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INSIDE MYTHS & FACTS
OF STERILIZATION

In 2021 Fedegari presented and joined various webinars and online training sessions with technical
experts and partners from pharma manufacturing all over the world. These experiences brought up
many questions from professionals and customers who joined our digital discussions. Rather than
simply answering to these questions we saw it as an opportunity to create a collection of myths
and Facts regarding the sterilization process.

This final paper is based on the idea of an original article published by our friend Jim Agalloco
together with James Akers and Russel Madsen in 1998 in the PDA Journal, presenting

'Moist-heat sterilization - Myths and Realities'.

This new Myths & Facts collection aims to be a knowledge-sharing project to answer questions
about sterilization which come from our expertise and field experience. In the next pages, you will
find sterilization fundamentals explained by renowned and trustworthy experts from our
pharmaceutical network.

Please, contact us if you have any doubts or suggestions at marketing@fedegari.com.
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Sterilization

The reference temperature for moist-heat
sterilization is 121°C as it guarantees a
sufficient spores’ lethality.

Myth: “Moist-heat sterilization process efficacy
is not intrinsically linked to a target temperature
of 121 °C, which is simply the Celsius [rounded]
conversion of 250 °F; other temperatures can be
used”. (USP 43, <1229.1>). The same tempera-
ture for an exposure of 15 minutes under satu-
rated steam condition is indicated also in
Europe as “reference cycle” but “another combi-
nation of time and temperature may be adopted
based on cycle development and validation” (EP
5.1.1). However a fact is the availability of an
enormous amount of literature and experimen-
tal values (e.g. for biological indicators) refer-
ring to 121 °C or 250 °F; this makes any change
rather difficult.

Vittorio Mascherpa

Mori-

Steam sterilization is a process achieved by
condensation of water and heat transfer
from saturated vapour phase on the surface
of the items to be sterilized.

Fact: It is true. “The importance of using satura-
ted steam for sterilization arises primarily from
two attributes. First, saturated steam rapidly
kills microorganisms because of the presence of
liquid water. Steam heated above saturation,
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also termed superheated steam, lacks liquid
water, and although it is higher in temperature
than saturated steam it is substantially less
lethal to microbes. Second, when steam changes
phase from gas to liquid, it releases thermal
energy (...) that is transferred to the load items,
facilitating sterilization of their exposed surfa-
ces.” (USP 43, <1229.1>).

James Agalloco

MorF

When the steam is in equilibrium with liquid
water at the same temperature we can
define it as “saturated steam”.

Fact: Yes, we can. “Saturated steam is a biphasic
mixture of H,0 in gas and liquid phases in ther-
mal equilibrium. It has a singular temperatu-
re-pressure relationship in which both phases are
present, and at a given temperature only one
pressure is possible for saturation” (USP 43,
<1229.1>). According to this, saturated steam
can be more or less humid, depending on the
actual content of water droplets entrained in it.
A perfect dry saturated steam is a theoretical
abstraction; a small amount of liquid water in it
prevents superheating.

Maria Luisa Bernuzzi
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Mor[-

In pure saturated steam processes it is
important to perfectly eliminate the air from
the autoclave chamber.

Fact: Yes, it is. “Residual air within the sterilizer
chamber and load items acts as both an insulator
and an obstacle to steam penetration to all
surfaces of the load items, and its removal is
essential for effective sterilization. The presence
of residual air in the chamber negates the singu-
lar temperature-pressure relationship of satura-
ted steam. In the absence of saturation, physical
measurements may not provide assurance of
lethality” (USP 43, <1229.15).

In other words, residual air both hinders a
perfect contact of condensing steam with the
items to be sterilized, and stratifies in the lower
parts of the chamber, especially close to the
edges, creating spots with unpredictable tem-
perature (the so-called “air pockets”).

These considerations don't apply to the steriliza-
tion of aqueous liquids that very often are steri-
lized in an atmosphere of steam and air (or
other gases).

Vishal Sharma
MorF
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In the pharmaceutical industry all autoclave
components must be of stainless steel. This
includes downstream service elements like
the vacuum pump and upstream service
elements like the heat exchangers.

Myth: All the components of pharmaceutical
autoclaves which are in contract with the
product, or with fluids coming in contact with it,
are currently made of stainless steel, including
valves and piping (to be of suitable design as
well). Only the “service” components downstre-
am of the autoclaves (vacuum pump, condensa-
te traps, air breaks, etc.) can be accepted in
materials other than stainless steel.

Morf-

The sterilization cycles are based on the
resistance of Geobacillus stearothermophi-
lus spores.

Myth: According both to EP and USP, steriliza-
tion cycles are based on the knowledge of the
initial bioburden and the effectiveness of the
sterilizing conditions. To evaluate this, “test
systems” called biological indicators (Bls) are
used, i.e. “well-characterized preparation[s] of a
specific microorganism that has known resistan-
ce to a specific sterilization process” (USP 43
<1229.55).

As microbiological resistance to sterilization
varies with the physical conditions, Bls can “pro
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vide microbiological evidence of process effecti-
veness that should be correlated to physical
measurements”, even if “there are no establi-
shed means for accurately predicting microbial
destruction based solely on physical measure-
ments” (USP 43 <1229.55).

For steam sterilization, the commonly used Bls
contain spores of G. stearothermophilus
(strains ATCC 12980 or ATCC 7953), a ther-
mophilic microorganism with a moist heat
resistance substantially greater than that of
most vegetative microorganisms. Another
heat-resistant spore-forming microorganism
such as B. subtilis (ATCC 35021) is suggested for
evaluating moist heat sterilization processes
both by EP and USP.

@ Lucia Maita
MorF

)
All sterilization processes must be valida-
ted.

Fact: Yes, validation is strictly mandatory. “The
achievement of sterility for any one item in a
population of items submitted to a sterilisation
process can neither be guaranteed nor demon-
strated. It is essential to study the effect of the
chosen sterilization procedure on the product
(including its final container) to ensure its
effectiveness and the integrity of the product,
and to validate the procedure before it is applied
in practice “(EP 10.0, 5.1.1).

“All sterilization processes should be validated
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(...). Particular attention should be given when
the adopted sterilization method is not descri-
bed in the current edition of the Pharmacopoeia,
or when it is used for a product which is not a
simple aqueous solution. When possible, heat
sterilization is the method of choice” (Annex 1
to EudraLex vol. 4, Draft version 12, 8.35 &
8.36).

Simone Riva

Mori-

Terminal sterilization can be excluded if it is
not compatible with the heat and mechani-
cal resistance of the Final container of an
active substance.

Myth: “The choice to use a heat-labile container
cannot in itself be the sole reason for not
applying a terminal sterilization process and
alternative materials should be investigated”
(EMA Sterilisation Guidance 2019, 4.3.3).
“Materials should be changed if the initial mate-
rials are suspected of being incompatible with
an otherwise acceptable [sterilization] method”
(USP 43, <1229.14>).

On the other side, “the selected sterilization
method should be the process that has the
least impact on the essential quality attributes
of the material and delivers lethality sufficient
to exceed the desired minimum probability of
nonsterile unit” (USP 43, <1229.145).

Maria Luisa Bernuzzi
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Mori-

The steam used for the direct sterilization
of materials or product-contact surfaces
(porous hard-good autoclave loads) must
meet the current monograph for WFI of the
relevant Pharmacopoeia.

Fact: Rather obviously, any steam cannot be
expected to meet the requirements of any
water (...). But to guarantee a suitable pure-
ness and the absence of additives it has been
indicated by current GMP for about twenty
years that “steam condensate should meet the
current monograph for WFI of the relevant
Pharmacopoeia”. (Annex 1 to EudraLex vol. 4,
Draft version 12, 6.17).

Ivy Louis

MorF

Fo

It is recommended using the equivalent
time (or lethality) F, for moist-heat sterili-
zation processes with porous/hard loads.

Myth: Calculating F, makes sense only after all
the air present in the autoclave has been remo-
ved and the sterilization conditions are met:
product must be in contact with condensing
steam. It makes no sense starting the calcula-
tion of F, before the sterilization conditions are
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fully attained. With porous/hard loads this
often happens only just before the holding
time begins. The use of Fo for moist-heat sterili-
zation processes with porous/hard loads is not
recommended. This also due to sterilizing con-
ditions which usually disappear immediately
after the holding time has been completed
(e.g. when the drying phases begin).

Vittorio Mascherpa

MorF

The accumulated equivalent time (lethality)
Fo changes depending on different autocla-
ve capacity/loads.

Fact: It is obvious that the mathematical
formula of Fo doesn’t change from autoclave to
autoclave, or by changing the load in it. Howe-
ver, the rate of heating and cooling, thus the
accumulated value of lethality, depends on
load properties such as viscosity, repartition,
amount, etc. For example, a syringe filled with
water will heat and cool faster than a syringe
filled with a viscous product, thus accumulating
less lethality during heating and cooling
phases. All the same, a 1 ml syringe will reach
the sterilization temperature much quicker and
having already accumulated much less lethality
than a 5 L intravenous bag filled with the same
liquid.
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Also, a partial load of identical items will accu-
mulate less lethality after the same holding time
than a full load of them, due to the shorter hea-
ting time (and the subsequent cooling one). It
seems to be a paradox, but no doubt that due to
the quicker heating (and the subsequent quicker
cooling) a holding phase with the same duration
target will leave a partial load with less lethality
than a full load.

Samantha Kay

Morf-

It is always possible to calculate the value of
equivalent time (lethality) Fo.

Myth: No doubt that from a merely mathemati-
cal point of view it is always possible to calculate
the formula of Fe-value. But if there is no presen-
ce of liquid water in contact with the microorga-
nism, the equivalent time is biologically meanin-
gless because the lethality effect is heavily redu-
ced and, in most cases, not known. Additionally,
EP 10.3, 5.1.5 and EMA Sterilization Guidance
2019 admit the contribution to Fo at temperatu-
res lower than 110 °C only as a (rather unwelco-
me) exception to be scientifically justified.

This is due to the common lack of knowledge of
the D-values of product bioburden and biologi-
calindicators at a temperature so different from
the reference one of 121 °C. “The change in
lethal effect in relation to the process tempera-
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ture may not be log linear at lower sterilization
temperature” (EMA Sterilisation Guideline
2019, 4.1.1).

James Agalloco

Morf-

Time saving is one of the benefits of using
equivalent time (lethality) Fo approach com-
pared to time-based control.

Fact: Yes, it is. Benefits of using F approach are
reducing the holding time, preserving the
product integrity, and saving on overall cycle
time.

Ivy Louis

MorF

It is recommended using equivalent time
(lethality) Fo for heat-sensitive liquids.

Fact: Yes, it is, provided the liquid is an aqueous
one. The concept of equivalent time or lethality
Fo was first introduced for canned or tinned
food, i.e. for heat-sensitive substances with
water inside. The water as part of the product
guarantees the constancy of sterilizing condi-
tion by moist-heat,
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that is the presence of liquid water in contact
with microorganisms.

Vishal Sharma

MorF

Itis suggested to use equivalent time (letha-
lity) Fo when the product cannot be sterili-
zed by steam sterilization at 121 °C for 15
minutes.

Fact: A validated minimum lethality of 8 minu-
tes expressed as equivalent time or lethality Fo
with a minimum temperature of 110 °Cis always
required for sterilization by EP 10.0, 5.1.1 and
the related “EMA Sterilization Guideline
2019”. These “lighter” conditions are applicable
only in the case the “reference cycle” of 15
minutes at 121 °C minimum is demonstrated
not suitable for the product; they demand
progressively deeper validation studies. Please
note that an intermediate cycle with a minimum
Fo of 12 minutes and a minimum temperature
of 121 °C is called “overkill cycle” by the actual
European rules.

The holding phase of a lethality-based cycle may
be time-targeted as well, provided that the deli-
vered lethality complies with the EP require-
ments.

Maria Luisa Bernuzzi
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Morf-

The use of equivalent time (or lethality) Fo is
indicated even if the conditions For moist
heat sterilization are not present. This is the
case when Fo accumulates before air remo-
val has been completed. This is a fundamen-
tal step that allows adeguate contact
between steam and microorganisms.

Myth: Equivalent time or lethality doesn’t make
sense when sterilizing conditions are not
present. The calculation of Fo becomes only a
mathematical formula without a biological mea-
ning. To use it would be a glaring blunder.

Vittorio Mascherpa

MorF
SAL=10°

A SAL = 10° is a significative value in descri-
bing the target of any sterilization process.

Fact: Yes, it is. The Sterility Assurance Level, or
SAL = 10° is the definition of sterility in the
European Pharmacopoeia (EP 10.0, 5.1.1),
and the almost equivalent (but theoretically not
identical) Probability of a Non Sterile Unit, or
PNSU = 10°%is referred to as the “must” for
sterility in the United States Pharmacopoeia
(USP 43, <1229>). The historical precedent of
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this numeric value is somewhat unclear but it
sounds logic that when moving, almost fifty
years ago, from the statistical tests for sterility
by analysis of samples to the validation of the
sterilization process, this 10° related to the
reduction trend of microorganisms’ inactivation
(an exponential law) was suggested to provide a
smaller probability of non sterile units in a batch,
than the previously current statistical sampling
and testing methods.

Daniela Martigani

Mori-

In the healthcare industry an item can be
considered sterile when the microbial popu-
lation is equal to 0.

Myth: No, it is not true. In the pharmaceutical
and healthcare industry an item is defined steri-
le if it is possible to certify that its SAL or its
PNSU are equal to or better (i.e. numerically
smaller) than 10 This means that the probabili-
ty that the item is not sterile is equal to or lower
than one millionth.

-

) .

Lucia Maita

MorF
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Sterility is defined by a Sterility Assurance
Level (SAL) equal to or less than 10

Fact: “The SAL for a given sterilization process is
expressed as the probability of a microorganism
surviving in a product item after exposure to the
process. An SAL of 10°¢, for example, denotes a
probability of no more than 1 non-sterile item in
1 x 10° sterilised items of the final product” (EP
10.0, 5.1.1).

Vittorio Mascherpa

Mori-

D-value

The heat-resistance D-value changes with
the temperature.

Fact: The heat-resistance D-value strongly chan-
ges with the temperature. Another parameter,
the z-value, “is defined as the number of degre-
es of temperature change necessary to change
the D-value by a factor of 10" (USP 43,
<1229.25); an almost identical definition can be
found in EP 10.3, 5.1.5.

Simone Riva

¢
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Mori-

The D-value is the time required to eliminate
the entire microbial population.

Myth: No, it is not. The time required to reach a
Sterility assurance level equal or better than 10
is a multiple of D. In fact, the time required to
eliminate the entire microbial population, if any,
presentin oronanitem isa multiple of the D-va-
lue. This value is also used to demonstrate that a
product has reached a Sterility Assurance
Level equal to or better than 10-.

Samantha Kay

Morf-
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