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The need for primary methods 

VIM 2008 : Primary reference measurement procedure : “reference 
measurement procedure used to obtain a measurement result without 
relation to a measurement standard for a quantity of the same kind”  



http://biositrace.lgcgroup.com 

The “Bio-SITrace” Project 
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The “Bio-SITrace” Project 

For all biological entities covered in the project, objectives are to : 
 

 Develop methods for direct and absolute counting of biological entities 
       

     Commonalities between counting of different biological entities? 
 

       Potential of dPCR, flow cytometry & ES-DMA to be primary methods 

COUNTING BIOLOGICAL ENTITIES 

 Develop purification & characterization techniques to determine / confirm 
what is really counted 

 Through cross-platform comparisons, identify sources of bias that could 
explain potential discrepencies between different methods and samples 

 
 Propose international guidelines for SI-traceable enumeration results 
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What are lipoproteins? 

Measurand definition is complex because lipoproteins are 
nanobioparticles / supramolecular assemblies of heterogeneous size 
and constitution that can be defined as function of their density, size, 
NMR resonnance, electrophoretic mobility, apolipoprotein content… 
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CVD risk assessment in clinical practice 

 Triglycerides (TG) 
 Total cholesterol (TC) 
 HDL-cholesterol (HDL-C : « Good Cholesterol » ) 
 LDL-cholesterol (LDL-C : « Bad Cholesterol » ) 

Although controversy exists among national guidelines, CVD risk  
is often estimated through lipids measurements that are routinely 

performed in medical labs with fully automated methods / analyzers : 

In France and many other countries, 
therapeutic intervention thresholds are 
based on LDL-C targets that depend on 

the nb of CVD risk factors (smoking, etc…) 

Risk factors Target LDL-C 
0 2,20 g/L (5,7 mmol/L) 
1 1,90 g/L (4,9 mmol/L) 
2 1,60 g/L (4,1 mmol/L) 

> 2 1,30 g/L (3,4 mmol/L)  
Past CVD event 1,00 g/L (2,6 mmol/L) 

French guidelines (2008) 
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Are lipid measurements enough to estimate CVD risk? 

High residual risk!  
LDL-C testing not such a good screening tool? 
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Beyond LDL-C in CVD risk assessment 

Otvos et al. J Clin Lipidol. 2011;5(2):105-113 
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CVD risk is more strongly  
associated with LDL-P than LDL-C 

LDL-P poorly  
correlates with LDL-C 
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Beyond LDL-C in CVD risk assessment 

In addition to particle number, 
particle size also matters :  

 

small dense LDLs (sd-LDL)  
are more  atherogenic than  

Large Buoyant LDLs 
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Beyond LDL-C in CVD risk assessment 
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Beyond LDL-C in CVD risk assessment 
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Beyond LDL-C in CVD risk assessment 
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Beyond LDL-C in CVD risk assessment 
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Immuno-nephelometry 
Immuno-turbidimetry 

LC/MS/MS  

NMR 
ES-DMA 



http://biositrace.lgcgroup.com 

Lipoprotein enumeration by 
Differential Mobility Analysis 
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Has Differential Mobility Analysis the 
potential to be a primary method? 
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Electrospray Differential Mobility Analysis (ES-DMA) 

Diameter Selection Particle counting at the 
selected diameter 

Nebulization 
source 

Differential Mobility 
Analyzer (DMA) 

Condensation 
Particle Counter 

(CPC) 

Regulator 

Nano-fluidic  
injection system 

X-Ray source 

Air + 
CO2 

+ + 
+ 

+ 
+ 

+ 
+ + 

+ + 
+ - 

- 
- - 

- 
- - 

- 

- 
- 

Electrospray 

Regulators 

Voltage 
Analyzer 

Filters 

Laser 

Detector 
Saturated 

water vapor in 

Aerosol 
out 

Liquid Phase Aerosol Phase 

15 



http://biositrace.lgcgroup.com 

LNE’s ES-DMA Platform 
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Lipoprotein enumeration by ES-DMA 

ES-DMA Analysis 
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Liquid Phase 
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Number Size 
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Simplified Equation Particle number 
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Liquid Phase C 
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Establishing SI-Traceability of results 

 Liquid and gas flows : calibrated flow-meters 
 
 Liquid flow meter calibrated in METAS  L ± ∆L 
Gas flow meters calibrated in LNE  g ± ∆g 
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Establishing SI-Traceability of results 

Monomers Pn1 

Dimers Pn2 

Trimers Pn3 

 Serial dilutions of BSA solutions 
(NIST SRM 927e certified by AAA) 

 BSA concentration in liquid phase 
calculated from : peak area ratio, 
dilution factor and droplet size  

 Droplet size measured using 
0,063% sucrose solutions 

 E = ratio between the measured and 
the certified concentration of BSA 

Robusteness & stability of E? 

 Electrospray efficiency E 
Anal Chem. 2014;86(24):12130-7 
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Standardization & cross-platform comparisons 

LabMedicine (2008) 39, 481-490 
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Mora et al. Circulation 2009; 119: 2396-2404  
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Standardization of advanced lipoperotein testing  
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Mora et al. Circulation.2009; 119: 2396-2404  
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Standardization of advanced lipoperotein testing  
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Standardization of advanced lipoperotein testing  
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Robison et al. J Am Coll Cardiol. 2012;60(25):2607-15 
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Standardization of advanced lipoperotein testing  

http://www.ncbi.nlm.nih.gov/pubmed/23257303
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Standardization of advanced lipoperotein testing  
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Standardization through REFERENCE MATERIALS 
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Standardization of advanced lipoperotein testing  
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Standardization of advanced lipoperotein testing  

Otvos et al. clin chem 2008;54(12):2086-7 
 

« Collaborative standardization efforts  
between groups that perform particle-

concentration measurements will be required 
to enable its broader use in clinical practice » 
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Bio-SITrace crossplatform comparison  
of lipoprotein enumeration techniques 

Objectives : 1/ assess comparability of lipoprotein enumeration techniques,  
2/ identify what parameters cause discrepancies & assess impact of freezing       
in order to establish requirements specification of candidate RMs 
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Samples :  
 

 25 patient samples measured before & after freezing (ie. 25 fresh + 25 frozen) 
 3 candidate RM (frozen serum pools CLSI C37-A)  
 WHO reference reagent SP3-08 (used to calibrate ApoB routine assays) 

Methods / Participants : 
 

 NMR @ NIH (Alan Remaley) & LipoScience / LabCorp (Jim Otvos) 
 ES-DMA @ LNE, CHORI (Ron Krauss), Quest Diagnostics (Mike Caulfield) 
 ApoB immuno-nephelometry @ Univ. Washington (Santica Marcovina) 
 Apo B IDMS @ CDC (John Barr), Univ. Leiden (Christa Cobbaert), Univ. 

Washington (Andy Hoofnagle) 

Other methods : Density Gradient Ultracentrifugation / VAP (Kris Kulkarni), 
Tube Gel Electrophoresis / LipoPrint (Nehemias Muniz), Gradient Gel 
Electrophoresis (Ron Krauss), lipids measurements (TC, TG, HDL-C & LDL-C) 
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Conclusions & discussion 

 Given the difficulty to (re)define the measurand, establishing  
(SI) traceability in lipoprotein testing is extremely challenging 

 Potential of ES-DMA to be a primary method still under evaluation 

 If traceability to the SI is not achievable, should we better go for 
standardization or harmonization?  

 Consensus needed before new traceability chains can be implemented 

 BioSITrace cross-platform comparison will be a valuable tool to : 

• assess comparability of enumeration methods 

• identify what parameter(s) hamper comparability 

• qualify candidate international standards 
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Thank you for you attention! 
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Contact : vincent.delatour@lne.fr 
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