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Abstract  
 
In Pakistan, β-thalassemia is considered as one of most typical genetic abnormality. Different countries like 
Italy, France, and Greece have recognised thalassemia as preventive disorder of society. In Pakistan, 
since 1994 different efforts were made to control thalassemic epidemic. Inspite of this, there is no 
significant decline in occurrence of childbirth with transfusion dependent β-thalassemia incidents. In order 
to obtain fruitful results of general thalassemia eradication program nation wide,it is vital to evaluate β-
thalassemia trait (BTT) by specific, low price, and accurate mechanism of diagnosis. So, this current 
research was carried out to decide the levels of HbA2 in samples by the use of Capillary Zone 
Electrophore and Cellulose Acetate Hemoglobin Electrophoresis. 
This comparative research was done in the four groups:  i) Normal Individuals having no sign or symptom 

of thalassemia ii) Patients having BTT i.e -thalassemia trait iii) Patients having IDA i.e Iron Deficiency 
Anemia   iv) Parents of β-thalassemia major child with iron deficiency anemia (BTT and IDA). It means that 
both parents are carrier of β-thalassemia not diagnosed yet. 
The level of HbA2 were estimated by the Cellulose Acetate Hemoglobin Electrophoresis and Capillary 
Zone Electrophoresis independently and then compared to design established results.  

Result: Both these methods have found to be correct for the patients having -thalassemia trait (BTT) but 

in combined condition, cases of -thalassemia trait (BTT) were failed to be analyzed by both these 
systems.  
Conclusion: As this technique is very easy, easily reachable and affordable. So, it is highly recommended 
for the diagnosis in the poor province like Balochistan in Pakistan. In thalassemia prevention, it plays a 
vital role. 
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INTRODUCTION 
 

In the red blood cells (RBCs), hemoglobin is oxygen carrier 
entity of the cell. It is a polypeptide molecule consisting of 
globule like shape and comprises of two pairs of globin webs 
i.e. alpha and beta(1). There are many disorders of prevalent 
hereditary hemoglobin worldwide known as 
hemoglobinopathies (2-4).  

In the 2006 report published by the world health 
organization (WHO), approximately 7% of world population is 
considered as the carrier of any type of disease (5). It is further 
stated that in the same year, 3-5 million newly born children 
have dangerous level of hemoglobin syndromes and above 50 

thousands having β-thalassemia majors (6). It is estimated that 
after 20 years, thalassemia will be one of the world wide health 
difficulty for the people and ninty thousand newborn will be 
effected from birth (7-9). 

Thalassemia in our province Balochistan is death lasting 
disease which can’t be controlled or diagnosed easily. It results 
to anemia and blood forming ability of the cells (1). There are 
approximately 1800 cases of recorded thalassemia cases in 
Quetta. There are two functional thalassemia centres in district 
Quetta operating in two famous hospitals of the city i.e Quetta’s 
Civil Hospital and Bolan University of Medical and Life 
Scicence Quetta. The blood of more than 60 children were 
given to these centres daily for the diagnostic practices of 
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thalassemia. Among the β-thalassemia is considered as one of 
the most occurring inherited disorder. It is due to incorrect 
production of α and β chains of hemoglobin and subsequently 
recognized as α and β thalassemia. 

Different diverse mutation in the β globin named as 
heterozygote or homozygote mutation results into severe cases 
of β-thalassemia. It requires lifetime checking and β-
thalassemia trait is necessary for the diagnosis of thalassemia 
(19). The parameter designed to diagnose β-thalassemia is one 
and only hemoglobin A2 (HbA2), a class of hemoglobin 
occurring in the type of blood cells called RBCs of the 
individuals. Minor components of it are two α and two β chains. 
2.5% of hemoglobin is of this hemoglobin A2 (HbA2) (12).  

Balochistan being the underdeveloped province of Pakistan, 
health facilities are very rare and very difficult to approach. 
Present research work was done to have enough knowldedge 
in diagnosing β-thalassemia for ensuring the better plan to 
prevent this disease or disorder in the populaiton of 
Balochistan. 

 

MATERIALS AND METHODS 
 

Study Design and Selection of Participants 
 
 Thisi was aicrossectionalistudy carriedi out ati different 
hemotoligcalicentres ofiBolan Universityiof Medical andiHealth 
Sciences andi Civil HospitaliQuetta, Balochistaniinicollabartion 
withiCASVAB, iUoB. The totalitest populationicomprised ofi200 
individualsithat werei further distributedi into followingi four 
significant groups: 
 i. Normal individualsi havingi no signsi and syptoms of β-
thalassemia trait (BTT) I andi Ironideficiencyianemia (IDA). 
 ii. Patientsiwithiβ-thalassemiaitrait (BTT). 
 iii. PatientsiwithiIronideficiencyianemia (IDA). 
 iv. Parentsiof β-thalassemiaimajor childiwith ironideficiency 
anemia (It meansithat bothiparents areicarrier ofiβ-thalassemia 
notidiagnosediyet). 
 Among theseisamples, 150i werei tested populationiand 50 
wereicontrolisubjects, iselected onithe basisiof inclusionicriteria, 
received byithe hematologyi unit, thalassemiai enter, 
BUMHSiand CiviliHospitaliQuetta. 
 In orderito obtainithe sample fromieach subject, 7 mliof 
venousiwholeiblood wasicollected withithe help ofidisposible 
syrings in such a wayithat 3ml of itiwas inserted iniCBCitubes 
andi2ml inigel tubes. iCBC tubesiwholeiblood isiused for 
measurementiof completediblood countiparameters and gel 
tubesiwhole bloodiwere used foriestimation of serumiferritin 
hormone level. Theseitubes comprisesiof commercially 
availabeianticougulantiehtylene diamineitetraacetatei (EDTA). 

Remainingi2ml wholeiblood wasicentrifuge ati4000 rpmifor 5 
minutesiandiserum isiisolated foriironideficiencyitest. 
 
Equipments andiKits 
 
 i.  Completei bloodi count testsiwere performedion th 
Sysmex KX-21, imade iniJapani (Tokyo). It is an computerized 
mechnaical analyzer working efficiently. iThe CBCi parameters 
includesi Hb, RBC, iMCV, iMCH, iMCHCi and platellesi etc. i16 
isamples, istandard iand ilyse itubes iwere irun iat ithe isame 
itime iby icapillary ielectrophoresis. iIt iuses iabout i40 ito 50µl 
iwholei iblood iand igive accurate iresult withiin hour.  
 ii. Capillariesi (Sebia, Inc, iNorcross, Ga) iwere iused ito 
evaluate icapillary izone ielectrophoresis ( iFig i1 ito iFig 4). 
 iii. Semii automatdi machine, madei ini Italy (Rome) iwith 
brandi number iInterlab iRoma iMicrotech iSeries i648iso, iwas 
used ito iaccomplish icellulose iacetate ihemoglobin 
electrophoresis (iFig  5ito Fig 6). 
 iii. Enzymeilinked iimmunoassay (ELISA) ikitsi were 
provider iand manufacturedi by iRosh iE411. It iis iused ito 
measure ithe iserum iferritin ilevel, iwhich ifurther ihelps iin 
dignosis iof iiron ideficiency ianemia. It uses iabout 100 ito 
150µl iserum iand igives iresutls iwithin i40 to i60 iminutes. 
 All ithese imachine ihave instrumenti itract, isamples iof 
subjects iwere iplaced ion iit. iThe iresults iwere iautomatically 
processed iby iithe imachinesi iandi ishowni on iitheiiscreen. 
 The alkalineiibufferi iusedi inii electrophoresisii havei pH 
9.4, providedi by manufacturer (Sebia). The endosmosis 
doesn’t effectes the pH of solution. 415 nnm waveelengh was 
used ito imeasure hemoglobin. The presence oof HbA helps to 
interpret structural variants by appearance of zone 
demarcations. Inithe case of anyimistake, test of sample was 
repeatediwith 1:1 mixtureiof normal controlisubjects.  
 
Data Analysis 
 

Statisticalianalysis wereidone by usingi SPSS statistical 
softwarei verrsion 16i (Chicago, IL, USA). Thei data iwas 
evaluated ion the basis iof meani±iSD toishowilogical  iresuts 
iof study. Duei to smalleri sample sizei p valuei<i0.05iwas 
consideredoni statisticalyi significant. 
 

RESULTS 
 

BTTi containing isamples ihave imildi anemia iaccording to 
Complete iBloodi Count, whileiother patientsi withi IDAihave 
different levels of anemiaifromimoderate toisevere. RediBlood 
Cell distributioniand itsicount wereidifferent iniother casesiof 
BTTiandiIDAi (Table No  1).

 
Table I. Testified four groups showing parameters of CBC. 

Groups  Hb (g/dl) RBC (x106/ul) MCV (fl) MCH(pg) MCHC(%) RDW (%) Ferritin(ng/ml) 

Normal Subjects 12.0±1.1 4.6±0.4 86.7±6.7 26.8±2.9 30.8±1.7 13.3±2.5 94.1±14.0 

Patientsiwith β-thalassemiaitrait (BTT) 11.4±1.1 5.7±0.4 70.4±5.3 19.2±2.1 26.8±2.3 15.9±1. 6 112.0±11.0 

PatientsiwithiIroniDeficencyiAnemia (IDA) 7.4±1.1 3.2±0.7 67.8±8.1 20.1±1.7 26.0±2.5 20.3±4.1 112.6±11.7 

Patientsiwith BTTiandiIDA 9.1±1.4 3.9±0.4 71.6±9.9 21.3±2.9 27.9±2.1 15.9±1.9 116.9±11.6 

p values         

Normalisubjectsivs Patientsiwith BTT 0.001 0.001 0.001 0.001 0.001` 0.502 0.091 

Normalisubjects vsiPatientsiwith IDA 0.001 0.001 0.001 0.001 0.001 0.001 < 0.001 

NormaliSubjectsivs PatientsiwithiIDA + BTT 0.001 0.001 
0.001 0.001 0.001 0.086 < 0.001 
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Fig. 1. Result ofinormal subjectifrom  capillaryizoneielctrophoresis                  Fig. 2. Resultsiof patientsiof groupiii fromicapillaryizoneielectrophoresis 
 

 
Fig. 3. Result ofipatientiof groupiiii fromicapillaryizoneielctrophoresis                   Fig. 4. Results ofipatients ofigroupiivifrom capillaryizoneielectrophoresis 
 

 
Fig. 5. Result ofinormal subjectifrom celluloseiacetateielectrophoresis             Fig. 6. Resultsiof patientsiof groupiii fromicelluloseiacetateielectrophoresis
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In thei combinedi cases ofi BTTiand IDA, noiCBC 
parameters haveibeenidetected. Capillaryizoneielectrophoresis 
andi cellulosei acetatei electrophoresisi both ihave showni the 
greateri leveli ofi HbA2i ini patientsi havingi bothi β-thalassemia 
traiti andi ironi deficiencyi anemia.  

Thei results werei receivediibyiicomparingiiitiwithiicontrol 
subjectsihavinginoiabnormality.Inicombinedisituationiof subjects 
having both iBTT and iIDA were ifound inadequate iin iusing 
either iof ithese itechniques (Table II). 

 
Table II.ComparativeiAnalysisiofiCapillaryiZoneielectrophoresisiandiCelluloseiAcetateiHemoglobiniElectrophorei 

Groups  
Capillary Zone Electrophoresis Cellulose Acetate Hemoglobin Electrophoresis 

HbA HbA2 HbF HbA HbA2 HbF 

NormaliSubjects 95.6±0.7 2.8±0.1 0.4±0.2 95.5±0.2 2.7±0.1 0.3±0.1 

Patientsiwithiβ-thalassemiaitrait (BTT) 94.0±0.6 4.3±0.4 0.4±0.2 92.9±1.0 5.5±0.6 0.5±0.2 

PatientsiwithiIroniDeficencyiAnemia (IDA) 96.4±0.3 1.8±0.4 0.5±0.2 96.3±0.4 1.5±0.6 0.5±0.2 

PatientsiwithiBTT andiIDA 95.6±0.4 2.6±0.3 0.4±0.2 96.4±0.7 2.9±0.6 0.4±0.2 

p values        

NormaliSubjectsivsiPatientsiwithiBTT  0.001 0.001 0.001 0.001 0.001` 0.014 

NormaliSubjectsivs PatientsiwithiIDA 0.032 0.001 0.077 0.015 0.001 0.016 

NormaliSubjectsivs PatientsiwithiIDA + BTT 0.980 0.863 0.639 0.789 0.941 0.162 

 
While the finali results ofi this studyi demonstratesithat 

normal BTTiand classicaliBTT cases wereieasily andiconstantly 
diagnosed byithe useiof eitheriCellulose AcetateiHemoglobin 
Electrophoresis oriCapillary ZoneiElectrophoresis. Neitheriof 
theseitechniques canidetect BTTi in combinedi form ini the 
patients. 

 

DISCUSSION  
 
 Ini BalohistaniPakistan, theitwoitypical casesiof microcylic 
hypochromicianemias are the betaithalassemia and IDA have 
been recorded toithe date [1]. Betaithalassemia effected cases 
areiincreasing day byiday to theiexisting casesiof Pakistan’s 
populationi [2]. Pakistani with increasei rate ofi growthi ofi 3% 
withi existingi populationi ofi 160i million, werei categorizedi into 
fivei majori ethicali groups i.e. iPunjabi, iPathan, iSindhi, 
iBaloch andi Urduispokers. Theseigroupsiare furtheripartitioned 
intoiclassesior ‘Biradaris’i [3]. Marriageiare ofteni carriedioutiin 
the closeirelatives likeicousins, ai strong traditioni ofi the 
Pakistan’sipopulation seenifrom centuriesiin thei region ofisub-
continent [4-5].  
 Manyireports haveirevealed thatithalassemia hasireached 
to theiterrifying situationiin theiBalochistan. Itsisymptoms are 
veryidifficult toibe diagnosediby theitypical medicalipractices. 
The consequesesi of thalassemiai are complicationsi ini the 
bloodi formingi potential andi mild formi of anemiai (6-10).There 
are approximatelyi1800 cases ofi recorded thalassemiaiin 
Quetta. There areitwo functionali thalassemia centresi ini 
districti Quetta operatingi ini twoi famous hospitalsi of thei city 
i.e Quetta’si Civil Hospitali andi Bolan Medicali Complex. The 
bloodi ofi morei than 60i childreni werei giveni to theseicentres 
dialyi for theidiagnostic practicesiofithalassemia. 
 Cousinimarriages areithe vitalicause ofi Betaithalassemia 
due toi genetici disrodersi inherited fromi either ofi theieffected 
parentsi (10-15). It isi an importanti sociali and religiousi factor. 
Toi preventi thesei genetici diseases, itiis veryihighlyimandatory 
to developithe awarenessiprograms initheigeneralipopulations 
of Pakistan (16). Betaithalassemia theimost dangerousidisease 
causingimany deathsiin the populationiis the duei to beta 
thalassemiai genei presenti ini bothi parentsi iniheterozygous 
state.. In 1994, Government of Pakistan has taken steps in the 
form of an extensive redication programe to minimize the 
spreadiofiβ-thalassemia. Thisiprogram wasibasicallyiforithe  
 

 
awarenessi ofi Beta thalassemiai minor, especiallyi in thei initial 
diagnosisi stages.  
 Furthermore, duei to thesei programsi andi improved 
diagnostici techniques, ai deduction hasi been observedi in 
beta thalassemiaimajoricases (9).  
 Variousi parameters fori the detectioni of BTT byi the 
Completei Bloodi Count havei been showni in TableiNo I. In 
orderi toi detecti betai thalassemiai ini patients, HbA2i testsi are 
confirmedi by capillaryi and celluloseiacetate electrophoresis. 
iIn thisiresearch, leveli of Hemoglobini A2 lessi than 3.5i% is 
consideredi as thei normal casesi and abovei 3.5% is 
consideredias thoseihaving BTT, accordingito TableiNoiII. 
 Classical Cellulosei Acetatei HemoglobiniElectrophoresis 
techniquesiin irelation to semi-automated imethodi isi less 
favorablei becausei it ihas lessiimistake chancesiithaniiclassical 
one. CapillaryiiZoneiiElectrophoresisiihasibeen consideredifor 
theidiagnosisiibecauseiiof itsiiefficacyiiand lessi time duration 
andi precisei counting ofiiHemoglobin (11). 
 Asiiforiias detectioniiof BTTiiis concerned, iibothiithese 
techniquesiiCapillaryiiZoneiiElectrophoresisiiandiiCelluloseiAcet
ate Hemoglobiniare veryi operativei andi favorable. iHowever 
asi showni ini table, both ithesei techniquesi havei shown no 
significancei ofi statistics. So, therei isi noi doubti that both 
thesei methodsi arei equally suitablei for thei diagnosis ofi BTT 
in theipatients (18). 
 Accordingi to theitable No 1, serumiferritin andiappearance 
of bloodi and microcytici hypochromici anemiai were usedi to 
diagnose ini IDAi group. Low levelsiofiHemoglobin A2iwere 
seen inithe IDAigroup ofipatients. So, iaccording toitable Noi3, 
neither ofi these techniquesi is effectivei for diagnosisiofiIDA. 
The generalipopulation ofi Pakistan exhibiti approximatelyi7% 
and 42%iofi Beta thalassemiaiand IDAirespectively (14, 18). 
 The mainifactor inithe diagnosisiof combinedicondition, if 
marriageihas beenidone betweeniand effectediindividual ofiBTT 
and combinedicondition, the chancesiof childihaving beta 
thalassemiaimajor isi very increasedi oni birth. Suchi marriage 
should be icontrol toiireduceiithe spreadiiof Betaiithalassemia 
gene iniipublic ofiiPakistan, beingiithe vitaliicause ofiidisease. 
Onithe other hand iniPakistan, itiis alsoeffectingi the prevention 
program ofi thalassemia. Femaleiichildren haveiigreater 
probability ofiidevelopingiithe IDAiicondition. However,there are 
reportediundignosedicases ofi BTT andi IDA. Theireason 
behind it isiiabnormal leveliiof IDAiiand sightlyiinormal leveliiof 
HbA2. Abnormaliilevel ofiiIDA dragesiiHbA2 toii normal 
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condition. Iti is alsoi being recommendedi that combinedi cases 
should bei identified ati any costi to reducei the increaseiof Beta 
thalassemiaiin populationi [14]. 
 In theicurrent research, bothithese techniquesiof Capillary 
Zone Electrophoresisi and Classicali Acetatei Hemoglobin 
Electrophoresis havei shown noi significance ini thei diagnosis 
of BTTi as showni in tablei No 2 (p=0.006). Tablei No 2 
demonstrates the mean levels of HbA2 wereialso 2.74iand 3.04 
respectively. Both theseitechniques may mislead theiphysicians 
and healthiconsultants, asicombine casesiof BTTiand IDAiare 
not beingidetected by theiboth theseimethods. So, ifi an 
individual withi the normali result of Hbielectrophoresisishould 
not beiiconsidered normaliiuntil it haveiiprobability ofiianyiiiron 
deficiencyiifrom mildiito moderateiilevel andiithis ironiideficiency 
shouldiibe diagnosediiat anyicost (14, 19). 
 According toi current research, Cellulosei Acetate 
Hemoglobin ElectrophoresisiandiCapillaryiZoneiElectrophoresis 
both areieffective anditime efficientifor levelsiof HbA2iin both 
cases ofiBTT andi simultaneously ini combinedi condition. In 
Pakistan generally, and iniBalochistan particularlyiCapillary 
Zone Electrophoresisiis costlyiprocedure forithe lowieconomical 
populationiofipooriprovince.Healthifacilitiesiareialsoiveryimisera
bleiinithisiprovinceioficountry. 

 

CONCLUSION AND RECOMMENDATIONS 
 
 β-thalassemiaiis now-a-daysiconsideredias one ofithe most 
commone geneticiabnormalityiworldwide. Differenticountries 
have alreadyiadmitted it aipreventable diseaseiand theyihave 
also designedivarious effectedicompaines nationally, ito reduce 
the onsetsiof affectedifamilies. Although thereiare manyifactors 
of itsipropagation, butidifferent studiesireveals theirole ofiiron 
deficiency anemiaiin theispread ofiβ-thalassemia especiallyiin 
Pakistan. Ironideficiency anemiaiand betaithalassemiaiminor 
are theicommon disordersiiniPakistan. Ironideficiencyianemia 
causes reductioniin HbA2 levelsiwhile pathophysiologicalieffect 
of betaithalassemiaiminor resultsiin elevatediHbA2 levels. iAs a 
results,  the patientsiwith β-thalassemiaitrait (BTT) andiiron 
deficiencyianemia (IDA) showsinormal leveliof hemoglobiniA2. 
These patientsiare sociallyirecognizedias normaliindividulsidue 
toipoor facilitiesiof detection, absenceiof accurateiknowledge 
amongiworking physicansiand pathologists. Moreover, ithese 
peoplei also avoidi proper screeningi of β-thalassemiai dueito 
expensiveicosts ofidiagnosis. IniPakistan, marriageisometimes 
heldibetweeniundiagnosediβ-thalassemiaiminors, thatiwilligive 
birth toichildren havingiβ-thalassemia major. Itiis alsoianother 
hurdle inithe properieliminationiof thalassemiaifrom ouriregion.  
 Basically, thisistudy wasiintended toiassess theimost exact 
and cheapi for thalassemiai preventioni programme. Two 
methods, icaplliaryizone electrophoresis andicelluloseiacetate 
hemoglobin electrophoresisiwere usediin this studyitoiestimate 
HbA2 levels. Thisistudy reaveldithat semiiautomatedicellulose 
acetateiHb-electrophoresisiisisireliableimethodifromiscreening 
ofiBTTiinipopulation.InilowiincomeicountriesilikeiPakistan,wher 
typicalihealthicareiinfrastructureidoesinotifacilitateipooriandinee
dyipeopleiproperly,capillaryizoneielectrophoresisia a expensive 
procedure asicompare toiisemi automatediicelluloseiiacetate 
hemoglobin. Theseiipeople are alsoiunable toiafford toiscreen 
β-thalassemia throughi capillary zonei electrophoresis. This 
researchi work suggestesi that semiiiautomatediicellulose 
acetatediielectrophoresisiiis asloiiequal helpfuliinidignosingiof 
β-thalassemiaitrait likeicapillay zoneielectrophoresis. Itishuold 
be usediifor pathologistiito preventiiβ-thalassemiaiabnormalitis 
nationaly. It also highlightsi significance ofi semi automated 
cellulose acetate hemoglobin electrophoresis in lessideveloped 
countryilikeiPakistan,iwhereiβ-thalassemiaicasesiareincreasing 
day byday.Following differentirecommendationsiareisuggested 
according toifactsibeingsinoted:  

1. Awarenessi about thalassemiai shouldi beispreadi through 
printing andi audioi visuali mediai amongi urbani andiirural 
populationiiofiiPakistan. 

2. Legislationiirelatediitoiithalassemia statusiibeforeiimarriage 
shouldibeiimplementediatigrassirootilevelithroughigovernm
entisector. 

3. Inithe communitiesiwhere inter-linkageimarriagesiareivery 
commonibecauseioficertainicustoms;theithalassemiaistatus 
oficoupleishouldibeidetectedibeforeimarriageitoiuseitheiboy
’sionlyiscreeningiformula. 

4. InicountriesilikeiPakistaninoicaseof microcytic/hypochromic 
anemia withia highiindex ofisuspicionifor betaithalassemia 
trait shouldibeideclarediasinormalion Hb-electrophoresisior 
HPLC alone. Inisuch cases, theipossibility ofico-existing 
ironideficiencyishouldibeiruledioutibyiserumiironiprofileidete
rmination. 

5. Awarenessiaboutico-morbididisorder i.e. betaithalassemia 
trait withiiron deficiencyianemia shouldibe creatediamong 
workingipathologistsiand generaliphysicians. 

6. Introduction ofi simple, easilyi available andicost effective 
methodsilike singlei tube osmotici fragility test, CBCiand 
celluloseiacetateihemoglobinielectrophoresisishouldibeiintr
oducedforiscreeningiandidiagnosisiofiBTT.Celluloseacetate 
hemoglobinielectrophoresisifacilityishouldibeimadeiavailabl
e atileast toithe everyidistrict ofieach province. 
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