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I’m not feeling well

Infection?

Diabetes?

Cancer?

Heart?

Liver?

Kidney?

Etc.

What is laboratory medicine?
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I’m not feeling well

History

Physical exam

Lab tests
Imaging

What is laboratory medicine?



Chemistry
Biochemistry

What is the concentration

mol/L

How many blood cells

What type are they

What size are they

Are they abnormal

Hematology



Toxicology Is the drug at the 

correct 

concentration?

Microbiology
Infectious Diseases

What is the organism

How many are there

What drug will kill it



Molecular Diagnostics
Genetics

Mutation

Micro-organism 

identification

Surgical Pathology
Cytology

Is cancer present

What kind



When your doctor orders some Lab tests:

1. Collect the sample from you

2. Transport sample to the lab

3. Perform testing

4. Report the result

5. Your doctor uses the result to help with your care
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METROLOGY

MATTERS



Clinical 
Laboratories

• Come in all shapes and sizes:

• In hospitals, in the community, at the bedside

• From 10s to 10s of thousands of samples per day

• Run by trained scientists and pathologists

• Use modern scientific equipment

• The aim of these laboratories is to provide 
useful measurements for your healthcare 8



How are lab results interpreted?

• Your results are compared with other information

• This other information may be:
• A reference interval (what is expected in a healthy person)
• A Clinical Decision Point (a value from experts based on clinical studies)
• A result from a sample taken on you previously

• RESULTS ARE INTERPRETED BY COMPARISON (WITH OTHER RESULTS)

• The measurements in your laboratory, must match the results from other 
laboratories (this is what it means to have accurate results)
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Achieving Accurate Results: Metrology and Quality Infrastructure

IVD ManufacturersMedical Laboratory 
(Hospital)

Physician requesting 
laboratory test

National Metrology Institutes
Certified Reference Materials

Calibration (Reference) Laboratory

ISO 17511

ISO 17025
ISO 15195
ISO 15193

ISO 15194

ISO 15189

A quality assured database:
All data examined with respect to 
conformity with appropriate 
international documentary standards.

A database of reference resources to 
help the IVD industry meet traceability 
requirements of the EC IVD Directive.
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Metrological Traceability in Laboratory Medicine

The concept of reference 
measurement systems is well 
developed in Clinical 
Chemistry/Laboratory Medicine:

• Reference Methods
• Reference Materials
• Reference Measurement Services



Regulations and Metrological Traceability for IVDs
Essential Requirements of the IVD Directive

"The traceability of values assigned to 
calibrators and/or control materials must be 
assured through available reference 
measurement procedures and/or available 
reference materials of a higher order.. "

Annex I - Essential Requirements
Part A. General Requirements, Clause 3

98/79/EC of 27 October 1998 on in vitro diagnostic medical devices



JCTLM Established in 2002

Intergovernmental Treaty Organization for 
Measurement Standards

International NGO for Professionals in 
Laboratory Medicine

International NGO for Accreditation Bodies

International NGO for Professionals in 
Diagnostic Haematology
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JCTLM  Membership

60 Member organizations in 20 countries worldwide



15www.bipm.org

JCTLM Database Working Group

Mission
DBWG is charged with 
establishing a process for 
identifying, reviewing and 
publishing lists of available 
higher-order materials, 
methods and services that 
conform to the ISO 
standards. 



What has JCTLM delivered?

A Quality assured database, for in vitro diagnostics, of:

a) Higher Order Reference Materials
b) Reference Measurement Procedures
c) Laboratory Reference Measurement Services  

http://www.bipm.org/jctlm/

An education resource for traceability in laboratory 

medicine:

www.jctlm.org
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JCTLM Database

Distribution of measurands per group of analytes in April 2021

As of April 2021:

257 Materials, 
215 Methods, 
203 Services 



JCTLM Review for compliance with ISO standards

ISO 17511: 2020 In vitro diagnostic medical devices – Requirements for establishing 

metrological traceability of values assigned to calibrators, trueness control materials 

and human samples

ISO 15193:2009 Requirements for content and presentation of reference measurement 

procedures

ISO 15194:2009 Requirements for certified reference materials and the content of 

supporting documentation

ISO 15195: 2018 Laboratory medicine — Requirements for the competence of 

calibration laboratories using reference measurement procedures

Developed within ISO TC 212 WG2
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Standardizing Chemical Measurements Worldwide Example: Diabetes Care

• Over 420 million people worldwide have diabetes**

• Diabetes is a major cause of blindness, kidney failure, heart attacks, stroke    
and lower limb amputation

• Diabetes affects 34.2 million people In the US (10.5% of the US population)*

• $ 327 billion – estimated diabetes costs in the U.S. in 2017 (direct and 
indirect for diagnosed cases)*

• 3.9 million people diagnosed with diabetes in the UK †

• 90% of diagnoses are for Type 2 Diabetes

• Biomarkers of interest include: Glucose, HbA1c, C-peptide

*Centers for Disease Control and Prevention. National diabetes statistics report 2020

†Diabetes in the UK 2019 : key statistics on diabetes (Diabetes UK)

**WHO, 13 April 2021



Glucose in Blood, Serum, Urine, CSF

SI-Unit:  mmol/l

NIM CRM GBW 10062 –

weighed amount

Human Patient Specimens,

e.g. Blood, Serum, Urine, 

CSF

Manufacturer‘s Master 

Calibrator,  Master Lot of 

Product Calibrator

New Lot Commercial 

Product Calibrator

Higher Order Reference Procedure –

e.g. Isotope Dilution - Mass

Spectrometry

Reference Procedure traceable to

higher order reference procedure -

e.g. Hexokinase/glucose-6-

phosphate Dehydrogenase 

Procedure

Procedure applying same chemistry

and equipment as routine procedure, 

but more precisely controlled

conditions and more replicates to

reduce uncertainty

Commercially available system

including product reagent and 

calibrator lots

Routine Sample – Human Patient Specimens,

e.g. Blood, Serum, Urine or CSF

RESULT
Glucose in mmol/l

Weighing procedure Primary calibrator

Secondary calibrator

Manufacturer‘s 

working calibrator

Product  Calibrator

NIM CRM GBW 10062
NIM certification of GBW 10062 CRM 

(purity)

Combined standard

uncertainty (%)

0.1%

0.87%

1.21%

1.49%

ISO 17511
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ms. 1 
Quantitative
Nuclear Magnetic 
Resonance
(qNMR) procedure
for purity and 
identity
assessment

m. 1 
Certified primary
reference material 
conforming to 
ISO 15194

ms. 2 
Primary reference 
measurement 
procedure for 
calibrator. Weighing 
of the certified 
primary reference 
material m. 1

ms. 3
Reference measurement 
procedure for the measurand. 
Isotope dilution mass 
spectrometry of the diluted 
certified primary reference 
material m. 2 conforming to 
ISO 15193

m. 2
Primary calibrator
- prepared as 
solution of m. 1 
in water

m. 4
Manufacturers
working
calibrator

ms. 4
Manufacturers 
selected 
measurement 
procedure

ms. 5
Manufacturers 
standing 
measurement 
procedure

ms. 5
End-users 
measurement 
device

m. 3
Secondary, commutable 
certified reference materiial  
conforming to ISO  15194. 
Matrix is pooled human 
plasma 

m. 5
Calibrator for 
the end-user
measurement
device

m. 6
Human 
sample
with
result

Metrology Institutes and Reference Labs Manufacturers

End users

12:21    2020-10-29

6.2
mmol/L



Glucose in Blood, Serum, Urine, CSF

SI-Unit:  mmol/l

NIM CRM GBW 10062 –

weighed amount

Human Patient Specimens,

e.g. Blood, Serum, Urine, 

CSF

Manufacturer‘s Master 

Calibrator,  Master Lot of 

Product Calibrator

New Lot Commercial 

Product Calibrator

Higher Order Reference Procedure –

e.g. Isotope Dilution - Mass

Spectrometry

Reference Procedure traceable to

higher order reference procedure -

e.g. Hexokinase/glucose-6-

phosphate Dehydrogenase 

Procedure

Procedure applying same chemistry

and equipment as routine procedure, 

but more precisely controlled

conditions and more replicates to

reduce uncertainty

Commercially available system

including product reagent and 

calibrator lots

Routine Sample – Human Patient Specimens,

e.g. Blood, Serum, Urine or CSF

RESULT
Glucose in mmol/l

Weighing procedure Primary calibrator

Secondary calibrator

Manufacturer‘s 

working calibrator

Product  Calibrator

NIM CRM GBW 10062
NIM certification of GBW 10062 CRM 

(purity)

Combined standard

uncertainty (%)

0.1%

0.87%

1.21%

1.49%

ISO 17511

JCTLM ACTIVITIES

ISO 15193, ISO 15194, ISO 15195

ISO 15189



Glucose in Serum: Primary Reference Material
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CCQM Key Comparisons: NMI capabilities for PRM value assignment



Glucose in Serum: Reference Measurement Procedure
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Glucose in Serum: Measurement Services from 
Reference Laboratories
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Laboratory 
performance 
in IFCC RELA 

scheme

Glucose in Serum: Performance of 
Reference Laboratories in Comparisons



Glucose in Serum: Matrix Reference Materials
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CCQM Key Comparisons for Clinical Matrix Reference Materials and Methods

Cholesterol in serum
– CCQM-K5 (1999)

Glucose in serum
– CCQM-K11 (2001, 2005)

Creatinine in serum
– CCQM-K12, K80 (2001, 2005, 2010)

Vitamin D in serum 
– CCQM-K132 (2015)

Urea and Uric Acid
– CCQM-K142 (2016)

Selected peptides
– CCQM-K115 (2018-9)

more in the works…

CCQM-K132 Vitamin D in Serum 

CCQM-K142 Urea and uric acid in serum and 

plasma materials: HSA and NIST



Glucose in Serum: Clinical Laboratory Performance
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Proficiency 

Testing 

Scheme 

Results for 

Glucose in 

Serum

- Results agree 

with traceable 

reference value 

and within 

acceptance 

criteria
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C- peptide measurements and calibrators

Protease 

catalyzed 

hydrolysis
30
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C-PEPTIDE

LEU ALA

= Leucine

• Pro-insulin is synthesized in the pancreatic beta cells
• Pro-insulin is packaged into granules and cleaved to insulin and C-peptide.
• Insulin and C-peptide are secreted in a 1:1 molar ratio.
• Insulin (but not C-peptide) is cleared by the liver;  C-peptide remains in the circulation 

longer than insulin 
• C-peptide is the best  marker of insulin secretion Courtesy of R.Little ,UMC DDL
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Calibration hierarchy for C-peptide Measurements

Little, Randie R., Robert I. Wielgosz, et al. 
"Implementing a Reference Measurement System for 
C-peptide: Successes and Lessons Learned." Clinical 
Chemistry (2016): clinchem-2016.
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C-peptide Primary Reference Material Value Assignment
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CCQM Key Comparisons: NMI capabilities Peptide/Protein
PRM value assignment

Li, M., Josephs, R.D., Daireaux, A. et al. Anal Bioanal
Chem (2018) 410: 5059. 
https://doi.org/10.1007/s00216-018-1155-y

Primary Reference Material 
Comparison Impurity profile: 
hCP material (CCQM-K115)
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JCTLM listed reference methods for C-peptide
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Impact of implemented traceability chain for C-peptide materials

Little, Randie R., Robert I. Wielgosz, et al. "Implementing a 
Reference Measurement System for C-peptide: Successes and 
Lessons Learned." Clinical Chemistry (2016): clinchem-2016.

SI traceable using commutable 
reference materials in calibration 
hierarchy



Future Challenges: 
Over 700 biomarkers to measure

For high sensitivity PCR-RNA testing 

For rapid antibody testing 
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More Information about JCTLM and Metrological Traceability in 
Laboratory Medicine

www.jctlm.org
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JCTLM and World Metrology Day 2021



Thank you for your 
attention

Happy World 
Metrology Day

Robert Wielgosz, BIPMJoint Committee for Traceability in Laboratory Medicine (JCTLM)

World Metrology 

Day 2021:

Measurement for 

Health

20 May 2021


