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Sazetak

Uvod: Primus Ultra? je analizator na kojem se metodom tekucinske kroma-
tografije visoke djelotvornosti (engl. high-performance liquid chromatograp-
hy, HPLC) pomocu ionske izmjene obavlja kvantitativna i kvalitativna anali-
za frakcija hemoglobina: u 4 minute moguce je odrediti to¢nu koncentraciju
HbF, HbA,, HA i detektirati druge vrste hemoglobina. Cilj istraZivanja je oc-
jena analititkog u¢inka analizatora Primus Ultra? u rutinskoj procjeni sadrZaja
HbA,, najvaZnijeg testa za identifikaciju nosioca B-talasemije.

Materijali i metode: Provedena su istrazivanja nepreciznosti, linearnosti
i netoCnosti prema CLSI standardima (engl. Clinical Laboratory Standards In-
stitute, CLSI) i smjernicama proizvodaca. Pouzdanost mjerenja koncentracije
HbA, u svrhu odredivanja p-talasemije ispitana je na 300 uzoraka bolesnika s
prethodno postavljenom dijagnozom p-talasemije.

Rezultati: Nepreciznost. Koeficijent varijacije (engl. coefficient of variation,
(V) unutar serije kod normalne koncentracije HbA, (2,2%) iznosio je 1,9%, a
kod povidene koncentracije (5,5%) 1,3%. CV iz serije u seriju iznosili su 2,4%
(normalna koncentracija) i 1,7% (povisena koncentracija). CV iz dana u dan
bili su 3,0% (normalna koncentracija) i 2,7% (povisena koncentracija). Ukupni
koeficijenti varijacije bili su 4,4% (normalna koncentracija) i 3,5% (povisena
koncentracija). Linearnost. Y = 1,089x + 0,01; RZ= 0,992 (raspon 2,4-5,0%).
[zmjerene su vrijednosti dobro korelirale s ocekivanima; prosjecno iskoristenje
bio je 99%. Netocnost. Kod kontrolnog uzorka normalne koncentracije greska
je iznosila 1,6% =+ 0,26%, a kod kontrolnog uzorka povisene koncentracije
5,2% =+ 0,19%. Referentni raspon bio je 0,9—3,0% (srednja vrijednost 1,9%, +
2,5 SD). Svi ispitani nosioci B-talasemije imali su povecanu koncentraciju HbA,
ukrvi [4,7% (3,3-6,9%)].

Zakljuéak: Analizator Primus Ultra? omogucuje brzo i pouzdano razdvajanje
razlicitih frakcija hemoglobina. Mjerenje koncentracije HbA, tocno je i po-
novljivo, 3to je neophodno zbog male razlike izmedu normalnih i patoloskih
vrijednosti. Postoji jasna razlika u koncentracijama HbA, izmedu zdravih is-
pitanika i nosioca B-talasemije. Granicna se vrijednost za zdravu populaciju
moZe se postaviti na 3,3% HbA,. Odredivanje koncentracije HbA, na analiza-
toru Primus Ultra? je pogodna metoda za brzo probiranje unutar populacije
na nosioce B-talasemije.

Kljucne rijeci: HbA,; probir na B-talasemiju; HPLC
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Abstract

Background: Primus UltraZ is a HPLC ion exchange analyzer for qualitative
and quantitative hemoglobin fraction analysis: in 4 minutes it quantifies HbF,
HbA,, HA, and flags abnormal hemoglobins. The aim of the study was to eva-
luate analytical performance of Primus UltraZ analyzer for routine estimation
of HbA,, a critical test to identify B-thalassemia carriers.

Methods: The imimprecision, linearity and inaccuracy studies were perfor-
med according to CLSI and manufacturer’s guidelines. The reliability of HbA,
measurements for detection of B-thalassemia was studied by analysis of 300
samples from patients with previous diagnosis of the disease.

Results: /mprecision. Within run coefficient of variation (CV) was 1.9% for
normal HbA, level (2.2%) and 1.3% for elevated level (5.5%). Between run CV
was 2.4% for normal level and 1.7% for elevated level. Between-day CV was
3.0% for normal level and 2.7% for elevated level. Total CV was 4.4% for nor-
mal level and 3.5% for elevated level. Linearity. Y = 1.089x + 0.01; R2= 0.992
(range 2.4-5.0%). The measured values correlated with the expected ones;
the mean proportion recovered was 99%. Inaccuracy. The mean was 1.6% (SD
0.26%) for normal control and 5.2% (SD 0.19%) for high control. Reference
range was 0.9-3.0% (mean 1.9%=2.5 SD). All B-thalassemia carriers had ele-
vated HbA, blood concentrations (mean 4.7%, range 3.3—6.9%).

Conclusions: Primus UltraZ provides a rapid and reliable separation of diffe-
rent hemoglobins. HbA, measurement is accurate and reproducible, which is
needed due to the slight difference between normal and pathologic values.
There is good differentiation of HbA, values between normal subjects and
B-thalassemia carriers. The cut off limit can be set at 3.3% HbA,. This is a sui-
table method for rapid population screening for B-thalassemia carriers.
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Uvod Introduction

Otkrivanje i odredivanje to¢ne koncentracije frakcija he-
moglobina klinicki je vazno u dva slucaja. Jedan je od-
redivanje tocne koncentracije HbA,, glavnog glikiranog
oblika HbA, 3to je korisno u klinickoj obradi Se¢erne bo-
lesti. Metode za odredivanje HbA,c su imunoloske ili kro-
matografske. Drugi je odredivanje to¢ne koncentracije
HbA, i HbF te otkrivanje i odredivanje to¢ne koncentra-
cije varijanata hemoglobina, $to je glavni postupak u di-
jagnostici hemoglobinopatija (npr. talasemije ili anemije
srpastih stanica).

Beta-talasemija je nasljedni oblik anemije, koja nastaje
zbog poremecene sinteze globinskog B-lanca.
Odredivanje HbA, je najvazniji test za prepoznavanje no-
sitelja B-talasemije, buduci da je povecanje ove frakcije
hemoglobina najvaznija dijagnosti¢ka znacajka heterozi-
gotne B-talasemije. HbA, je otkriven prije vise od 50 godi-
na, te je drugi hemoglobin po redu otkriven u krvi odras-
lih osoba (1) koji predstavlja oko 3% ukupnog hemoglo-
bina. Kasnija istraZivanja pokazala su da je koncentracija
HbA, povecana kod talasemije (2), te da se HbA, sastoji od
2 a-i2 6-globinska lanaca, sto je navelo Ingrama i Stretto-
na da pretpostave kako se koncentracija HbA, u B-talase-
miji povecava zbog smanjene sinteze globinskog -lanca
(3). Takvo povecanije nije specificno, bududi da su povise-
ne koncentracije nadene i kod drugih stanja (4-6). No, za-
jedno s eritrocitnim konstantama, HbA, ostaje standardni
bioloski biljeg probira na B-talasemiju u odraslih osoba.
Talasemija je u skupini naj¢escih genetskih poremecaja di-
liem svijeta; 1,7% svjetske populacije su nosioci genetskih
promjena povezanih s talasemijom (7). Talasemija je uces-
tala u nekim dijelovima svijeta (mediteranska regija do
8%; zemlje Srednjeg Istoka do 10%; Indija 3-15%; Jugois-
to¢na Azija do 9%), gdje predstavlja veliki javno-zdrav-
stveni problem. No, i u zemljama koje nisu s tog podrudja,
poput zemalja sjeverne Europe i Sjeverne Amerike, bole-
st se takoder javlja kao rezultat demografskih promjena
uzrokovanih migracijom etnickih manjinskih skupina s vi-
sokom ucestalo$¢u mutacija povezanih s talasemijom (8).
Podaci nedavno provedenog epidemioloskog ispitivanja
ukazuju na to da u Europi postoji priblizno 15.000 osoba s
talasemijom major koja se javlja kod transfuzije krvi (9-11).
Prema tome, odredivanje koncentracije HbA, igra kljuc-
nu ulogu u programima probira na B-talasemiju, buduci
da povecanje te frakcije hemoglobina omogucuje pre-
poznavanje heterozigota. Medutim, mogu se pojaviti ne-
ke dijagnosticke poteskoce pri identifikaciji atipi¢nih no-
silaca s neznatno povisenim sadrzajem HbA,. Pojava tih
grani¢nih slucajeva nije rijetka zbog velike heterogenosti
genotipova B-talasemije ili moguce istodobne prisutnosti
drugih stecenih ili genetskih stanja (npr. manjak Zeljeza,
6-talasemija) koja mogu prikriti dijagnozu heterozigotne
[-talasemije (12-14). Stoga je, zbog teskog razlikovanja iz-
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Detection and quantification of hemoglobin (Hb) fractio-
ns is clinically relevant in two situations. First, quantifica-
tion of HbA, , the major glycated form of HbA, is useful in
the clinical management of diabetes. Methods for HbA,
analysis include immunoassay or chromatography. Seco-
nd, the quantification of HbA, and HbF, and the detec-
tion and quantification of Hb variants is an essential tool
in the diagnosis of hemoglobinopathies (e.g., thalassemia
or sickle cell syndromes).

B-thalassemia is an inherited form of anemia resulting
from defective synthesis of 3-globin chain. HbA, is a criti-
cal test to identify B-thalassemia carriers because the in-
crease in this Hb fraction is the most important diagnos-
tic characteristic of heterozygous [3-thalassemia.

HbA, was identified more than 50 years ago as the se-
cond Hb in the blood of healthy adults (1), representing
about 3% of total Hb. Later studies demonstrating HbA,
to be increased in thalassemia trait (2) and to comprise 2
a and 2 6 globin chains, led Ingram and Stretton to pos-
tulate that, because B globin synthesis was decreased, an
increase of HbA, was likely in B-thalassemia (3). Such an
increase is not specific because elevated concentratio-
ns have also been reported in other conditions (4-6). In
conjunction with erythrocyte indices, however, HbA, re-
mains a standard biomarker for B-thalassemia screening
in adults.

Thalassemia syndromes are among the most common
genetic disorders worldwide, with 1.7% of the world’s po-
pulation carrying thalassemic genes (7). Thalassemia is
prevalent in some parts of the world (Mediterranean re-
gion, up to 8%; Middle East countries, up to 10%; India,
3%-15%; and Southeast Asia, up to 9%) where it poses
a major public health problem. However, non-endemic
countries such as northern Europe and North America
are also involved in thalassemia related problems as the
result of demographic changes caused by migration of
ethnic minority groups with a high frequency of thalas-
semic mutations (8). Data from recent epidemiological
surveys indicate that in Europe there are approximately
15,000 subjects with transfusion dependent thalassemia
major (9-11). In this regard, HbA, determination plays a
key role in screening programs for -thalassemia, since
an increase in this Hb fraction allows for heterozygotes
to be recognized. However, some diagnostic difficulties
may arise on identification of atypical carriers having slig-
htly increased HbA, values. The finding of such border-
line subjects is not rare because of the great heteroge-
neity of B-thalassemia genotypes or the possible coexis-
tence of other acquired or genetic conditions (i.e. iron
deficiency, 6-thalassemia) that may mask the diagnosis of
heterozygous B-thalassemia (12-14). Therefore, owing to
the narrow separation between normal and pathological
HbA, values, strict analytical quality of HbA, measureme-
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medu normalnih i patoloskih koncentracija HbA,, za toc¢-
nu dijagnozu klju¢na visoka analiticka kvaliteta mjerenja
koncentracije HbA,, pogotovo pri genetskom savjetova-
nju kod kojeg se moraju identificirati parovi s povecanim
rizikom od nastanka bolesti kod potomstva.

Metode za ispitivanje hemoglobinopatija tradicional-
no ukljucuju alkalnu i kiselu elektroforezu hemoglobina
u kombinaciji s odredivanjem to¢ne koncentracije HbA,
(elektroforeza ili kromatografija) i HbF (alkalna denatu-
racija, elektroforeza ili kromatografija). Sve se nabrojene
metode izvode ru¢no i dugotrajne su. Posljednjih deset-
ljec¢a razvijaju se automatizirane tehnike za odredivanje
frakcija hemoglobina, koje klini¢arima daju zadovoljava-
juce rezultate, te poboljsavaju djelotvornost laboratorija
i kvalitetu rezultata.

Teku¢inska kromatografija visoke djelotvornosti (HPLC)
kationske izmjene potpuno je automatiziran sustav kva-
litativne i kvantitativne analize frakcija hemoglobina, po-
godan za laboratorije s velikim obujmom posla (16,17).
Uzorci se ubrizgavaju u kromatograf opremljen kolonom
za izmjenu iona, koja je uravnotezena prema pH i ionskoj
snazi. Odvajanje vrsta hemoglobina postize se upotrebom
gradijenta izmedu dviju mobilnih faza koje se razlikuju po
koncentraciji soli i pH. Fizicke znacajke kao $to su promje-
ne na povrsini te prisutnost hidrofilnih i hidrofobnih sku-
pina odreduju stopu migracije svake vrste hemoglobina.
U usporedbi sa zahtjevnim konvencionalnim tehnikama,
HPLC metode imaju znatne prednosti, kao $to su precizno
odredivanje koncentracije, usteda vremena i potpuna au-
tomatizacija. Danas HPLC tehnike predstavljaju najpouz-
danije metode za razdvajanje, identifikaciju i odredivanje
koncentracije frakcija hemoglobina, ali imaju i potencijal-
na ogranicenja poput laZzne interpretacije u prisutnosti
patoloskih hemoglobina.

Materijali i metode

HPLC sustav Primus Ultra2

Analizator Primus Ultra2 (Primus Corporation, Kansas City,
Kansas, SAD) rabi nacela HPLC ionske izmjene i spektrofo-
tometrijskog otkrivanja. Sustav je nacinjen tako da pruzi
najvecu mogucu koli¢inu podataka u najkracem vreme-
nu. Ova metoda kombinira osjetljivost i specificnost HPLC
s automatskim programom za obradu i pruza pomo¢ u
procjeni podataka.

Uzorci se obraduju u serijama i svaka serija zapocinje
FASC kontrolom kao biljegom retencijskih vremena za
poznati hemoglobin koji sadrzi: HbF, HbA,, HbC i HbS, ka-
ko mu ime FASC govori (slike 1.1 2.). FASC kontrola osigu-
rava optimalan rad sustava. Kao uzorci su prikladne i puna
i hemolizirana krv.

Pet mikrolitara pune krvi automatski se sakuplja, hemoli-
zira i ubrizgava u kolonu kojom protjece mjesavina pufera
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nt is an essential requirement for accurate diagnosis, par-
ticularly for genetic counseling when couples at risk have
to be identified.

The methods for hemoglobinopathy investigation tradi-
tionally include alkaline and acid Hb electrophoresis in
combination with HbA, quantification by electrophore-
sis or chromatography, and HbF quantification with these
methods or alkali denaturation. Above mentioned met-
hods are manual and time consuming (15). In the last de-
cades, automated techniques have been developed for
Hb fractionation, producing results required by clinicians,
while improving laboratory efficiency and quality of re-
sults.

Cation exchange high performance liquid chromatograp-
hy (HPLC) is a fully automated system for qualitative and
quantitative Hb fraction analysis, suitable for laboratories
with a high workload (16,17).

Samples are injected into a chromatograph equipped wi-
th an ion-exchange column that has been equilibrated
with respect to pH and ionic strength. Separation of Hb
species is accomplished through the use of a gradient
between two mobile phases with differences in salt con-
centration and pH. Physical characteristics such as surfa-
ce charge and the presence of hydrophilic and hydropho-
bic groups determine the rate of migration of each spe-
cies. HPLC methods have considerable advantages over
labor-intensive conventional techniques in terms of pre-
cise quantification, time savings and full automation. Cur-
rently, HPLC techniques are the most reliable methods
for separation and quantification of Hb fractions, and are
useful tools in presumptive identification of Hb variants
but having potential limits of false interpretation in the
presence of an abnormal Hb.

Materials and Methods

Primus Ultra2 HPLC system

Primus Ultra? analyzer (Primus Corporation, Kansas City,
Kansas, USA) employs principles of ion exchange chro-
matography HPLC and spectrophotometric detection.
The system has been designed to provide the maximum
amount of information in the shortest time. The method
combines the sensitivity and specificity of HPLC with au-
tomation software and provides assistance in data evalua-
tion.

Samples are run in batches and every run starts with a
FASC control as a retention time marker for the known
hemoglobins that it contains: HbF, HbA, HbS and HbC, as
stated by the name FASC (Figures 1 and 2). FASC control
ensures optimal system performance. Both whole blood
and hemolysates are suitable samples.

Five puL of whole blood are automatically sampled, he-
molyzed and injected onto the column during the flow

Biochemia Medica 2008;18(3):351-60
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Suika 1. Kromatogram PRIMUS Ultra?, FASC kontrola, meto-
da brzog probira (Quick Scan assay). Metoda brzog probira: za
probiranje uzoraka bolesnika. Vrijeme analize iznosi 4 minute,
sustav odreduje koncentraciju HbF, HbA,, HbA, i oznacuje vrike
drugih vrsta hemoglobina; FASC kontrola je biljeg retencijskih
vremena za poznate hemoglobine: HbF, HbA,, HbCi HbS.

3.005

FiGure 1. Primus Ultra?2 chromatogram, FASC control Quick
Scan assay. Quick Scan assay: for screening patient samples.
Analysis time is 4 minutes; the system quantifies HbF, HbA,,
HbA, and flags abnormal peaks. FASC control is a retention ti-
me marker for the known hemoglobins it contains: HbF, HbAO,
HbC and HbS.
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SLIKA 2. Kromatogram PRIMUS Ultra?, FASC kontrola, metoda
visoke rezolucije (High Resolution assay). Metoda visoke rezo-
lucije: u 10,5 minuta rastavlja druge vrste hemoglobina kao po-
moc¢ pri njihovoj identifikaciji.

(mobilne faze 1 i 2). Nakon ispiranja s kolone sastavnice
uzorka prolaze kroz spektrofotometrijski detektor gdje se
na valnoj duljini od 413 + 2 nm otkrivaju pojedine frakcije.
Postoje dvije metode analize: metoda brzog probira (en-
gl. Quick Scan Method) - za probir uzoraka bolesnika. Vri-
jeme analize je 4 min, sustav odreduje koncentraciju HbF,
HbA,, HbA, i oznacuje vrijednosti izvan granica normale.
Metoda visoke rezolucije (engl. High Resolution Method):
u 10,5 minuta rastavlja druge vrste hemoglobina kao po-
mo¢ pri identifikaciji. Ovom metodom moZe se prepozna-
ti i identificirati i do 100 varijanata hemoglobina. Svaka se
metoda moze rabiti za odredivanje to¢ne koncentracije
HbA, i HbF ukoliko se u seriji odrede i kontrolni uzorci.

Biochemia Medica 2008;18(3):351-60
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FIGURE 2. Primus Ultra2 chromatogram, FASC control high reso-
lution assay. High resolution assay: in 10.5 minutes it further re-
solves abnormal hemoglobins to aid in their identification.

of appropriately blended buffers (mobile phases 1 and 2).
Upon elution from the column, sample components pass
through the spectrophotometric detector, where detec-
tion occurs at a wavelength of 413 £ 2 nm.

Two analysis methods are available, i.e. Quick Scan assay
for screening patient samples. Analysis time is 4 minutes;
the system quantifies HbF, HbA,, HbA, and flags abnor-
mal peaks; and High Resolution assay: in 10.5 minutes it
further resolves abnormal hemoglobins to aid in their
identification. Up to 100 Hb variants can be recognized
and identified with this high resolution working method.
Either program may be used to quantify HbA, and HbF if
controls have been run with the batch.
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Istodobno dok se uzorak analizira, na monitoru se prika-
zuje kromatogram u stvarnom vremenu. Racunalo tiska
izvjestaj s informacijama o uzorku, datumom i vreme-
nom, nakon cega slijedi kromatogram s retencijskim vre-
menima oznacenima kod svakog vrska. Na kraju se tiska
objedinjen izvjestaj za svaki vrsak s apsolutnim i relativ-
nim retencijskim vremenom, postotkom povrsine i ko-
mentarima za svaki vrsak u kromatogramu.

Cilj ovoga istraZivanja bila je ocjena analitickog rada i kva-
litete rezultata dobivenih sustavom Primus Ultra? za ru-
tinsko odredivanje HbA, i probir na B-talasemiju.

Bolesnici

U istrazivanje je bilo uklju¢eno 150 uzoraka krvi naizgled
zdravih ispitanika, dobivenih iz Zavoda za transfuziju krvi,
kako bi se odredio referentni raspon, prema standardima
CLSI. Kompletna krvna slika i parametri metabolizma Ze-
ljeza bili su unutar referentnog raspona. Pouzdanost mje-
renja koncentracije HbA, sustavom Primus Ultra? za otkri-
vanje 3-talasemije odredena je analizom 300 uzastopnih
uzoraka odraslih bolesnika s prethodno dijagnosticira-
nom B-talasemijom (53% muskaraca, 47% Zena; raspon
dobi 18-95 godina, srednja dob 49 godina). U tablici 1.
prikazane su vrijednosti biokemijskih parametara za zdra-
ve ispitanike i ispitanike s talasemijom. Na slici 3. prikazan
je kromatogram nosioca 3-talasemije.

Probir na -talasemiju obavljen je rutinski u nasem labo-
ratoriju mjerenjem eritrocitnih konstanti i koncentracije
HbA,. Molekularna karakterizacija mutacija obavljena je
tehnikom PCR-ASO (engl. polymerase chain reaction — alle-
le-specific oligonucleotide hybridization, PCR-ASO).
Slijedeci nas protokol, dijagnosticirali smo skupinu nosio-
ca B-talasemije: eritrocitne konstante odredene su anali-
zatorom LH750 Beckman-Coulter (Beckman Coulter, Inc.,
Miami, FL, SAD).

2.328

5.038
5.907

SLIKA 3. Kromatogram PRIMUS Ultra?, nosilac B-talasemije. Kro-
matogram s istaknutim retencijskom vremenima kod svakog
vrska. Nakon kromatograma ispisuje se objedinjen izvjestaj za
svaki vrsak s apsolutnim i relativnim retencijskim vremenom,
postotkom povrsine i komentarima za svaki vrsak u kromatog-
ramu.
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As the sample is analyzed, a chromatogram is displayed
on the monitor in real time. The computer produces prin-
ted reports with sample identification information, date
and time, followed by a chromatogram with retention ti-
mes indicated at the apex of each peak. A peak summary
report is printed after the chromatogram with retention
time, relative retention time, % area and comments for
each peak in the chromatogram.

The aim of the study was to evaluate analytical perfor-
mance and quality of results obtained with the Primus Ul-
traZ system for routine estimation of HbA, and screening
for B-thalassemia.

Patients

One hundred and fifty samples from apparently healthy
subjects obtained from the Blood Transfusion Departme-
nt were used to establish the reference range, according
to the Clinical and Laboratory Standards Institute (CLSI)
guidelines. Blood cell counts and biochemical iron test
results were within the reference ranges.

The reliability of HbA, measurement by Primus Ultra? for
detection of (-thalassemia was assessed by analyzing
300 samples from consecutive adult patients with a pre-
vious diagnosis of the disease (53% male and 47% female,
age range 18-95, mean age 49 years). Table 1 shows ana-
lytical data of study patients and Figure 3 a 3-thalassemia
carrier chromatogram.

Screening for 3-thalassemia is routinely performed in our
laboratory by measuring red blood cell indices and level
of HbA,. Molecular characterization of mutations is per-
formed with the PCR-ASO (polymerase chain reaction-al-
lele-specific oligonucleotide hybridization) technique.
The group of B-thalassemia carriers was diagnosed fol-
lowing our protocol: red blood cell indices were deter-
mined on an LH750 Beckman-Coulter (Beckman Coulter

—_— 3.843

FiGure 3. Primus Ultra2 chromatogram, B-thalassemia carrier.
Chromatogram with retention times indicated at the apex of
each peak. A peak summary report is printed after the chroma-
togram with the retention time, relative retention time, % area
and comments for each peak in the chromatogram.
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TasLica 1. Hematoloski i biokemijski parametri referentne sk-
upine i kod 300 ispitanika s 3-talasemijom.

Utility of Primus Ultra? for thalassemia screening

TaBLE 1. Hematological and biochemical parameters in the re-
ference group and in a pool of 300 B-thalassemia patients.

RBC Hb McCv MCH MCHC HbA, HbF Iron  Transferrin Ferritin  Sat
10"2/L g/dL fL P9 g/dL % % pmol/L g/L ng/L %
Referent 49+0.27 154+0.64 91.1+255 31.3+153 343+052 19+071 03%03 165+0.62 2.53%0.2 75+£28 3119
group
B-thalas- 5.8+043 126+121 63.8+374 215+13 337+092 47+07 14+04 181+395 248+0.28 137+£125 30+5.6
semia

RBC - red blood cell count; Hb - hemoglobin; MCV - mean corpuscular volume; MCH - mean corpuscular hemoglobin; MCHC — mean corpuscular

hemoglobin concentration; % sat - % transferrin saturation.

Uzorci s eritrocitozom (RBC > 5,8 x 10'2/L) i mikrocitozom
(MCV < 70 fL) odabrani su za odredivanje koncentracije
HbA, na HPLC analizatoru HA 8160 Menarini (Menarini
Diagnostics, Firenca, Italija).

Kod bolesnika s koncentracijom HbA, visom od referen-
tne vrijednosti (3,5%) postoji klinicka sumnja na (3-talase-
miju te su njihovi uzorci poslani na molekularnu analizu.
DNA je dobivena procis¢avanjem na kolonama pomocu
Generation® Capture Column kita (Gentra Systems, Min-
neapolis, MN, SAD).

Molekularna analiza otkrivanja prisutnosti naj¢es¢e me-
diteranske tockaste mutacije obavljena je setom testova
mDxR BeTha Gene 1 (Bio Rad Laboratories, Hercules, CA,
SAD), prema nacelu ASO hibridizacije.

U tablici 2. prikazane su ispitane mutacije te rezultate do-
biveni za 300 nosioca 3-talasemije. Svi su bili heterozigoti.

Analiticka procjena

Netocnost

Neto¢nost se odredivala analizom dvaju komercijalnih
kontrolnih uzoraka po seriji u vise od 20 dana. Izracunate
su srednja vrijednost, standardna devijacija te koeficijent
varijacije.

TaBLIcA 2. Distribucija mutacija B-talasemije izrazenih kao pos-
totak u ukupnom broju ispitanika (300 nosioca 3-talasemije)

Inc. Miami, FL, USA) analyzer. Samples with erythrocyto-
sis (red blood cell (RBC) > 5.8 x 10'%/L) and microcytosis
(MCV < 70 fL) were selected for HbA, quantification, per-
formed by HPLC HA 8160 Menarini (Menarini Diagnosti-
cs, Florence, Italy). HbA, over the reference value of 3.5%
strongly suggests -thalassemia trait. These samples un-
derwent molecular analysis. DNAs were purified with Ge-
neration® capture column kit (Gentra Systems, Minnea-
polis, MN, USA).

Molecular analysis for the presence of the most common
Mediterranean point mutations were performed with
mDxR BeTha Gene 1 (Bio Rad Laboratories, Hercules, CA,
USA), based on the principle of ASO hybridization. Table
2 resumes the mutations studied, the mutant class and
the results obtained for the series of 300 B-thalassemia
carriers. All of them were found to be heterozygous.

Analytical evaluation
Inaccuracy

Inaccuracy was assessed by analyzing two commercially
available control samples per run over 20 days. The mean,
standard deviation (SD) and coefficient of variation (CV)
were calculated.

TABLE 2. Distribution of B-thalassemia mutations expressed as
percentage of the total number studied (300 -thalassemia car-
riers)

Mutations Mutant Class Frecuency %
CD39 (CT) Non functional mMRNA 429
IVS1: 110 (G-A) RNA processing mutant 30.6
IVS1: 6 (T-C) RNA processing mutant 12
IVS1:1 (G-A) RNA processing mutant 12
IVS2: 745 (C-QG) RNA processing mutant 1.3
IVS2: 1 (G-A) RNA processing mutant 0
-87 (C-Q) Transcriptional mutant 0
b6 -A Non functional mMRNA 13
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Nepreciznost u seriji Intra-assay imprecision

Dva su uzorka (jedan zdravog ispitanika, drugi nosioca
[-talasemije) analizirana 10 puta unutar iste serije te su iz-
racunate srednje vrijednosti, SD i CV.

Nepreciznost iz dana u dan

Dva su uzorka testirana 3 puta 7 dana za redom, te su iz-
racunate srednja vrijednost, SD i CV dnevnih srednjih vri-
jednosti za tih 7 dana.

Ispitivanje iskoristenja

Ispitivanje iskoriStenja mijesanjem uzoraka nacinjeno
je kako bi se ocijenila sposobnost otkrivanja povecane
koncentracije HbA, analizatora Primus Ultra. Normalna
krv (2,4% HbA,) i uzorak krvi nosioca B-talasemije (5,0%
HbA,) pomijesani su u omjerima 9:1, 8:2...1:9 te je anali-
zirano jedanaest uzoraka. Za usporedbu ocekivanih i iz-
mjerenih vrijednosti napravljen je linearni regresijski test
(statisticki program Method Validator 1.15, P. Marquis, Me-
tz, Francuska).

Rezultati

Referentni raspon

Srednja vrijednost koncentracije HbA, u krvi bila je 1,9%, a
referentni interval 0,9-3,0% (srednja vrijednost + 2,5 SD).
Svi ispitani nosioci B-talasemije imali su povisenu koncen-
traciju HbA, u krvi, uz raspon vrijednosti od 3,3% do 6,9%
i srednju vrijednost 4,7%.

Netocnost

Netocnost je odredena analizom dvaju komercijalnih
kontrolnih uzoraka po seriji u vremenu od preko 20 dana.
Izra¢unate su srednja vrijednost i SD dobivenih rezultata,
koje su iznosile 1,6% + 0,26% za kontrolni uzorak normal-
ne koncentracije i 5,2% + 0,19% za kontrolni uzorak povi-
Sene koncentracije.

Nepreciznost

Nepreciznost je ispitana obradom uzoraka s normalnim i
visokim koncentracijama HbA,. Preciznost unutar serije:
dva uzorka (jedan zdravog ispitanika, drugi nosioca [3-ta-
lasemije) analizirani su 10 puta unutar iste serije te su se
izracunate srednje vrijednosti, SD i CV. Preciznost iz dana
u dan: dva uzorka (jedan zdravog ispitanika, drugi nosio-
ca [B-talasemije) testirani su vise od 7 dana za redom, 3
puta svakog dana. Uzorci su pohranjeni na 4 °C. Za sva-
ki je dan izracunata srednja vrijednost i CV dnevne sred-
nje vrijednosti. CV unutar serije bio je 1,9% kod normalne
koncentracije HbA, (2,2%) i 3,3% kod povisene koncen-
tracije HbA, (5,5%). CV iz serije u seriju bio je nesto visi i
iznosio je 2,4% (normalna koncentracija) i 1,7% (povise-
na koncentracija). CV iz dana u dan bio je 3,0% (normalna
koncentracija) i 2,7% (povisena koncentracija).

Two samples (one from a healthy adult and another from
a B-thalassemia carrier) were analyzed 10 times within
the same run. The mean, SD and CV were calculated.

Inter-assay imprecision

Two samples were assayed 3 times each day, over seven
days. Samples were stored at 4 °C every day. The mean,
SD and CV of daily mean values were calculated for 7
days.

Recovery study

Recovery study by sample mixing was performed to eva-
luate the response of Primus Ultra? to increasing concen-
trations of the analyte, i.e. HbA,.

A normal blood (2.4% HbA,) and B-thalassemia carrier
sample (5.0% HbA,) were mixed at the ratios of 9:1, 8:2...
1:9 and eleven samples were analyzed.

To make comparison between the theoretical expected
values and measured ones, a linear regression test was
performed (Method Validator 1.15, P. Marquis statistical
software, Metz, France).

Results

Reference range

The mean HbA, blood concentration was 1.9% and refe-
rence range 0.9-3.0% (mean + 2.5 SD). All B-thalassemia
carriers studied had increased HbA, blood concentration,
the values ranging from 3.3% to 6.9%, mean 4.7%.

Inaccuracy

Inaccuracy was assessed by analyzing two commercially
available control samples per run over 20 days. The mean
and standard deviation (SD) were calculated. The followi-
ng results were obtained: 1.6% (SD 0.26) for normal con-
trol and 5.2% (SD 0.19) for high control.

Imprecision

Imprecision was tested by running samples with normal
and high HbA, concentrations. Intra-assay imprecision:
two samples (one from a healthy adult and another from
a B-thalassemia carrier) were analyzed 10 times within
the same run. The mean and CV were calculated. Inter-
assay imprecision: two samples (one from a healthy adult
and another from a 3-thalassemia carrier) were assayed 3
times each day, for seven days. Samples were stored at 4
°C every day. The mean and CV of daily mean values were
calculated for 7 days. Within-run CV was 1.9% for normal
HbA, level (2.2%) and 1.3% for elevated HbA level (5.5%).
Between-run CVs were slightly higher, i.e. 2.4% (normal
level) and 1.7% (elevated level). Between-day CVs were
3.0% and 2.7% for normal and high HbA, concentrations,
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Ukupni koeficijent korelacije bio je 4,4% (normalna kon-
centracija) i 3,5% (povisena koncentracija).

Ispitivanje iskoristenja

Ispitivanje iskoristenja mijeSanjem uzoraka napravljeno
je kako bi se ocijenila sposobnost otkrivanja povecanih
koncentracija analita HbA, za analizator Primus Ultra2.
Normalna krv (2,4% HbA,) i uzorak nosioca B-talasemije
(5,0% HbA,) pomijesani su u omjerima 9:1, 8:2...1:9 i jeda-
naest je uzoraka analizirano.

Za usporedbu teoretski o¢ekivanih i izmjerenih vrijednos-
ti napravljen je linearni regresijski test (statisticki program
Method Validator 1.15, P. Marquis, Metz, Francuska). Naj-
bolji pravac i pravac linearne regresije dobiven za iskoris-
tenje bio je:y = 1,089x + 0,01, R2=0,992.

Izmjerene vrijednosti bile su u dobroj korelaciji s ocekiva-
nima i prosjecan omjer iskoristenja bio je 99% (tablica 3.).

TaBLICA 3. Rezultati istrazivanja iskoristenja

Utility of Primus Ultra? for thalassemia screening

respectively. Total CVs were 4.4% (normal level) and 3.5%
(elevated level).

Recovery study

Recovery study by sample mixing was performed to eva-
luate the response of Primus Ultra? to increasing concen-
trations of the analyte, i.e. HbA,.

A normal blood (2.4% HbA,) and B-thalassemia carrier
sample (5.0% HbA,) were mixed at the ratios of 9:1, 8:2...
1:9 and eleven samples were analyzed.

To make comparison between the theoretical expected
values and measured ones, a linear regression test was
performed (Method Validator 1.15, P. Marquis statistical
software, Metz, France). The line of best fit and linear reg-
ression obtained for recovery was Y = 1.089x + 0.01; R?
= 0.992. The measured values correlated well with the
expected ones, and the average proportion recovered
was 99% (Table 3).

TaBLE 3. Recovery study results

Theoretical value % Observed value % Recovery %
2.66 2.7 101
292 2.8 96
3.18 3.1 97
344 3.3 96
3.7 3.8 102
3.96 39 98
4.22 4.4 103
4.48 4.6 102
4.74 4.8 101
Rasprava Discussion

lako je talasemija globalno najzastupljenija na Meditera-
nu i zemljama Dalekog Istoka, zbog populacijskih migra-
cija doslovce ne postoji zemlja na svijetu u kojoj barem
mali postotak stanovnika ne boluje od talasemije. Kao i
za sve kroni¢ne bolesti tako je i u slucaju talasemije vaz-
na cjelovita obrada bolesti: odgovarajudi probir, otkriva-
nje bolesnika i savjetovanje parova s povecanim rizikom
bitni su postupci za smanjenje pobola i smrtnosti boles-
nika (18).

[-talasemija se sa sigurno$¢u moze dijagnosticirati u slu-
aju povisene koncentracije HbA,, broja eritrocita veceg
od 5 x 10'%/L, mikrocitoze i normalne koncentracije feriti-
na u serumu. lako se dobivene vrijednosti koncentracije

Biochemia Medica 2008;18(3):351-60

Although thalassemia is most common in the Mediter-
ranean basin and Far East countries, due to migration of
populations there is virtually no country in the world now
in which thalassemia does not affect some percentage of
the population. Like other chronic diseases, prevention
is important in the overall management of the disease,
whereas appropriate screening, detection of patients
and counseling of couples at risk are the most important
procedures to reduce the morbidity and mortality rates
of the disease (18).

B-thalassemia can be diagnosed with confidence when
elevated HbA,, RBC count over 5 x 10'?/L, microcytosis
and normal serum ferritin are present. Although HbA,
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HbA, trebaju interpretirati zajedno s ostalim parametri-
ma, npr. koncentracijom Zeljeza, eritrocitnim konstan-
tama ili obiteljskom anamnezom, zbog klini¢ke vaznos-
ti odredivanja HbA, u probiru na B-talasemiju i ozbiljnih
posljedica uslijed neto¢ne dijagnoze, dobiveni rezultati
moraju biti visoke kvalitete. Imajuci to na umu treba na-
pomenuti kako jos ne postoje kona¢no definirani analiti¢-
ki ciljevi mjerenja koncentracije HbA,. Ipak, dobro je da
se rabe sastavnice bioloske varijacije kako bi se utvrdile
specifikacije analiticke kvalitete za preciznost, sustavnu i
ukupnu pogresku klinicko-laboratorijskih postupaka. In-
tra- i inter-individualne sastavnice varijacije izraZzene kao
koeficijenti varijacije (CVw, intra-individualne i CVg, inte-
r-individualne) rabe se za izracunavanje ukupne pogreske
(engl. total error, TE) prema formuli:

V2w + Vg
TE=1,65xCVat+tt— — — 2

gdje je cilj preciznosti postavljen na osnovi intra-indivi-
dualne varijabilnosti CVa < 0,5 CVw (19). Pretpostavljaju-
¢i da intra-individualna varijabilnost koncentracije HbA,
moze biti sli¢cna koncentraciji HbA, (CVI izmedu 2,8% i
3,4%) (20), analiti¢ki cilj za preciznost moze se utvrditi
izmedu 1,4% i 1,7%. Zbog te inter-individualne varijabil-
nosti znanstvena literatura jos ne nudi opsirnije podat-
ke. Gruba procjena moze se ekstrapolirati iz referentnog
raspona gdje se izracuna prosjecna koncentracija HbA, u
zdravih odraslih osoba i time se dobiva ukupna dozvolje-
na pogreska od 7,8% (21).

Vazno je naglasiti da referentni raspon dobiven u ovoj oc-
jeni (srednja vrijednost 1,9%, raspon + 2,5 SD 0,9-3,0%),
sli¢cno rasponu $to ga navodi proizvodac (srednja vrijed-
nost 1,9%, raspon * 2,5 SD 0,7-3,1%), ima nize vrijednosti
nego $to se mogu dobiti na drugim HPLC sustavima (sred-
nja vrijednost 2,5%, raspon + 2,5 SD 2,5-3,5%) (22). Ove bi
se vrijednosti mogle objasniti niskom procjenom sustava
integriranja povrsine vrsaka. Ukupna dozvoljena pogres-
ka ekstrapolirana iz referentnog raspona 0,9-3,0%, CVg
15,2%, iznosi 6,5%. Ukupni koeficijenti varijacije dobiveni
ispitivanjem preciznosti nizi su od ove granice. U pogledu
ponovljivosti testa HbA,, analizator Tosoh G7 je postigao
dobru preciznost unutar serije, malo vise od Zeljenog cilja
testa i nesto visu preciznost izmedu serija.

Sustav Primus Ultra2 pruza brzo i pouzdano razdvajanje i
odredivanje relativhog postotka razli¢itih tipova hemog-
lobina, osobito HbA,. Dobiveni su rezultati tocni i ponov-
ljivi. Omoguceno je dobro razlikovanje zdravih osoba i
nosioca (-talasemije. Grani¢na se vrijednost moze posta-
viti na 3,3%, s time da se svi bolesnici s vrijednostima vi-
$im od 3,3% identificiraju kao nosioci 3-talasemije.
Lakoca rada i potreba ograni¢enog tehni¢kog znanja Cine
ovaj analizator pogodnim za laboratorije s velikim obuj-
mom posla, poboljsavajudi njihovu djelotvornost i sma-
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concentrations obtained should be interpreted together
with other parameters such as iron status, erythrocyte in-
dices or family studies, due to the clinical value of HbA,
assay in the screening for 3-thalassemia and the serious
consequences of an incorrect diagnosis, the results obtai-
ned must be of high quality. With this in mind, it is impor-
tant to note that no analytical goals for HbA, measure-
ments have been definitely defined. It is, however, well
recognized that the components of biological variation
have been used to derive analytical quality specifications
for the imprecision, bias and total error of clinical labora-
tory procedures. The within- and between-subject com-
ponents of variation, expressed in terms of coefficients of
variation (CVw and CVg, respectively) are used to calcula-
te the total error (TE) according to the formula:

V2w + cvig
TE=165xCVat+— -~ =* 9

where the goal for imprecision is set on the basis of in-
tra-individual variability CVa < 0.5 CVw (19). Assuming
that the intra-individual variation of HbA, could be simi-
lar to that of HbA, (CV, between 2.8% and 3.4%) (20), the
analytical goal for imprecision can be defined between
1.4% and 1.7%. With regard to inter-individual variability,
no data are yet available in the literature. A raw estimate
could be extrapolated from the reference range in which
an average HbA, can be calculated in normal adults, thus
producing a total allowable error of 7.8% (21).

It is important to state that the reference range estab-
lished in this evaluation (mean 1.9%, range +2.5 SD 0.9-
3.0%), similar to the range provided by the manufactu-
rer (mean 1.9%, range * 2.5 SD 0.7-3.1%) has lower limits
than the range obtained on other HPLC systems (mean
2.5%, range + 2.5 SD 2.5-3.5%) (22). These values could
be explained by the underestimation of the system in-
tegrating peak area.

Total allowable error extrapolated from for the reference
range 0.9-3.0%, CV; 15.2%, is 6.5%. Total CVs obtained in
the imprecision study are lower than this limit.

With respect to HbA, reproducibility, the Tosoh G7 ana-
lyzer was found to yield good within-run imprecision,
just a little above the desirable goal for the assay, and a
slightly higher between-run imprecision.

The Primus Ultra2 system provides a rapid and reliable se-
paration and determination of the relative percentage of
different hemoglobin types, particularly HbA,. The resul-
ts obtained are accurate and reproducible. There is good
differentiation of HbA, values between normal patients
and [-thalassemia carriers. The cut off limit can be set at
3.3%, with all patients with values higher than 3.3% bei-
ng identified as B-thalassemia carriers.

The ease of the operation and the limited technical wo-
rk make this analyzer suitable for laboratories with a high
workload, improving its efficiency and allowing the cost
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njujuci troskove probira na talasemiju i hemoglobinopati-
je. Nase istrazivanje je pokazalo kako je ova metoda prim-
jerena za brz probir populacije na nositelje 3-talasemije i
pouzdana za odredivanje tocne koncentracije HbA, u kr-
vi. Stoga se smatra prikladnom za rutinsku klini¢ko-labo-
ratorijsku upotrebu, no, kao sto je to slu¢aj sa svim labora-
torijskim testovima prvoga stupnja za karakterizaciju va-
rijanata hemoglobina, ovaj HPLC sustav ima potencijalno
ogranicenje lazne interpretacije vrsaka u prisutnosti pa-
toloskih hemoglobina. U tim se slu¢ajevima preporucaju
laboratorijski testovi drugoga stupnja, npr. molekularna
analiza ili obiteljska ispitivanja za konac¢nu identifikaciju
varijante hemoglobina.
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of thalassemia and hemoglobinopathy screening to be
reduced.

Our study showed the method to be appropriate for ra-
pid population screening for B-thalassemia carriers, re-
liable for quantitative determination of HbA, in blood
and suitable for routine clinical laboratory use; however,
as in any of the first-level laboratory tests for the charac-
terization of Hb variants, this HPLC system also has po-
tential limits of false interpretation in the presence of an
abnormal Hb peak. In these cases, it is recommended
that second-level laboratory tests such as molecular ana-
lysis and family studies be undertaken in order to achieve
definitive identification of the Hb variant.
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