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B-thalassemia, an inherited recessive c d byne ormore of over 200
mutations in_the-globin gene in man. It in all populations, however it is much
more common in somgopulatio rom 10% dowto others with 1% carriers
[1]. Many.countries now&cr %

es before marriage or during pregnancy to assess

whether or nothey are gt ris f havmg a child wiflathalassemia major (the severe

homozygous or c heterozygous state) since these conditions have significant

lifelong “me rbidy and limited life expectancy. Although the precise
charactesiza of th@-thalassemia mutation requires DNA analysis, the accurate
m ent of HbAs the first level diagnostic parameter for the routine detection of
most carriers, of the common “High HBAtype of B-thalassemia. Most service
laboratoriessand clinicians have to make a provisional diagnostic decision depending on
the HbA level. As there might be only a small difference in the level of Hitween

people who are carriers of High HpA[ lthalassemia and those who are not carriers,

the performance of the HbAanalysis must be accurate and shouldnberpreted in
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association with the red cell indices. The red cell hematology shoul@atbef th chronic
microcytic state with moderate erythrocytosis relative to the hemoglobin caateamtr
(unless folate, deficient) and not respondingafipropriate ira therapy. Although
“HbA, levelsyabove 3.5% are considered the standard cut off,vaheve which
heterozygosity fop-thalassaemia is indicate{?] a HbA, of 4% is usually considered
a safe thresheld to diagnos¢halassemia traiith most carriers having e of 3.8%
or above; levels below 3.0% are usually considered safe o exc f the
common High HbA pB-thalassemia traitf normocytic and @orm@ghrgmias most
people whoe.are not carriers have afHlbess than 3.2%. e even with greater
accuracyand-less imrecision the use of HiAesting will not be able to exclude
cases of borderline or “Normal HbA B-thala% ombinations of B and &-
thalassemia where a microcytic, hypoc ic anemia with a norma} Hight be
mistaken_fora-thalassemia Becau , individuals with suspicious red cell
indices and-normal ferritin an iroffor zinc protoporphyevels deserve further

evaluation. However, gre‘ r racy kesd inprecision in the HbAassay will both
decrease needless in m false positives and improve the detection dineorder
cases. (The levgl o HbAraction may be measured as elevated in somefnon
thalassemigyci tancesmony be elevatedue to technical artifac{8]. For these
reaSons't ccuracy is especially important in the critical area between 3.0 and
4.0% themprecision should be such that an SD of 0.05 (or @VRSD,of 2%)

can be obtained (duplicates within 0.294he final numeric result). Unfortunately it is

not pessible to definitely diagnose or exclude a carrier state with a Hibétween 3.0

and 4.0% without further investigation. As stated previo[&lyt is important to both

detect and quantitate amjbA, variant that is present (due to either an o or & globin
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chain mutation) and include it in the totdbA, reported. If this is not done, people

who also carry B-thalassaemia, may be missed.

The International Committee for Standardization in HaematoldG$H) published

recommended manual methods of measuring HipA1978 [4] and discussed the

various automatedpproaches in 201[8]. The ICSHBoardhave decided that since the

various /models of High Performance Liquid Chromatography (

Electrophoresis (CE) equipment available from different s been
shown to.give different values of HbAn quality assess t 6], it would
be useful to discuss how such equipment should be :ss&d manufaceaehns
system,as“well as byservice Iabaitories(espee purchasing equipment)

many of which do not have ready accégs to analysis. Idealigble HbA

sically and biochemically identical to

clinical'samplesnalyzed by ded&@ and CE devices anath the HbA values
obtained.from electrophqet&pJ

and spectrophotometricdgneaSuysement of native fracf@rg]. These standards could

iom cellulose acetate membraneish elution

d then be sufficiently accurate to provisionally diggnaseclude the

ca eof the commortHigh HbAy" B-thalasemia trait and should be at least as
good as the 'manual but laborious methods used by experienced tethnololgists.
complex_situations such as the presence oiron depletion, alpha thalassemia or
‘Normal HbAy’ B-thalassemiagr -thalassemiavhich decreasehe elevatedibA; level

in B-thalassemia carriersaiccurate diagnostic conclusions cannot be drawn without

additional (DNA) analysis.
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Aspects of analytical performance such as peak stiagh@specially tailingntegration

mode, separation and baseline, technical accuracy, linearity, precisionpwarrgnd
calibration of ;new columns and buffer, especially pitches need to be assessed by
the technologist, to ensure that the instrument will be able to perform well amldilto f

the clinica need afterinstallation and set u@ccording to the instructions of the
manufacturer[8]. It is also important that the total peak are within that
recommended by the manufacturer of the equipment otherwise the qlantitation may be
incorrect. In case of doubt, performance can be controlle u mples of known
value that.sheuld be certified by a NationabkharnternationalfgodySsuch as the World
Heath Organization (WHO) or donated -house Qsamples validated by a

reference laboratory or by using remnant bIoo%

clinical samples.At the present timg2015 onlynternational recognized reference

from previously measured fresh

materialfor HbA, is the WHO Intern ference Reagehich has an assigned
value of 53+ 0.0686 obtai by®an international collaborative study using
&u

electrophoresis and elutio‘ mn chromatography and HPLC. Thssheld by

the UK National Insi lological Standards and Control (NIBSC) in Blanche

Lane, South Mi ters Bar, Herts, EN6 3QG; (www.nibsc.o@pntrolsmade
from samp, ed from members of staifi be useful for laboratories that do not
haye"acc 0 commercialntmls orthe National/International standards. Samples

obtain y venesection of staff members will usually have stalfe lelels as long
as iron deficiency does not occuFor this reason blood donors and women of child
bearing age should be avoidewdless their blood count and iron staémsconfirmed as
normal. Such material can serve as suitable controls since the material willlaetsim
the other samples analyzed.thfs material can be validated by a reference laboratory

it can also be used assacondarystandard. AReference Laboratory’ should have
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access to the WHO Reference material (or another internationally accredieshcef
material) and have experience of, and use,ceikilose acetatelectrophoresis and
elution technigueecommended by ICSI#] since automated HPLC or CE systems
should not be used to assign values to samplesdodardization purposes. The WHO

material mentioned above has now been available for more than 25 years and is still

stable, however the International Federation of Clinical Chemists (IF sy arik

a newHbA, certified reference material as a primary stan@rdTheIC ndFCC

are planning to form a joint working party on this subject.dnd iew to produce
secondary.standards for use by laboratories and m@t&an assessing
automated“comarcial instruments for suitability antitate HbAn order to

diagnoseor exclude thediagnosis of p-thalasserig trafit is important to assess the

accuracy angmprecision in the diagnosti ge and in particular in the critical range

between 2.8 and 4.2% of the to globin.  Within this critical range the
7

imprecisionsshould be = 0.2% h M the final numericalresult which is the

current precision that c’a\b&btained by an experienced technologist using the

recommended manugh{a gh time consuming) metd¢ds

Assessment 17[12] [13] As stated above, the technologist needs to assess
sep ti@esolutic(nverlaps) peak shape (asymmetry), integration and baseline
sta , @arryover, accuracynprecision and linearity of the specific instrument used.

The samplesused for the following analyses must not contain any hemoglobin variant
and the ‘bleod’ diluent should contain no wery little HbA, (see below). Three
replicates“should be analyzed on at least three separate occasions on different days of

the week

System suitability
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It is essential that before performing the following validation steps the @lectr
mechanical compom¢s of the equipment (HPLC or CE) are operating in accordance
with the;manufacturer’s instructions (e.g. for HPLC flow rates are correatarsant,

for CEgvoltages and current are stablegtettors have beenset at the correct
wavelengths). Eluents atiffers should be as supplied by the system manufacturer
made in-theslaboratory using good laboratory practdssn thepH shoul checked

with a fully and properlycalibrated pH meter. Carryover may be imised and

resolution improved by regular cleaning of the sample i Mmended by the
instrument.manufacturerThe following are basically tesw lumn and capillary

performance.
Peak shape, separation and baseline alyze blood sampleéhat does not
contain ‘avariant hemoglobirand check t hromatogram (or electropherogram)
shows eemplete separation of t&@ﬂ—\z peaks with return to baseline between
themg@and.that the peaks are@

Imprecision..Measu n mple at least 3 times and then calculate the nmegmn, ra
and SD. Thisi y variationRepeat the measurementtlbé same sample on
3 occasiongx(i say variationpnd compare the mean, range and SBetween

asgays th ple should be kept at 4°C.

cal.

Carryover [14] [15] [16] Carryover can lead to erroneous peak quantitation and
even spurious peaks leading to diagnostic errors. It is therefore very imgorkaow
whether carryover occurs and if so what its clinical implications may be. When
quantitating HbA it is especially important to know if there is any carmofrom HbE

or HbC since they elute with, or close to, Bband HbA variants respectively on
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HPLC and the peaks are at least ten to twenty times larger than thepEaldso that
even a small degree of carryover can cause a clinically significant inangaseHbA.

If the HbA, level is clinically important in a particular patient sample it is probably best
to exclude any result that follows a sample containing HbE or HbC, or a variant

hemoglobin that elutes in a similar position ,and rerun the sample.

To assess the amount of Hb#&arryover that occurs requires two samp on€ having a
low or lowmormal HbA (aim for about 2%) labked ‘L’ and thelysapiple having a
HbA, considerable raised (aim for at least 5%) leguke'H'. se®amples should be
analyzed“in“the following way. Each sample sh e analyzed three times in the
following.order: L1, L2, L3, H1, H2, H3 which &:/Qcarryover from a normal to a
thalassemia trait sample followed by H , H3, L1, L2, L3 to show the carryover

from athalassemia trait sample to a @ mple. The percentage carryover from the

first group_is-calculated as follo

2
H1-H3 x 100 the second group1-L3 x 100 %
L3-H2 H3-L2

A flinica ratory should repeat the sequence of uevedssays five times. A
manuf rer,should plan to repeat the sequence at least twenty times. The mean
carryoversistthen calculated for the two situations. A similar approach casetig¢a

calculate the carryover from HbE or HbC to HbAThe HbE or HbC sample should be

at the highest level likely to be encountered in routine laboratory practice and will

replace the ‘High’ raised HbAINn the above example.
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Carryover from thédbA, should be less than a numeric 0.1% (equivalent to a carryover
of 2% for aHbA, of 5%). Since even this proportion of HbE would lead to a very large
error in theHBA, of a following sample, no carry over should be accepted from any

variant eluting, in thédbA; region.

Accur acy Measure a reference material 3 times and alsoerdldab inearity
results.

Linearity. Since for clinical reasons HbAs measured paicentage of the total
hemoglobin;the reconstituted WHO reference matesf@hyor any othermedersaterial)

should be stored in the manner indicated by& rganisation anshould be

diluted in"blood containing very little ade 0 HbA, (see belowpnd not in water

or buffer. Mix the reference materi itR@diluent in the proportions given itne
table below.and then analyse n%e in caypd on three occasions on different
days of the week. In a‘ ay, undertake the cellulose acetate electrophoresis
analyses. Bt the res jnst the theoretical value obtained by calcu(agertable
below).( ldeally gse d sample froma donor with homozygous delta thalassemia

for all dil m since this may be difficult to obtain, umbilical cord blood

(pr, era&a premature balnygn be usedince this will contain very little HbA

(usual ss.than 0.5%). The same pipattd settingshould be used for all pipetting

to minimize“any calibration error. The hemoglobin concentration of donor blood
sample should be simild@within 10%)to that of the WHO preparation§3yL) but the

actual hemoglobin concentration of both should be measured using the same technique,

since any difference in concentration will need to be taken into account to Ealbaa

actual concentration of HBAN the mixture.
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Integration Integration should employ a suitably fast data acquisitionfoatelPLC
see Meyerl17]. For CE a similar requirement applies to CE data systemshbut
relative @reas, must be calculated usisgacial areas(measired areas divided by the

migration time).

Table 1 near here
Techniquefor linearity study \V

1. Open.ene.ampoule of the WHO Reference Maté f@ er Reference Material)

and reconstitute by adding 0.5rdlstilledywater t vial. Mix well and when the

lyophilised material has all didsed it will pr@gduce 0.5ml of @molysate at

approximately 100g/LIf a diﬁeren@ence material is used reconstitute it using

the appropriate recomme% od.

2. Washthered ce@ﬂiluent’ bloodthree timeswvith saline, centrifuge
(1000g f utés) and remove the supernatant. Then haemolyse by adding an
equalo@ water, mix and stand for 20 minutes, then freeze and thaw the red

el centrifuge (1000g for 10 minutesképarate the red celiembranes

remove and keep the supernatant hemolysate.
3. Measure the Hb concentration of both the reconstituted \\diOther)Reference

Material and the haemolysed cord blood using the same equipment and reagents and

record the results. Only use a vemgall volume of the reference material as most of
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it will be needed for the linearity assessment.

4. Using the same pipette, prepare 6 dilutions of the WWet@ther)reference material
as given inithe Table. The same pipette should be used for allmslgtizce this

will reduce the effect of any inherent inaccuracies in the pipette calibration.

5. Analyse the HbA in the undiluted WHor other) referencmaterial & Wdiluted
diluent bload and in the 6 dilutions from (4) abovetloan HRES o eglipmento

be tested.using the manufacturers directions for small (Baediatgic) samples. Also

analyseeach dilution by the ICSH recommende lose acetate electrophoresis
and elution methof#]. &
6. Use the results from (3) and (5) a eschbéxlv to plot the linearity.

Linearity.can be plotted as t % factor on the X-axis and the obtainegl HbA
ThL

percentag on the Y-axi‘ pected Hbpercentage can also be plotted against

the obtained HbApeltce e in order to assess the degree of correlation.

Interpret wﬂts
P sh%eparation and baseline: When analyzing a sample that doetimoa con
varian moglobin, peaks should be Gaussian and symmetrical, with minimal and
ideally no=peak tailingl1l]. The HbA peak should be completely separated from the
HbA (en CE) or HbAo (on HPLC) peaks, with the nadir between the two peaks on the
baselne. The noise and drift of the baseline should be similar to that obtained when

analyzing a buffer blank. Manufacturers should aim to supply columns that in their

system have an asymmetry factor (As) between 0.9 and 1.1 and a resolution (RS)
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between adjacent peaks of greater than 1.75. These two factors are essential elements in
assessing routine suitability of the separations obtained. These are describetlim detai

most HRLC texts such as Meyjé&r7].

When using manual techniques such as electrophoresis and elution that were

recommended in the ICSH 1978 publication, complete separation HbA is

possible, as is a relative standard déeraisimilar to the CV) of D Stmilar

performance should be obtained by automated equipme wprovide adequate

clinical diagneses.
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WHO (or other) Diluent * Approx HbA; concentration

Reference Materialolumes volumes (%) 8
5 0 5.3
4 1 4.2
5 2 3.8
4 2 3.5
5 3 3.3
4 3 3.0
2 3 21
0 5 0

* ldeally, the diluent

deltathalassemia,

(preferably fraia a
0.5%$

. e

e a blood samfptan a person with homozygous

IS is not available a sample of umbilical bbwdd

ature infant) can be used as this will usually coegaithian

8§ actual concentration of HbAn the diluted samples is calculatésee

below)from the ratio of WHQ(or other)Reference material to diluentjadted for

the'differerce in hemoglobin concentrations. This calculation should not be used for

the undiluted reference material or for the 100% diluent.

If umbilical cord blood is

used as the diluent there is likely to be a small amount of,HinAhe dluent and

this is accounted for in the second part of the equation.
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HbA, percentage in the mixture [& x B/(B+C) x D/E] + [F x C/(B+C)x E/D]

{

Whe = HbA; percentagén the WHO (or other) reference material

Volume of ‘Reference material’

Volume of ‘Diluent’
Hb concentration of ‘Reference material’ V

uscri

Hb concentration of ‘Diluent’

HbA, percentage in the ‘Diluent’ \\

&
K
\&

Au{bgr Man
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