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Microbiological analytical steps

Confirmation
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Reading

Dilution series

2b... 2n 2n+12a
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Seeding of aliquotes

Product

0

Lab. sample Homogenate
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Result & 
Uncertainty?

CFU 
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nc is number counted ‐ CFU

GuideReporting
interval

Normal 
Uncertainty

Analysis

GUMSymmetric< 10 %Physical

Eurachem/
Nordtest

Symmetric5 – 40 %Chemical

ISO 29201Asymmetric20 – 60 %
0.1 ‐0.3 log

μbiology
Water

ISO 1903Asymmetric0.15 – 0.6  logμbiology
Food
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Uncertainty in measurements

High uncertainty

(over 100 %) 

If client ask for 
interval 

Report 
asymmetric 
intervalUncertainty over the 

measurement interval/range
For CFU chose 1– 100 CFU
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Uncertainty versus concentration

Contributions

1 Constant 

2 Proportional

Uncertainty 
calculated

Low levels (mg/L)

High levels (%)
Proportional (%)

Background/contamination

Sum
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Uncertainty versus concentration Contributions

1 Poisson

2 Technical/Operational

Uncertainty 
calculated

High levels (%) or (Log10)

Technical/operational

Low levels ‐ known 

PoissonOperation/technical ‐ high

Poisson/distributional

Sum
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Relative uncertainty

Poisson 
dominates at 
lower counts

Operation/technical ‐ high

Poisson/distributional

Sum
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Relative uncertainty

Poisson 
dominates

Operation/technical ‐ low

Poisson/distributional

Sum
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ISO standards say this

Reporting results

CFU < 10 

Table 1  - Expression of results in CFU/ml or per analytical test portion 

Counted 
colonies  

Reporting of results 

ISO 8199 Water matrix ISO 7218 Food matrix 

0 Not detected or < 1 < 1 

1-2 Microorganisms are present Microorganisms present but  < 4 

3 Report results as an estimate Microorganisms present but  < 4 

4 - 9 Report results as an estimate Report results as an estimate 

≥ 10 Report results Report results 

NOTE 1 Legislation may require different ways of reporting. 

NOTE 2 Eventual dilution must be considered, e.g. 3 CFU obtained in a food sample 
diluted 10 times will be reported as: microorganisms present but <  40 CFU. 
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Reporting results < 10

ExampleReportCFU

< 1
Not detected

< Value
& text

0‐3

5 
Result is an estimate

Value 
% text

4‐9

Inform client

Value and text
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Reporting results ≥ 10

ReportIssueCFU

Report as client 
requests

Client 
request

≥ 10 Propose value and 
uncertainty interval

Close to a 
limit

ValueNo request

According to 
ISO/IEC 17025

you may report 
just the value 
if no request 

or need 
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Reporting results with uncertainty
ExampleAlt 1CFU

Water ISO 29201

20 cfu/100 ml
U = 54 %

Value & 
Uncertainty

≥ 10
Water

20 [12, 34]* 
cfu/100 ml

Value [interval]

Food ISO 19036

2,18 log cfu/g
U = 0.67 log cfu/g

Value & 
Uncertainty

≥ 10
Food

2,18[1,51,2.85]
150 [32, 701]* cfu

Value [interval]
CFU units

Inform client

1) Uncertainty or

2) Give an interval

20

150

*Note asymmetric interval in cfu

[-8, +12]

• Units
– %
– log10

• Reporting
– < 10 CFU ‐ Reported with text
– ≥ 10 CFU – Report:

• uncertainty when needed
• asymmetric interval

• At low and medium levels uncertainty is 
known – Poisson
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Reporting in microbiology

U < 10 %

GUM

Microbiology  
higher 

uncertainty

ISO 29201

ISO 19036
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Microbiology of the food chain –
Estimation of measurement 
uncertainty for quantitative 
determinationsCovers:

• All variants of methods of
– colony counts
– most probable number (MPN)

– Some instrumental and 
molecular methods such as flow 
cytometry and PCR (polymer 
chain reactions)
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ISO 19036 Food
ISO 19031 is  a 

general 
standard for 
uncertainty in 

ubio

Similar 
approaches for   
colony counts

and MPN as in 
ISO 29201
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Variability of test results and the 
uncertainty of measurement of 

microbiological enumeration methods

Covers:

• All variants of methods of
– colony counts
– most probable number (MPN)

• Two approaches
– component
– global

• Not sampling 

• Refers to Nordtest 537 for handling 
bias and proficiency testing
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ISO 29201 Water quality

ISO 29201 is a 
general 

standard for 
uncertainty in 

ubio

Here 
global approach 

with  
colony counts

Standard deviations

standard uncertainty ≈ su

Intra (within) laboratory 
reproducibility standard uncertainty 

uR

Expanded uncertaintyU
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Symbols

Expanded 
uncertainty

U = 2 * uc
Coverage factor k=2
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Number of counts countednc
Distributional or Poissonud
Operational or tecnical uncertaintyuo
Matrixumatrix

Confirmationuconf
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Symbols - ubiology

Microbiology

Four component

to combine 

We will talk 
about 

the first two𝒖𝒄𝟐  𝒖𝒅
𝟐 𝒖𝒐𝟐+ 𝑢 𝑢
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Uncertainty due to subsampling 
Poisson – distributional

Microbiology

𝒖𝒅 𝟏 𝒏𝒄⁄ *100

CFU = 1

𝒖𝒅 = 100 %

CFU = 1

19

20



21

Poisson

𝒖𝒅
𝟏 𝒏𝒄⁄ *100 %

Vid 100 CFU

ud = 10 %

Ud = 20 %
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Symbols - ubiology

Microbiology

Four component

to combine 

𝑢  𝑢 𝑢 + 𝑢 𝑢

Number of counts countednc
Distributional or Poissonud
Operational or tecnical uncertaintyuo
Matrixumatrix

Confirmationuconf
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Calculate uo

Uo

is calculated from 

the difference

uo?
uR

Operational or technical uncertaintyuo
Intra (within) laboratory reproducibility 
standard uncertainty i %

uR

Distributional or Poissonud

𝑢 𝑢

Trollboken AB
24

Global design, ISO 19036 and ISO 29201

Laboratory sample

Sample portion 1 Sample portion 2

Initial suspension 1

(Homogenate)

Initial suspension 2

(Homogenate)

Steps of analysis 1 Steps of analysis 2

Condition A Condition B
May need

spiking

This should be repeated with at least 10 samples, usually on different 
days. ISO 29201 recommends more than 30 samples
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Global design

For each analytic parameter

• Choose relevant matrices to include

For each matrix: 10 samples usually on different days

• For each sample: Perform a complete analysis of 2 test portions, 1 and 2, 
under conditions A and B

– Vary the conditions as much as possible: 
DIFFERENT

» technicians (and if stable sample even days)

» batches of media, diluents etc., 

» equipment (mixers, pH‐meters, pipettes etc.)

» incubators, different times within interval

Trollboken AB

Global design – Example ISO 29201

2013-08-20 26MU Microbiology

uR is reproducibility (correct Rw) - log
ud poisson, distributional uncertainty - log
uo operation uncertainty (at high counts) - log
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Global design – Example ISO 29201

𝑢𝑢𝑢Log C2Log C1C2C1DilutionSample

-0.00820.02900.02080.90310.699085-41

-0.00540.01450.00911.04141.17611115-32

0.01560.01260.02821.27881.04141911-43

0.02990.00630.03611.59111.32223921-64

0.01270.00330.01611.65321.83254568-55

0.00720.00110.00832.30752.1790203151-46

0.00860.01110.0198Mean:

uo
2(log10)= 0.0086 – operation/technical  variability = 21 %

Necessary to add more samples, preferably 
≥30 samples usually on different days

1. Reproducibility (within‐lab) (uR) is 
determined for each duplicate

2. Operational/technical variability ud

is calculated for mean CFU(Poisson)

3. uo
2 operational variability is 

calculated for each sample as: 

4. Mean of uo
2 from all samples is 

calculated

– positive  ‐ square root 𝑢 𝑢
– negative go to Eurachem Guide …
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Summary   
Steps to determine operational uo

𝑢 𝑢 𝑢
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Introduction

Negative uncertainty

𝑢 _ 𝑢 𝑢 _

30

Calculating uo

operational/technical uncertainty

uo is negative?

30 duplicates

Median CFU = 50

Go to Eurachem 
Annex C

uo_?

ud

uR

Eurachem Guide:

… the issue of obtaining negative results 
when estimating operational uncertainty 
from duplicates is treated in Annex C.
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*one‐sided upper confidence limit 
(95 %) for the estimate of uo when 
the variance is negative.
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Eurachem Guide Annex C – Table 7
uo

negative?

Use 
Table C7 

uo ≤ x

Simulations using 
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Expanded relative uncertainty 

Example with an 
operational 

uncertainty of 
uo = 6 %

Operation/technical ‐ low

Poisson/distributional

Sum
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Introduction

Negative
sampling 

uncertainty

Eurachem Guide Annex D 

introduce the estimation of sampling 
uncertainty from duplicates following 
the guidance in the Eurachem Guide 
Measurement uncertainty arising from 

sampling and Nordtest TR 604
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Negative sampling uncertainty

Using an EXCEL add‐in 
RANOVA to evaluate
results from the 

“duplicate method”
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Negative sampling uncertainty

From upper 
confidence limit 
of uncertainty 

factor 

1.49  

Usamp ≤ 20 %

See Eurachem 
guide for details

Output from Excel add-in RANOVA

Trollboken AB
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• ISO 29201 7.5

When one component dominates the 
combined uncertainty, it is possible to omit 
the smaller component (2.4.2). This is 
particularly advantageous for situations in 
which the operational variability is the 
insignificant component. Then the intrinsic 
variability can be considered 
representative of the combined 
uncertainty. 

No experimental work is required
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Water samples – low counts

Low nc

”The uncertainty  

is obtained only
from the test 

result 
assuming 
Poisson”

𝒖𝒄_𝒓𝒆𝒍
𝟏 𝒏𝒄⁄ *100
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Water samples – low counts 

Poisson 
dominates 

From nc*

Operation/technical ‐ low

Poisson/distributional

Sum

U 𝟐 𝟏 𝒏𝒄⁄ *100 %

*Number of 
counts counted
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Food samples – high 
operational/technical uncertainty 

Operational/
technical 
dominates 

Operation/technical ‐ low

Poisson/distributional

Sum

U 𝟎.𝟑 log10

• Units
– %
– log10

• Reporting
– < 10 CFU ‐ Reported with text
– ≥ 10 CFU – Report:

• uncertainty when needed
• asymmetric interval

• Uncertainty

– low operational use Poisson

– high operational use operational

– otherwise combine
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Reporting in microbiology U < 10 %

GUM

Microbiology  
higher 

uncertainty

ISO 29201

ISO 19036

𝑼 𝟐 𝒖𝒅
𝟐 𝒖𝒐𝟐

39

40



Trollboken AB

Measurement uncertainty in 
microbiological methods

Uncertainty

41

Reporting results

& ? 

Introduction

Negative uncertainty

Conclusions

41


