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Here’s a quick quiz!

Which of the following two steam biological indicas would be more difficult to kill?
Lot A has 2.0 X 18 spores per indicator,121-value = 2.2-minutes,
Lot B has 3.3 X 183pores per indicator,121-value = 1.8-minutes.

Lot A has a slightly greater D-value but Lot B hmere than ten times as many spores.
So, which is more difficult to kill? Not sure? &ereading and we’ll figure it out.

There are two aspects that together determine Yieealb resistance capabilities of a
biological indicator: population and D-value. THadition of Spore News will evaluate

these two aspects as well as discuss how speaéicenlly needs to be when ordering a
new lot of indicators.

SQUARE WAVE LETHALITY

D-value is defined as the time at a specified $exposure conditions to reduce the
viable spore population by one-log (or 90%). Duealssessments are conducted by
exposing biological indicators in a resistometerlSO-18472:2006 addresses the
performance standards and requirements that mustebeor biological and chemical
indicator test equipment while 1SO-11138:2006 dsses the set points to be used when
testing biological indicator D-values. To summarithe steam resistometer cycle
requirements, the vessel must be able to:

» Evacuate the chamber to 0.65 psia in 120 secondisssrwithout the aid of a
steam flush,

» Charge to within -0.5°C of the exposure temperasetepoint within 10 seconds
or less,

» Maintain exposure temperature (+/- 0.5°C) and spwading saturated steam
pressure (+/- 0.5 psia) during the exposure phase,

> At exposure completion, evacuate the chamber toletbal conditions to attain
100°C within 5 seconds and to a pressure of 1awishin 60 seconds.
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The precise cycle performance characteristicsrebstometer deliver what is referred to
as “square-wave lethality”. The ability to delivexact and distinct “doses” of lethality
allows us to see slight differences in resistarexopmance from lot to lot. To illustrate
these subtle differences, review the fraction-niggatlata sets for four lots of EZTest
steam biological indicators presented in TableThe values are presented as number of
negative units/number of units exposed with emairkil times* highlighted.

Table 1. Comparison of EZTest Steam Fraction-meg&l-value Data

BIER Cycle Lot # and Spore Population per Unit
EXTPOSWG Lot A Lot B Lot C Lot D
(mi:&ees) 20X10 | 33x10 | 25x18 | 19x1f

09 00/20 00/25 00/25
10 00/20 00/25 00/25 00/25
11 00/20 00/25 07/25 00/25
12 05/20 11/25 12/25 00/25
13 18120 17125 17/25 03/25
14 19/20 24/25 25/25 10/25
15 20/20 25/25 25/25 13/25
16 20/20 25/25 25/25 20/25
17 20/20 25/25 23/25
18 25/25
19 25/25
LHSK D- 2.2336 1.8348 1.8311 22681
value
Rounded
LHSK D- 2.2 1.8 1.8 2.3
value

* The empirical kill time is defined as thahortest BIER exposure at which all units were negative for
growthand at all exposures of longer duration, no growth waserved.

** The empirical survival time is defined as thangest BIER exposure at which all units were positive for
growthand at all exposures of shorter duration, 100% gromels observed.

These subtle differences in fraction-negative datadetectable only in a resistometer
which delivers square-wave lethality. And what atbour quiz? According to the
fraction-negative data set, Lot A and Lot B haveigantical 15-minute empirical Kill
time. Further observation shows that the empigcavival time** (11.0-minutes) is also
the same for both lots.

There is a simple formula that can help one to lmedicted these results. It is referred
to as ko value' and is calculated as follows:

Fsio = Logio population X D-value

11S0O 11138-1:2006
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The Rgio for Lot Ais 11.6622
Logi 2.0 X 16 = 5.3010
5.3010 X 2.2 = 11.6622

The ko for Lot B is 11.7333
Logi03.3 X 16 = 6.5185
6.5185 X 1.8 = 11.7333

For comparison, theghp for Lot C is 11.5162 and for Lot D it is 14.4412.

It is with increasing frequency that we receiveuesis for biological indicators (BISs)
with a very specific and narrow range of acceptdbtealues and/or spore population.
As an example, a recent caller requested an EA&Ieam indicator with population less
than or equal to 2.0 X £Gpores per unit. The available lot had a labaihtlof 2.2 X
10°. This was deemed “unacceptable” by the clienthey were operating under a
perception that an indicator with more than 2.0 0¢6L spores per unit would have too
great of a potential to survive their sterilizatiprocess. In this particular case, any D-
value would have been acceptable, as long as fndaimn per unit did not exceed 2.0 X
10°. Had Lot D been available, the client would hageepted delivery. Notice how this
lot actually poses the greatest challenge to teeligation system as it has the longest
empirical kill time and the greatessb.

PROCESS VESSEL LETHALITY

When purchasing a Bl for monitoring a validatedastecycle, how specific does one
need to be in specifying population and D-valuaunesments? To answer this question,
we must consider the difference in resistometefopmance compared to that of a
production steam autoclave. A resistometer ddivequare-wave lethality to the
biological indicator. By comparison, a processse¢®perates with much more variation
in conditions. The time for the chamber to reduoh éxposure set-point may take many
minutes in a steam autoclave whereas the BIERaghieve exposure conditions within
10 seconds. Temperature during the exposure phagdluctuate by several degrees in
a process vessel and the autoclave will take softsilg longer than 5 seconds to reduce
the chamber temperature to values less than 100DR€.result is delivery of lethality that
is VERY different than the square-wave BIER perfante. However, the spores
respond to these dynamics in a very predictableneran As a result of the dynamic
conditions that exist in a process vessel, itiguglly impossible to differentiate between
the subtle differences in lot-to-lot resistancef@enance such as those seen in Table 1.

THE FUNCTION OF THE BIOLOGICAL INDICATOR AS A MONIT OR OF
CYCLE PERFORMANCE

The Bl as a routine monitor of a validated processsa system to be used to detect
catastrophic process failures. Currently, no plalsinstrumentation systems are
available that can be embedded in the most difficusterilize location of the product to
measure all critical process parameters. The bhaktepores in the Bl effectively
integrate all critical process parameters at ales during the cycle and respond to the
exact lethal conditions that exist in the spedditation in which the Bl is placed.
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CONCLUSION

The standards for steam BIER vessels require thet raocurate and responsive
instruments available. Tight performance paramsetesult in delivery of square-wave
lethality to the exposed Bls. The ability to delivthis type of steam lethality allows one
to observe the slight differences seen in Tabléflie dynamic conditions within a
process vessel are highly dependent on the chastic of the load and in this type of
environment, it is impossible to ascertain thesétlsu differences in resistance
performance.

The unexpected positive test unit in a validatemtess is not due to use of a Bl with D-
value or spore population that is slightly gredit@mn the desired level. The positive Bl in
a validated cycle results from a loss of a sub&tbamount of lethality.

The D-value on the Certificate of Analysis is atcurate estimateof resistance for a
specific set of exposure conditionslIt can have an effect during cycle developmeutt b
is not a concern for positive Bls in a validatad| €ycle production run.

To completely illustrate this point, one must cdesithe remainder of the story...
* We agree that the D-value is the time that it tadeaspecific set of conditions
to reduce the population of spores in the Bl by-lmgeor 90%.
* We also agree that process vessels, because tfatthewill operate at different
conditions than BIER vessels.

How does one apply the BIER vessel data to thegssit This is accomplished through
the application of the Z-value. The Z-value isidedl as the temperature change required
to change the D-value by one-log or 90%. The Zwaprovides us a means of
integrating process lethality delivered at condis@ther than that delivered by the BIER
during D-value assessment. The Z-value is usesktablish an equivalent lethality per
unit of process clock time. This allows total dehed lethality to be expressed as Spore
Log Reductions (SLRs) which are then used to cateulSterility Assurance Level
(SAL). We'll continue discussion of this topicanfuture Spore News.

The first step in our journey to establishing a Salthe D-value but it is only thigrst
step. We need to look beyond the D-value to uncover#ést of the SAL story.

For additional discussion on Z-value, please rgaat&&News Volume 3, Number 1 and
Volume 3, Number 2. To access these and all dipare News, click on the Spore
News link from our home pageww.sgmbiotech.com
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Please email us with topics you would like to seeldressed in “Spore News”. !
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