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2      Mosca et al.: Analytical goals for HbA
2

 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 ( s  2  
tot

 ), the 

biologic intra-individual component ( s  2  
I
 ) and the biologic 

between-individuals component ( s  2  
G
 ), according to the 

formula: 

  s  2  
tot

    =    s  2  
anal

   +   s  2  
I
   +   s  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 ( s  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  b -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  b -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 stil l 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  b -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  b -thalassemia 

carrier (HbA 
2
     ³   3.8 % ) or as a non- b -thalassemia subject 

(HbA 
2
    <  3.3 % ).  

  Conclusions 

 The quantitation of HbA 
2
  is primarily used to diagnose, or 

exclude the diagnosis of  b -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.  
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       Review   

    Andrea   Mosca    * ,     Renata   Paleari   ,     Barbara   Wild, on behalf of the IFCC Working Group on 

Standardization of HbA
2
      

  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 

 b -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 exper ts. 

  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 matt er.  

   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  b -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  b -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  b   +   mutations or may be the consequence of a number 

of genetic factors, such as the interaction with other 

molecular defects ( a - and  d -allele),  b -promoter mutations, 

triplication of the  a -globin gene ( a  a  a /  a  a ) 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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Interlaboratory comparison of current high-performance

methods for HbA2

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

INTRODUCTION

An accuratediagnosisof b-thalassemia trait isessential to

geneticcounseling for theprevention of themajor thalas-

semia disorders. To this aim, the determination of HbA2

plays a key role, since the increase of this hemoglobin

fraction isthe most typical diagnostic marker of thiscon-

dition. However, anarrow differenceexistsbetween 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 Ó 2012 Blackwell Publishing Ltd, Int. Jnl. Lab. Hem. 2012, 34, 362–368

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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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
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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

 Choise of the proteolitic enzyme  (endoproteinase Lys C, Trypsin)

 Definition of digestion protocol (denaturation step with acetonitrile, 
trifluoroethanol, rapigest, digestion time, 
temperature, time course)

 Choise of marker peptides (δT2, δT3, δT14, αT4, αT5, αT11)

 Choise of column (Tosoh TSK gel, Zorbax)

 Analytical condition 

 ESI-MS detection (double-charge, mono-charge)

Development of the methods

A. Mosca - UniMI

16

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

A. Mosca - UniMI
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recombinantly expressed, intact

HbA2 and 15N-labeled HbA2

HbA0 and 15N-labeled HbA0

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

A. Mosca - UniMI 18

Paleari et al, Clin Chima Acta 2017;467:21-6 
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15N-HbA2

Native HbA2

+15N-HbA2a-T5

a-T4

a-T6

d-T3

d-T2

A. Mosca - UniMI 20

 
Table 2 repeatability and within-lab precision of HbA2 determination using IDMS 
 

 day aliquot 1 aliquot 2 aliquot 3 mean SD 

  HbA2 (%)  (%) 

 1 2.95 3.00 2.91 2.95 1.53 

 2 2.96 2.95 3.01 2.97 1.08 

sample 1 3 2.94 2.91 3.02 2.96 1.92 

 4 2.99 2.99 3.07 3.02 1.53 

 5 3.03 2.97 3.06 3.02 1.52 

repeatability (%) 1.50     

within-lab precision (%) 1.68     

      

 1 6.83 6.89 6.82 6.84 0.55 

 2 6.68 6.72 6.75 6.72 0.52 

sample 2 3 6.75 6.61 6.65 6.67 1.08 

 4 6.63 6.63 6.52 6.59 0.96 

 5 6.73 6.68 6.43 6.61 2.43 

repeatability (%) 1.30     

within-lab precision (%) 1.84     

 

  

Arsene et al, Clinica Chimica Acta 2018
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Arsene et al, Clinica Chimica Acta 2018
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2. Preparation of a secondary reference material 
for hemoglobin A2 (in cooperation of IRMM)

A. Mosca - UniMI
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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 

- Lyophilized material

A. Mosca - UniMI
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CRM

No unexpected peaks due to
preparation/lyophilization process

HbA2

Good commutability 

26

Stability of the lyophilized material 

Storage
Temp = -20 °C

Storage
Temp = +4 °C

HbA2 MetHb

HbA2 MetHb

A. Mosca - UniMI
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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)

*Definition of new reference intervals for HbA2 (?)

*State-of-the-art: to be monitored on a regular base by adequate 
EQAS studies and/or surveys

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

31A. Mosca - UniMI

A. Mosca - UniMI 32

*

* IFCC WG members (R. Paleari, C, Arsene, P, Kaiser)

* C. Hartefeld (Leiden University, NL)

* I. Zegers, H. Schimmel (JRC, BE)


