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The importance of Hb A2 measurement

• Hb A2 measurement is used as a marker for beta thalassemia trait

• Carrier detection is important because:

– β-thalassemia carriers are asymptomatic but homozygous β-thalassemia is a 

life-threatening disorder

– Women should be screened for β-thal trait (high risk areas) 

– Carriers: recommend partner testing prediction of genetic risk

• Failure to detect condition may result in newborn with a medically  

significant  condition
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HbA2 in various β-thalassemia genotypes
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Interlaboratory comparison of current high-performance
methods for HbA2

R. PALEARI* , B. GULBIS†, F. COTTON†, A. MOSCA*

ORIGINAL ARTICLE INTERNATIONAL JOURNAL OF LABORATORY HEMATOLOGY

Int ernat ional Journal of  Laborat ory Hemat ology
The Official journal of the International Society for Laboratory Hematology

Int. Jnl. Lab. Hem. 2012, 34, 362–368
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UKNEQAS  
UK National External Quality Assessment Scheme

Borderline sample: Hb A2 3.7%
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    Andrea   Mosca    * ,     Renata   Paleari   ,     Barbara   Wild, on behalf of the IFCC Working Group on 
Standardization of HbA2      

  Analytical goals for the determination of HbA 2   

Quality level Imprecision,  % Bias,  % Total error,  % 

Optimal 0.2 1.0 1.5
Desirable 0.3 1.9 3.0
Minimal 0.5 2.9 4.5

 Table 1      Analytical goals for HbA 2  measurement derived from data 
on biologic variation.  

Clin Chem Lab Med 2012
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IFCC Reference System for HbAIFCC Reference System for HbA 22

Primary reference 
materials

IFCC reference measurement 
procedure

Certified reference materials
(lyophilized)

Manufacturer’s internal
reference measurement 

procedureManufacturer’s 
working calibrator

Manufacturer’s standing
measurement procedure

Manufacturer’s 
product calibrator

Routine measurement procedure

Patient Sample

IFCC
WG-HbA2

Manufacturer

Individual
laboratory

Metrological traceabilty chain
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1. Definition of a reference measurement 

procedure using mass spectrometry associated 

with proteolytic degradation 
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2005 -2009 activities

� Based on the quantification of target peptides of δ and α chains

whole blood

hemolysate

enzymatic cleavage with trypsin

Mass spectrometry

quantification of specific target peptides

δT2 and αT11  

[HbA2]% = 
[δT2]

[αT11]
x 100

Calibration

• External calibration

• Calibrators consisting of mixtures of
highly purified HbA2 and HbA0

• Target values assigned volumetrically
on the base of their purity

First approach
(2005-2009)
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2005 -2009 activities
� Development of the

protocol  for

HbA2 and HbA0

purification
Red cell lysate 

DE cellulose

Raw HbA2
(purity 94 %)

Raw HbA0
(purity 86 %)

CM cellulose

Pure HbA2
(purity >99 %)

Pure HbA0
(purity > 98.5 %)

CM cellulose

Blood
(from healthy donor)

calibrators
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� Interlaboratory exercizes

2006: 6 calibrators, 29 samples

2007: 6 calibrators, 20 samples 
(2 digestions, 2 replicates/digested)

2008: 4 calibrators, 3 samples 
(3 digestions, 3 replicates/digested)

2009: 1 calibrators, 1 samples 
(centralized digestion, measurements over 5 days)

Inter-laboratory variability

2005 -2009 activities
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Fig. 1. Digestion of hemolysates by endoproteinase Glu-C: formation of
glycated and nonglycated -N-terminal hexapeptides of Hb and their
ratios.

Problems:
- Digestion not completed

- Not defined and reproducible yield for tryptic digest

(different kinetic for αT11 and δT2 peptides)
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New approach
P. Kaiser, C. Arsene (Istanbul 2014)

�The new approach is based on the use of

• Isotope dilution-mass spectrometry

• Recombinantly expressed, intact

HbA2 and 15N-labeled HbA2

HbA0 and 15N-labeled HbA0

• Target peptides specific for δ and α chains: 

δT2, αT5



22R. Paleari - UniMI

� HbA2 and HbA0 intact proteins
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The metrological traceability of measurement using the HbA2 and 

HbA0 protein standards is ensured by:

1. determination of content of peptide by 

LC-ID-MS (amino acid analysis)

2. determination of purity by 

LC-TOF -MS

� Metrological traceability
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∆

6N HCl
Phe*

Leu*

Val*

Pro*

Pro

Leu

Phe

Val

� ID-MS-based amino acid analysis of 

Hb-calibrator material

amino acid Leu Phe Val

concentration of Hb-reference solution [nmol/g] 14.96 15.23 15.19

mean: 15.13 nmol/g

U= 2.6%
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� Purification of HbA0 reference material
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� Workflow
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� Peptides selected for LC-MSMS measurements

KT A V N A L W G

K2*T* A* V* N2* A* L* W2* G*
15

N

deltaT2

Internal standard

alphaT5

M F L S F P T T K

M* F* L* S* F* P* T* T* K2* Internal standard
15

N
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Delta chainAlpha chain

αT5

αT5
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� HbA2 measurement results on blood samples
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2. Preparation of a certified reference material for 

hemoglobin A2 (in cooperation of IRMM)
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First pilot batch (April 2008)

- homogeneity

- total Hb content 

- MetHb

- stability at +4°/-20 °C

-Commutability

Second batch (November 2010)

-Storage without O2

to limit oxydation

- accelerated degradation

experiments

-Long term stability 

- Lyophilized material

� Development of a candidate certified refernce material 

(CRM)
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Good commutability 

No unexpected peaks due to
preparation/lyophlizing process

wb

CRM

HbA2
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Storage
Temp = -20 °C

Storage
Temp = +4 °C

� Stability of the lyophilized material 
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�Based on the quantification of intact globin chains by  

LC-ESI/MS   
(without protein digestion)

Modified from:

Alternative approach
(harmonization)
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Fresh blood in EDTA

RBC (overmight at -80°C)

Hemolysate

Desalting on
cation exchange 

resin bead

Removal of WBC, platelets, plasma
Filtration through

cellulose column

centrifugation

Sample for MS
Hb 1 mg/mL

Acetonitrile 50 %

Formic acid 0.18 %

Dilution with

acetonitrile/

formic acid

Lysis with

H2O
Removal of cellular stroma

� Protocol for sample preparation
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Sample    ID HbA2, % CV, %

(MS)
HPLC MS

P2 3.05 3.23 2.7

P3 2.58 2.56 1.4

P7 3.25 3.04 1.5

P10 5.95 5.86 1.9

P12 2.35 2.45 2.5

P15 5.10 4.33 2.6

P16 5.55 5.54 2.2

P20 3.93 3.89 2.0

P21 4.48 4.15 1.1

P23 2.93 2.71 0.5

Close correlation with HPLC (except for 1 sample)

Improvement in the reproducibility

� Results from experiment June 2014
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Harmonization, a possible model
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• Reference measurement procedure: under way to be finalized and 

validated

• Alternative reference method: to be validated

• Certified reference material

– Defined the optimal condition for sample preparation and 

lyophilization 

– Composition in Hb similar to that of blood (Hbtot, MetHb)

– Good commutability (for the methods tested)

– HbA2 stable at least for 4 years at +4°C or -20°C (lyophilized 

form)

Conclusions
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• Reference measurement procedure: to be approved by IFCC (ballot)

• Certified reference material

– to be prepared in at least one large batch

– to be distributed and used (manufacturers)

• State-of-the-art: to be monitored on a regular base by adequate EQAS 

studies and/or surveys

Next steps
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