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2      Mosca et al.: Analytical goals for HbA2

 With regard to the analytic performance goals, there 
are at least six different ways for establishing them (regu-
lations and EQAS, biologic variation, survey of clinicians, 
effects on medical decisions, patterns for follow-up 
tests, formal decision models), as clearly reviewed 
 [8, 9] . 

 The aim of this work is to define some goals for the 
determination of HbA 2  in human blood, and to relate 
them to the metrological reference system for HbA 2  
under development by the IFCC Working Group on HbA 2  
standardization.  

  Approach I: goals based on biologic 
variation 
 Experimental work has been performed on 17 appar-
ently healthy subjects (9 men and 8 women, aged 26 – 52 
years) by analyzing their HbA 2  values every 2 weeks, for 
2 months, as previously described  [10] . The subjects were 
enrolled among the laboratory staff and gave their written 
consent to be tested. The blood samples were collected 
after overnight fasting and without any morning exer-
cise. Venous blood was collected by the same experienced 
phlebotomist between 9:00 and 9:30 with subjects in the 
sitting position for 1 – 5 min, with minimal stasis using a 
20 G straight needle directly into 3 mL siliconized vacuum 
tubes containing K 2  EDTA (Terumo Europe NV, Belgium). 
The blood specimens were immediately aliquoted and 
stored at  – 80 ° C until analyzed all in the same run, in 
order to minimize the analytical variation. On each day of 
blood collection a whole blood cell count was performed 
on an aliquot of the EDTA-blood specimen by means of 
an automated Advia 2120 analyzer (Siemens Healthcare 
Diagnostics). 

 The determination of HbA 2  was performed by an 
automated HPLC system (Bio-Rad Variant II, dual kit, 
Bio-Rad Laboratories, Segrate, Italy) using the calibrators 
provided by the manufacturer. Each blood specimen was 
analyzed in duplicate in order to evaluate the analytical 
imprecision. The whole set of blood samples was analyzed 
over four different runs, taking care that all the specimens 
derived from a particular subject were analyzed within the 
same run. Finally, the results obtained by the HPLC analy-
sis were adjusted in order to express each result with two 
decimal places in order to achieve the minimum number 
of significant numbers. With regard to the statistical treat-
ment of the data, an ANOVA analysis was performed, in 
order to extrapolate, from the overall variance ( σ  2  tot ), the 
biologic intra-individual component ( σ  2  I ) and the biologic 

between-individuals component ( σ  2  G ), according to the 
formula: 

  σ  2  tot    =    σ  2  anal   +   σ  2  I   +   σ  2  G  

 as already described with regards to a similar study per-
formed to obtain the analytical goals for glycated hemo-
globin  [11] . The analytical variance ( σ  2  anal ) was obtained, 
as reported above, from the analysis of the differences in 
the duplicates. 

 All the data obtained by this investigation were 
included in the evaluation, since no abnormalities in the 
other red cell parameters (total hemoglobin, MCV, MCH 
and hematocrit) were found. The results of such evalua-
tions are reported in Figure  1  , where the mean HbA 2  values 
for each subject is reported, together with the minimum to 
maximum range. Just by looking at the graph, it is clearly 
evident how much the variability in the measured HbA 2  
in each subject was smaller than that measured between 
subjects. More over, no statistical significant differences 
in the HbA 2  values were found between different genders 
(women, mean  ±  SD: 2.63  ±  0.26 % ; men: 2.74  ±  0.16 % ; t-test 
p  =  0.265). From the data obtained so far, the analytical 
goals for imprecision, bias and total error were calculated 
(Table  1  ).  

  Approach II: goals based on clinical 
needs and opinion of experts 
 A survey has been performed on a selected group of 15 clini-
cians dealing mostly with patients affected by thalassemic 
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 Figure 1    Individual mean and absolute range of HbA 2  values 
measured in 17 healthy subjects during a 2 month period. 
 Women and men are represented as open circles and closed 
squares, respectively. Reprinted from reference 9  with permission 
of the Editor.    
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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.  

Case no. Description/question

1 A pregnant woman is tested for  β -thalassemia as part 
of her antenatal screening blood tests. The HbA 2  result 
is 3.5 % . RBC, MCH, MCV are within the normal range. A 
repeat test is taken and this gives a result of 3.2 % .
Do you believe this new HbA 2  result to be significantly 
different from the previous value of 3.5 % ?
Yes/No

2 A pregnant woman is tested for  β -thalassemia as part of 
her antenatal screening blood tests. The HbA 2  result is 
3.2 % . Iron studies undertaken at the same time indicate 
that she has iron deficiency. She is given iron supple-
ments for 3 months after which time still MCV, MCH and 
Hb are low and a repeat test is taken. This gives a result 
of 3.7 % .
Do you believe this difference to be significant ? 
Yes/No

3 A patient suspected of having a hemoglobinopathy is 
referred for counseling. The notes show repeat HbA 2  
testing for  β -thalassemia, in the same laboratory using 
an HPLC method:
Date Result
21.3.2011 3.7 % 
1.4.2011   3.4 % 
2.5.2011   3.8 % 
1.6.2011   3.5 % 
Do you consider the differences to be significant ? 
Yes/No

 Table 2      Questionnaire to derive analytical goals based on clinical 
needs and opinion of experts.  

syndromes and various hemoglobin disorders, mostly 
sickle cell anemia (team A) and by an international team 
of more than 100 laboratory professionals (team B). The 
survey was performed during two recent international 
meetings (Sebia advisory board meeting, 25 May 2012, 
Sebia, Lisses (France), and VI international symposium on 
hemoglobins  [12] ), and the results were collected by email 
(team A) and by televoting during the conference (team B). 
They were asked to answer the questions related to three 
clinical cases, as illustrated in Table  2  . 

 The first case history reports on an HbA 2  test repeated 
over a short time (typically 1 week) from the preceding 
result, in order to confirm a result of difficult interpreta-
tion, such for the so-called borderline values. The second 

case describes a situation where another repeated test is 
performed, but over a longer period of time during which 
clinical action was undertaken (i.e., iron therapy). The 
third case describes a somewhat less likely situation, 
where the test is performed four times over 3 months 
without any apparent change either in the pre-analyti-
cal than in the analytical phase. None of the cases were 
related to any real physical patient. 

 Responses were collected from 10 clinicians from 
team A and from 83 laboratory professionals from team B. 
A summary of the responses is shown in Table  3  , where, 
together with the answers, we have tabulated the mean 
values and the absolute HbA 2  changes about whom we 
were asking opinions. The corresponding allowable total 
error, expressed from the hypothetical mean HbA 2  values 
and their absolute changes, are displayed in the fourth 
column of Table 3. 

 As can be seen, there is a quite good agreement 
between the laboratory professionals and the clinicians, 
although a rigorous comparison cannot be done, because 
the number of answers collected so far was very unbal-
anced, with team A in a much smaller quantity in respect 
to team B. 

 Finally, another approach based on clinical needs has 
been already reported by our group  [1]  and is just briefly 
outlined here. Considering a subject with a true HbA 2  
value of 3.6 % , the measurement error should not exceed, 
in relative units, of more than 7.0 %  in order to exclude 
the possibility of misclassifying him as a  β -thalassemia 
carrier (HbA 2     ≥   3.8 % ) or as a non- β -thalassemia subject 
(HbA 2    <  3.3 % ).  

  Conclusions 
 The quantitation of HbA 2  is primarily used to diagnose, or 
exclude the diagnosis of  β -thalassemia trait in pregnant 

Case 
no.

HbA 2 , 
mean, 

 % 

HbA 2  
change, 

 % 

TE,  % Team No. 
answers

Significancy 
(percent of the 
answers)

1 3.35 0.3 9.0 A 11 No (73 % )
B 83 No (64 % )

2 3.45 0.5 14.5 A 12 Yes (75 % )
B 83 Yes (81 % )

3 3.60 0.2 5.6 A 12 No (50 % )
B 83 No (86 % )

 Table 3      Analytical goals for HbA 2  measurement derived from the 
responses to the cases of Table 2.  

Brought to you by | Università degli Studi di Milano
Authenticated | 159.149.103.9

Download Date | 11/25/12 8:16 AM

DOI 10.1515/cclm-2012-0575      Clin Chem Lab Med 2012; aop

       Review   

    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   

   Abstract 
  Background:  We present a study aimed to define the 
analytical goals for the determination of hemoglobin A 2 , 
a minor hemoglobin present in human blood normally 
accounting from 2.5 %  to 3.3 %  of total hemoglobin, and 
typically increased up to 6 %  – 7 %  in subjects carriers of 
 β -thalassemia. 
  Methods:  The analytical goals have been derived using 
two approaches, the first one based on biologic variation, 
and the second one based on the opinion of experts. 
  Results:  The data obtained by studying 17 adult non-car-
rier healthy subjects, from whom we took blood samples 
every 2 weeks for 2.0 months, indicated a small intra-
individual biologic variation (CV I  of 0.7 % ), with respect 
to a larger between-subject variation (CV G  of 7.7 % ). The 
minimum levels for imprecision, bias and total error 
derived from the analysis of these data were: 0.5 % , 2.9 %  
and 4.5 % , respectively. The limits derived from the opinion 
of experts were based on a questionnaire with three clini-
cal cases, which was circulated among two teams of inter-
national experts, and on a discussion about the clinical 
needs. The average total error derived from such surveys 
ranged between 7.0 %  and 9.5 % . 
  Conclusions:  The various methods to derive analytical 
performance goals gave different limits, thus indicating 
the need for an increased communication between clini-
cians and laboratory professionals on this matter.  

   Keywords:    analytical goals;   biologic variation;   hemo-
globin A 2 ;   reference systems.  
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   Introduction 
 The measurement of HbA 2  is primarily used for the identi-
fication of  β -thalassemia carriers with the aim to prevent 
the severe transfusion-dependent thalassemia disorders. 
Detection of carriers is easily performed in the classi-
cal phenotypes characterized by increased HbA 2  values 
(4.0 %  – 6.0 % ) together with reduced mean cell volume 
(MCV) and mean cell hemoglobin (MCH). However, the 
existence of atypical  β -thalassemia carriers with near 
normal hematological indices and borderline HbA 2  values 
(3.3 %  – 3.8 % ) can make the diagnosis more difficult  [1, 2] . 
Borderline HbA 2  levels are generally due to the presence of 
mild  β   +   mutations or may be the consequence of a number 
of genetic factors, such as the interaction with other 
molecular defects ( α - and  δ -allele),  β -promoter mutations, 
triplication of the  α -globin gene ( α  α  α / α  α ) and KLF1 gene 
mutations  [3, 4] . In addition, some acquired conditions 
(iron deficiency, megaloblastic anemia, hyperthyroidism) 
can affect the HbA 2  levels, contributing to the risk of mis-
interpretation of HbA 2  results. 

 Since an incorrect diagnosis may translate into major 
clinical implications for affected individuals, it is very 
important that a reliable HbA 2  measurement with a high 
degree of both reproducibility and accuracy is provided 
to clinicians  [5] . To this regard, data obtained in a large 
external quality assessment scheme [UK NEQAS (H)] 
and results from a recent inter-laboratory study showed 
a significant bias between different routine methods for 
HbA 2  measurement  [6, 7] . However, it is rather difficult to 
evaluate the actual analytical quality of HbA 2  testing since 
at present there is no reference measurement procedure 
approved for this analyte and no defined specifications 
for allowable analytical bias and imprecision have been 
defined. 
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obtained from control nonthalassemic subjects

(HbAA) without any Hb variant (HbA2 from 2.4% to

3.1%). In particular, with the Beckman PA800

method, an uncompleted separation between HbA2

and HbC was observed, with a consequent suboptimal

integration of HbA2 peak and increased HbA2 value.

However, the quantitation of HbA2 by some methods

(i.e. both Bio-Rad Variant I and II, and the Beckman

Coulter MDQ) does not seem to be influenced by the

presence of the HbC trait.

In samples from HbS carriers, the mean HbA2 values

were higher with respect to those from normal HbAA

controls for all methods. The HbA2 overestimation was

found to be of a greater extent for the HPLC methods.

In presence of a d-chain variant, the expected

decrease in HbA2 values could be detected with five

methods also able to resolve the small HbA2 variant

peak (i.e., Bio-Rad Variant II, Menarini HA8160,

Tosoh G7, Tosoh G8 and Beckman PA800). The two

other capillary electrophoresis methods (Beckman

Coulter MDQ and Sebia Capillarys II) provided HbA2

results within the normal reference range, while sig-

nificantly higher values were obtained by the Bio-Rad

Variant I.

In one HbE carrier, HbA2 could only be measured

by Beckman MDQ and Sebia methods (2.9% and

3.5%, respectively) owing to the overlapping of HbA2

and HbE peaks, observed with all the other methods.

Table 2. Reproducibility of HbF measurement evaluated on samples with HbF higher than 1.5%

Method Instrumentation

HbF, % CV

Mean SD % n

HPLC Bio-Rad Variant I – b-thal short program 3.2 0.23 7.2 6
Bio-Rad Variant II – Dual kit 2.5 0.03 1.2 17
Menarini HA8160 2.6 0.04 1.7 10
Tosoh G7 2.4 0.14 5.5 16
Tosoh G8 2.6 0.07 2.6 12

Capillary
electrophoresis

Beckman Coulter PA800 – Analis kit 3.0 0.24 8.2 11
Sebia Capillarys II 2.9 0.08 2.6 5

Figure 1. Bland–Altman plots. Bias corresponds to the difference between HbA2 results obtained with the tested
method and the consensus value (mean of all methods).

! 2012 Blackwell Publishing Ltd, Int. Jnl. Lab. Hem. 2012, 34, 362–368
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Interlaboratory comparison of current high-performance
methods for HbA2

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

INTRODUCTION

An accurate diagnosis of b-thalassemia trait is essential to

genetic counseling for the prevention of the major thalas-

semia disorders. To this aim, the determination of HbA2

plays a key role, since the increase of this hemoglobin

fraction is the most typical diagnostic marker of this con-

dition. However, a narrow difference exists between nor-

mal and pathological HbA2 values and a number of

factors either genetic (type of mutation, coexistence
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SUMMARY

Introduction: Few data are available on the alignment of the different

methods used for HbA2 quantitation and recent external quality sur-

vey results show a consistent spread of HbA2 values. To this aim, a

comparison study among the actual best performing techniques for

HbA2 determination, comprising HPLC and CE methods, was per-

formed.

Methods: A total of 80 blood samples collected from normal subjects

and b-thalassemia carriers were analyzed by different HPLC (Bio-Rad

Variant I, Bio-Rad Variant II, Menarini HA-8160, Tosoh G7, Tosoh

G8) and capillary electrophoresis (Beckman Coulter MDQ and Prote-

omeLab PA 800, Sebia Capillarys 2) methods. Patient’s samples with

clinically relevant hemoglobin variants (HbC, HbD, HbE, HbS, and

d-chain variants) were also tested by all methods.

Results: The mean within-run imprecision of HbA2 measurement

(expressed as CV, %) was between 0.5% and 4.4% (HPLC) and

between 1.2% and 4.4% (capillary electrophoresis). The comparison

study showed that the different methods were highly correlated

(r between 0.974 and 0.997) although biased each other. HbA2 deter-

mination in presence of abnormal hemoglobins was variously inter-

fered by both HPLC and CE methods. Concerning HbF, the mean

imprecision at HbF values !1.5% was between 1.2% and 8.2% (as

CVs).

Conclusions: A poor alignment of routine methods for HbA2 measure-

ment was found. The need of a better standardization of HbA2

measurement procedures was underlined.

ORIGINAL ARTICLE INTERNATIONAL JOURNAL OF LABORATORY HEMATOLOGY

362 ! 2012 Blackwell Publishing Ltd, Int. Jnl. Lab. Hem. 2012, 34, 362–368

International Journal of Laboratory Hematology
The Official journal of the International Society for Laboratory Hematology

Int. Jnl. Lab. Hem. 2012, 34, 362–368 

6	

Bio-Rad	D10	 Bio-Rad	VII	B-thal	 Bio-Rad	VII	Dual	 Menarini	HA	8160	

Menarini	Premier	HR	 Menarini	Premier	QS	 Sebia	Capillarys	2	FP	 Tosoh	G8	

Paleari	et	al,	Clin	Chim	Acta	2018;477:60-5	

A.	Mosca	-	UniMI	



03/12/19	

4	

A.	Mosca	-	UniMI	 7	

Paleari et al, Clin Chima Acta 2017;467:21-6  

A.	Mosca	-	UniMI	 8	

topic	 notes	 Availability	date	 Implementation	

Units	of	measurement	 %		
(fraction	of	absolute	amount	

of	HbA2	and	HbA	total)	

(already	in	use)	 --	

Primary	calibrators	 rHbA,	rHbA2	
(Trenzyme	GbH)	

September	2019	 JRC-EU	

Candidate	Reference	
measurement	
procedure	(1)	

ID	LC-MS/MS	
(Clin	Chim	Acta	
2018;487:318-24)	

December	2018	 IFCC-WG	

Reference	
measurement	
procedure	(RMP)	(2)	

ID	LC-MS/MS	 2020	(?)	 IFCC	(ballot)	

Certified	Reference	
Materials	(CRMs)	

Lyophilized,	2	levels	
(tested	for	homogeneity,	
stability,	title	with	Uc)	

2020	(?)	 JRC-EU	



03/12/19	

5	

A.	Mosca	-	UniMI	 9	

Contents lists available at ScienceDirect

Clinica Chimica Acta
journal homepage: www.elsevier.com/locate/cca

Determination of HbA2 by quantitative bottom-up proteomics and isotope
dilution mass spectrometry
Cristian Gabriel Arsenea, Patricia Kaiserb, Renata Palearic, André Henriona, Michael Spannaglb,
Andrea Moscac,⁎, on behalf of the IFCC Working Group on Standardisation of Hemoglobin A2
(WG-HbA2)
a Physikalisch-Technische Bundesanstalt (PTB), Braunschweig, Germany
b Instand e.V., Düsseldorf, Germany
c Dipartimento di Fisiopatologia Medico-Chirurgica e dei Trapianti, Centro per la Riferibilità Metrologica in Medicina di Laboratorio (CIRME), Università degli Studi di
Milano, Milano, Italy

A R T I C L E I N F O

Keywords:
Beta-thalassemia
Isotope dilution mass spectrometry
Hemoglobin A2
Reference materials
EQAS, standardization
Metrological traceability

A B S T R A C T

Background: Poor comparability between laboratories is often observed in the measurement of HbA2. A mea-
surement procedure of higher metrological order is needed for value assignment to a reference material that
shall be used as primary calibrator.
Method: A reference measurement procedure has been developed based on isotope dilution mass spectrometry
(IDMS). The α- and δ- subunits are quantified by signature peptides released by tryptic digestion of a 25 μL-blood
sample. Full length U-15N-labeled HbA0 and HbA2 are used as internal standards and added to the sample at
concentrations closely matching the levels of the natural forms in blood. By this, an improvement in precision
could be achieved with respect to previous mass-spectrometry based methods.
Results: Recovery of HbA2 added to a blood sample was within 102.6–105.2%. Repeatability and within-la-
boratory imprecision was< 2.0% for two blood samples containing HbA2 at a low and a high fraction. Total
combined measurement uncertainty is estimated as 5.5%. Good agreement (r=0.998) of results was obtained in
a comparison of two laboratories using the described IDMS procedure. There is good correlation between
commercial analytical systems and IDMS (r=0.975–0.989). Some of the platforms provide significantly biased
results, however, which potentially could be mitigated by reference to IDMS.
Conclusion: IDMS holds a promise to be suitable as a reference measurement procedure for standardization of
HbA2-measurements in laboratory medicine.

1. Introduction

It has been estimated that about 1.5% of the global population are
carriers of beta-thalassemia [1]. The homozygotic state of this blood
disorder causing transfusion-dependent anemia can be prevented by
carrier-screening and genetic counseling. As a cost-effective first-line
screening tool for the detection of clinically asymptomatic carriers the
fraction of HbA2 in blood is measured [2].

The small difference between normal and pathological HbA2-values
requires high accuracy of the HbA2 measurement. In a previous study,
Giambona et al. determined the rate of correct classification as 75.85%
only, if considering borderline cases for a population with a high pre-
valence of ß-thalassemia screened with current analytical methods.
This outcome strongly suggested investigation at the molecular level,

instead [3]. Part of the gap in predictive performance could presumably
be attributed to a lack in analytical accuracy. In an explorative pilot
study [4], e.g., 15 out of 47 laboratories using commercial in-
strumentation would fail to perform within the acceptance limit of
7.9% deviation from the target, indicating poor comparability between
laboratories. In a recent survey, on the other hand, a factor two of
improvement in overall variability of laboratory results was achieved
by recalibration of measurements with a common reference material
[5]. In 2004, the International Federation of Clinical Chemistry (IFCC)
started a standardization program [6] with the objective of setting up a
complete reference system for HbA2 measurements [7]. Reference
systems consist of reference methods, reference materials and networks
of reference laboratories [8]. For HbA2, in a preliminary investigation
one batch of such a material has been prepared. The material was

https://doi.org/10.1016/j.cca.2018.10.024
Received 6 October 2018; Accepted 16 October 2018
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already (first time point, see insets), although peptide-release is in-
complete still at this time. In the long term, results fall within
0.96 ± 1.5%. The circumstance of approaching the expected ratio
from slightly biased, has earlier been discussed and has been attributed
to small differences in propensities between natural and labeled pro-
teins as for, instance folding states, inducing differences in the rates of
peptide formation.

Reliability of the measurement procedure is further supported by
inclusion of a calibrator solution to be run in parallel with each sample
through the same protocol, at the same concentration as with that
sample and spiked with the same amount of isotope labeled internal

standard. By filtration of the biosynthetic products and checking α/β-
and α/δ-ratios it is made sure, that the internal standards behave very
similar, if not identical, to the human source analytes throughout the
whole of the procedure.

Reproducibility of the measurement in terms of within-laboratory
precision is< 2% (see Table 1) which is an improvement with respect
to previous approaches. Consistently with this, the (average-) difference
between expected and found Hb-fractions appears to be of the same
order in the linearity as manifesting in the slope of the regression line to
be 0.98 (instead of unity). In line with this, the agreement of results
between both laboratories in the intercomparison (Fig. 4) is within
about 2%. However, both laboratories had shared the same Hb-cali-
brator solutions. If both laboratories were to operate completely in-
dependent of each other, an extra-contribution to the uncertainty of
value assignment must have been considered and a combined standard
uncertainty of about 2.7% would result (see Table 3), as estimated from
uncertainty-data of laboratory 1 for amino acid analysis. This estimate
can also be checked against recoveries of human-source HbA2 added to
the patient sample (see Table 2). The average (103.6%) deviates
slightly> 2.7%, yet it is consistent the predicted 95%-interval (esti-
mate: 5.4%).

The degree of equivalence of results between laboratories 1 and 2
(within 2%) is comparable to inter-laboratory CVs (1.4–2.3%) in an
intercomparison of an IFCC-network for establishment of a reference
method for HbA1c-measurement [13], which may serve as a benchmark
for the present method. Recently, a CV of 2% has been estimated to be
realistic for measurement of HbA2- fractions using modern automated
high performance liquid chromatography- (HPLC-) or capillary-

Fig. 3. Plot of results obtained by the IDMS-method against expected values for HbA2-fraction. Two patient sera, one at normal HbA2-fraction, another one at
elevated fraction were mixed at seven different ratios to cover the clinically relevant range. Mixtures were analyzed in duplicate. (A) Least squares regression line
with equation and correlation coefficient (r). (B) Residuals of each data point from the regression line with the standard error of residuals (Sy│x).

Table 3
Estimated measurement uncertainty by combining individual contributions.
Within-laboratory precisions are those obtained from the repeatability-experi-
ment (see Table 1). Uncertainties were combined as root from sum of squares of
individual contributions; expanded uncertainties were estimated applying a
coverage factor k=2, corresponding to a 95% confidence level.

Normal HbA2
fraction (%)

Elevated HbA2
fraction (%)

Within-lab. precision 1.68 1.84
Standard uncertainty (u) HbA0-

stock sol.
1.50 1.50

Standard uncertainty (u) HbA2-
stock sol.

1.25 1.25

Combined standard uncertainty
(uc)

2.6 2.7

Expanded uncertainty (U), k=2 5.2 5.4

Fig. 4. Degree of equivalence between two different laboratories running the IDMS- method with their LC-MS/MS platforms to determine HbA2-fractions for 24
patient samples. Both laboratories shared the same recombinant HbA0- and HbA2- stock solutions for calibration of the measurement. (A) Deming regression line with
equation and correlation coefficient (r). (B) Residuals of each data point from the regression line with the standard error of residuals (Sy│x).

C.G. Arsene et al. &OLQLFD�&KLPLFD�$FWD���������������²���

���
10	

Development of a candidate  
certified refernce material (CRM) 

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  
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the contrary, the plot on the right shows the lack of commutability of
three out of six control materials, as indicated by their position clearly
outside the range of patient samples results.

A summary of the commutability results obtained for the tested
control materials by all the possible combinations of methods, is

reported in Fig.3. Only the materials with lower HbA2 content (Ly-
phochek 1 and RP1) resulted commutable for all combinations of
methods as their residuals did not exceed ± 2 (green tick). RP3 ma-
terial resulted commutable for almost all comparisons, but in the cases
it did not, residuals were close to acceptability range for commutability,
never exceeding 2.6. RP2 material showed a good commutability for 18
out of 28 comparisons. Only for one comparison the residual reached
3.2 (red circle) while for the others, residuals between 2.1 and 2.9 were
found (yellow circle). Lyphochek 2 and WHO materials showed the
lower level of commutability since they were found to be commutable
only for 13 and 10 out of 28 comparisons, respectively. Moreover, in
the cases of non-commutability, a majority of very high residuals ran-
ging from 3.2 to 10.8 was found, indicating very poor commutability
properties for these control materials.

3.4. Inter-methods variability

Inter-methods variability was evaluated in terms of CV on the HbA2

Fig. 2. Commutability plots. Passing-Bablok regres-
sion (solid line) and 95% prediction interval (dashed
line) calculated on patient blood samples (open
circles) are reported. Full symbols represent control
materials: Bio-Rad Lyphochek (green), RP (blue),
NIBSC WHO (red). (For interpretation of the refer-
ences to colour in this figure legend, the reader is
referred to the web version of this article.)

WHO Lyphochek 1 Lyphochek 2

3 PR2 PR1 PR

1 2 3 4 5 6 7 8

1

2

3

4

5

6

7

8

1 2 3 4 5 6 7 8

1

2

3

4

5

6

7

8

1 2 3 4 5 6 7 8

1

2

3

4

5

6

7

8

1 2 3 4 5 6 7 8

1

2

3

4

5

6

7

8

1 2 3 4 5 6 7 8

1

2

3

4

5

6

7

8

1 2 3 4 5 6 7 8

1

2

3

4

5

6

7

8

Fig. 3. Overview of commutability study findings. The numbers represent the analytical methods: (1) Bio-Rad D10, (2) Bio-Rad Variant II Beta–Thal Short Program, (3) Bio-Rad Variant II
Dual Kit, (4) Menarini HA8160, (5) Trinity Premier High Resolution, (6) Trinity Premier Quick Scan, (7) Sebia Capillarys 2 Flex Piercing, (8) Tosoh G8. The colored symbols indicate the
commutability properties of the different control materials, found for each pair-method comparison. Interpretation key: commutable, normalized residuals ≤2.0 (green tick); not
commutable, normalized residuals between 2.1 and 3.0 (yellow circle); not commutable, normalized residuals> 3.0 (red circle). (For interpretation of the references to colour in this
figure legend, the reader is referred to the web version of this article.)

Table 3
Overall variability of HbA2 results before (raw) and after (calib) common calibration of
the different methods by RP1 and RP2 materials.

Group 1
HbA2 ≤ 3.0%
n= 13

Group 2
3.1% ≥ HbA2 ≤ 4.5%
n= 8

Group 3
HbA2 ≥ 4.6%
n = 18

Raw Calib Raw Calib Raw Calib

HbA2, % 2.46 2.46 3.48 3.48 5.44 5.45
SD 0.17 0.08 0.23 0.16 0.36 0.16
CV, % 6.8 3.4 6.6 4.6 6.7 3.0
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A B S T R A C T

Background: Most of the current methods used for the determination of HbA2 seem not well aligned. A com-
parison among the best performing techniques and the commutability of some control materials currently
available and under development has been evaluated.
Methods: Forty blood samples were analyzed in duplicate over two separate days by different HPLC and capillary
electrophoresis systems. The commutabilities of different control materials (NIBSC WHO reagent, Bio-Rad
Lyphochek, and home prepared lyophilized controls RP1–3) have been assessed by analyzing the controls in
quadruplicate over two consecutive days together with the blood samples.
Results: The mean within-run imprecision of HbA2 measurement on blood samples (CV, %) was between 0.6%
and 10.1% for HbA2 values< 3.5%, and between 1.1 and 3.1 for HbA2 ≥ 3.5%. The different methods were
highly correlated (r between 0.9941 and 0.9995) although biased each other. The NIBSC WHO reagent was
found not commutable in 15 over 28 comparisons, the Lyphochek 2 in 18/28, and RP3 in 4/28. Recalibration of
all methods by RP1 and RP2 materials was able to reduce the overall variability from 6.8% to 3.4% at
HbA2 ≤ 3.0% and from 6.7% to 3.0% at HbA2 ≥ 4.6%.
Conclusion: The use of adequate commutable control materials as calibrators may reduce the inter-method
variability of routine methods to an extent closer to the current analytical goals of bias based on biological
variability.

1. Introduction

Thalassemia syndromes are among the most common monogenic
disorders involving 1–5% of the world population. Though originally
common only in some limited endemic regions, nowadays, as a result of
the continued population movements, they can be found in almost
every country in the world and are considered an emerging global
health burden [1,2]. So, the aspects related to screening, diagnosis and
management of thalassemia disorders are increasingly becoming of
relevant interest for a growing number of countries. In particular, the
detection of the carriers is a crucial issue to recognize couples at-risk of
having a child affected by a severe transfusion-dependent condition.

HbA2 measurement is the most decisive test for the identification of
β-thalassemia carriers and may also help in the assessment of other

hemoglobinopathies [3,4,5]. In the presence of classical β-thalassemia
traits, HbA2 is typically raised and the result of HbA2 measurement
together with the evaluation of red cell indexes, is enough to make a
diagnosis of β-thalassemia carrier without the need of additional mo-
lecular investigations. In some cases, however, the identification of the
carriers may be more difficult because of slightly increased or border-
line HbA2 levels arising from a number of situations such as mild β-
thalassemia mutations or the co-presence of β-thalassemia with other
globin gene defects or some acquired conditions [6,7].

Due to the large variability in carrier phenotypes, a reliable HbA2

assessment is essential to avoid diagnostic pitfalls and, consequently,
HbA2 testing is required to provide high analytical quality and con-
cordant results [8]. Several methods are available for HbA2 measure-
ment, but the principle of the most frequently used assays are based on

https://doi.org/10.1016/j.cca.2017.12.001
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results of the 39 blood samples as measured by the different methods
and after the reassignment of HbA2 values on the basis of a simulated
common calibration. The results are illustrated in Table 3. At any HbA2

level, the common calibration success to reduce the dispersion of the
results is indicated by the decrease of the CV values. After calibration,
overall inter-methods CV decreased from 6.7 to 3.7%.

The effect of the common calibration on the alignment of the
methods is shown in Fig. 4 where the regression curves of the Bland-
Altman plots obtained from the measured (a) and calibrated (b) HbA2

values are compared. The regression lines obtained for calibrated re-
sults were found to be less biased in respect to those of the original
measured HbA2 results, proving the effectiveness of common calibra-
tion to improve the alignment between different methods. The align-
ment resulted to be of higher degree in the most clinically relevant
range of HbA2 values, i.e. between 2 and 5%.

4. Discussion

Some years ago we already tested the alignment of the most com-
monly used separation methods to determine HbA2 levels in human
blood, finding that these routine methods were poorly aligned [11] and
that improvement in standardization was required. In the past year such
task was undertaken by the IFCC Working Group for the standardiza-
tion of HbA2 (IFCC WG-HbA2) and a recent publication summarizes the
work done so far [12]. Essentially, a candidate reference measurement
procedure (CRMP) based on IDMS was developed, and some pre-
liminary batches of a candidate reference material have been produced
and analyzed in order to test their homogeneity and stability. A sepa-
rate publication on the CRMP is in preparation in order to have the final
approval by the IFCC.

In this work we have reevaluated the performance of some of the
most commonly used methods for routine HbA2 measurement and we
have evaluated the possibility of reducing the inter-method variability
by calibrating them a posteriori by using different kinds of control
materials, a work that was not possible to undertake at the time of our
previous publication [11]. The routine methods evaluated in this work
are partially the same as those evaluated in the previous work (i.e. Bio-
Rad Variant II Dual Kit, Menarini HA 8160, Tosoh G8), others were not
available at that time and have been evaluated now (BioRad D10, Bio-

Rad Variant II beta-thal short program, Premier HR, Premier QS, Sebia
Capillarys 2FP). The other methods evaluated in the previous work and
not evaluated now are those which are scarcely used or were aban-
doned by the majority of laboratorians (Bio-Rad Variant I beta-thal
short program, Beckman Coulter MDQ, ProteomeLab PA800, Tosoh
G7). The Trinity Premier High Resolution and Quick Scan is the same
machine (Trinity PHR) but run in two different modes, one is HR and
the other is QS. QS is the standard mode and it shows good reprodu-
cibility in quantification according to Table 1. The HR mode employs a
longer separation time. This is the preferred mode to achieve a better
separation of Hb variants but not necessarily a better quantitation as
became evident from the identification of the delta-variant missed by
the other devices and the higher CV. (Recently amendments were made
to column and software by the manufacturer to improve the quantita-
tion in the HR mode, but this has not been tested and is beyond the
scope of the present study).

For the methods tested, the results obtained in the present evalua-
tion are in agreement with those previously reported [11]. As for ex-
ample the Tosoh G8 in respect to the consensus mean seems to over-
estimate at the highest HbA2 concentrations both in the present as in
the previous evaluation. On the other hand, the Menarini HA8160
shows a negative correlation in respect to increasing HbA2 values.
These findings are consistent with the concept that these methods are in
any case robust over time, and indeed all methods tested here are
capable of distinguishing a beta-thalassemia carrier from normal. This
is not the most important conclusion related to this study obviously, but
in the end that is the diagnostic target. The absence of a reference
method does not allow any evaluation of the accuracy of the calibration
of the methods, that is only relative to the overall mean.

With regard to the commutability test of the various investigated
materials, one limitation of our study is that we followed the CLSI
EP14-A3 and EP30-A protocols [13,14]. These protocols evaluate
commutability on statistical basis, so the judgment of commutability is
somewhat conditioned by the analytical performances of the pairs of
methods and so the criterion to define a control material commutable or
not is not exactly the same for all the pairs of methods. More recent
proposals, based on difference in bias between clinical samples and
control materials, suggest that different designs, with more replicates
per materials would be advisable to properly assess the commutability

Fig. 4. Bland-Altman plots for method comparison (x-axis: mean HbA2 of all methods; y-axis: bias between test method and consensus mean). (a): same lines as in Fig. 1; (b) after
calibration with RP1 and RP2 control materials.
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the contrary, the plot on the right shows the lack of commutability of
three out of six control materials, as indicated by their position clearly
outside the range of patient samples results.

A summary of the commutability results obtained for the tested
control materials by all the possible combinations of methods, is

reported in Fig.3. Only the materials with lower HbA2 content (Ly-
phochek 1 and RP1) resulted commutable for all combinations of
methods as their residuals did not exceed ± 2 (green tick). RP3 ma-
terial resulted commutable for almost all comparisons, but in the cases
it did not, residuals were close to acceptability range for commutability,
never exceeding 2.6. RP2 material showed a good commutability for 18
out of 28 comparisons. Only for one comparison the residual reached
3.2 (red circle) while for the others, residuals between 2.1 and 2.9 were
found (yellow circle). Lyphochek 2 and WHO materials showed the
lower level of commutability since they were found to be commutable
only for 13 and 10 out of 28 comparisons, respectively. Moreover, in
the cases of non-commutability, a majority of very high residuals ran-
ging from 3.2 to 10.8 was found, indicating very poor commutability
properties for these control materials.

3.4. Inter-methods variability

Inter-methods variability was evaluated in terms of CV on the HbA2

Fig. 2. Commutability plots. Passing-Bablok regres-
sion (solid line) and 95% prediction interval (dashed
line) calculated on patient blood samples (open
circles) are reported. Full symbols represent control
materials: Bio-Rad Lyphochek (green), RP (blue),
NIBSC WHO (red). (For interpretation of the refer-
ences to colour in this figure legend, the reader is
referred to the web version of this article.)
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Fig. 3. Overview of commutability study findings. The numbers represent the analytical methods: (1) Bio-Rad D10, (2) Bio-Rad Variant II Beta–Thal Short Program, (3) Bio-Rad Variant II
Dual Kit, (4) Menarini HA8160, (5) Trinity Premier High Resolution, (6) Trinity Premier Quick Scan, (7) Sebia Capillarys 2 Flex Piercing, (8) Tosoh G8. The colored symbols indicate the
commutability properties of the different control materials, found for each pair-method comparison. Interpretation key: commutable, normalized residuals ≤2.0 (green tick); not
commutable, normalized residuals between 2.1 and 3.0 (yellow circle); not commutable, normalized residuals> 3.0 (red circle). (For interpretation of the references to colour in this
figure legend, the reader is referred to the web version of this article.)

Table 3
Overall variability of HbA2 results before (raw) and after (calib) common calibration of
the different methods by RP1 and RP2 materials.

Group 1
HbA2 ≤ 3.0%
n= 13

Group 2
3.1% ≥ HbA2 ≤ 4.5%
n= 8

Group 3
HbA2 ≥ 4.6%
n = 18

Raw Calib Raw Calib Raw Calib

HbA2, % 2.46 2.46 3.48 3.48 5.44 5.45
SD 0.17 0.08 0.23 0.16 0.36 0.16
CV, % 6.8 3.4 6.6 4.6 6.7 3.0
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* 

* Reference	measurement	procedure	has	been	defined	
* 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	7	years	at	+4°C	or	-20°C	(lyophilized	form)	

* First	pilot	batch	produced	at	the	JRC	in	April	2019	
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* 

* Reference	measurement	procedure	(RMP):		
* to	be	finalized	for	some	aspects	(linearity,	recovery)	
* approved	by	IFCC	(ballot)	
	

* Certified	reference	materials	(CRMs):	

* 	to	be	prepared	in	at	least	one	large	batch	
* 	to	be	characterized	(homogeneity,	stability,	title..)	
* 	to	be	distributed	and	used	(manufacturers)	
	

* Definition	of	a	roadmap	for	the	standardization	of	HbA2	as	a	support	
to	the	optimal	use	of	clinical	guidelines	
	

* Outcome:	screening	procedures	to	be	optimized,	more	careful	
requirements	for	molecular		analysis	

15	A.	Mosca	-	UniMI	

* 

ICSH	
	A.	Stephens	(haematologist,	UK),	B.	Wild	(laboratory	professional,	UK),	B.	De	La	Salle	
(EQAS	provider,	UK),	G.	Zini	(WHO	liaision,	IT),	K.	Harteveld	(laboratory	professional,	
NL),	S.	Machin	(ICSH	President,	UK)	
	

IFCC		
	
A.	Mosca	(IFCC	WG,	IT),	I.	Young	(JCTLM,	UK),	S.	Sandberg	(WHO	liaison,	head	of	
laboratory,	NO),	F.	Ceriotti	(laboratory	professional,	IT),	Christa	Cobbaert	(head	of	
laboratory,	NL)	



03/12/19	

9	

17	

CRMs 
Manufacturers use CRMs 

JRC-EU	

Joint	IFCC	ICSH	WG	

Manufacturers	

EQAS	organizers	

co
rr
ec
tiv

e	
ac
tio

ns
	

Inter-
method 

compariso
n 

Improvement?	

Yes	

EQAS	
studies	

Manufacturers	release	
«IFCC	traceable»	lots	

No	

1	
2	

5	
4	

Standardization	achieved	

7	
Information	to	
stakeholders	(2)	

8	
8	

8	

3	

Information to 
stakeholders (1) 

Laboratories	use		
«IFCC	traceable»	lots	

3	

Evaluate	HbA2	
distributions	

6	

Cut-off	3.5%	
still	effective?		

Co
nf
ide
nt
ial
	

	


