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Agenda items
1. International standards organisations
2. International standards relevant for performing AST
3. Quality management systems 
4. Quality assurance when performing AST
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My background
• Food engineer
• >20 years experience with quality assurance (HACCP, BRC, ILAC, ISO)
• >15 years at National Food Institute
• Employed at EURL for antimicrobial resistance
• Coordinator of proficiency tests
• QA officer in the research group
• Internal auditor at the institute

Area:
• Microbiology, documents, technical stuff

4DTU Food, Technical University of Denmark4
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Agenda items
1. International standards organisations
2. International standards relevant for performing AST
3. Quality management systems 
4. Quality assurance when performing AST



17/04/2008Presentation name6 DTU Food, Technical University of Denmark
Assessment: Norms and Accreditation-Module 

11
6

International organizations include:
 ISO 
 CEN
 WHO
 Codex
-- -- -- --
 CLSI
 EUCAST

Standardization bodies
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 World's largest developer and publisher of international standards
 Standards are applicable to many kinds of organizations including 

clinical and public health laboratories
 Uses consensus process in developing standards

 Upcoming: 
ISO for Whole Genome Sequencing 
(ISO 23418 Microbiology of the food chain —
Whole genome sequencing for typing and 
genomic characterization of foodborne bacteria —
General requirements and guidance)

Assessment: Norms and Accreditation-Module 
11

7

International Organization for Standardization
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 Founded by the national standards bodies in the European 
Economic Community and associated countries => work together to 
develop European Standards in a large number of sectors to help build the European 
internal market in goods and services, removing barriers to trade and strengthening 
Europe's position in the global economy

 General terms include openness and transparency, consensus, 
and integration
 A standard is a technical document designed to be used as a rule, 

guideline or definition. It is a consensus-built, repeatable way of 
doing something

European Committee for Standardization

Assessment: Norms and Accreditation-Module 
11
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http://www.cen.eu/cenorm/index.htm
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 has developed several standards for disease-specific diagnostic 
laboratories, such as polio, tuberculosis, influenza, measles

World Health Organization

Assessment: Norms and Accreditation-Module 
11

9
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 Several standards on foods
http://www.fao.org/fao-who-codexalimentarius/codex-texts/list-standards/en/

Codex Alimentarius

Assessment: Norms and Accreditation-Module 
11

10
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Assessment: Norms and Accreditation-Module 

11
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Many agencies, organizations, or regions develop
their own accreditation requirements (inspection criteria) rather than
using internationally recognized standards.
• Advantages:

– optimized for local use, recognized local strengths and 
weaknesses

– can be developed in progressive steps
– can lead to full international recognition

• Weaknesses:
– may be narrow or biased
– may not be recognized by other organizations

Self-developed standards
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Agenda items
1. International standards organisations
2. International standards relevant for performing AST
3. Quality management systems 
4. Quality assurance when performing AST
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Assessment: Norms and Accreditation-Module 
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Clinical and Laboratory Standards Institute

 Global, nonprofit, standards-developing organization
 Detailed; standards apply specifically to medical laboratories
 Promotes the development and use of voluntary consensus 

standards and guidelines 
 Documents are developed by experts working on subcommittees 

or working groups (consensus process)
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Assessment: Norms and Accreditation-Module 

11
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EUCAST

 EUCAST is a standing committee jointly organized by ESCMID, 
ECDC and European national breakpoint committees
 Structure of consultations and decisions
 EUCAST subcommittees for specific issues or areas
 Harmonize breakpoints and technical aspects of phenotypic in 

vitro AST
 Presents standardized methods
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Snips from https://www.eucast.org/
Assessment: Norms and Accreditation-Module 

11
15

EUCAST

Reference to
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Assessment: Norms and Accreditation-Module 

11Snips from https://www.eucast.org/ 16

EUCAST

Snipped from the EUCAST DD method, 
version 10.0, January 2022
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ISO 17025:2017 General requirements for the competence of 
testing and calibration laboratories

ISO 15189:2012 Medical laboratories – Requirements for quality 
and competence 

ISO 20776-1:2019 Susceptibility testing of infectious agents… 
… - Part 1: Broth micro-dilution reference method

CLSI
-M02-Ed13 – Performance standards for Disk Diffusion 
-M07-Ed11 – Methods for Dilution AST
-M100-Ed32 – Performance standards for AST

DTU Food, Technical University of Denmark17

ISO and CLSI standards
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ISO 17025:2017 General requirements for the competence of 
testing and calibration laboratories
→

ISO 15189:2012 Medical laboratories – Requirements for quality 
and competence →

ISO 20776-1:2019 Susceptibility testing of infectious agents… 
… - Part 1: Broth micro-dilution reference method
→

CLSI
-M02-Ed13 – Performance standards for Disk Diffusion 
-M07-Ed11 – Methods for Dilution AST → snip from front of doc
-M100-Ed32 – Performance standards for AST

DTU Food, Technical University of Denmark18

ISO and CLSI standards
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ISO 17025:2017 General requirements for the competence of 
testing and calibration laboratories
→

ISO 15189:2012 Medical laboratories – Requirements for quality 
and competence →

ISO 20776-1:2019 Susceptibility testing of infectious agents… 
… - Part 1: Broth micro-dilution reference method
→

CLSI
-M02-Ed13 – Performance standards for Disk Diffusion 
-M07-Ed11 – Methods for Dilution AST → snip from front of doc
-M100-Ed32 – Performance standards for AST

-QMS01-A5 – Quality Management System: A Model for 
Laboratory Services

DTU Food, Technical University of Denmark19

ISO and CLSI standards
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Assessment: Norms and Accreditation-Module 
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Adhere to the procedure described in the standard

If you have an accreditation: Your accreditation body will require validation reports for any 
introduced modification 
– i.e. comparison of results from a representative set of analyses using both the 
unmodified standard and the modified standard

Concept of following standards
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Agenda items
1. International standards organisations
2. International standards relevant for performing AST
3. Quality management systems
4. Quality assurance when performing AST
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QMS01-A5 Quality Management System: A Model for Laboratory 
Services

Snip from the document foreword: 

DTU Food, Technical University of Denmark22

CLSI guideline
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A quality management system can be defined as:

Coordinated activities to direct and control an 
organization with regard to quality

- ISO and CLSI defintion -

DTU Food, Technical University of Denmark23

Definition 



17/04/2008Presentation name24 DTU Food, Technical University of Denmark

Quality management 
system model 
developed by 
CLSI (QMS01-A5) 

(and is fully compatible 
with ISO standards)

DTU Food, Technical University of Denmark24
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Set of coordinated 
activities that 
function as building 
blocks for 
quality management

DTU Food, Technical University of Denmark25

Twelve 
Quality 
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Management 
commitment is 
crucial!
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A quality management system includes all aspects of the 
laboratory operation, i.e.:
– Organizational structure
– Processes
– Procedures

The entire process of managing a sample must be 
considered:
– sample collection
– reporting and saving of results
– all processes in between

DTU Food, Technical University of Denmark26

To assure quality
Def.: Coordinated activities 

to direct and control 
an organization 

with regard to quality
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Standardization

Standardized and 
quality assured methods

Reliable and 
reproducible data
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 human resources
 job qualifications
 job descriptions
 training
 competency assessment
 professional development 
 continuing education
 documentation

Personnel
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29

• Monitor temperatures of:
– incubators
– refrigerators
– freezers 

• Perform function checks for:
– pipettes
– autoclaves
– pH meter
– weight and measures

• Management assures: 
– Responsibility assigned
– Relevant training of personnel

• Maintain records

Equipment
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 complaints
 mistakes and problems
 documentation
 trouble shooting
 root cause analysis
 immediate actions
 corrective actions
 preventive actions

30

Occurrence Management
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External

Proficiency 
testing (EQA)

Inspections

Accreditations

Internal

Laboratory Assessment
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Agenda items
1. International standards organisations
2. International standards relevant for performing AST
3. Quality management systems 
4. Quality assurance when performing AST
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All AST methods are extremely sensitive to variations

DTU Food, Technical University of Denmark33

Standardization – our world

Method

Equipment

Staff

Ring trials

Validation

Media & reagents

Audit

Deviations

Reference material

Documents
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Dilution methods
1. Two-fold dilutions of the antimicrobial 
2. Inoculate with the test bacterium  Incubate o/n 
3. Lowest concentration with no visible growth is the MIC-value

 MIC = Minimal Inhibitory Concentration (ug/ml or mg/L)

Agar dilution (plate dilution) Broth microdilution MIC 

Broth macrodilution (tubes) – 1 isolate per drug

34
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1. An agarplate is inoculated with the testbacteria 
2. A paper disk or strip with antimicrobial is applied 
3. Incubation o/n (antimicrobial diffuses into the agar) 
4. The zone of growth inhibition is measured

Disk diffusion Gradient strip test/E-test

Note: Even if the gradient strip test provides the possibility to read an MIC-value, 
it is still a diffusion test….  
35

Diffusion methods
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All AST methods are extremely sensitive to variations

Factors that influence the result of AST:  

- Size of inoculum
- Contents and acidity (pH) of the broth or agar
- Incubation time and temperature
- Reading procedures

Moreover, for the diffusion methods:
- Diffusion rate of the antimicrobial into the agar
- Depth of the agar
- Dryness of the agar
- Growth rate of the bacteria

DTU Food, Technical University of Denmark36

Standardization – our world

Reliable and reproducible data: 
Standardized methods and 
daily/regular method control using
QC strains tested in parallel AND 
participation in proficiency testing
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Describes all steps in the method in detail

E.g. 
- MH (Salmonella) or MH-F (Campylobacter) as agar/broth
- MH and MH-F acidity 7.2-7.4
- agar depth 4 +/- 0.5 mm

QC reference strains and acceptable QC ranges

Breakpoints for interpretation of the result for
- MIC-values
- Zone diameters

DTU Food, Technical University of Denmark37

EUCAST standardized methods



17/04/2008Presentation name38 DTU Food, Technical University of Denmark

EUCAST standardized methods
Snipped from the EUCAST DD method, 
version 10.0, January 2022
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QC testing in the lab
• Each new lot of agar/broth
• Each new lot of MIC-panels/disks
• If acceptable ranges for QC strains are not defined, in-house 

reference values can be used
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Action on deviations on the QC strain
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Unexpected resistance or profiles

=> EUCAST expert rules

=> Make a ‘local list’?

DTU Food, Technical University of Denmark41

Know your bugs
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Module 8

42

What went wrong?
• The organism was misidentified
• A typo/clerical error was made
• Switch of strains/samples
• The wrong test was ordered
• The sample was not preserved properly
• Contamination
• Weak growth 
• Inoculation 
• Incubation 
• Media (new lot? expired?)
• Etc.
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QA in brief
• Describe what you are doing!
• Document that you did what you described!
• Ensure traceability!
• Use a standard method (or validate your method)!
• Participate in ring trials!
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Media and reagents
• Use only described media
• Procedure for testing each new lot
• Acceptance criteria for each new lot
• Describe how to maintain and store media/reagents
• Ensure traceability!

- which lot of media/reagent was used
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Proficiency tests
• Participate in relevant ring trials
• Define acceptance criteria for your performance
• Evaluate the results
• Document
• Document any corrective actions
• Ensure traceability!

– ”who did what”
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Validation and referencematerial
• Need for validation depends on the method used
• AST by MIC/DD – use of international standards => validation already

done for you!  
• Reference material for susceptibility testing: The QC reference strains

(ATCC strains)
• Procedure for maintaining the QC referencestrains
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Deviations and audit
• Procedures when deviations appear
• State if reported results are influenced
• Deviation reports with corrective actions
• Internal audit system
• External audit
• Ensure traceability!
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Assessment: Norms and Accreditation-Module 

11
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…laboratories are not guaranteed success by delivering 100% reliable 
results 

It is only one step along the quality journey 

Continual improvement is necessary!

With a quality management system
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Assessment: Norms and Accreditation-Module 

11
49Assessment: Norms and Accreditation-Module 11 49

 Standards form the basis for quality practices. They are (typically) 
developed by organizations

 A method standard is a method standard. If modified, the standard was not 
followed

 AST methods are extremely sensitive to variations => ensure you follow
the method description
– and document to ensure traceability

Summary
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System-Module 1

50

Implementing
Quality Management

does not
guarantee

an
ERROR-FREE
Laboratory

But it detects 
errors that may 

occur and 
prevents them 
from recurring
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Laboratories not
implementing a

quality management
system guarantees

UNDETECTED 
ERRORS

31-05-2011 51
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Thanks for your attention!
52

Thanks to Anne Mette Seyfarth for valuable input

Ref.: – and further information, see: 
www.who.int/ihr/training/laboratory_quality/en/

http://www.who.int/ihr/training/laboratory_quality/en/
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