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Overview

A testing for compliance to a specified microbiological level:
I implications of variability, sample size, sample number

A anatomy of the ICSMF sampling plan spreadsheet

A using the ICMSF spreadsheet to design a sampling plan to
meet a criterion

A using the ICMSF spreadsheet to calculate the sensitivity of a
sampling plan

Sampling Workshop, Delhi, October 8, 2018



Use and Interpretation of the
ICMSF Sampling Plan Tool

thelimplications of variability
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Designing an Appropriate Sampling
Plan to Meet a Performmance Objective

ASteps in the devel opment of

A For the specified standard:

I def I njestundceeptablelot f r o m:
A the standard deviation of contamination of samples within a lot
A the required level of confidence

I determine the needed performance of the analytical
procedure (probability of false positives and false negatives)

I determine the number of samples/sample size

Sampling Workshop, Delhi, October 8, 2018



Sampling and the Probability of Detection

@ JON JOR®X ) N RO
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<1 % defective?
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Sampling and the Probability of Detection

Cpect | ess than 0. 01% contamir
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seampling Plans: Probability of Detection

nemes try to identify contaminated batches
d by seeing what proport

a mple al l units I n the
€ory shows that the probability ( P,ccept) Of

not detecting contamination in
samples, when p is the true proportion of contaminated
samples is:

A
Paccept > (1 N p)n
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sSampling Plans: Probability of Detection

W Ny

ceept = (1 - p)°

(required confidence that the batch iIsn t
| contaminated)

P = 0.0001  (maximum tolerable proportion of contamination)

Want to solve the above for n, the number of samples that
need to be tested to be sure that less than 1 in 10,000 is

7

contami nat ed &
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seampling Plans: Probability of Detection

=@ - pr

log ((1-p)™)

109(Paccept) = N x log (1-p)
N =109( Pycepr) / 109 (1-p)
= 10g(0.05) / 1og(0.999)
= 29956!
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Testing: the importance
of variability

If the contamination within the lot is always the same
concentration, then acceptablility can be determined by a
single determination (test) because it is completely
representative of the | ot

as long as the test result is less than the criterion, the lot is
acceptable

Sampling Workshop, Delhi, October 8, 2018



Testing: the importance
of variability

A usually, the contamination is not homogenous within the
lot but is a distribution, characterised by a mean
(0averaged6d) and standard d:ce

A we need to work out the mean concentration, so that the
proportion of samples above the criterion is acceptably
low (i.e., meets our specified confidence limit)

Sampling Workshop, Delhi, October 8, 2018



Use and Interpretation of the
ICMSF Sampling Plan Tool
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EI:1EI / \
0.00 ”/ \
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Log count/g
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_Effect of sample number, n, on plan stringency
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n = 10)

Probability of Acceptance of the Lot
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True Probability of Contaminated Sample
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Use and Interpretation of the
ICMSF Sampling Plan Tool

CMSF spread
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http://www.icmsf.org/publications/software-downloads/

HOME ABOUTUS v EVENTS v INTHENEWS v MEMBERS v VIDEO GALLERY v CONTACTS v LINKS

SOFTWARE DOWNLOADS

is a tool to explore ICMSF recommendations.

Standard Program Control Measures Validation (FSO) Tool
This spreadsheet calculates probabilities of acceptance for materials with A spreadsheet tool to explore the ICMSF Food Safety Objective (FSO)
different microbial loads and population standard deviations. The equation to determine the per cent compliance of products from
microbes are assumed to be lognormally distributed. This is new version 8 processes that are affected by variability, and which is described in the
(November 2016) including additionally a tab with the effect of specificity publication “
and sensitivity. : 7

Download (Spreadsheet 428 KB) Download (Spreadsheet 171 KB)




sampleplans2_05 1.xls

— i Sheets i Charts i SmartArt Graphics i WordArt i
o> C D E F G H 1 J K L M N ] P Q R 5 T u v El
11 |Microbiclogical sampling plans: a tool to explore ICMSF recommendations B
2 |Version 2.05: Copyright 1928 David Legan & Mark Vandeven 2009 Marce| Zwietering & Peter Sestolt ™
4
5 |This spreadsheet calculates probabilities
[ 16 | of acceplar naterials with diffe
|7 | microbial lcads and population stand
—8 |deviatons. The micrabes are assumed
[ 9 |to be lognormally distributed.
10
11
12 Version 1.01 Version 2.01: Addition of enrichment calculations Version 2.02: Simpliciation and reorganisation
13 |Mark Vandeven and David Legan Marcel fwietering Thie version simplified and recrganized by Peler Seslofl {seslofifitu.dk) afler discussions
14 | MNabisco Research Wageningen University with Marcel Z2wietering (marcel_zwietering@wur.nl)
15 |R M Schaebere Technology Center Laboratory of Food Microbiolegy
16 |200 DeForest Avenue PO Box 8128 Version 2.03-2.05: Finilisation for posting
17 | East Hanowver, NJ 0T836-18944, USA GTO0EV feningen The file is further improved and updated.
| 18 |email: VandevenMENabisco com, or The Netherands
19 |LeganD@Nabisco.com email: Marcel Zwielering@WUR.n
20
21 |Background reading
22 | ICMSF boox 2
23 | Calculations f slass spreadshest were checked against ICMSF book 2 Tables 2 and 2 and are in complele agreement.
24 | Calculations nst ICMSF book 2 Table 4 and are in complele agreament.
25 |Relating microbi cal criteria to food safely objectives and performance objectives
26 | M. van Scnolhorst, M H. Zwielering, T. Ross, R.L. Buchanan, M.B. Cole, International Commission on Microbiological Specifications for Foods (ICMSF)
27 |Food Control 20: 967-979 (2009)
28
29 | Acknowledgment
30 | The curves showing the dislribution of organisms in fosds for entered mean counis and sigma values
31 |were inspired by unpublished werk circulated to ICMSF members by Suzanne Dahms
32 | Dewvelopment of this tool was inspired by Martin Cole
33
34
35
36
37
38
39
40 |update 20094
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sampleplans2_05 1.xls

0| G| =~ 1| n| B[P 0

Sheets Charts SmartArt Graphics WordArt
B C D E F G H 1 J K L M N 0

Working with the ICMSF sampling tool

Downloading the spreadsheet and tech al issues

1) Download the ICMSF sampling tool by opening the web e
hitps/wwow iemsiiitedu/ main/home.humnl

2) Select Download Standard Program in the right part of the screen, labelled as
“Download Standard Program” (sampleplans2_05 xls, 0.3M)

3) Respond to the question “open™ or “save™ the file by choosing
4) Open this Excel Tle (sampleplans2_ 05 x]s)

5) If you get a security waming concerning macros, please press “cnable macros™. { The macros arc not viruses: instead they add uscful functions to the
spreadsheet )

For excel 2007 you have to enable macros in hoxes top left of the screen

) Select the tab “2¢ls
71 As opened cell M19 in the spreadsheet most probably reads 5%, Change cell 119 to
reason is no longer 3%, Click on the button an that gives...”
M 19 changes to 5%, the file is working correctly and you can go on at the e
I you dler gei a se ity warning. or if cell M19 does not char
lconsider the following:

save” and save the file in an appropriate location.

s enrichment”

Cell M 1% is now automatically recalculated and for this

rey box below cell M20, If vou do not a security warning and if’ Cell
amples in the Introduction (other workshest).

re 10 3%, yvour system is nod yet working correctly with the sofitware and you should

vl in the

) FOR PCS Windows USERS:
1 miccras are mod ernahled!

Cior Lo the
work.

Tools” pull-down menu, select “macros™ “security” and set security level at “medium™, read the ile again and continue at 5, now it should

@) FOR Macintosh USERS:

For Excel users, the macros (linked to *buttons™) will probably not work as intended. Uscers of Excel 2004 for Maciniosh may find that the butions
work, but they will probably not operate as intended in Excel X or Excel 2008, Other functions will operate normally. however, and many calculations
lcan still be performed.

P Ulsers with recens Macintosh computers

I vou want to use the tull capability of the spreadsheet. 1t will be better if you can use Excel 2004 (part of Mac @ or (F §f joe, 2004 set your computer up to

run a PC emulation. Various sof e Lo do this, eg. “Parallels™ (hitpe/wwaw parallels. com), You coan run PC emulation sofltware effectively on

an Intel-based Macintosh, Y Ny need 1o insta Windows operating svstem, and a PC version of MS Excel. Omce that is done, Tollow the instructions

above,

echnical iss _Introduction | 2class enrichment | 2class counts | 3class counts |+ I af

6 SCRL | & CAPS | & NUM
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& no ‘| sampleplans2_05 1.xls
E | Sheets | Charts | SmartArt Graphics | WordArt |
< A B C D E G H | J K L M N E
—1 F
=
— 3 |Description of the used variables
— 4 | Data entry boxes are highlighted in yellow: All other cells are protected.
— 5
— b |mean mean of the (assumed) log normal distribution describing the cccurrence of bacterial contaminants; unit is log cfu per gram
7 |sigma standard deviation of the same (assumed) log normal distribution
8 'm acceptable level of microbiological contamination, defined as an allowable concentration, or for enrichement no contamination in a sample of a certain weight, her
9 |n number of samples tested
10 |c number of samples whose contamination is allowed to exceed m (that is, test positive for contamination), yet the lot will be accepted
11 |amount sample weight, in gram
12 |P(accept) the probability of accepting a specific lot; this is a function of the assumed contamination level (mean, sigma) and the sampling plan (n, ¢ and amount)
13
14
15 |For a manual please open the following word-file
16 I
18 D:\MarcellicmsF)
19 hewtool\Warking wit]
20
22
23
24
25
26
27 , _ : !
E About  Technical iss@s  Introduction ' Alass enrichment ' 2class counts | 3class counts |+ af : . : ] 3 |T|T
—_— mal View Ready © SCRL |6 CAPS [ @ NUM




[ o NN sampleplans2_05 1.xls —
—1 | | R |
— Sheets | Charts | Smartart Graphics | WordArt
"l B c D E F G 1 K L M N O P Q R 5 T u =
El Operating characteristic curve for proportion defective, with Probability density function {(PDF) for log counts. Operating characteristic curve scaled to relate mean log -
—{2 n=10 and c=0 Distribution mean = 1.48 and sigma = 0.80 count to m
: 3
—4
15 1,00 1,60
16 - 1,05
— a8 ] e s
7 _ ”m £ ! 0.60 g
8 T om0 o 05 ! A 0.60
9 ] - \ o
10 5 Q.40 1,20 \ a.40
: i
11 0.3 010 0.2 »
12 — 000 =
13 a.00 4 30 20 A LINET 10 40 80 0.0
14 3 a6l a0 Lag countly 40 A0 &b 0 oD 10 20 30 40 50
15 proportion defective Maan lag countig n
16 [ = Paccept o [ PDF m [ +— Prob. acceplance m r
17 - - ) - = - - - h
18 INFUTS Placcept) N ALTERNATIVE n AND c Placcept) h n
Batch acceptance for Pd mean h 1.48 Computed 5.00 % mean h 148 Computed
Placcept) | sigma 0.80 Desired D sigma | 0.80 Target, left
Pd h 10 % 34.9 % m h 2 m h 253 i
actualPd 259 % 5.00 % n h 10 Find mean n h 30 For any
c N a that gives c N a value of n
decirad and c
Find n that 'mﬁ“tEd:"d )
gives the m that
Sandbox: for your own calculations desired
Means and median Implied Acceptance lavel !
Arithmetic Geometric=median Percentile  z-score Concentration at this percentile
165.7 d 30.4 cfufg gg.4" 310 3.86

About | Technical issues

Introduction | 2class enrichme

Ready

]
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sampleplans2_05 1.xls

00 |=J | |uA | B [l [P |t

A

C D E F G

Operating characteristic curve for proportion defective Pd

and marginally acceptable Pm with n=5 and e=2

Sh
H 1

eets Charts SmartArt Graphics |

K L M N

Probability density function {PDF) for log counts.
Distribution mean = 3.52 and sigma = 0.80

WordArt |

O P

Q R

5 T

Operating characteristic curve scaled to relate mean log

count to m

2

7~
AN

Batch acceptance for Pd
|
Placcept)
Pd I 20 % 26.9/%
Pm h
actualPd
actualPm 5.00 %

Sandbox: for your own calculations

20 0 4.4 50 -1 +] [ 8.( .0
Lag cowniig 2.0 3.0 4.0 50 &0 To Bo
Maan lag cowntig
PDF m M +— Prob. acceptance m M
INPUTS Placcapt) b ALTERNATIVE n AND c Placcapt) b
mean N 3.62 Computed 5.00 % mean 352 Computed 5.00 %
sigma 0.6 Desired g 4% sigma 0.80 Targed, left 5.00|%
m y 3 m h 403
M 3 4 Find mean M b 503 For any
n N 5 that gives n I 10 value of n
c ™ 2 dAazirad c ™ 0 and c
Find n that imputed find
a the m that
gives
desired

Means and median

Arithm
179

Geometric=median
peb1.8

atic
03.6

cfufg chulg

About

Technical issues _ Introduction

2class enrichment | 2class cou

Ready

Implied Accaptance leval

Percentile
99.g"

Z-5Coro

310 5.89

Concentration al this percentile
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ICMSF Sampling plans

spreadsheet

| Microsoft Excel - sampleplans2_05.xls

g Fle Edit Wew Insert Format Tools Data  Window Help  Adobe PDF Type aquestion forhelp = o @ X
T T RS AP R S IR R RN W R ) BT
meanlog | A -2.24971974774393

A B | ¢ | o | E | F | @ H [ U ok L I m | N P | o | rR | s | 7 | =
> |
4 |
5 | 1.00 060
6 0.50 1.00
- 0.80 /_\
— \ 0.40 0.80
3 z A\
8| g 0.0 @ 030 060 L
o | ¢ / o
0 2 040 \ 0.20 040
11 | 090 0.10 020 \
12 | \'\ 0.00 . : . . . ; . \
12 0.00 T T T \ 60 -50 -40 -30 -20 10 0O 10 20 0.00 T T ‘ ‘ T T T
J 0.00 0.20 D40 0.60 0.80 1.00 Log countg -0 -50 -40 -30 -20 -10 0D 1o =
—] proportion defective Mean log count/g
15 .
E Paccept P Prob. acceptance m |
7]
15 | INPUTS P(accept) ALTERNATIVE n AND ¢ P(accept)
19 | Batch acceptance for Pd mean —2.25_ Zomputed 5.00 % mean -2.25 Computed 0.971 %
0 | P(accept) sigma 0.30 Diesired 5 % sigma 080 Target, left 5.00 %
] Pd A 20 % 10.7|% m ‘ -1.40 m -0.68
7 | 259]g 5.00 g 1 )
% actuaPd e e n - 13 Find mean that gives n - 33 e el vl of 1
S| ¢ desired P(accept) ¢ and ¢ imputed find
4 | the m that gives the
5 | amount 259 Find n that gives amount 9.6 g same Piaccept) as
26 | desired P{accent) the model on the left
7 | Sandbox: for your own calculations or better (less)
'8
g |
30 | Means and median Implied Acceptance level
31 | Arithmetic Geometric=median Percentile |z-score Concentration at this percentile
32 | 0.0307 cfufg 0.0056 cfulg 99.9 3.10 0.23
33 | one cfu in 32.6 grams one cfu in 177.7 grams
)
39 |
36 |
37 |
33 |

The calc@ations below are f@ the buttons above. Do not edit. -
< » i\ about £ Technical issues £ Introductiol’h, 2class enrichment  Mlass counts { 3class counts J( ¥ J

3

UM




Elements of the
spreadsheet

mean = required average value of distribution (log,,CFU) of counts in
the lot

sigma = standard deviation known, or assumed (and assumed to be
the same between lots)

m* = detection threshold of test method (e.g. 2 log,,CFU; -1.4
log,,CFU; for presence/absence is log (inverse of sample size); often
also the microbiological criterion

n = number of samples tested
c = number of samples permitted to fail the test

P.ccept = CONfidence required (or achieved) in the reliability of the

sampling plan

vari ous Obuttons?o

Sampling Workshop, Delhi, October 8, 2018



Probability density function (PDF) for log counts. Distribution
mean = 1.48 and sigma = 0.80

Liog counbig

INPUTS Placcept)
b

Computed

|
|

Find n that gives
desired Placcept)
or better (less)

Geometric=median
0.4 ol

1.48 log cfulg




Excel File Edit View Insert Format Tools Data Window Help #%

B ™ O [ sampleplans2_05 1.xls
Sheets | Charts ‘ SmartArt Graphics | ‘WordAr
< F G H | K L M N
1 rtion defective, with Probability density function (PDF) for log counts.
2 Distribution mean = 2.00 and sigma = 0.80
3
4
3 0.60 -
€
0.50
7 /
8 0.40 /
9 o 0.30 /
10 | 0.20 /
11 _ 0.10 _/
. - | 0.00 . . - :
' 13 ' -6.0 -5.0 4.0 -3.0 -2.0 -1.0 0.0 1.0 2.0
14 0.80 1.00 | Log countlg
15 |
16 a | | —pDF m
1 17
18 INPUT Mean log(10) count/g
19 " nlean L =10 The spreadsheet assumes that this is the mean of a
20 P':ac":Ept] sigma y 0.80 normal distribution of log counts with standard
21 10.7 % m -1.40 | deviation = sigma (cell 120)
22 | #NAME? % n A 10
23 c b 0 The probability density function is calculated from
this mean and the sigma below
24
25 amount 25 g Find n that
26 : gives
27 ations desired
28
29
E _ About  Technical issues  Introduction | 2class enrichment | 2class counts | 3class counts = “

Wormal View Cell 119 commented by David Legan




Designing an Appropriate Sampling
Plan to Meet a Performance Objective

ASteps in the devel opment of

A For the specified criterion:

I def I njestundceeptablelot f r o m:
A the stated microbiological criterion
A the standard deviation of contamination of samples within a lot
A the required level of confidence

I determine the required performance of the analytical
procedure (probability of false positives and false negatives)

I determine the number of samples/sample size

Sampling Workshop, Delhi, October 8, 2018



Probability density function (PDF) for log counts. Distribution
mean = 1.00 and sigma = 0.50

For criterion of 1
cful/g é .

this distribution of
contamination
levels Is -
unacceptable. — Computes

Find mean that gives
dasired Placcapt)

amourt Find n that gives

V4 11 ;
asired P{accept)
We could e.

Arithmetic




Probability density function (PDF) for log counts. Distribution
mean = =1.24 and sigma = 0.50

e decrease t
mean.

Liog counb'y

But the variation [—s /]
(Stan d ard - P{accept)

Computed

deviation) also TN AT

Find mean that gives

h asS a n e f f e C desired F{accept)

Find n that gives
desired Placcept)
or better (lass)




Probability density function (PDF) for log counts. Distribution
mean = =1.25 and sigma = 0.20

e do somet hi
to decrease the
variation in

counts.

P{accept)

Computed

In this case, the
mean could be e e
h I g h e r é . Find n that gives

desired Placcept)
or better (lass)




For criterion of 1

cfu/ g é .

this distribution of
contamination levels
IS acceptable.

Even though the
mean Is higher, the
variation is less, and

we can dgo
to the criterion.

L

Probability density function (PDF) for log counts.
Distribution mean = -0.10 and sigma = 0.05

10.00
8.00
8.00
7.00
.00

o 5.00
4.00
3.00
2.00
1.00
0.00

21\

-6.0

-5.0 -4.0

-3.0

-20 0 0.0 1.0 210
Log coun

amount

7$DF m
b |

P(accept)
Computed #NAME? %
Desired 5 %

Find mean that
gives
de<irard

Find n that
gives
desired




ACal cul at es wsasifoupr ob | € ms
on adjustable cells and constraint cells

Auses iterative (O0search
optimum value to solve an equation
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‘SDesigning an Appropriate Sampling

/)g/" Ny

Plan to Meet a Performance ODbjective

”

% \
el
W - e = N
o
WA M \

ASteps in the devel opment of

A For the specified criterion:

I def I njestundceeptablelot f r o m:
A the stated microbiological criterion
A the standard deviation of contamination of samples within a lot
A the required level of confidence

I determine the required performance of the analytical
procedure (probability of false positives and false negatives)

I determine the number of samples/sample size

I Use the spreadsheet buttons to find the sampling required

Sampling Workshop, Delhi, October 8, 2018



Use and Interpretation of the
ICMSF Sampling Plan Tool

sampling: binomial distributions and
required levels of confidence

Sampling Workshop, Delhi, October 8, 2018



Designing an Appropriate Sampling
Plan to Meet a Performance Objective

A binomial distributions

I either we detect a microorganism(s) in the sample or we do
not

A probability of detection depends
I concentration in the lot
I size of the sample

I e.g. If the concentration is 1 per 10 g we expect to detect
(Anpresenceo) i n most 25 g samp
1 per 50 g, we expect to detect in only every second sample,

Aon awer age

Sampling Workshop, Delhi, October 8, 2018
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Designing an Appropriate Sampling
Plan to Meet a Performance Objective

often, when testing for pathogens, the acceptable mean
concentration is small

consequently, only a small proportion of samples to be tested
are expected to be positive (have detectable pathogens)

this means we are sampling from a Poisson process

we need to know how many samples to take to be highly
confident that the mean concentration is below our acceptable
limit

Sampling Workshop, Delhi, October 8, 2018



P defective P 1 x negative P 2 x hegative P 5 x negative

(1- Pdef) =
0.00 1.00
0.05 0.95
0.10 0.90
0.15 0.85
0.20 0.80
0.25 0.75
0.30 0.70

0.9%60=0.0018

(1- Pdef)*2 =
1.00
0.90
0.81
0.72
0.64
0.56
0.49

EZENNE

1.00
0.77
0.59
0.44
0.33
0.24
0.17

10.000 bars
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Designing an Appropriate Sampling
Plan to Meet a Performance Objective

ASteps in the devel opment of

A For the specified standard:

| definethedj ust wunacftompt abl e | ot o
A the standard deviation of contamination of samples within a lot
A the required level of confidence

I determine the needed performance of the analytical
procedure (probability of false positives and false negatives;
e.g., determined from OC curves)

I determine the number of samples/sample size

Sampling Workshop, Delhi, October 8, 2018



review of process

A what is the criterion
A what is the standard deviation in the lot
Awhat is the 06t odompliamdel ed r at

A what is the test method sensitivity (inverse of sample
size for presence/absence)

A how many samples are needed (binomial sampling) to
achieve the confidence required that the test result
Ocorrecto

Sampling Workshop, Delhi, October 8, 2018



Use and Interpretation of the
ICMSF Sampling Plan Tool

sngyhe Spreadsheet to Estimate

Sampling Plan 068

Sampling Workshop, Delhi, October 8, 2018



Using the Spreadsheet to Estimate
Sanplipy PlangSerSitivaty®’ 0 Se n s |

A The performance of the sampling plan is
affected by

I the number of samples tested

I the size of the samples tested (and detection limit
of each sample test; bigger samples should give
higher prevalence)

I the standard deviation of the counts within the
batch

Sampling Workshop, Delhi, October 8, 2018



Ajlianas buisealoul

ICMSF Sampling Plan Guidance

Utility
Indicator

Moderate
hazard

Serious hazard

Severe hazard

increasing probability

Conditions expected after sampling

Reduction in
Cell Density

Case 1

No Change in
Cell Density

Case 2

Increase in Cell
Density

Case 3

Case 4

Case 5

Case 6

Case 7 (n=5, c=2)

Case 8 (n=5, c=1)

Case 9 (n=10, c=1)

Case 10 (n=5,
c=0)

Case 11 (n=10,
c=0)

Case 12 (n=20,
c=0)

Case 13 (n=15,
c=0)

Case 14 (n=20,
c=0)

Case 15 (n=60,
c=0)




