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The design of sterilization processes

Chapter 18



Survivor plots and sterility assurance
levels

* It is neither possible to guarantee, nor to prove, that an
article is sterile; it is possible to quote a probability that is
sterile

» This probability is referred to in pharmacopoeias as the
sterility assurance level and is usually guoted as 106

* 10-%: one surviving organism in one million items

GLis« 100% sterile (& gaall (o dallh 4 gaal JS 4d) Sad aki 4d) aa qall (g
2£ gl sterility J) owudi A gl JS a3¥ guarantee J) Jardy i Sad i
2 probability J 4wl 2 g4 dleai jabi Us AN 0S8 batchd) IS @A o oY 2l
sterility J) ¢& (Sak Adlaial

Sterility assurance level ( SAL) :
means that 1 MO surviving organism in one million
item ( 1/1000000)

3 ) Osele O (e sterile e Bas g8l (S8 Jldial W) iy




Sterility assurance level (SAL)

- Sterility assurance level (SAL) is the probability of a single unit
being non-sterile after it has been subjected to sterilization.

dV lgay yai 5 4l & non sterile sS5 single unit Le oS Allaial 8 Le Jay e
sterilizartion

* In microbiology it is impossible to prove that all organisms have
been destroyed as the likelihood of survival of an individual
microorganism is never zero, so SAL is used to express the
probability of the survival. For example, medical device( such as
syringe) manufacturers design their sterilization processes for
an extremely low SAL, such as 10, which isa 1 in 1,000,000
chance of a non-sterile unit.

Sl 3252 50l MO JI JS Jisl il sterilization method J) 4dl Sas s Jysisa o
there is zero MO S v

« SAL also describes the killing efficacy of a sterilization process.
A very effective sterilization process has a very low SAL.

las 458 5 4llad Acaainall Sterility method J) oSSl low SAL J) deasiy o



https://en.wikipedia.org/wiki/Probability
https://en.wikipedia.org/wiki/Sterilization_(microbiology)
https://en.wikipedia.org/wiki/Microbiology
https://en.wikipedia.org/wiki/Medical_device

SAL

v v
Give probability of sterility in batch Describe the killing
efficacy of sterilization
process



Sterility assurance level and survivor plots

 When exposed to heat or radiation bacteria normally die
according to first-order kinetics

* This means that the same proportion of the
cells is killed in successive time intervals

* The data represent the death of bacterial
spores in 1 ml ampoules of injection being
sterilized by steam in an autoclave (also
called a ‘steam sterilizer?’).

Slide note

The initial level of contamination in the liquid was 104 colony-forming units
(CFU)/ml (which would be unrealistically high; presterilization bioburdens should
normally be lower than this, but 104/ml is suitable for the purposes of this
illustration). It can be seen from the middle column that in each successive one
minute interval the spore concentration was reduced to 10% of the value at the
start of that period.



First kinetics order : means that same proportion of cell is
killed in successive time interval

z radiation s 3] ad G i Lal b iS4l
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Simplified data illustrating bacterial
death during steam sterilization.

Time of heat Viable spore Log viable spore
exposure concentration CFU/  concentration
i » min exposure-> log 0.1=-1->
0 10000 ¢ ).1 CFU/mIl-> one whole spore
1 1000 3 n 10 mi-> 9 amp sterile and
2 100 2 yne non sterile
3 10 1
4 1 0

Slide note:

Logically, the next line of data in Table 18.1 would be 5 minutes’ exposure corresponding to 0.1
CFU/ml and a log value of —1. One-tenth of a viable colony forming unit sounds like a
contradiction in terms because one-tenth of a bacterial spore could not be viable, but 0.1
CFU/ml corresponds to one whole spore in 10 ml of liquid. Given that this example describes
sterilization of 1 ml ampoules of an injection, one surviving spore in 10 ml corresponds to nine
of the ampoules being sterile and the tenth being nonsterile because it contains the survivor.



Time of heat Viable spore I Logqg jiable spore 1
exposure concentration CFU—¢gncentration
ml :
d\ o) Qe

0 10 000 4 survival plot

clea 9% 10 . e n
1 qyﬁo J) ofA |<- 1000 3 t_lme J om 0SS

viable cell & log

2 100 2 Ia ey oflic
S 10 1 poitise
4 1 0

aS) o gty A880 2y 5 5 Steam sterilizer JV LSl Alia 28 W Time J) e p Jsaadl 12a
%10 A 5 Lotiadl (e %90 JB8 ai 488y JS Eua | 18854 3 5 ads 2y 5 Jlle

1 cell Vslery 75 Js3ed OV 5aal 10 Lie a8 a2 63 Loy (S A1 0.1 A Lo dalal) dddal) 2ie Lua
sterile @Y sl 10 J!& non sterile &Y 5wl 10 22 1 whole spore in 10 ml =




Survivor plot showing time

J) $& 1 sw SXE8 syrvivor plot ?

to achieve requnred exposure time and (x 483le sa

4 sterility assurance level log survival
3 After 8 minutes there

5 will be one surviving S i o

Q...ayu“ Y s A A 45*’

organism in every 81 i s e ¢ (300 8

1 million ampoules 10 to the power -6 Juasil 2 52U

0 SAL J! m

.8 mins & JGdlg

100 CFU Le 43} =y gxis

Log concentration of survivors (CFU/ml)

d 0 b P

0 2 4 6 8 10
Exposure time (minutes)



Sterility assurance level and survivor plots

' The next line in the data table would be 6 minutes’
exposure - corresponding to one survivor in 100
ml,

then 7 minutes giving one survivor in 1000 ml, and
SO on.

1 survival in each 100 ml =2 0.01 J gt ) Gladl JEdl & 58y 6 J da jme LalidA ]
survival 1 ld sl 100 JS S



It is clear from this example that the data
table could be extended indefinitely and
zero survivors (sterility) would only arise
after an infinite exposure time, so no matter
how long the ampoules of injection are
heated there is always a small but finite
probability that there will be a surviving
spore.

GuoYL cudl 5 zero survival Le (Sai 53 U jens L

el sl

This is the reason why it is not possible to
guarantee sterility of an item selected at
random from a sterilized batch of product



Sterility assurance level and survivor plots

‘Instead, a sterility assurance level

{SAL) of 1 0-%(ourtarget), or better, is
he target, and the exposure period in

the autoclave is adjusted to achieve
this (82 8 wils 18 Jhv)because it can
be calculated from knowledge of the
presterilization bioburden and the
degree of heat resistance of the
spores (from their death rate - in

other words, the slope of the survivor
plot).

presterilization bioburden:
( Log2 » A 100 <\ Ji Ja ) sterilization  J) 4law MO 23e &SI Jimy



Sterility assurance level and survivor plots
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Data on a linear Data on a log
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A survivor plot or kill curve (log curve)

Without log Semilog



*So, in the example above, the required SAL (a
log concentration of survivors of —-6) would be
achieved following exposure for 10 minutes.

li n .
The benefit of low Slide note

presterilization bioburdens If, however, the presterilization
bioburden were not 10 000

4 CFU/ml but 100 CFU/ml (which is
‘g 3 a more realistic value) the plot
= 2 would obviously start lower on the
= : axis and the SAL would be
5= B achieved in 8 minutes rather than
s E q 10 (red triangles).
o (Hanlon 177)
£6 -2
3 -3
§ -4 100 CFU (3 Lidly of 43) dans )| eaaia o5 Lot
= 5 . 8 mins 4 zlai
9 10,000 = el bioburdn oS sl Lua
R SAL J) 3iad mins 10 zlisi ¢
0 2 4 6 8 10

Exposure time (minutes)



* Good manufacturing hygiene that results in lower
levels of microbial contamination prior to
sterilization therefore affords several benefits:

v'shorter autoclaving times that reduce energy
costs

v'shorter heat exposure which is likely to reduce
degradation of the active ingredient;

v'fewer dead bacterial cells in the product after
sterilization, which would reduce the risk of the
injection failing the bacterial endotoxins test




4a 30U A8Ua) o5 ) jall g Bl 300 ) S MO J) 330 ) La [
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5810 zBs3 10000 oS 100 CFU 3 (338 8 zlias
x5 L 43 L) ially I 25l ans Sla Ll
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D-values

 D-value

« D-values are often quoted for bacterial spores exposed
to steam-sterilizing temperatures, and in this situation a
subscript is added to the D-value to indicate the
temperature at which it was measured.

Slide note:

D-values should only be quoted where the survivor plot is linear, and this situation
exists for both heat and radiation sterilization but it is frequently not the case when
bacteria are killed by toxic chemicals like disinfectants and antibiotics. When the
viable population has fallen tenfold (in other words when the value on the y-axis
has fallen by 1) it is often referred to as a decimal reduction, or a fall of one log
cycle; so Figure 18.3 shows four decimal reductions.



D -value

* The D value is a measure of the heat resistance of a
microorganism.

* It is the time in minutes at a given temperature required to
destroy 1 log cycle (90%) of the target microorganism

* For example, a D value at 72°C of 1 minute means that for
each minute of processing at 72°C the bacteria population
of the target microorganism will be reduced by 90%.

s population J) (x %90 Ji&l a 2 8 6l) 48 jmal Leadins D value v
steam sterilization ( Autoclave)- Lweaiiw salall,

(e 90%JE A8\ 458y JS8 72 4a v e gutoclave e Ldani Wl Ly sl v
. population J!

48 ald Dvalue 4 spore ¢ 5 JS Vv

Higher time needed to kill , so that’s mean the bacteria is resistant
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Slide note: Time (min.) 3 2c 5 mins 26 b S8l IS4
In the illustration below, the D value is 14 JI Julbé mins 40 s sl Sl oIS
minutes (40-26) and would be representative of a D value=40-26 = 14 mins

process at 72°C. reduced by 90%. In the
illustration below, the D value is 14 minutes (40-

26) and would be representative of a process at
72°C.



D-value

-4 (time need to kill 90% of MO at
1é °C) values are the most
commonly encountered because 121
°C is the most frequently used
autoclaving temperature;

*Spores of Geo-bacillus
stearothermophilus (regarded as the
most heat-resistant species)
typically exhibit D, values as high
as 2.0 minutes or more.



Log concentration of survivors

Survivor plot with a D-value of 0.75 minutes.

Survivor plot with a D-value
of O.75 minutes

(CFU/MmI)
®

- -

D-value
0.75
O 1 =

Exposure time (minutes)

D value = 75%= 0.75



Z-values
*Steam sterilization (heating in an

autoclave) is the most commonly used
terminal sterilization method, and the
temperature-time combination of 15
minutes at 121 °C, which is suggested in
the pharmacopoeias, is the heat treatment
commonly used

A pharmaceutical manufacturer is not
obliged to use this standard autoclave
cycle; it is permissible to use any other
temperature-time combination, provided
that it achieves the required SAL.



In steam sterilization the most
commonly used terminal sterilization
method is combination of time = 15 -

20 mins & temperature =121 C
da j3 aS) e 388 ket 7 value J) L
Sterilization J) e yisi3 ) jall
a3 Wl b manufacture J Lea
axiuiy 5l pharmacopeia Ju dashall
&3l time 5 temperature (o 48|
Z J) (e lgh 2 4831l a5 sterility J
J L 5l s ety Jixgvalue
Rate J) e 827 oS Temperature
of killing

v

v



Z-Value

* ltis logical to expect that the rate at which contaminating
organisms are killed would increase as the steam temperature
increased, so it would be useful, when designing a sterilization
process, to have a parameter which made it possible to calculate
by how much the rate was changed for a given change in
temperature

* The Z-value is a parameter

» Z-value: is the number of degrees Celsius temperature change
required to achieve a tenfold change in D-value

¢ al Zvalue J g -

L

10 fold change in D value J) G (lie 3 ) yall da oy juad 2 )Y oS) &



Z-value:
for G. stearothermophilus spores.

Steam D-value

temperature (minutes)
(°C)

99 120
110 12
121 1.2

*In this example the Z-value is seen to be 11 °C,
because the time required to kill 90% of the
spores (D-value) is reduced tenfold as the steam
temperature is increased from 99 to 110 °C, and
again by a further tenfold from 110 to 121 °C



Steam D-value

temperature (minutes)

("C)

09 120 | S IR AR
110 12

121 1.2

v’ Higher steam temoerature will decrease D value
438y 120 (» = ) 10 fold reduction _x=: Wl temperature J) 4 Zvalue v
o 3k e zvalue J) dllid (10 fold reduction b (sa 488y 12 1
D 5Bl allda ya 9l
Zvalue=110-99 = 11C



* The Z value reflects the temperature dependence of the
reaction. It is defined as the temperature change required

to change the D value by a factor of 10. In the illustration
below the Z value is 10°C.

0 fo---C .

0.3 J 30 ¢ 10 fold reduction J' Jba
; ulla
Zvalue=10C

D-value (rminutes)

{100-90=103 !

0.3

20 100 110

Temperature (o)
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/-value:

*If both the Z-value and the D-value at one
temperature are known, it would be possible to
calculate the D-value at any other desired
temperature from the equation below

.7 T2-T1

~ LogD1—Log D2

*if a population of spores with a Z-value of 10.5 °C
had a D-value of 9.0 minutes (D, in the equation) at
115 °C (T, in the equation) and it was necessary to
know its D-value at 121 °C (T, in the equation)—> pg
179



55 Ll s s oS0 Gl o G dla U35 7 o 5, 51 JUiall sl
eSchojh.c d;ﬂ.@q.blcuﬁ\d\d;j\ejjﬁﬂ\

T1=115C

T2 =121C

D1 =9 mins

D2 =77
Zvalue=10.5C

Answer:
Z=(T2-T1)/(LogD1 -Log D2)
10.5 =(121-115)/( Log 9 — Log D2)
10.5( Log 9 — Log D2) =6
0.57142 - Log 9 =- Log D2
-0.38282 =- Log D2 ( take antilog for two sides)
D2 =2.41445 mins



A working example of how to use D and Z values in
pasteurization calculations:

* Pooled raw milk at the processing plant has bacterial population of
4x10exp5/mL. It is to be processed at 79°C for 21 seconds. The average
D value at 65°C for the mixed population is 7 min. The Z value is 7°C.
How many organisms will be left after pasteurization? What time would
be required at 65°C to accomplish the same degree of lethality?

LSl aae e ) 3l (e raw il Ulad Jhgd) 5 S8 () 5
21 sec 33l 79 C 3 ) 4 ya (e o ghay o sadny (a8 4x10exp5/mL
z J JLés ) s ds yn Jde 7mins & average D value J Lua
10 fold D value Jdexaz 3l s Gla )0 7 830 2 7 C A value

reduction



* At 79°C, the D value has been reduced by two log cycles from that at
65°C since the Z value is 7°C. Hence it is now 0.07 min. The milk is
processed for 21/60=0.35 min, so that would accomplish 5 log cycle

reductions to 4 organisms/mL. At 65°C, you would need 35 minutes
to accomplish a 5D reduction.
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