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Arthur Kornberg 

“I never met a dull enzyme” 

Nobel Prize in Physiology or Medicine 1959 
"the mechanisms in the biological synthesis of DNA"  



DECLARATION OF COOPERATION BETWEEN THE CIPM, 
IFCC AND ILAC, FOR THE ESTABLISHMENT OF A JOINT 
COMMITTEE FOR TRACEABILITY IN LABORATORY 
MEDICINE (JCTLM) 
 

JCTLM Mission Statement:  
 

identifying and prioritizing the measurands requiring 
international traceability and comparability and 
thereby encouraging appropriate organizations to 
accept responsibility for the development of suitable 
reference methods and measurement procedures and 
certified reference materials;  



Gap Analysis 

• Finding what is not in the database 
 

• Possible targets for  
– Producers of materials 
– Developers of measurement procedures 
– Providers of reference measurement services 

 
 



  
Certified Reference 

Materials 
Reference Measurement 

Procedures 
Reference 

Measurement Services 
Review Team Analytes Entries Analytes Entries Analytes Entries 
Blood cell counting     1 2     
Blood Gases             
Blood Groupings 3 3         
Coagulation Factors 1 2         
Drugs 24 31 7 13 3 3 
Electrolytes 6 36 7 30 6 15 
Enzymes 8 12 7 7 7 45 
Metabolites & Substrates 41 86 15 46 9 38 
Microbial serology             
Non-Electrolytes Metals 31 58 7 15     
Non-Peptide Hormones 11 23 12 30 10 21 
Nucleic Acid 4 10         
Proteins 24 25 19 20 2 6 
Vitamins & micronutrients 9 9 4 7 2 2 
Totals 162 295 79 170 39 130 

 

RM (pure) 97 analytes (170 materials) 
  117 analytes (182 materials) 



GAPS 

• 1. Tests without any JCTLM listings 
 

• 2. Tests with incomplete JCTLM listings 
 

 



 

White GH. Ann Clin Biochem 2011; 48: 393–409. 



Gaps 

Prioritise measurands which are: 

• Frequently used (many patients) 

• Widely used (many locations) 

• Clinically important 

• Currently poorly standardised 
   (not otherwise achieved) 

• Amenable to standardisation 



Data Used 

• JCTLM Listed Measurands  
– Materials, Procedures, Services (in the database) 

• Routine Laboratory (SydPath) 
– Numbers of tests requested (frequently used) 

• EQA program (RCPAQAP) 
– Number of laboratories enroled (widely used) 



Other Information 

• WHO Reference Materials 
• Harmonization.net 
• Therapeutic Drugs 
• Immunology 
• IFCC C-NPU: Committee for Nomenclature, 

properties and Units 



Laboratory Data (frequency) 

• Data from SydPath 
– Serving teaching hospital, private hospital, 

specialists and general practitioners 
• Tests ranked according to request frequency 
• Normalised to “1000” being most common 

request (full blood count) 
• Highest ranking “missing” RMs, RMPs and 

RMSs listed 
 

http://www.google.com.au/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0ahUKEwi6jqqeorbJAhUByxoKHUMaCZMQjRwIBw&url=http%3A%2F%2Fwww.sydneyoperahouse.com%2FAbout%2FPhotoGallery.aspx&psig=AFQjCNEdVGmKZ_7r39ltsSzusHfIY-34yA&ust=1448908310098540


EQA Data (Widely used) 

• Data from RCPAQAP 
– Australian External Quality Assurance Program 

• Tests ranked according to number of 
laboratories 

• Normalised to “1000” being most common 
request (full blood count) 

• Highest ranking “missing” RMs, RMPs and 
RMSs listed 

 





Spreadsheet Summary 

• Total number of items (measurands?): ~487 
– SydPath requested tests (245) 
– RCPAQAP listed tests (348) 
– JCTLM listed  

• RMs (pure 178 for 97 measurands) 
• RMs (matrix matched 188 for 116 measurands) 
• RMP (168 for 90 measurands) 
• RMS (109 for 43 measurands) 
• TOTAL: 221 measurands 

• Incomplete: serology, microbiology 
 

 

# 450 laboratory tests 

# 

# 

# 



Number of Tests v No. of Labs 



LABORATORY REQUESTS - No JCTLM Listing

RANK TEST
1 Basophils - blood
2 Eosinophils - blood
3 Haematocrit - blood
4 Mean Cell Volume - blood
5 Monocytes - blood
6 Red cell count - blood
7 Red cell Distribution Width (RDW) - blood
8 White cell count - blood
9 Bicarbonate
10 Calcium - ionised - blood
11 Lactate - blood
12 Oxygen partial pressure (pO2) - blood
13 pH - blood
14 Thyroid Stimulating Hormone (TSH)
15 APTT
16 ESR - blood
17 INR
18 Ferritin
19 Iron
20 Prothrombin Time

Full Blood 
Count 

Blood Gas 
Analysis 

Listed: UEC, 
LFT, CPM 

Coagulation 

Coagulation 

Coagulation 



LABORATORY REQUESTS - No JCTLM Listing

RANK TEST
21 Vitamin B12
22 Troponin T
23 Human Chorionic Gonadotrophin (hCG)
24 Human Chorionic Gonadotrophin (hCG) - urine
25 ANA pattern, ANA titre
26 Serum Protein Electrophoresis
27 Albumin - urine
28 Free T3 / Free Triiodothyronine
29 Electrophoresis - serum
30 Vancomycin
31 Parathyroid Hormone
32 Cyclosporin - blood
33 Folate - red cell
34 Thrombin Time
35 ENA
36 Rheumatoid factor
37 dsDNA antibodies
38 Reticulocyte count - blood
39 ANCA
40 MPO-ANCA

Immunology 

Immunology 
Immunology 
Immunology 

Immunology 
Immunology 

Immunology 



EQA Labs - No JCTLM Listing

RANK TEST
1 Haematocrit - blood
2 Mean Cell Volume - blood
3 Red cell count - blood
4 White cell count - blood
5 pCO2 - blood
6 Oxygen partial pressure (pO2) - blood
7 INR
8 APTT
9 Calcium - ionised - blood
10 Bicarbonate
11 ESR - blood
12 Lactate - blood
13 pH - blood
14 Bilirubin-conjugated
15 Carboxyhaemoglobin - blood
16 Methaemoglobin - blood
17 Lipase
18 Paracetamol
19 D-Dimer
20 Human Chorionic Gonadotrophin (hCG)

Full Blood 
Count 

Listed: UEC, 
LFT, CPM 

Coagulation 
Coagulation 

Coagulation 

BGA 

BGA 

BGA 

BGA 
BGA 

BGA 



EQA Labs - No JCTLM Listing

RANK TEST
21 Thrombin Time
22 Gentamicin
23 Thyroid Stimulating Hormone (TSH)
24 Iron
25 Protein - Urine
26 Vancomycin
27 Vitamin B12
28 Luteinising Hormone (LH)
29 Follicle Stimulating Hormone (FSH)
30 Ferritin
31 Troponin T
32 Lactate
33 Protein - CSF
34 Phosphate - urine
35 Albumin - urine
36 Prolactin
37 Free T3 / Free Triiodothyronine
38 Osmolality - urine
39 Osmolality
40 Salicylate



Clinical Need 

• EQA assessment of between-laboratory 
variability 
 

• If no problem: Low priority  
 

• If significant problem: high priority 



Result Variability Assessment - EQA 

External Quality Assessment / Proficiency Testing 
• Commutable samples 
• (Reference Method value assignment) 

 
Other published studies 
 
 
 
Piet Meijer (next speaker) 

 
 
 

http://www.eqalm.org/site/index.php


Result Variability Assessment - EQA 

External Quality Assessment / Proficiency Testing 
 
 

• Liquid Serum Chemistry (commutable) 
• 2 samples (1 male 1 female) 
• Distributed  same day 
• Value assignment by median (not RM,RMP) 
• >50 chemistry analytes, 7 calculated 

parameters (eg anion gap, serum globulins) 



Iron (commutable serum) 
Standard: Within-Subject; Optimal 

Allowable Performance 
±3.0 up to 25.0;  
±12% >25.0 umol/L 
 
Biological Variation 
   CVi = 26.5 
   CVg = 23.2 
 



Iron (commutable serum) 
Standard: Within-Subject; Optimal 

(SRM 937 not on JCTLM database) 



Ferritin (commutable serum) 
Standard: Within-subject, desirable  

Allowable Performance 
±4 up to 27; ±15% >27 ug/L 
 
Biological Variation 
Cvi=14.9% 
CVg=13.5% 
 





Albumin (commutable serum) 
Standard: Total error; Desirable 

Allowable Performance 
±2.0 up to 33.0;  
±6% >33.0 g/L 
 
Biological Variation 
CVi=3.1% 
CVg=4.2% 
 



Albumin (g/dL) 

Cvi=3.1 CVg=4.2 
 

Lo S and Miller G.Arch Pathol Lab Med. 2013;137:912–920; 



LABORATORY REQUESTS - No JCTLM Listing

RANK TEST
1 Basophils - blood
2 Eosinophils - blood
3 Haematocrit - blood
4 Mean Cell Volume - blood
5 Monocytes - blood
6 Red cell count - blood
7 Red cell Distribution Width (RDW) - blood
8 White cell count - blood
9 Bicarbonate
10 Calcium - ionised - blood
11 Lactate - blood
12 Oxygen partial pressure (pO2) - blood
13 pH - blood
14 Thyroid Stimulating Hormone (TSH)
15 APTT
16 ESR - blood
17 INR
18 Ferritin
19 Iron
20 Prothrombin Time

X 

X 

+/- 

√ 



LABORATORY REQUESTS - No JCTLM Listing

RANK TEST
21 Vitamin B12
22 Troponin T
23 Human Chorionic Gonadotrophin (hCG)
24 Human Chorionic Gonadotrophin (hCG) - urine
25 ANA pattern, ANA titre
26 Serum Protein Electrophoresis
27 Albumin - urine
28 Free T3 / Free Triiodothyronine
29 Electrophoresis - serum
30 Vancomycin
31 Parathyroid Hormone
32 Cyclosporin - blood
33 Folate - red cell
34 Thrombin Time
35 ENA
36 Rheumatoid factor
37 dsDNA antibodies
38 Reticulocyte count - blood
39 ANCA
40 MPO-ANCA

X 

X 

X 

√ 

√ 



Incomplete JCTLM Systems 

• Not all JCTLM-listed measurands have 
– Pure RM 
– Matrix matched RM 
– RMP 
– RMS 

 
• Gap analysis can identify 



JCTLM - Complete Reference Systems

JCTLM TEST NAME Pure Matrix RMP RMS
17 beta estradiol (RMP) 1 4 4 2
Calcium 3 5 7 2
Chloride 4 3 4 1
Cortisol 2 4 5 4
Creatinine 3 11 7 5
Digoxin 1 2 2 1
Glucose 1 4 5 5
Glycated Hb / HbA1c # 1 1 3 3
Lithium 2 4 3 2
Magnesium 4 4 5 2
Potassium 4 5 5 4
Progesterone 1 2 3 2
Sodium 4 5 5 4
Testosterone 1 2 4 3
Urea 3 2 3 3
Uric acid 3 3 4 3
Alanine Amino Transferase (ALT) 1 1 5
Alkaline Phosphatase (ALP) 1 1 3
Alpha-Amylase 2 1 3
Creatine Kinase (CK) 2 1 4
Aspartate Amino Transferase (AST) 1 1 5
Gamma glutamic acid (GGT) 2 1 5
Lactate Dehydrogenase (LDH) 2 1 5



JCTLM - Incomplete Reference Systems

JCTLM TEST NAME Pure Matrix RMP RMS
Bilirubin 1 2 1
Creatinine - Urine 3 1 2
3,3',5-triiodothyronine (T3) 1 2 2
Glucose - Urine 1 1 1
Glucose - CSF 1 1 1
Theophylline 1 3 1
total thyroxine (TT4) 1 4 2
Triglycerides, triglyceride 1 2 2
Urea 3 1 1
Uric acid 3 1 1
Total Cholesterol 1 8 7
Total glycerides 1 3 3
17-Hydroxyprogesterone 1 1
19-norandrosterone (norandrostero 1 1
5-methyltetrahydrofolic acid 1 3
Albumin 1 1
Aldosterone 2 1
Alpha 1 acid glycoprotein 1 1
Alpha 1 antitrypsin 1 1
Alpha 2 macroglobulin 1 1
Arsenic - Urine 1 1

1 



Other Standardisation Efforts 

• WHO 
• Harmonization.net 
• BIPM (CCQM) 
• NIST 
• CDC 
• …. 





Approx 400 Materials 



Entry Name WHO   
Apolipoprotein A1 1st IRR 1992  
Haemoglobin A2 - blood 1st IRR 1993  
Haemoglobin F - blood 1st IRR 1993
Apolipoprotein B 1st IRR 1993
Glucagon 1st IS 1973 (porcine), 6
Insulin 1st IS 1974, 66/304  
Renin 1st IS 1974, 68/356
Alpha subunit of hCG 1st IS 1974, 75/569
Vasopressin (ADH) 1st IS 1978, 77/501
Growth Hormone 1st IS 1982, 80/505
Beta-2-microglobulin 1st IS 1985
C-Reactive Protein (CRP) 1st IS 1986  
C-peptide 1st IS 1986, 84/510
Thyroxine binding globulin (TBG) 1st IS 1991; 88/636
Inhibin A 1st IS 1994, 91/624
Follicle Stimulating Hormone (FSH) 1st IS 1997, 92/510
Inhibin B 1st IS 2000, 96/784
Coagulation factor V 1st IS 2005   
Insulin-Like Growth Factor Binding Pro   1st IS 2008;02.254
C1 esterase inhibitor 1st IS 2010
Calcitonin 2nd IS 1991, 86/620
Sex Hormone Binding Glubulin (SHBG)2nd IS 2010, 08/266
Coagulation factor VII 2nd IS 2012   

 JCTLM TEST NAME
   Apo A1

      M
     

   
    
    EASD
   

      
    

    
  

    C-reactive protein
   C-peptide

      
    
      
    

    Coagulation factor V
        

    
   

       
    Coagulation factor VII









International Union of Immunological Sciences 
(IUIS) 

Subcommittees on:  
• Standardization of  Autoantibodies in Rheumatic 

Diseases 
• Leukocytes 
• Allergen Standardization 
• Standardization and quality assessment of complement 

measurements 
• Standardization and Quality Assessment in 

Immunotherapy 
• Standardization and Quality Assessment of 

Immunological Diagnostics  
• Organ-Specific Autoantibodies 

IFCC WG-HAT 

http://www.ifcc.org/


Other Databases, data sources 

• Analytes used in other industries 
• Metals, blood gases (pH, pO2, pCO2), ammonia 
• CCQM 

What is the traceability of 
your blood gas analysers? 

(pH, pCO2, pO2) 

http://www.paris2015.org/


Later that day… 



Blood Gases 

pH Radiometer Abbott Nova Siemens Alere
ABL I-STAT pHOx Rapidpoint EPOC

Materials
NIST SRM  186-I, 186-
II, 185, 187, 191-2

NIST SRM  186-I, 
186-II, 185, and 
187

NIST SRM 2186I and 
2186II SRM186 NIST standards

Methods

Capillary type glass 
pH electrode with a 
saturate calomel 
reference electrode 
and a liquid junction 
saturated with KCL.

NIST primary pH 
buffers using a pH 
glass electrode and a 
flowing 2M KC1 
Ag/AgCl reference 
electrode.  The 
measurement is done 
at 37°C.

IFCC blood 
reference method



 

pH 



Iron 



Nomenclature 

• What tests are we talking about? 
• Definition of the measurand 
• Combining results in reports 

 
• IFCC: C-NPU (Committee for Nomeclature 

Properties and Units) 
• LOINC 



JCTLM TEST NAME NPU code Short definition
17-Hydroxyprogesterone NPU02460 P—17-Hydroxyprogesterone; subst.c. = ? nmol/L
a1-antichymotrypsin NPU01270 P—Antichymotrypsin; subst.c. = ? µmol/L
Acid phosphatase NPU01064 P—Acid phosphatase; cat.c.(37 °C; proc.) = ? µkat/L
Alanine Amino Transferase (ALT) NPU19651 P—Alanine transaminase; cat.c.(IFCC 2002) = ? U/L
alanine/L-alanine NPU01117 P—Alanine; subst.c. = ? µmol/L
Albumin NPU19673 P—Albumin; mass c.(proc.) = ? g/L
Aldosterone NPU01135 P—Aldosterone; subst.c. = ? pmol/L
Alkaline Phosphatase (ALP) NPU27783 P—Alkaline phosphatase; cat.c.(37 °C; proc.) = ? U/L
Alpha 1 antitrypsin NPU19692 P—alpha 1-Antitrypsin; mass c. = ? g/L
Alpha 2 macroglobulin NPU27497 P—alpha-2-Macroglobulin; mass c. = ? g/L
Alpha-Amylase NPU19652 P—Amylase; cat.c.(IFCC 2006) = ? U/L
Alphafoetoprotein NPU19766 P—alpha-1-Fetoprotein; mass c. = ? µg/L
Antimony NPU01274 U—Antimony; subst.c. = ? nmol/L
Antithrombin (3 levels) NPU01277 P—Antithrombin; subst.c.(imm.; proc.) = ? µmol/L
Apo A1 NPU19695 P—Apolipoprotein A1; mass c. = ? g/L
Arsenic - Urine NPU01308 U—Arsenic; subst.c. = ? nmol/L
Aspartate Amino Transferase (AST) NPU19654 P—Aspartate transaminase; cat.c.(IFCC 2002) = ? U/L
Benzoylecgonine NPU08994 U—Benzoylecgonine; arb.c.(proc.) = ?
Bilirubin NPU01370 P—Bilirubins; subst.c. = ? µmol/L
Calcium NPU01443 P—Calcium(II); subst.c. = ? mmol/L
Calcium NPU04160 U—Calcium(II); subst.c. = ? mmol/L
Carbamazepine NPU01457 P—Carbamazepine; subst.c. = ? µmol/L
Chloride NPU01536 P—Chloride; subst.c. = ? mmol/L
Coagulation factor IX NPU01637 P—Coagulation factor IX; rel.subst.c.(imm.; actual/norm; pro   



165 Entries 





Haematology 

• Session V (tomorrow – 9 am) 



Therapeutic Drugs 
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JCTLM - listed materials  Drugs 
• NMIA-Australia (pure): heroin, MDA, MDMA, amphetamine, 

methamphetamine, morphine 
• IRMM-Europe (pure): Tacrolimus, theophylline 
• INMETRO-Brazil (pure): captopril, metronidazole, diclofenac 
• LGC-UK (pure): Digoxin 
• LGC-UK (serum): Digoxin 
• NIST SRM 1599 (serum): carbamazepine, valproate 
• NIST SRM 2381 (urine): codeine, morphine 
• NIST SRM 960 (serum) ethosuximide 
• NIST SRM 900 (serum): Phenobarbital, phenytoin, primidone 
• NIST SRM 1511 (urine): benzolyecgonine, codeine,  

morphine, THC, phencyclidine 
 
 

51 Serum 
 Drugs 



Digoxin Assay Traceability 
• Beckman Coulter – USP 
• Roche Tina Quant – USP 
• Roche Elecsys – USP 
• Ortho Clinical Diagnostics – USP  

(gravimetric and RIA) 
• Abbott Architect (2009) – not stated in IFU 

(compared with Multigent, y = 0.92x 0.04) 
• DRI – Microgenics – not stated 
• Abbott AxSYM (2010) – not stated 

 (compared with ACA, IMx, TDx) 
• DRG ELISA (USA, 2010) – not stated 





Approx 3,500 Materials 



JCTLM Methods (n=6) 



Conclusions 

• There are gaps in the JCTLM database 
• Areas of need can be identified: 

– What is missing 
– How often it is used 
– How important is it clinically 
– How important will it be clinically (research) 
– What is technically possible 

• Clear terminology / definition of the 
measurand needed 

• Each test to be assessed separately 
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