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Be sure to check out the upcoming
PMF Conferences and Workshops

You probably have also seen the posting for an editor of this journal. One of the main responsibilities of this position will be to encourage high-quality articles of interest to the bench microbiologist.
The response to this poImportant Links:
sition has been gratifying.
Information on the PMFList at

http://www.microbiol.org/pmflist.htm

Finally, if you have an
interest in assembling a
Past Issues of the PMF Newsletter at
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task force to prepare an
informational “white paper” on a particular topic, the PMF can offer support and contacts to
assemble the team.
Use the PMF to further the industry and your career!
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The Most Probable Number (MPN) Method
Scott Sutton, Ph.D.
The Microbiological Network, Inc.

Introduction
The "Most Probable Number" (MPN) Method is a useful, if underutilized, tool for the microbiologist. It is
part of the harmonized compendial chapter on bacterial enumeration (USP 2009a) and has been part of the
Microbial Limits Test chapter in USP since the chapters inception in USP XVIII (1970). The test is a
method to estimate the concentration of viable microorganisms in a sample by means of replicate liquid
broth growth in ten-fold dilutions. It is particularly
useful with samples that contain particulate material
that interferes with plate count enumeration methods.
The basic assumptions of the MPN method are that
bacteria follow Poisson statistics, and that a single viable cell with result in turbidity of the test media under
the conditions used. Nutrient broth will support
growth of organisms and turn turbid. The basic pattern of growth vs. no-growth can provide information,
particularly at low numbers of organisms with large
numbers of replicates (as described by Halvorson and
Ziegler (1933). However, this accuracy can be greatly
increased by diluting the inoculum (or sample) in series and then comparing the recoveries of all tubes in
About the Author
Dr. Scott Sutton earned his Masters and PhD in Microbiology from the University of Rochester (NY). With
over 30 years of laboratory leadership experience in the
microbiology arena of the pharmaceutical and personal
products industries, he now consults for the pharmaceutical, medical device and cosmetics industries through
the Microbiology Network, Inc. He has worked with the
USP Microbiology Committee of Experts since 1993,
serving as vice-chair 2000-2010.

the dilution series. This then, is the basis of the MPN
(also known and Multiple Tube or Dilution Tube methods) method.
The method offers real opportunities as a tool for microbiologists in situations where, for one reason or another, the plate count method is unsuitable. It can also
be employed for semi-quantitative estimation of growth
-promotion capability of liquid media, in estimation of
precision for alternate microbiological methods, and as
part of the "fraction negative" method of determining D
-values.

The Method
In the compendial version of the MPN test, the sample
to be tested in prepared in 10-fold dilution series, and
(Continued on page 3)
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then 1 mL samples of each dilution are inoculated
into triplicate broth culture tubes for incubation.
As the dilutions increase, the possibility that the
broth tubes will fail to be inoculated with any microorganism increases. At some point therefore,
very few of the replicate tubes will be inoculated
with viable microorganisms.
Following incubation, all tubes are examined for
turbidity and the pattern of growth in the tubes is
scored against a table of such values1. The MPN
table (for a 3-replicate design) from the FDA's
Bacterial Analytical Manual is provided as Table
1. A typical design uses three replicates with a
three-log10 unit dilution series. In this design, if all
tubes showed growth, then the results will be
noted as 3,3,3. If only one tube in each replicate
shows growth it would be denoted as 1,1,1. The
pattern of growth is then read from the table to
provide the most probable number and 95% confidence interval. By this, the result of 2,2,0 would
reflect an MPN of 21, and a result of 3,2,2 would
be interpreted as an MPN of 210.
The MPN table (at least the MPN tables in the harmonized microbial limits tests) will normally only
present results for three dilutions in sequence (e.g.
10-1, 10-2, 10-3) but the dilution series tested might
have been from the 10-2 to 10-4 tubes (see the FDA
BAM discussion on how to select appropriate
tubes to read). The worker will need to take the
dilution factors in the table and in the actual experiment into account to derive the most probable
number from this study. The results of this test
should be expressed as "MPN" rather than "CFU"
to reflect the capabilities of the method.
1

For a good tutorial of the MPN theory and practice see Appendix 2 of the FDA 's Bacterial Analytical Manual. This is
available online at http://www.fda.gov/Food/
ScienceResearch/LaboratoryMethods/

The method assumes a random distribution of microorganisms in the sample and an accurate dilution of the sample through the dilution series. It
also assumes that the microorganisms are separate
and do not affect each other (attract or repel) (thus
are described by the Poisson distribution at low
numbers). In addition, it must be assumed that
every tube (or plate, etc.) whose inoculum has a
single viable organism will result in visible
growth.
Although the compendial version utilizes three
replicates and a ten-fold dilution series, there is no
theoretical reason for these parameters. In fact, it
is well known that the accuracy of the method increases dramatically with increasing the number of
replicates (at least up to 5 replicates) and decreasing the interval of the dilution series (5-fold or 2(Continued on page 4)
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Table 1. MPN Table for three replicate design from
www.fda.gov Bacterial Analytical Manual
Positive Tubes
0.1

0.01

0.001

MPN

95% Confidence Range

0

0

0

<3.0

0-9.5

0

0

1

3

0.15-9.6

0

1

0

3

0.15-11

0

1

1

6.1

1.2-18

0

2

0

6.2

1.2-18

0

3

0

9.4

3.6-38

1

0

0

3.6

0.17-18

1

0

1

7.2

1.3-18

1

0

2

11

3.6-38

1

1

0

7.4

1.3-20

1

1

1

11

3.6-38

1

2

0

11

3.6-42

1

2

1

15

4.5-42

1

3

0

16

4.5-42

2

0

0

9.2

1.4-38

2

0

1

14

3.6-42

2

0

2

20

4.5-42

2

1

0

15

3.7-42

2

1

1

20

4.5-42

2

1

2

27

8.7-94

2

2

0

21

4.5-42

2

2

1

28

8.7-94

2

2

2

35

8.7-94

2

3

0

29

8.7-94

2

3

1

36

8.7-94

3

0

0

23

4.6-94

3

0

1

38

8.7-110

3

0

2

64

17-180

3

1

0

43

9-180

3

1

1

75

17-200

3

1

2

120

37-420

3

1

3

160

40-420

3

2

0

93

18-420

3

2

1

150

37-420

3

2

2

210

40-430

3

2

3

290

90-1000

3

3

0

240

42-1000

3

3

1

460

90-2000

3

3

2

1100

180-4100

3

3

3

>1100

420-4000

(Continued from page 3)

fold) (Eisenhart and Perry 1943, Cochran 1950). The
FDA BAM website referenced provides an Excel
spreadsheet to assist in creating different MPN tables
as needed2.

MPN and D-value Determinations
Pflug et al (2001) describe the use of the MPN
method in D-value determination from a historical
perspective, beginning with the work of Bigelow and
(Continued on page 5)
2

This spreadsheet can be downloaded from the www.fda.gov
site at http://www.fda.gov/downloads/Food/ScienceResearch/
LaboratoryMethods/BacteriologicalAnalyticalManualBAM/
UCM164329.zip
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Esty (1920) who described the concept of "thermal
death time" which is basically the number of samples of surviving biological indicators at different
times. The thermal death time for a temperature
was then between the longest heating time yielding
a positive unit and the shortest time when all were
negative. In this procedure it was important to use
more than one sample.
A refinement on this method was proposed by
Stumbo et al (1950) who suggested the use of the
MPN equation on the surviving units. As there
was only one possible dilution, the number of replicates must be large to provide some precision to
the estimate. By varying the heating times we start
to develop the survivor curves using this method.
There are two other commonly used methods for
determining D-values based on this MPN equation
- the Stumbo-Murphy-Cochran (1950) and the
Spearman-Karber methods (which are both a bit
complicated to do justice in this overview article see Pflug et al 2001 for a review). Also, see Takahashi et al 1995, Shinatani et al 1995 and Shinatani and Takahashi 1995 for discussions of the
relative accuracy of the different methods.

Applications of MPN in Environmental
Monitoring Data
Environmental monitoring data is a problem for
microbiology. We are urged to "qualify" our control levels and our sample sites. However, we are
using a technology (plate count) that is exceedingly imprecise at numbers of CFU below 25.
However, the aseptic core of a modern facility will
commonly yield counts of zero, with concern expressed if the count is approaching 3. These control levels are in truth of little value despite their

popularity in regulatory circles (see discussions in
Hussong and Madsen 2004, Farrington 2005,
Akers and Agalloco 2010). One approach suggested to deal with this mismatch between regulatory expectations and plate count capabilities has
been to explore the possibility of looking at a frequency distribution models to establish control levels in these areas (Caputo 2004) or incident models
(USP 2007).
A recent publication by Sun et al (2006) pointed
out the possibilities in using MPN methods for
evaluation of clean room monitoring data. The basic idea is to use the fundamental statistics as if
only a single dilution were being considered. In
(Continued on page 6)
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this approach, the application is not dissimilar to
fraction negative studies of biological indicators
for sterilization studies. Preliminary studies presented by this group look promising and this is an
approach that could be pursued with existent data
for evaluation.

MPN in Qualification of Broth Media
The recently revised compendial chapters on Microbial Limits Tests and Sterility tests both place
great emphasis on media growth promotion studies as a requisite quality control activity. This has
been reinforced by the USP chapter <1117>
(recently revised - USP 2010) discussion of the
importance of media control in the lab. While the
methods at hand to compare bacterial growth on
solid media are quantitative in nature (recovery
within 50% or within 70% by CFU) the tools described in the compendia for broth growth promotion are qualitative at best ("Liquid media are suitable if clearly visible growth of the microorganisms comparable to that previously obtained with
a previously tested and approved batch of medium
occurs.")
Weenk reviewed different methods of demonstrating equivalence between two media. His study
looked at the different methods for both solid and
liquid media, but we will look only at the methods
for liquid. He looked at the following to compare
nutrient broth performance:
•

•

Kinetic Measures
• Length of lag phase in each media
from identical inocula
• Growth rate in each media
Endpoint Determination
• Total biomass at stationery phase
• Agar Inoculation (number of CFU at

•
•

stationery phase)
Adding agar to 15 g/l nutrient broth, then
using quantitative enumeration techniques

MPN

He found the length of lag phase to be widely variable, the growth rate determination for each media
prohibitively labor-intensive. The endpoint determinations were found to be too imprecise and labor intensive (One wonders what he would have concluded from the harmonized method of inoculating
with <100 CFU and approving it if growth occurs!).
The MPN method was recommended by Weenk to
qualify media and is recommended for its accuracy,
cost and flexibility. The basic approach recommended is to approach the MPN method from the
opposite direction than that of the compendial
(Continued on page 7)
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bioburden MPN. In the bioburden test, we have a
sample with an unknown bioburden and we are trying to deduce the most probable number of cells.
In the recommended growth promotion test for liquid media, we have two batches dispensed in tubes.
The "sample" is a known inoculum in a known dilution series. The inoculum dilutions are then
separately inoculated into the two media through
the dilution series, in replicate, and then incubated.
If the media exhibit identical growth promoting
properties, then the 95% confidence intervals of the
two MPN determinations should overlap. In this
manner, a (semi)-quantitative growth promotion
study may be performed for liquid media.
To set this up, one design might be to prepare
twelve (12) 10 ml tubes of each medium. The inocula (however many microorganisms used) is then
prepared to an approximate concentration of 50, 5,
0.5 and 0.05 cfu/tube (this has to be approximate
only). Each dilution is then added to three tubes of
each media, and the media incubated. After incubation the MPN is separately deduced for each media - hopefully the confidence intervals will overlap.

MPN in Qualification of Alternate
(Rapid) Microbiological Methods
It should be obvious to the reader that the previous
discussion on the use of MPN in growth promotion
studies has immediate application for determination of the relative Limit of Detection for two
microbiological methods, for example a
"traditional" method and an "alternate" method.
This is in fact referenced in USP chapter <1223>
(USP 2009b).
The author first realized this during preparation to

teach at the 2004 PDA-TRI course "Rapid Microbiological Methods (October, 2004). Using the method
described above for liquid media, qualitative methods
could easily be compared for "Limit of Detection."
This neatly solved a recommendation put forward in
the PDA Technical Report #33 (PDA 2000) which
suggested the determination of the Limit of Detection
but did not provide a method. The MPN approach
eventually appeared in the finalized chapter (USP
2006)
The USP chapter recommends this approach even for
quantitative methods. Although this might at first
seem counter-intuitive, the MPN method (when used
with a dilution series) can actually be more accurate
than plate counts at low numbers, especially if five
(Continued on page 8)
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replicates are used and the dilution series is less
than 10-fold (the 10-fold dilution series is common
only because of tradition and the availability of
standard tables - there is no theoretical obstacle to
a 5-fold dilution series, or 3-fold, or a 2-fold or
others). The only modification that needs to be
made is to ignore the counts and treat every plate
or membrane as a separate "tube" - the MPN
method fits right in to the experimental design.

Frequency Model. PDA J Pharm Sci Tech. 58
(5):254-260
Cochran, W. 1950. Estimation of Bacterial Densities
by Means of the Most Probable Number. Biometrics. 6:105-116.
Eisenhart, C and W Perry. 1943. Statistical Methods
and Control In Bacteriology. Bacteriol Rev. 7:57
-137.
Farrington, JK. 2005. Environmental Monitoring in
Pharmaceutical Manufacturing - A Product Risk
Issue. Amer Pharm Rev 8(4):26-30.
Halvorson, H.O. and N.R. Ziegler. 1933. Applica-

Summary
The basic concept for the MPN method is to dilute
the sample to such a degree that inocula in the
tubes will sometimes (but not always) contain viable organisms. By replicates, and dilution series,
this will result in a fairly accurate estimate of the
most probable number of cells in the sample.
While this method is most commonly used in the
personal products, medical device and pharmaceutical QC microbiology labs for water testing or the
compendial bioburden test it has significant potential for other applications. These possible applications of MPN include D-value determination, environmental monitoring, media growth promotion
studies and aspects of the validation of rapid
microbiological methods.
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PIC/S Guide on Aseptic Processing
By Tim Sandle (tim.sandle@bpl.co.uk)
PMF readers will be interested to know that a revised
guide for the ‘Validation of Aseptic Processes’ (PI 0075) was published by the Pharmaceutical Inspection
Convention on 1st July 2009.
The Pharmaceutical Inspection Convention and Pharmaceutical Inspection Co-operation Scheme (jointly
referred to as PIC/S) are two international instruments
between countries and pharmaceutical inspection authorities, which provide together an active and constructive co-operation in the field of GMP. The PIC/S
guides are commonly used by European Medicines Inspectors (including the UK MHRA) when conducting
regulatory inspections. The PIC/S website is located at:
http://www.google.com/search?hl=en&q=PIC/S%
20guide%20on%20aseptic%20processing&meta=
One of the more important guidelines that the PIC/S
has issued is the ‘Validation of Aseptic Processes’ (PI
007-5). The document, as the title indicates, describes
the validation of aseptic processes. Primarily this is a
discussion on media fills including initial validation,
retrospective validation and re-validation requirements.
The document was first issued in 1999 and has undergone four major revisions. The document is split into
various sections. After a description of the purpose,
there is a useful glossary of terms. The first main section provides a description of media fills. Included here
are some key regulatory issues, such as:

• That media fills should closely simulate product
fills. This includes testing the transfer of a sterile bulk
into the aseptic filling area;
• That media fills should be run for a similar length
of time as product fills;
• The number of containers filled should be close to
the commercial batch size;
• The frequency of re-qualifications is a minimum of
six-monthly;
• There is considerable emphasis on the selection of
the appropriate culture medium, including being able to
demonstrate growth promotion (as an aside, due to concerns with TSEs in Europe some companies have
moved away from bovine based media and towards
vegetable peptones);

• The incubation conditions are established as:
ο “incubate at 20-25°C for a minimum of 7 days followed immediately, or after a first reading, by incubation at 30-35°C for a total minimum incubation time of
14 days”
Where there is a freeze-drying step for standard production, there should be a simulated loading of the freezedryer (without the freezing step).
Reference is made to selecting the worst case vial or
bottle combinations (which may be the bottles with the
widest neck run for the slowest machine speed, although the user is expected to draw up an appropriate
risk assessment).
The document also discusses the importance of process
simulation tests during the media trial (such as filling
suite staff practicing interventions into the ISO Class 5
environment).
(Continued on page 11)
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Perhaps the most controversial section relates to the
interpretation of the data. How many failures per x
1000 containers is acceptable? None or a percentage of
the fill? The document, for example, allows for 1 failure per 5,000 filled units.
In short, this is a useful document. It has many similarities with the 2004 FDA Aseptic Filling Guide, although the PIC/S guide, running into twenty pages,
does so in more detail. The guide is particularly useful
for constructing a site media fill policy.
The PIC/S guidelines can be found at: http://
www.picscheme.org/publication.php?id=8

PMF Cosmetic Microbiology Conference
September 27-28, 2010
This popular annual conference offers a new slate
of industry-leading presenters who will take us
through the latest techniques and strategies for preserving cosmetics. You will learn not only how to
test, but means to formulate using traditional and
"natural" compounds. The program will range from
presentations on technical and compliance-related
problems to interactive case studies to round-table
discussions. Participants will have the opportunity
to interact with leaders from industry, FDA and the
Personal Care Products Council (the Council).
The purpose of this meeting is to provide a forum
for the sharing of questions, answers and information on current topics affecting the cosmetic microbiologist for the Microbiology Laboratory.
Topic List :
• ISO Harmonization of Personal Care Products
Testing and Requirements
• Preservative Efficacy Testing
• The Microbiology of Fine Cosmetics
• Variability in Microbiological Data & Is Effects
• Contamination Control During Manufacture
• Alternate Microbiological Methods
• FDA and the Personal Care Industry
• Cosmetics and GMP - updates to USP chapters
of interest
Speakers
• Judi Beerling, Organic Monitor, Ltd
• Rebecca Bell, FDA
• Don English, Avon, PCPC Micro Comm
• Phil Geis, PhD, Proctor and Gamble, PCPC
Micro Comm.
• John Krowka, PhD, The Council
• Neil Lewis, Proctor & Gamble
• Kausar Malik, Amway
• Steven Schnittger, Estee Lauder Companies
• David Steinberg, Steinberg Associates
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Upcoming Events
PMF Conference on Advanced Topics in Cosmetic
Microbiology
September 27-28, 2010
Philadelphia, PA
http://www.microbiologyforum.org/2010/
HPA1007/
2010 PMF Fall Forum- Workshop on Advance d
Topics in Validation
October 4-5, 2010
Rochester, NY.
http://www.microbiologyforum.org/2010/
HPA1008/

The Microbiology Network (http://www.microbiol.org)
was established in 1996 and provides consulting, training services and webinars to industry. It also supports:
• PMFList, a microbiology Email list http://
microbiol.org/lists/pmflist.htm
• PSDGList (pharmaceutical stability topics) http://
microbiol.org/lists/psdglist.htm
• C-CEList (Cleanrooms and Controlled Environments) http://microbiol.org/lists/c-celist.htm
Services Offered
Consulting
Contamination control, environmental monitoring,
lab operations and laboratory audits
• In-house training
• Webinars
• Upcoming
• Recorded - view at your convenience for
training.
•

2010 Bacterial Endotoxin Summit "Understanding Variability"
November 4-5, 2010
Washington DC Metro Area
http://www.microbiologyforum.org/2010/
HPA1009/

Discussion List Update
PMFList:
Number of Subscribers: 3852
Number of Countries: 88
Number of Messages Last Month: 180
PSDGList (Pharma Stability Discussion Group):
Number of Subscribers: 1209
Number of Countries: 34

USP Corner
Any questions concerning USP documents
should be sent to Radhakrishna (Radha) Tirumalai, Ph.D. You can reach Dr. Tirumalai at:
(706) 353-4514, via mail at United States
Pharmacopeia, 126 Twinbrook Parkway,
Rockville, MD 20852 or via e-mail at
RST@USP.org. You can write representing
your company, or as an individual scientist.

Membership is FREE. To join the PMFList, visit
http://microbiol.org/pmflist.htm and register.
A sister Email is devoted to topics in the stability testing
of pharmaceuticals, medical devices and personal products.
To join the PSDGList, visit
http://microbiol.org/psdglist.htm and register.
You can ask, answer, or read questions and comments
from your colleagues. Archives of the lists are available at:
• http://lists.microbiol.org/archives/PMFLIST.html
• http://lists.microbiol.org/archives/PSDGLIST.html

