam Bacillus ATCC 7953 USP 2004, EP 2006
stearothermophilus ATCC 12980 USP 2004
NCTC 10007, NCIMB 8157, EP 2006
CIP 52.81
Dry heat B. subtilis var. niger ATCC 9372 USP 2004, EP 2006
NCIMB 8058, CIP 77.18 EP 2006
Gas (EO) B. subiilis var. niger ATCC 9372 USP 2004, EP 2006
Radiation B. pumilus ATCC 27.124, NCTC 10327, EP 2006
NCIMB 10692, CIP 77.52
Membrane Pseudomonas diminuta  ATCC 19146 USP 2004, EP 2006
filtration NCIMB 11091, CIP 103020 EP 2006
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lllustrative Data from Exposure of a
Pure Culture of Microorganisms to a
Lethal Agent

Extent of Number of
Treatment Surviving
Microorganisms
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3
Extent of Treatment

: the number of surviving organisms

: time

: the number of organisms at time zero

Mo. of Microorganisms Surviving

Increasing Extent of Treatment

E—

Log,, No. of Microorganisms Surviving




Expressions of resistance
D-value
Tihe exposure time reguired for the number ofi Survivoers to
change by a factor of 10

[=2]

[ =3 —
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2 o
8
@ 0

Exposure Time
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Tihe reduction in the number of viable
organisms brought about by the process.
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temperature as equal to that ofi a certain

Aumber off minutes
at 121°C.
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Moist or dry. heat, Irradiation, Gaseous sterilants, and liquid
sterilants.
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elevated temperature, Ionizing radiation,
or chemicals either as a gas, or a liguid.

Eiltration
Prevent recontamination



Table 17.2 Sterilization technologies (for
pharmaceutical preparations and medical devices)

Type Principle
Terminal sterilization
Physical  Heat

Radiation

Nonterminal sterilization
Filtration  Aseplic procedure

Examples

Staam

Dry heat

wradiation
Accelerated electrons

(particle radiation)

Ethyene oxide
Low-temperature steam

formaldehyde

Gas phsma
Ghutaraldehyde,
g=phihalaldehyde,
formaldehyde, peracetic

acid, hydrogen peroxide
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Mechanism

IS probably due to an accumulation of:
Irreparable damage to all metabolic filnctions
through the action of

In high humidity: and

In dry: state: Oxidative processes

Heat=induced microbjal inactivation follow
and result in“linear surviver curves
when' the logarithm of the firaction of surviving

organisms Is plotted against exposure time.



v ) Sl Ok Ui slaan 2

alaina JAb jo &l adajo o HaaS ad s K ala g
D) (oo Gl s 45 0058 (9 i

4 Gllas Gl a4 348 e - 5 )laekd Al s
o bada 5l 3 5e e ) 512658 e ) el i
(W\°Cﬁ4§£§q\&d&d\)&:q):jﬁ
G}Jsj\dﬁ&“u)\ﬁ@ﬁ‘,,\XKJ'\;_A\\JA
Ao b O ) b s 4 J geasa [ 03l




Temperature profile of a heat
sterilization process

I .
Heating stage | Holding slage
I
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Table 21.2 Pressure—temperature relationships and antimicrobial efficacies of alternative steam sterilization cycles

Temperature Holding time Steam pressare Inactivation factor®

(mimn} (kPa) [psi] {decimal reductions)
30 64 5
I 103

10 138

3 Fiiry

"Calculated for a spore suspension having a [y, of 1.5min and a Z-value of 10°C.







Main constructional features of a large-scale
steam sterilizer (autoclave).
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Dry heat sterilization
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Fig. 17.3 = Hot air oven. A, Heat=resistant gasket; B,
outer cass containng dass-fors insuation, and heaters
in chamber wall, C, fajse wall; D, fan; E, perforated
shelf; F, regulator; G, vents.
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Ethylene oxide [(CH .) .O]
Formaldehyde [(methanal, H.CHO)]
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Hydrogen peroxide (H2 O 2 ), 30 —
35%w/v, and peracetic acid (CH 3 CO 3
H), 3.5%w/v,




Mechanism: Alkylation ofi the 'amino, sulphydryl and
nydroxyl groups in: proteins or the: purine bases; ofi
nucleic acids
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Pure ethylene
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21.7 Typical operating cycle for pure ethylene oxide gas.

Gas exposure
{900 mg/l, 55°C}

160 170

Final
VAcuum

180 180
Time (min}
Alr Door
purge | open
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Fura ethylane
oxde adrmimed

Subatmospheric pressure (kPa)
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Fig. 20.7 Typical operating cycle for pure ethylene oxide gas.




Table 21.3 Relative merits of ethylene oxide and low-
temperature steam and formaldehyde (LTSF) processes

Advantages of ethylene
oxide over LT5F

Wider international
regulatory acceptance

Better gas penetration into
plastics and rubber

Cycle times may be shorter

Relatively slow to form solid
polymers (with the potential
to block pipes, etc.)

With long exposure times it
is possible to sterilize at
ambient temperatures

Very low incidence of
product deterioration

Advantages of LTSF over
ethylene oxide

Less hazardous becanse
formaldehyde is not
flammable and is more
readily detected by smell

The gas is obtained readily
from aqueous solution
(formalin) which is a
more convenient source
than gas in cylinders
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Tabde 19.1 Levels of distnfection attainable when products are used according to manufacturer’s instructions
Low Msinfection level Intermiediate High

Microorgantsms killed Most vegetative bacterla  Vegetative bacteria inchading M. All microorganisms wnless extreme
Some virses tiberculasts challenge or resistance exhibited
Some fungl Muost viroses Inclhwding hepatitis
B vims (HEV), Most fungl

Microorgantsms M. tuberculosis Bacterial spores Extreme challenge of resistant
surviving Bactertal spores prions Prions bacterial spores
Prions




ﬁ
Level

Non-Critical Low Level or
Intermediate

Level
Disinfecton

Semi-Crinicol High Level
membranes or Disinfection
non-intoct
sxin

Sterile areas \ Critical
of the body, | e

including blood g ”

contact .




Table 19.2 Antibactertal activity of commonly nsed disinfectants and antiseptics

Class of compound

Activity against

Mycobacteria

Bacterial spores

General level of antibacterial activity

Alcohols
Ethanolftsoprapyl

Aldehydes
Ghutaraldehyde
o-Phthalaldehyde
Formaldehyde

Bigoanides
Chlorhexddine

Halogens
Hypochlorite/chloramines
ledined lodophor

Peroxygens
Peracetic actd

Hydrogen peroxlde

Phenolics
Clear sofuble flulds
Chloroxylenol
Blsphenols

Chaaternary ammonhim

Compoaneds
Benzalkonlium
Cetrimide

Intermediate

High
High
High

Intermediate

High
Intermeediate, problems with Ps. asreginosg

High
High

Intermeediate
Low

Low, poor agalnst Ps. aeruginosa

Intermediate
Intermediate

"Activity expected per manufactarer’s instructions and will depend on environmental conditions and bioburden.




Tahle 19.6 Examples of the main antimicroblal groups as antiseptics, disinfectants and preservatives

Antimicrobdal agent Antiseptic activity Dasinfectant acivity Preservative activity
Concentration Typical formulation! Concentration  Typical formulkation! Concentration Typical formulation!
application application application
Acsds and esters 0.05-40.1% For oral and topical
eg. benmodc acid, parabens 0.25%: formulations
Alcohols SO-00%: In water  Skin preparation S0—20%: In Clean surface
e.g. ethyl or isopropyl water preparation
Aldehydes [ 0% Cel for warts 200 Snhatlon for
e.g. ghitaraldehyde Instruments
Blguanldes 02T Bladder trrigation 0,059 Storage of Instruments,  0LO025% Sphation for hard
e.g. chlorhex dine® clean instrument contact lenses
[gluconate, acetate, ebc.) distnfection (30min)
0.2% Mounthwash 0.0 9% Eye drops
0.5% (In 70% Skin preparation
abcohal)
1094 Dasting powder, cream,  0.5% {In 70% Emergency Instroment
dental ge alcoheal) disinfection (2 min}
4,006 Preoperative sarub 1n
sarfactant
Chlorine <058l Snhation for skin and 1—10% Sohatlon for sorfaces
e.g. hypochlorite woands and Instrements
Hydrogen peroxide 1.5%% Stabilized cream 3.0% Distnfection of soft
contact lenses
360 Sodution for wounds

and ulcers, monthwash




lodine compounds
e.g. free lodine,
povidone- lodine

Phenolics
e.g. clear solukble
phenolics, chionoaylenol

(JACs

e.g. cetylirimethyl
ammonium bromide
(cetrimide}

T.5%
1096

{1556

1. 3%

20

L1 %

L 5%

1.0r%

Aqueous or 100
abooholic] 704 solation

Mounthwash
Diry powder spray
Scalp and skin cleanser

Preoperative scrub,
fabric dressing

Dmasting powder 1-2%
Sohation
Skin cleanser
Solution for wounds 0.1%
and buarns

1.0%

Cream

Skin solntion

Aqueous or alcohalic
sohation

Sohation

Storage of iInstraments

Instruments { 1h}

0.01%

Eye drops

"Alse used In combination with other agents, e.g. chlorhexidine, odine.
*Several forms available having x% chlorhexsdine and 10x% cetrimide.
(AL, quatermary ammaoniom oompoand.







Table 19.4 Properties of commonly used disinfectants and antiseptics

Class of compound Effect of organic matter pH optimom

Toxicity and OES*

Aloohols
Ethanol Slight

[sopropanod

Aldehydes
Ghutaraldehyde

Formaldehyde Moderate

Biguanides
Chlorhexidine
Chlorine

compounds
Hypochlorite

Hydrogen peroxide Slght'moderate

Avold broken skin, eyes

OES: 1000 ppmd 1900 mgfm?, 8 h only

OES: 500 ppmd1225mg’'m’, 10min
400 ppm/eED mg m’, 8h

Respiratory complainis and contact
dermatitls reported

Eyes, sensitivity

OES: 0.2 ppmiD.7mgim?, 10 min onky
Respiratory distress, dermatitls
MEL: 2 ppm/2.5 mg'm®, 10min and 8h

Awvold contact with eyes and mucouws
membranes

Sensitivity may develop

Irritatton of skin, eyes and longs

OFS: | ppmd3 mg/m®, 10mim
0.5ppmy1.5mg'm’, 8h

May trritate skin and muacoas
membranes

Poor penetration, good cleansing
properties, lammable

Mon-comosive, usefol for
heat- senslifve instraments

Use 1n well-ventilated area.
Cloves, goggles and apron worn
fior preparation

Incompatible with soap and
anionic detergents

Inactivated by hard water, some
miaterials and plastic

Corrostve o metals

Dichlorolsocyamarate Hikely to
produace Cl gas when wsed to
disinfect actdic urines

May develop high pressare in
contalner

{comtinued)




lable 19.4 |comemued)

Class of compoand Effect of arganic matter

Tascity and OES*

loding preparations

Phenolics

Clear sohable Shght
flulds

Blackiwhite fulds Moderate/severe

Chloroxylenol

OACs

Cetrimide

Benzalkonham
chloride

OES: 2 ppm/3 mg'm?, 10 min: | ppm,
8h

Eve trritatton. Tincture or Kl (Lugols
iodine)

OFES: 0.1 ppm/ | mg'm’, 10min only

Protect skin and eyes

Very trritant. Greatly redaced by
dilution
May irritate skin

QES: 10ppm/38 mg'm’, 10min:
Sppm/19mg'm’, 8h

Awoid contact with eyes

Absorbed by rubber/plastic

Incompatible with soap and
anionic detergents

Absarbed by fabrics

MEL, maximuom exposure Hmit OFS: cormpational exposure standard: (AC, quaternary ammonizm compoand.
MELs are the time-welghted average wpper Ilmits of 2 substance permitted in the breathing zone of 2 person. (VES levels are the maximum concentrations of a substance
in air to which Individuals may be exposed during their working Iifie and at which present knowledge Indicates there will be no 1l effects. (Often simdlar to 8 b MEL levels.

{MELs have now been replaced by workplace exposare limits, WELs.)

Source: HSE (2007




Table 19.3 Antifungal activity of disinfectants and antiseptics

Antimicrobial agent

Phenolic {0.36%:)

Chlorhexidine gluconate (0L02%, alcoholic)

lodine { 1%, alcoholic)

Povidone-todine (109, alooholic and agqueons)
Hypochborite {0.206)

Cetrimide (19)

Chlorhexidine ghaconate (0.05%:) + cetrimide (0.5%)
Chlorhexidine ghaconate (0.5%, agqueons)

*Inttal viabde counts ¢ 1 * 10%'ml In suspension test.

Time (min) to give =09.90% K of

Aspergilius niger

Trichaphyton mentmgrophyres

E

ol VY VI VR

i
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Sterilization control and
sterility assurance

Bieburden determinations
Envirenmental monitering

Validation and IN-pProcess monitoering of
sterilization procedures

Sterility testing



Parametric release

In well-characterized sterilization
processes (e.d. heat and irradiation),
Where physical measurements may: be
dccurately: made, sterility' can be assured
Py ensuring that the manufacturing
PIFOCESS as a Whole conforms to the
established protocols for the first three of
the above headings (i.e. release based
upon process data) of the product



1-Bioburden determinations

The term "bioburden” is used to describe
the concentration off microorganisms;in a
material (a total number off erganisms per
millilitre or per gram, regardless of type).

undertaken by the supplier of the raw
material, also be checked by the recipient.



The level

The maximum permitted concentrations of
contaminants may: be thoese specified in
Various pharmacoepoeias or the levels
established by the manufacturer during
product development.



It Is necessary. to ensure that the
opportunities; for microbial contamination
during manufacture are restricted.

utilize adverse temperatures, extreme pH
Values and erganic solvent exposures in
order to prevent an increase in the
microbial load.



2-Environmental monitoring

Tihe levels off micrebial contamination in
the manufacturing areas are monitored on
a regular basis tor confirm that the
AUmMbers do not exceed specified limits.



‘settle plates’

Petri dishes ofi suitable media exposed for
fixed periods, on which the colonies are
counted after incubation



alr samplers

Which cause a known volume of air to be
Passed over an agar surface.

SWabs or contact plates: (Rodac—replicate
organism detection and counting):

specially: designed: Petri dishes; slightly.
overfilled with agar, which, wWhen set,
projects very: slightly’ above the plastic wall
of the dish.



Operators check

Operators in the manufacturing area
whose clothing, e.g. gloves or face masks,
may be sampled in order tor estimate the
levels and types off erganisms that may
arise as product contaminants from those
Sources.



Validation and In-process
monitoring of sterilization
procedures

Validation means that a process will
consistently: produce the results that It IS
iIntended to.



validation procedure for a
steam sterilization process

Tihe calibration and testing ofi all the physical
Instruments used te: moniter the process, e.qg.
thermocouples, pressure gauges and timers.

Production of evidence that the steam) s of the
desired quality (e.g. that the chamber
temperature s that expected for pure steam' at
the measured pressure).



The conduct ofi leak tests and steam penetration
tests using both an empty: chamber and a
chamber filled withrthe product to be sterilized
N the intended lead conformation.

Tihe use of biological indicators either alone orin
combination withr bioburden organisms to
demonstrate that the sterilization cycle is
capable ol producing an acceptable level of
sterility’ assurance under worst case’ conditions.



The production off data to demonstrate
repeatability of the above (typically: for
three runs).

Comprehensive documentation of all of;
these aspects.




Process Validation and Testing

Measurement and recording ofi the required
reached

threughout the: sterilization cycle within every.
part of the load.

Observation: of the effiect exhibited by: a chosen
sterilization cycle on o) f
Indicator substances.



PHYSICAL and chemical
METHODS FOR VALIDATION

Measuring Devices for Heat
Measuring Devices for Pressure

Physical Methods for Determining
Filter Integrity

Dosimeters for Radiation Sterilization



Biological indicators

Table 21.7 Biological mdicators {Bls) recommended by the Europenn Pharnmacspoeia (2009) for monitoring sterilizmbon

PTOCESSES

Sterilization process Species

Inocolam size

D-valoe

Steam sterilization (121°C) Bacillis seearothermophilus
Diry heat (160°C) Bacillus subslis var miger

Hydrogen peroxide and Bacillus seearothermophilus
peTacetic acid
Ethylene axide (EQ) Bacillus subeilts var niger

Formaldehyde Bacillus subtilis var niger

lonizing radiation Bacillus purmilus

=5 x 10°

=|.5min
|-3min

=1.5min at 54 *C, 60% relative
humidity and 600 mg/l. EO

1. 9kGy




Sterility testing

Tthe principle
The limitations
Tihe procedure:



The considerations
Inactivation Table 20.7 Inactivating agents®
Pos|t|ve CO ntro I Inhibitory agents Inactivating agents

: e Phenols, oesols MNone (dilution)

Stralns Of S. aureus, B: SUbLS Rk None (dilution)

Parabens Dilution and Tween
7 Meroury com ds -SH com ds

d nd P' aerug /1054 asS ':EIJ-;:::I{:E:;E?T“::;HiUFﬂ LE1:itI::Iran Egmlw;

appfop/’/'ate aefoblc Compounds Lecithin + Tween {Letheen)
Bonzyipenidllint l. B-Lactamase from Baciius cansus

[ 701t Amipicilli I
Orga 0 IsmS’ C/OStf/dlum Drhzlrjarll?ibintiu’r None (membrane filtration)
Sporagenes as an anaefobe Sulphonamides p-Aminobenzoic acid

* Neutralimng agents.

and! C. albIcans or A. Iger as e
fungi.

Negative control



TABLE 8.4
Probability of Rejecting a Batch of Parenteral Product as Nonsterile According

to Sample Size (Based on One EP Sterility Test)

Probability of Rejection According to Frequency (%)

Batch Sample of Contamination in Batch

Size Size 0.1 1.0 5.0 10 50

40 - 0.004 0.039 0.185 0.344 0.937
101-500 0.010 0.096 0.401 0.653 0.999
1,000 0.020 0.180 0.640 0.878 0.999
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