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This month’s newsletter has a couple of articles that deal with very
different aspects of sterilization. In the first, Gregg Mosley presents an in-depth review of the origin and current usage of the term
“Sterility Assurance Level”. This term is a source of a great deal
of confusion (positive exponent, negative exponent, relationship to
the Probability of a Non-Sterile Unit) as well as questions about
how we calculate SAL and it’s relationship to D-values (is there
one? Does one refer to a microorganisms in a batch and the other
units of that batch?). Gregg closely examines articles in the literature (both recent and some much older) as well as regulatory guidance documents of relevance from a variety of sources. There is
no denying that confusion on both the terms and mathematics exist, and this article is directed at clearing up some of the issues, or
at least serving as the instigator of further discussion based on the
published literature, rather than on current fashion.
The second article in Important Links:
this month’s newsInformation on the PMFList at
letter deals with
http://www.microbiol.org/pmflist.htm
Brevunimonas
dimunata. This orPast Issues of the PMF Newsletter at
ganism, of course, is http://www.microbiologyforum.org/news.htm
widely used as a
“small bacterium” in
filter validation experiments for sterilizing grade (nominal pore
size of 0.22 µm) filters. What we as an industry frequently forget
is that bacteria are living organisms that respond to external stimuli. While we generally assume B. dimunata has a given set of
characteristics, this assumption can lead to mistakes. Julie Schwedock points out the dramatic affects of growth conditions on the
actual size of the organism. Another example (if we needed one)
that microbiology is not chemistry.
Scott Sutton, Ph.D.

scott.sutton@microbiol.org
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Sterility Assurance Level (SAL)
The term and its definition continues to cause confusion in the industry
Gregg A. Mosley
President, Biotest Laboratories, Inc.
gmosley@biotestlabs.com
Definition and note from ISO 11139: 2006 (1)
Sterility Assurance Level (SAL) – probability of a
single viable microorganism occurring on an item after
sterilization.
Note: The term SAL takes a quantitative value, generally 10-6 or 10-3. When applying this quantitative
value to assurance of sterility, an SAL of 10-6 takes a
lower value but provides a greater assurance of sterility than an SAL of 10-3.

Confession
I must admit to the readership at the outset that the
original intent of this paper was to merely decry the
widespread misuse of the term SAL and identify a
number of minor and major misinterpretations and
misapplications. However, as I probed the definitions of the term and related concepts, this paper
became a journey in which my own misunderstandings were illuminated. During the effort I reached
initial conclusions only to reconsider, recalculate
and reach different conclusions. I hope that you
find the final form enlightening or at least helpful.
Introduction
The term “sterility assurance level” (SAL) is routinely used in standards, technical reports, publications, communications, and conversations relating to
sterilization and sterile products on a global basis.
As noted in the preceding definition, SAL is a result
of sterilization and is normally intended to imply a
certain degree of microbial inactivation imparted by
a sterilization process using heat, chemicals, radiation or a combination of these agents. Naively I had
thought we were coming to a common understanding of the meaning of the term and appropriate usages. However, a recent article in the January Pharmaceutical Microbiology Newsletter (2) showcased
the continuing confusion across the medical and
food sterilization industries when it comes to use of
the term SAL. In this article the author states,

“When applied to SAL, the terms “higher than” and greater
than” mean that there is a higher assurance of sterility,
which provides a lower probability of a surviving organism
in a population of product units (e.g., a 10-6 SAL is greater
than a 10-3 SAL)”. I think we would all agree that while
the main sentence appears correct compared to the definition provided, the statement in parentheses is mathematically incorrect. This type of error does not occur on an occasional basis, but rather I find it ubiquitous in discussions
and publications throughout the industry.
In this presentation some historic origins of the term
“sterility assurance level” will be discussed and earlier definitions, slightly different than the current version, will be
presented. Quotes from industry publications will be used
as examples of common minor misuses or completely erroneous applications of the term. Related concepts such as
“levels of microbial survival” and “probability of a nonsterile unit (PNSU)” will be explained as well as their con(Continued on page 3)
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ceptual and mathematical relationship to both the current and past definitions for SAL. A primary root cause
for many of the misunderstandings and misapplications
will be offered along with some recommendations for
minimizing misuse of this key term.
SAL and Common Definitions
The term “sterility assurance” is a combination of two
words with the following definitions.
Sterility - state of being free from viable microorganisms
Assurance - a positive declaration intended to
give confidence
Thus one assumes from the common usage of terms that
“sterility assurance level” would imply a “declaration
about the degree (level) of confidence one may have that
any particular item is free from viable microorganisms”.
However, when one considers the definition for SAL we
find that it instead refers to the “level of probability that
an item will be non-sterile”. As Dr. Eammon Hoxey
conveyed in a recent communication (3), this definition
is “counterintuitive”. To that I would say, “hear, hear
indeed”. It is not only counterintuitive; it is also contrary
to the normal definitions associated with the words.
One would assume we are discussing sterility, but the
definition clearly refers to a condition of non-sterility.
Another insightful comment regarding this problem was
provided by Dr. Richard Holcomb (4).
Combining a "positive direction" concept or goal like
"Sterility Assurance" and a "negative direction" action
like a population reduction is ripe for misinterpretation.
There is usually no problem of interpretation or confusion when both the goal/standard and the direction of
"improvement" are positive. Thus, when we say that we
exceeded the production goal of 1000 units per day, the
meaning is clear to everyone. When we say, however,
that we exceeded the QA goal of 10 defects per day, the
meaning is in doubt.
Earlier Definitions for SAL
In 1991 ANSI/AAMI ST32 was published (5) with a
definition slightly different than the current ISO 11139
version.
“3.57 sterility assurance level (SAL): The expected
probability of an item or unit being nonsterile after

exposure to a valid sterilization process. SAL’s range
from 10-3 to 10-6, depending on product use.”
Nigel Halls published a simple and succinct discussion regarding SAL in 1994 (6).
“An SAL is a target to be achieved for the treated product
items. It is a probability. It is defined as the probability
of a treated item remaining contaminated by one or more
viable microorganisms.”
His definition is equivalent to those expressed ANSI/AAMI
ST32 (5) and by Bruch (7) and Pflug (8). These definitions
(Continued on page 4)
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(Continued from page 4)

are slightly different from the current ISO 11139 definition,
both mathematically and theoretically as will be explained below.

present in the sterilized article or dosage form.
In these volumes of USP the term SAL was not used at all,
but the sense clearly indicated is that a value of 10-6 provides an assurance for the maximum expected level of
“non-sterility”.

Origins of the term SAL
The following quote by Dr. Carl Bruch (9), formerly of the
FDA and director of the Office of Device Evaluation (ODE)
for several years after its inception, was published in 1972 and
appears to precede the use of the term SAL.
“...allows the estimation of survival levels of 10-6 or less.
If sterilization...is approached as a probability function, then
sterilization is the process by which anticipated levels of
microbial contaminants in a load of materials are exposed ...so that the probability of a survivor is < 10-6.”
In 1973 C.R. Stumbo, stated the following (10):
“Then...
Log b = - 12
b = 10-12
In this case b expresses probability of survival—that is, there
is one chance in 1012 that any particular container of the 1012
containers should not be sterilized by the process. This is the
same as saying that one of every 1012 containers should not
be sterilized by the process.”
You will note that Stumbo uses the expression “probability of
survival” which is very similar to stating the “probability of a
non-sterile unit” or “probability of a single viable microorganism occurring on an item”.
The following quote is from PDA Technical Monograph No. 1,
1978 (11).
pp. iii
“Employment of the Overkill approach will provide assurance of a 10-6 probability of survival regardless of microbial
numbers and heat resistance (in most cases the probability
will be considerably less than 10-6).”
This publication did not use the term “sterility assurance
level”.
The usage in USP volumes 22 (12) & 23 (13) <1211> Sterilization and Sterility Assurance was stated thusly:
“It is generally accepted that terminally sterilized injectable
articles or critical devices purporting to be sterile,…attain a
10-6 microbial survivor probability, i.e. assurance of less than
one chance in one million that viable microorganisms are

The following quote is taken from a 1984 US FDA government publication (7):
“The desired sterility assurance level (SAL), or probability of a unit being nonsterile after exposure to a valid
sterilization process, varies according to the intended use
of the device. Sterilized articles not intended to contact
compromised tissues are generally thought to be safe for
use with an SAL of 10-3; that is, a probability of one nonsterile unit in a thousand. Invasive and implantable devices should have an SAL of 10-6; that is, no more than
one nonsterile unit in a million. In practice, many firms
use overkill cycles which assure an even lower probability that a device will be nonsterile…”
(Continued on page 5)
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The primary author of this document, Dr. Carl Bruch
formerly of the FDA, is always very precise in his use
of language related to sterilization. This is the first
usage of the term SAL I have found in the literature,
although Bruch credits the term to earlier origins (14).
Misuses of the term
The following are only some examples of conflicting
uses of “SAL” and related terms.
On line at Wikipedia, a free encyclopedia, the following is provided (15).
Sterility assurance level (SAL) is a term used in microbiology to describe the probability of a single unit
being non-sterile after it has been subjected to the sterilization process. For example, medical device manufacturers design their sterilization processes for an extremely low SAL-6 "one in a million" devices should
be nonsterile. SAL is also used to describe the killing
efficacy of a sterilization process, where a very effective sterilization process has a very high SAL.
“In microbiology it's impossible to prove that all
organisms have been destroyed…therefore SALs are
used to describe the probability that a given sterilization process has destroyed all of the microorganisms.”
Note: I cite wikopedia because it is widely used, not
because of any particular credibility.
Two completely different definitions are given in the
first paragraph and they are mathematically opposite.
Those of us in the business of sterilization might suggest the second definition should have been applied to
the “spore log reduction (SLR)” or the “log reduction
value (LRV)” of a sterilization process rather than
“SAL” thus avoiding confusion. The second paragraph describes SALs as the probability of successful
sterilization; i.e. “destroyed all of the microorganisms”. However, the definition from ISO 11139 states
SAL in terms of unsuccessful sterilization, e.g. a single
organism occurring on a product”, which would be a
condition of non-sterility. Hence a more correct rendering in the second paragraph would have been to
say, “SALs are used to describe the probability that a
given sterilization process has FAILED to destroy all
of the microorganisms”.
The following 2004 article from Pharmaceutical Technology (16) adds a different, contradictory twist:

“Validation of sterilization procedures for components,
containers, and closures that enter the aseptic processing areas.
In 1988, PDA asserted that the sterility assurance level
(SAL) of aseptically produced products was “generally
considered to be 103 or more,” while physical sterilization
technologies used in component preparation resulted in an
SAL of “at least 106.” (It should be noted that PDA correctly presented the SAL value as a positive exponent, not
to be confused with the probability of nonsterility concept
use to assess risk associated physical sterilization methods,
which is a fraction of one and therefore carries a negative
exponent.)”
In this article, the authors apply a different definition of SAL
dependent on whether the products are terminally sterilized
or aseptically produced. However, their quote from the PDA
used the same exponential assignments of positives referring
to both “aseptically produced products” and “physical sterili(Continued on page 6)
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zation technologies” used for preparation of components
sterilized for use in an aseptic process. In short, if I may
extrapolate, if a final packaged product were moist heat
sterilized, the SAL would be expressed as 10-6, but if a
component were sterilized with the same cycle parameters, and possibly in the same sterilizer, then the associated SAL would be expressed as 106. This type of differential treatment not only lends to the confusion, but appears to me illogical. Even more disturbing is the use of
an SAL of 103 or 106 to describe the sterility assurance
level of aseptically produced products thereby introducing a new meaning in the application for aseptic manufacturing, and mathematical expression (positive exponents
of ten). While I understand the intent, this is absolutely
wrong both mathematically and logically. The maximum
assurance of sterility which we could have is that 103 out
of 103 units are sterile. This would mean 100% of the
units are sterile, or a probability of 1.0 (103/103). Therefore, employing values of positive exponents of 10 is
quite inconsistent with other uses and definitions of SAL
when the rate of microbial inactivation is a log linear
function, where the SAL can never equal zero, and consequently the probability of sterility can never equal 1.0.

SAL refers to individual items not batches. If a batch of
product is produced with an SAL of exactly 10-3, and the
batch contains 105 products, then we would expect 102
products to be non-sterile on average in any particular
batch. The probability that any one batch, out of an infinite number of replicate batches, processed under the
same conditions is actually sterile, is nearly 0. This is
NOT what is generally accepted as the meaning of SAL.
But perhaps even more important is that the definitions
listed in both publications are NOT consistent with discussions in their respective texts which are, in fact, consistent with earlier definitions of SAL,
“Processes must be capable of a process simulation test
contamination rate less than 0.1% at a 95% Confidence
Level.” (18)
Greater than and less than
One example of confusion with the terms “greater than”
and “less than” is shown in the survey, PDA Technical
Report # 17 (19), question # 110:
“What would you estimate the probability of nonsterility associated with aseptically filled products to
be?”
US Firms
a) < 1 in 1,000

11

24.4%

b) < 1 in 5,000

5

11.1%

Non-US
Firms
8
32.0
%
2
8.0%

c) < 1 in 10,000

15

33.3%

7

d) < 1 in 50,000

4

8.9%

e) < 1 in 100,000

4

f) >1 in 100,000

7

Total

45

Sterility of units or batches
A 1996 publication from PDA (17) on aseptic manufacturing and processing gives the following definition:
“Sterility assurance level (SAL) - Probability that a
batch of product is sterile.”
A separate but related 2003 PDA (18) publication clarifies that definition slightly to:
“Sterility assurance level (SAL) - Probability that a
batch of product is sterile. SAL is expressed as 10-n.”
The definitions above might appear to some as consistent
with the ISO 11139 and other comparable definitions, but
they are absolutely not. If the ISO definition is used, then

All Firms
20

27.4%

8

11.0%

22

30.1%

1

28.0
%
4.0%

5

6.8%

8.9%

2

8.0%

7

9.6%

15.6%

4

16.0
%

11

15.1%

25

73

The possible responses to question 110 make sense until
(Continued on page 9)
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Brevundimonas diminuta is not always so diminutive
Growth conditions affect size.
Julie Schwedock, Ph.D.
Rapid Micro Biosystems
jschwedock@rapidmicrobio.com
Brevundimonas diminuta cells can be so small
that they can pass through filtration membranes
that other microbial cells fail to penetrate. For this
reason, B. diminuta is routinely used to test the
retention properties of membrane filters used for
liquid filtration. Its role as a challenge strain for
membrane retention parallels that of heat resistant
Geobacillus stearothermophilus spores for testing
the efficacy of steam sterilization. But just as the
D-values (a measure of thermal resistance) can
fluctuate for G. stearothermophilus, the size of B.
diminuta can vary with changes in physiologic
state and growth conditions (Leahy and Sullivan
1978). Therefore, to use B. diminuta as a challenge strain for membrane retention, it is important follow a few simple procedures to ensure
proper cell size.
I have been using B. diminuta as a model organisms for basic studies on the technology underlying the Growth Direct System, a rapid automated
microbial enumeration system recently launched
by my company, Rapid Micro Biosystems. This
automated compendial method counts the same
growing colonies as does the traditional method
but it detects them days sooner. The system automates the detection step of the compendial
method, using sensitive digital imaging to detect
the native cellular autofluorescence of growing
colonies at the micro-colony stage. During an experiment designed to test our hypothesis that the
native fluorescence emitted by cells is proportional to cell volume (our data did in fact support
this hypothesis), I measured the cellular fluorescence and the cellular volumes of various microbes, including B. diminuta. The average volume of log phase B. diminuta cells was about 2
micron3, about the same volume as Staphylococcus aureus cells, though their shapes are quite distinct. (Under these conditions the B. diminuta
cells are thin rods, while the S. aureus cells are

spherical.) The procedures and growth conditions I used
(log phase cells, aeration, rich medium) favor growth of
relatively long B. diminuta cells. While these procedures
were appropriate for my purposes, cells grown this way
would not be appropriate for membrane retention studies,
as they are too big.
The size of B. diminuta is a function of its environment
and genetics. To generate suspensions of small cells
(<0.2 micron3) for testing membrane retention it is critical to follow certain procedures. It has been shown that
several environmental factors play a role in the both the
size and clustering/clumping of B. diminuta cells. B. diminuta cells are larger in rich media such as TSB
(Trypticase Soy Broth), than they are in lower nutrient
media such as SLB (Saline Lactose Broth). Cells are also
larger when they are aerated in TSB than when grown in
still culture. And cells are smaller in early stationary
phase than they are in exponential phase. Exponential
phase, aerated cultures of B. diminuta in TSB have cells
(Continued on page 8)
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no smaller than many other more typical bacteria, as
my work reinforces, and cells grown this way would
be inappropriate for membrane retention studies. In
addition, B. diminuta cells grown in these conditions
often clump together, further increasing their apparent size to a filtration membrane (Leahy and Sullivan
1978; Lee, Lee et al. 2002). Prepared challenge suspensions of B. diminuta should be monitored to
make sure they maintain appropriate characteristics
(ASTM 2005).
Another important consideration is viability. Stationary phase cells are smaller, and therefore make
more appropriate challenge organisms. However, as
cells remain in stationary phase, their viability decreases. A preparation of challenge organisms with
low viability may lead to incorrect results. Cells may
pass through the filtration membrane, but if they are
not viable, they will not grow and consequently will
not be detected. Therefore, it is important to use cell
preparations that maximize viability (Leahy and Sullivan 1978).

F838-05: 1-6.
Leahy, T. J. and M. J. Sullivan (1978). "Validation of
bacterial retention capabilities of membrane filters." Pharmaceutical technology 65-75.
Lee, S. H., S. S. Lee, et al. (2002). "Changes in the cell
size of Brevundimonas diminuta using different
growth agitation rates." PDA J Pharm Sci Technol 56(2): 99-108.
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Finally, proper restrictions on propagation are
needed to limit genetic variation of the control strain.
The correct strain (e.g. ATCC 19146) should be obtained from a well controlled culture collection (e.g.
ATCC) and checked for purity, proper morphology
(yellow-beige, slightly convex, complete and shiny),
Gram stain characteristics (small Gram negative
rods), and identified by biochemical or genetic
means. Serial passages should be limited.
ASTM guidelines specify appropriate methods for
growing B. diminuta for use in membrane retention
studies. The main purpose of these guidelines is to
provide methods for creating suspensions of singlecell per CFU, uniformly small B. diminuta with good
viability (ASTM 2005). It is imperative that those
who use B. diminuta for membrane retention studies
prepare and monitor their challenge suspensions
properly to ensure a robust testing procedure.
References
ASTM, I. (2005). Standard Test Method for Determining Bacterial Retention of Membrane Filters Utilized for Liquid Filtration, ASTM

√

√

√
√
√

Expertise: Microbial Identification and Analysis
Microcheck Signature Reports – There is no need to guess
what your results mean, we use our 19 years of experience to
create your comprehensive interpretive report with analytical
comments.
Depth: Offering a comprehensive analysis suite (genotypic
and phenotypic) of bacteria, fungi, yeasts and actinomycetes.
• 16S and 28S rDNA gene sequencing
• Fatty acid methyl ester (FAME) analysis, a cost effective alternative
• Microscopic fungal identifications by our staff mycologist
• Professional consultation with our microbial experts
• Custom projects to meet your individual needs
Experience:
• First commercial laboratory to offer FAME identifications - 200,000+ IDs since 1988
• 40,000+ fungal IDs by our staff mycologist
Excellence:
• FDA registered, cGMP, ISO/IEC 17025 Compliant
• Standard quality purity checks for every FAME sample before release of result
• Microcheck signature reports
Cost effective: Low pricing and volume discounts
Trust: Personal, rapid, responsive service with on-time
results from our microbiology lab personnel
NELAC Accredited microbiological PT Provider for water
testing labs

As the first lab to offer commercial microbial identifications we
would like to be your first choice service laboratory. For more
information about our services and pricing please visit our website
at www.microcheck.com or contact us at 866-709-6600.
The PMF Newsletter thanks Microcheck for its sponsorship.

Pharmaceutical Microbiology Forum Newsletter – Vol. 14 (5)
Page 9 of 15

(Continued from page 6)

option f) > 1 in 100,000. Option e) < 1 in 100,000, which
could be expressed as <10-5, would cover any lower values such as 10-6 or 10-7.making option f) both confusing
and unnecessary However, option f) > 1 in 100,000,
which could be expressed as >10-5 would cover any
higher values such as 10-2, 10-3 or 10-4. I would suspect
that the authors of question 110 intended f) to be “1 in
>100,000”, (e.g. 1 in 500,000) but that cannot be ascertained directly from the question.
A positive exponent as ‘stand alone’
A variation that has been suggested several times in the
last 30 years or so is captured in chapter 70 of Block’s
“Disinfection, Sterilization and Preservation”, 2001, 5th
edition (20).
“A SAL of 10-6, for example, denotes a probability of
not more than one viable microorganism in 1 X 106
sterilized items of the final product. If the probability
of a survivor in a single unit is one in one million, the
SAL would be 6.”
Here the authors use two different notations for SAL, i.e.
10-6 and 6, to express the same level of confidence in the
maximum probability of non-sterility. They appear to be
suggesting that 10-n and (-1) X Log 10-n are equivalent
notations for the same conceptual probability. This approach was originally proposed by Campbell of the Canadian Health Protection Branch (21) around 1979 as the
Microbial Safety Index (MSI). At that time no common
terms had yet been adopted in common usage (22). However, MSI did not catch on and I think resurrecting that
approach today would tend to exacerbate the current
situation of conflicting expressions and definitions.
The term probability of a non-sterile unit or PNSU
As noted by Pflug in 1999 (8).
“Sterility Assurance Level, SAL, is another term that
was coined to easily convey the microbial-control level
of a process. It is defined as the probability of a viable
microorganism in or on a product or the probability of a
non-sterile unit. For products aseptically assembled in
a clean room the SAL may be 10-3, while for terminally
sterilized products, the SAL will be less than 10-6.
Probability of a Non-Sterile Unit (PNSU). A direct
approach toward the development of a definitive term is

to call it what it is, probability of a non-sterile unit. If
the terminology, probability of a non-sterile unit, is
used, then the abbreviated form PNSU can be used to
indicate this definition. At this point, it seems that the
use of PNSU is a good approach since is has direct
meaning and the letters go together reasonably well. In
other words, it’s short, easy to read, and meaningful.
Terminal sterilization processes are normally validated
to produce product with a PNSU of less than 10-6.”
You will note that Pflug refers to aseptically produced
products with the same approach to SAL as for terminally
sterilized products in contrast to the Pharmtech article
previously referenced.
Probabilities for PNSU and PSU
When a group of items are exposed to some sterilization
process, there are only two possible outcomes for each
individual item; either sterile or non-sterile. Therefore
the sum of the probabilities for both outcomes must equal
100% and can be stated:
PNSU + PSU (probability of a sterile unit) = 100%
or PSU = 100% - PNSU
If PNSU = 10-6 or 0.0001 %, then PSU =
0.999999 or 99.9999%
And if PNSU < 10-6, then the PSU > 0.999999
Using the same approach,
If PNSU = 10-3 or 0.1 %, then PSU = 0.999 or 99.9%
However, the difference between a PSU of 0.999 (PNSU
= 10-3) and 0.999999 (PNSU = 10-6) becomes minimal
when expressed in the positive sense because both PSU
values are approximately equal to a probability of 1.0
(100%). And given our propensity for rounding, expressions for PNSU are much more discriminating and lend
themselves to more precision than expressions for PSU.
This is even more obvious when calculated sterilization
process PNSU values are even smaller, e.g. 10-9 or 10-12
(23). In these cases, listing the PSU becomes troublesome and tedious. The industry has accepted that when
using a log linear scale to express microbial inactivation,
the PNSU can never equal zero though it approaches zero
as the values become lesser and the PSU can never equal
1.0 though it approaches 1.0 as these values simultaneously become greater.
(Continued on page 10)
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Aseptic Manufacturing and SAL, a Misapplication
Aseptic manufacturing achieves production of a final
product by combining several steps. First, many components for the product and supplies used in the process
environment are sterilized by common sterilization processes using moist heat, dry heat or chemical sterilization
such as ethylene oxide. Liquids, if they are part of the
product, are often rendered non-contaminated by filtration processes in which contaminating organisms are not
destroyed but rather removed. These materials are
brought together and placed in a final package for the
product under environmental conditions intended to minimize potential extrinsic contamination. However, since
the process is not one of terminal sterilization of the
product in its microbial barrier package, such products
are not completely the result of sterilization. Rather, affecting minimal levels of non-sterility in the final product
is achieved by a marriage of these various processes and
components in a controlled environment (24-26) intended
to minimize contamination. In short, final levels of nonsterility are a function of manufacturing process controls
not a single sterilization process. Calculated levels of
non-sterility are based on statistical test outcomes for
simulated product or tests performed on actual product
that would be expected to detect events of non-sterility.
As recently discussed with Dr. Eamonn Hoxey (3) this
should not rightly be referred to as an SAL level since it
is not the direct result of “sterilization”. The term
“PNSU” can be applied since this term does not directly
suggest a result based on a final sterilization process.
Mathematical Differences between SAL and PNSU
For those whom mathematical exactness is a necessity
there has been a slight change to the definition for SAL
over time. For many years I have contended that the two
terms SAL and PNSU were mathematically equivalent
and that they corresponded to the “probability of microbial survival” based on log linear population reductions
in response to a sterilization process. As we will see, this
is incorrect.
SAL:
ANSI/AAMI ST32. The expected probability of
an item or unit being non-sterile after exposure to
a valid sterilization process.
ISO 11139: 2006. Probability of a single viable
microorganism occurring on an item after sterili-

zation.
PNSU - Probability of a non-sterile unit
The following are necessary premises for microbial population decreases to be represented by a straight line on a
log linear scale (27).
•
•
•
•

Single species
Homogenous population
Monodisperse distribution, i.e. no clumping
Exclusion of multi-nucleate spores (e.g. ascospores) or organisms (28)

Microbial populations may be exposed to conditions of
dose, time at steady-state conditions or equivalent time
that produce a constant rate of inactivation. These doses
or times will be used for the linear x-axis increments. A
resultant plot of the corresponding population changes on
the log scale, y axis, will show a straight line, in most
cases (27-30), with a negative slope. This line can be
extrapolated to some negative exponential endpoint
where we will have defined the average probability of
microbial survival, for instance 1 X 10-6. If original
equivalent populations had been deposited on identical
items for the exposure of the microbes to the defined
process then the probability of survival of a member of
any of the populations on the item is defined by our extrapolated endpoint. Hence, if we take numerous samples
of these items, the probability of any of them having a
surviving microorganism is our defined endpoint, which
in our example is 1 X 10-6. At this point the math may
prove a bit difficult conceptually so let us first consider a
different microbial survival endpoint probability of 2 X
10-1. On average, out of a starting population of microbes, we expect 0.2 survivors or two surviving organisms from each set of ten populations. However, since
this is an average probability for microbial survival, it is a
separate question as to how any surviving microbes are
actually distributed across our population of items. Does
the expected microbial survival equal exactly the number
of non-sterile items? For each set of ten items we expect,
on average, two surviving organisms. If we have two
surviving organisms, do we have two non-sterile items?
The answer is yes, but approximately only 90% of the
time because 10% of the time both surviving microbes
will be present on the same item. The definition for
PNSU would mean we have two non-sterile items 90% of
the time and one non-sterile item 10 % of the time.
Therefore, according to the definition for PNSU, when
the probability of microbial survival after a sterilization
process is 2 X 10-1, the PNSU = (2 X 10-1) – (1 X 10-2) =
(Continued on page 11)
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1.9 X 10 . There is always some finite probability,
however small, that multiple surviving organisms will
occur on the same item rather than on different items.
How does this correlate to microbial survival levels of 1
X 10-6? At that level the probability that a second organism will occur on the same item as the first is one in
a million or 1 X 10-6. The PNSU will turn out to be
approximately (1 X 10-6) – (0.5 X 10-12). These values
are only approximates and do not consider the actual
sampling of multiple sample sets where some sets will
have no survivors and some will have 1, 2, 3 or more
microbial survivors. This sampling concept is more
thoroughly discussed in ISO 11137-2: 2006 (31).
Thus far PNSU and probability of microbial survival
have been mathematically defined. Some earlier definitions for SAL have been shown to be equivalent to the
definition for PNSU. But to what is the current definition equivalent? The ISO 11139: 2006 definition refers
to “probability of a single viable microorganism”.
Since non-sterile units may have more than a single
surviving microorganism this definition cannot be
equivalent to PNSU. Rather, by the current definition,
SAL refers to an average probability of microbial survival and is mathematically equivalent.
A Challenge for Correct Usage
In their letter to the editor of the PDA Journal in 2000
(32); Drs. Tallentire and Hoxey criticize the PDA Technical Report No. 30: Parametric Release of Pharmaceuticals Terminally Sterilized by Moist Heat (33), as follows:
“The PDA Technical Report, Section 2.2 Control of
Moist Heat Sterilization, states “The SAL would
thus drop in this case from the required 10-6 to
about 10-4”. Section 2.4 Prerequisites for Parametric Release, states “The sterilization process is validated to achieve a SAL of ≥ 10-6”.
Assurance of sterility (or sterility assurance) is a qualitative concept and one can discuss greater or lesser assurance of sterility. Sterility Assurance Level (SAL),
however, has a quantitative value and an SAL of 10-6
takes a lower value than an SAL 10-4. This is a mathematical fact. Hence, one has a greater assurance of sterility associated with a lower Sterility Assurance Level
(SAL).
In actuality, then the text of the PDA Technical Report
No. 30 should read “The SAL would thus rise in this

case from the required 10-6 to about 10-4” and “The sterilization process is validated to achieve an SAL of < 10-6.”
Whilst we recognize that misunderstanding of these simple
concepts is commonplace, we appeal to the sterilization
science and technology community to be consistent in this
regard and to use the mathematically correct language.
I believe Tallentire and Hoxey have distilled down rather
well part of the problem related to the usage. However, a
separate part of the problem, which might be considered
the “root cause”, is not addressed at all. It is my belief that
the “root cause” of the problem is that the term and its current definition in ISO 11139: 2006, as well as many other
standards and documents, have been wrongly joined together as discussed earlier.
Conclusions
It is clear that the term “sterility assurance level” (SAL)
(Continued on page 12)
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has been cast about with numerous definitions attached to it since its adoption in the early to mid
1980’s. As noted above, different documents and
publications have exacerbated the use of differing and
often opposite definitions. The definition from ISO
11139: 2006 clearly refers to a mathematical probability which can be associated with a level of expected
non-sterility for individual items rather than sterility.
However, we may deduce values for the probability of
sterility based on our knowledge about the probability
of non-sterility. The term SAL, by its very nature, is
“counterintuitive” and this appears to be a major
source for the lack of consistent usage. Adjectives
commonly associated with SAL like; greater, lesser, at
least, at most, maximum, minimum, >, <, are often
incorrectly expressed. Several authors like Bruch,
Stumbo, Pflug and Hoxey, cited above, are always
consistent, and clear in their communications while
some others are not. In the industry at present, the old
guard of sterilization scientists is aging and retiring at
a time when there is an explosion of new technologies,
new products, new corporations and new individual
members in the industry. I would hope the “new
guard” can prove more successful at consistency. I
fear, however, that the term SAL is intrinsically handicapped. In addition, there is a slight mathematical
difference in PNSU and SAL, with its current definition.
I have been informed that some ISO committees are
beginning to use terms like “better than” or ”worse
than” in some new document drafts. Unfortunately, I
believe this attempt merely avoids the issue, and both
terms are dependent on context of usage. For instance, one might contend a new sterilization process
is “better than” the old process because it saves
money, saves time, and produces less product degradation, though the new SAL is a higher value (e.g. 108
) compared to the old process that produced a lower
SAL of 10-12. In short, a higher but acceptable SAL
may be “better than” a lower SAL. I believe the use
of “an SAL of 10-6 or better” is quite clear and in fairness this is the context of usage that has been suggested to me (3, 34). However, I am concerned that
users will not adhere strictly to that precise usage.
Way forward
The purpose of sterilization is not to predict levels for
probability of microbial survival. Rather it is to produce safe and efficacious products to users with a high

level of confidence that the products are sterile. However, the fact that we define levels for product sterility,
or rather non-sterility, differently than probability levels of microbial survival is not really significant in
pragmatic applications. As previously shown at SAL
levels of 10-1 the difference between SAL and PNSU is
about 5% and at 10-6 it is about 0.00005%, and the
PNSU is always slightly lower than the SAL with its’
current definition being equal to the probability of microbial survival. It is my opinion, however, that we
ought to understand these differences and use the terms
correctly. It is also important to remember that most
calculations of microbial lethality are based on the
mathematical concepts for “populations of maximum
likelihood” or “most probable number (MPN)” which
are merely estimations based on certain premises (3538).
In addition, the term SAL is clearly not applicable for
(Continued on page 13)
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aseptically produced products because they are not the
result of sterilization and a nonsterile unit may have
more than one surviving microorganism; the term
PNSU is , however, certainly appropriate.
The term SAL is deeply ingrained in usage by those
associated with sterilization across the globe and is not
likely to be replaced. Therefore, if we can accept that
the term ”is a probability” intended to predict expected
levels of microbial survivors after sterilization, and we
promote its correct usage, then perhaps confusing and
incorrect usages can be minimized.
I wish to express my sincere appreciation for reflective
reviews and kind suggestions by Dr. Carl Bruch, Dr.
John Gillis, Dr. Richard Holcomb, Dr. Eamonn
Hoxey, Dr. John Kowalski, Mr. Mike Sadowski and
Dr James Whitby. I am indebted to Dr. Kowalski for
suggestions on organization of the document, Drs.
Bruch and Whitby for providing personal experiences
on the history of the term SAL and Dr. Hoxey for his
input and challenges that spurred deeper thought, and
recalculations.
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moderating)
Newark, NJ
October 13-14 - 2008 PMF Fall Forum (Scott Sutton,
moderating)
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October 27-28 - Bacterial Endotoxin Summit (Karen
McCullough, moderating)
San Francisco, CA
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