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Abstract 

Objective To confirm the screening models, Blood Indices, One 
Tube Osmotic Fragility Test (OF), Dichlorophenol Indophenol Precipitation 
Test (DCIP), for detecting thalassemia carriers 

Setting Health Promotion Centre, Region 1, Bangkhen, Region 4, 
Ratchaburi, Faculty of Medicine, Chulalongkorn University and Institute of 
Health Research, Chulalongkorn University 

Subjects Reproductive Health Volunteers with both sex and 
pregnant women, who had never received blood transfusions 

Design 	 Diagnostic Test 

Methods Blood were collection from Health Promotion Centre, 
Regions 1 and 4, for the number of 324 cases (101 female, 107 male and 
116 pregnant) and 311 cases (151 female, 88 male and 72 pregnant), 
respectively. The blood samples were determined with screening models, 
blood indices (MeV), One TL.;be Osmotic Fragility Test (OF), Dichlorophenol 
Indophenol Precipitation Test (DCIP) and compared to Gold Standard Methods 
(Haemoglobin Typing and PCR). 

Results Incidence of anemia (thalassemia and iron deficiency) at 
Health Promotion Centre, Region 1, Bangkhen and Region 4, Ratchaburi, were 
44 and 33 per cent, respectively. The combination of OF+DCIP or 
MCV+DCIP yielded diagnostic values more than 90 per cent when carried out 
at Institute of Health Research, Chulalongkorn University, Faculty of Medicine, 
Chulalongkorn University and the Health Promotion Center, Regions 1 
and 4. 

Conclusion The combination of OF+DCIP or MCV+DCIP are 
accurate and reliable screening models for diagnosing thalassemia 
carriers. The procedure is simple, easy, quick, inexpensive and suitable for 
mass screening in rural health centers or in any developing countries where 
there are shortening of both manpower and expensive equipments. 
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51~C{:ad1fJ (Thalassemia) LU'UhAt~l1vr;;')l'll'll'll~'tJ5m~aJ. ~..:.tLn.vr;;')lf)AllaJ ~~tlf)~'llfN, 

. ~'U Yh111iim~~'h:Jc{lfJtf)mJ'U 'lfii~1~'lfii~11~'l~~.JflfJ~.:J l1~fl~-rl'lhnviL~fJ maJtmrO'Utlf)~ 
tl~:;f)fl'UvilEJ ~aJ LL~:;tf)~U'U tf)~·J'ULU'Uttl~~'U tl~:;f)fl'UvilfJmEJtyj~fJLtltllY1&1 4 mfJ vifl 

taJL~~~ 5taJtn~u'Ul1af)1'UA'Utlf)~tl~:;f)fl'UvilEJ ~-IEJ alpha (a.) LL~:;nlEJ beta (P) flf.h'l~:; 2 

L~'U rl'liif)l~~-rl.:J~lEJ a. ~~~.:JL~fJf)ll a.-thalassemia (a.-thal) rl'liirn')afl'lmfJ P ~~~'l 

L~EJf)ll P -thalassemia(p -thaI) ~~ii~'U~~tlf)~L~EJ'l~'UL&iEJl'U'UtA~taJ1'lfaJ'lil.:Jl1~.:J L~fJf)ll 
heterozygote (~LU'Uyjll1:;) v:::hhu'Ul~A L'li'U p-thal trait rl'l£j'Uvil.:J'lfii~n'U LLVI~:::fJ'Ufl~ 

vilLLl1'l1'lvil'ln'U 'U'UtmtaJ1'lf).J~n'UL~fJf)ll double heterozygote L'li'U a.p-thal trait LLvirl'lfl~ 

'U'UvilLLl1'l1'lL&imn'U L~EJf)ll compound heterozygote L'li'U P-thal haemoglobin E (P­

thal HbE) rl'lAllaJ~~tlf)~'llfl.:J."r.:J~fl.:J~'ULl1iifl'Un'U L~EJf)ll homozygote ~.:JLu'UhA51~n:aLiiEJ 
(Weatherall and Clegg, 1981 a.) yj'U~U~f)l~~fl'lyjll1:::'llfl.:J51~~:aLiifJ LL~:::5taJtf)~u'U~~tlf)~ 

1'Utl~:;L'Y1All'1fJl1mEJ'lfi1~ ~fl a.-thai 20-30 %, HbE 13 0/0, p-thal 3-9 %, Hb Constant 

Spring (HbCS) 40/0 (Fucharoen and Winichagoon , 1987; Wasi et aI; 1980) 1'Uf)1'lLl'1V>1i 

yj'Uyjll1:; a.-thai 1 3.5%, a.-thai 2 16%, p-thal 3 % LL~:; HbE 13-17 % ,h'U.fllA~m'U 

yj'U~,j'~f)l~'llfl.:J HbE ~'l~.:J 32 - 60 % yj'Uyjll1:; P -thaI L~EJ.:J 2-6 % (Expert Committe, 

1989 -1990; -rVl'Ul ~'U5.t1A 2538) vlf)fl,j'~f)l~~.:Jmhl~'ltl~:;aJlrulvill ~~ii~m~ru:::l'11'l• .. " 
~'U5m~aJ'llfl'llil~n:aLiif!'lfi1V11~'lfi1~11~'lLLrJ.:J[)~ (LU'UYJll1:;) iitl~:::).Jlru 30-40 % 'llfl'l , " 

tl~:::'lflm."r.:Jtl~:;Ll'1A LL~:::~thfJ~ LU'Ut ~Alil~~:aLiifJ'lfii~vil.:J '1 ~'l Ln~vlf)tlll~aJ~'U5 (interaction) 

'llfl.:J~'ULl1ali1tl~:;aJlru 10/0 l1~fl 500,000 A'U (Panich et al; 1992) 

5l~C{:aLiimiflll1Ln~Uf1J11111~lfJtl~:;f)l~ L'li'U Uf1J111l'll.:J~.:JAaJ L'Wn:::~tJlfJv:::ifl.:Jlvi-r'Uf)l~~ 

LL~VI~fl~~iVl ~.:JLU'U1n~:::'llfl'lA~fl'UA-rl nJl~YhrU.:J LL~:::~1f)~~~ Urul1ll'll.:JLA~~;}nv ~'lvifl'l1'li 
v u v ... 

'l'Utl~:::aJlru1'Uf)lWI~lviiivUEJ LL~:::-rm~n1'ULLvi~:::lJ~'lmf) (Expert Committe, 1989-1990)
" 

LL~:::uru111m51~ru~'ll
11 

t ~A51~C{:aLiimU'UUru111~151~ruc{'ll~i!h~
v 11 

ru fl ~1'l11~.:J'll fl.:Jtl~:::Ll'1 A LU'U 
v v 

t ~Aw'Uqm~aJ~~l~f1J~,!~L'Ut~f)f)l~-rf)~llvi~~;jln~LL~:::~'ULtl~fl'laJlf) ~.:J,f'Uf)l~LLnUf1J1111111vi 
~~v~'l~.:J~fl f)l~t1fl.:Jn'UlaJ111iil'11~mn~Lm-iLU'U t ~A51~~:aLiiEJl1~fl~~;jl'Ul'Ul'1l~mn~Ll1lJ~LU'U 
t"lAlila~:aLiifJ~'lll1mf)~~~ (-rVl'Ul a'U5.t1A LL~:::Aru::: 2540), , 

f)l~t1 fl'ln'ULL~:::Al'UA aJ1111vi~mhL~vvifl'l:S'Ufl~n'UAllaJ~laJii flvlf)l'1f) c:JlfJ~Lrlm'lifl'lLL~:::
11 '-l _ 11 

i fl.:Jvil L ii'Uf)l~LU'Ual~'U.ff'UVI fl'U iil1~lEJtl~::: Ll'1A~vh Li1'Uf)l~t1 fl.:Jn'U LL~:::Al'UA•aJf)l~Ln~t ~Alil~C{ 
:aLiifJL'UL~f)~Ln~Ll1lhu'U~~~lL~v Ltf'U tl~:;Ll'1Al'lftl-r~ (Angastinictis et al., 1986) ~11~1'lf 

mrul~m (Modell and Petrou, 1988) f)~'lf (Loukopoulos et al., 1988) LL~:::aVll~ (Cao et 

al., 1989; Old et al., 1989; Kuliev, 1986) LU'Uvi'U ~~1~f1J ~fl f)l~Ll1f)l~iiivUfJ 



• • 

2 

W1V1:;lil~a~dJtJv1f)~lill'lVl'ufl~lmn:;a~ l YJal r1f.J~tlflv1f)~U~:;mJuih ~~:vdJf.J~~f)01,}1 r101,} 
'V 

tl~fl'I.~lm~~'U~~na~f (genetic counseling) ~L~:;fllJ~~a'U1.JlM£JlflUfll"iiifl'}f)Uflfl ll~:;ii~fl 

flru~f.Jl~ml1UfllltJ~lri'ru'llf)~fll,}fllUfI~t ,}fluliia~lii£J ~~hl'~h dJtJ O1,}~fll::ll'}tJllUU 
" v'll" 

fll,}~,}l:vri'~mf)~t ,}f.Lil~a~Liiml~:;l'jlV1:; L~f)'OJ~1111tJrifl1'}mUfI~lil~a~Lii£JluriTu.f1~mfl 
'V. " 

(-r~1J1 aULi.nfl U~~flru:; 2539 a) u~:;lUtJ,}~ll'lA~fh~~-wWlul c-r~Ul a\..Ili.nfl U~:;flru:; 2539 

b) t~£J1~l'h~Au6ri~La~~a'll.f1TVH'll~ 6 'llf)ULLnU L tJULLl';~LL'}fl
" . 

CV . .. I" .J'.r:J o 

" 
.. l.J 1 Q.I Q..',qq

lVi (lu'}~a'lfl'll f)'l,}lfJ'll'UULl'j f)Ul'}uLLUU'YILl1tJl~atJ 'Ufl1,}~,}l'OJfI ~mf)'l l'jlV1:; Lil~ a'lH~ tI 

l~Unfl1Wl,}l'OJ~'lfiidJ~t~i1~LL~'l fl1,}~,}l'OJflll~ LtJ,}l~'llf)'l L~~ L~f)~ LL~'l (OF, One Tube 

Osmotic Fragility) U~:;fl1,}~fl~:;flflU'llf)'l~t~tflmJu~l,jf)~~l~ltla DCIP (Dichlorophenol 

Indophenol (DCIP) Precipitation Test) ltJhluamuu~fl1'}m~i:fllil'}ru~'ll~JltJ ~iir1f)~ 
tJl)u~fl1,}~'U:PU LL~:;tl,}~L~umltJL~flOf)l~'llf)~fl1'}li~tlLLUUfl1,}~,}l'OJri'~mf)~~ t~mtl~£JU 

#U~f)'Ul'Um'}dilLilufl1,}l~tlflril~rif) 1 ru. Au6ri~La~tJa'llflll'jL'll~ 4 ,}l'lfU~ U~:; L'll~ 1". . 
Ul~l'llU LLa~~lnUflll'j~ 1 t~tJihl£J~~LBtJ~~~~ 

QI .... QI 

1. nl'~~L~~n~lala~~, 

f)1ala~fI,}~'lVltY'lLL~:;'lfltrrm'OJ~qj~'U~ ~'lhiLfI£Jli-rufll'}thm~f)~ (Blood transfusion) 

~lrif)U LL~~a~~~~fI,},}.n ~mr.hflfl'}'}.nA~~LL,}fl 
'OJlflA'Urfri~la~~a'llflll'jl'llVl 4 ,}l'lfU~ ~1'U1U 311 AU tJ'}:;nf)U~JtI". . 
l1tY'l 151 AU f)1£J 17-58 tJ• 

'lfltJ 88 A'U a1£J• 17-56 tJ 


a1tJ• 16-38 tJ 

'OJlnA'U6ri~La~~a'llml'j l'llVl 1 Ul~L'llU ~lU1U 324 AU tl'}:;nflU~JtI•" 

l1tY~ 101 AU f)1tJ 14-63 tJ
• 

'lfl£J 107 AU a1£J 17-55 tJ
•a:: .­
a~,}Vl'lA,},}fl 116 AU a1£J 16-52 tJ• 

TJ..IA7 
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El1mi;{iJ~·r;;)lf1~'Uif~.:JLi;{~aJi;{'llm'W L'llVl 4 'll'lfU'1 LL~~L'llVl 1 Ul.:JL'll'U ,...I • • I 

• 

L'tJ'1iJUL-niJU ~~m'lVl'l1'JmB.:J (Screening Test) ilui6lJ1Vl'l~1'U (Gold Standard) I 


Screening Test 
I 

Blood Indices 

OF Test 

DCIP Test 

UVlVlGl~1hJ~.:J'YIru.:JLLGl~'lflfJ ! ",.J c.J 0' :: 

• v 
I i;{Vl'l'Yl)Jl lf1Vl'l'l-flVl'l.:JLL'lf1 

l 

r;;)l~La BVl ri.:JVl'l1"J 

0' .. ... YI'Utlri.:JLi;{~lJi;i'llm'WL'llVl 4 LL~~L'llVl 1 I'Jvn~.:Jm(UlJ'YI11'Ylmm.J• ... . 

Gold Standard Screening Test 

Blood Indices Blood Indices 

Blood Smear OF Test 

Hb Typing DCIP Test 

Ferritin 

PCR* 

LtI'Urn'YI~ (Carrier) I
I 'tJf1~ (Nonnal) I 




4 

LL'U'Ui6,VI"l1'Vr')El'l (Screening test) ru ~'Ufla':na~~q'lJmVH'lJVI 4 ,"l1'lf'4~ LL~::L'lJIJ1, 1 lJl'lL'lJ'U 

'YI~tlVlYi<:ltl'l 6 aJ~. a'lVl"ll'VLLtJtJi6V1"l1'Vfl"ltl'lLW::?BaJ1V1"l~1'U (Gold stanJard) Yiamu'Ui~f.J 

iYlmAlaVl{fll"l LL'WYlfl LL~::~ ru::LL'WYlfl AlaVl{ 'VV!1 ~'l mruaJmimmlfl LVi mntJ La tl VI ~1 tlril'l~• 
tlrultnaJ 4 

0 
'If 'V'Unil'V::lilfll~iL~"ll::l1 LL~::1a,jd)tJLatlVl~ltl~1'lliLn'U 2 l'U 

• <oJ 

1. ~"lfild~~ t~ f) ~ (Blood indices) ~hvl'lfih~Vl La tlVl LLVl'l LtJ'U'limj'l~u'lfll"lii~'U 

LLrJ'l ('W1'Y1::) 1VllVlfl1'lfL~~tl'l Coulter Counter Model M 530 VI"ll'VlVlflBVll'U~&lLL~::~l'Ulru~h 
Q.I.qC:: QI :;.J l".J 1 0 .cJa1'" 0 c: 4

Vl'lf'U LaJVl L~ tlVl tl tl nl.J1Yl'llnJVl 'If'l'V:: Vl ~lYlLLl.J'Um LL~::L'lftl t:l tl Vl'lJ tl'l 'Vl'Ul1HaJ Vl Lafl VI LLVl \l (Rbc 

count) ij'Yl'Ulmu'Ual'UIl.Jl.J 
3 

013-11n~u'U (Haemoglobin, Hb) ii'YIlbmu'Un-r~LtJa{L'lf'U~ 53-11 

1V1f'l~Vl(Haemotocrit, Hct) ij'Yl't.hmtJ'ULtJa{L'lf'U~ Mean cell volume (MeV) ijmllmU'U 

Lv.JaJLVl~VI"l Mean cell haemoglobin (MCH) ijmbmu'U Vn~n-raJ LL~:: Mean cell 

haemoglobin concelitration (MCHC) ij'YIlbmu'U n-r~LtJa{L'lf'U~ (Pearson et al., 1973, 

Schriever, 1975) (Lanal"l'YIl.JlflLL~'lJ 2) 

"" ......
2. fll~t91~1"i) (;H!-JU'H~ f) ~ (Blood smear) 

LLVl'l ~.jl'Ul'U reticulocyte LL~:: inclusion body ijiBfIl"l~lfl 1 ~a 'YIflVlLaaVl 1 'YIflVltJ'U slide 

miifl"l111tJl'lYl'llill1LLl1'l Ual.J~lfl Wright's stain LL~::VI"ll'VVl~ltJfiaa'l'V~Yl"l"lA'l1 Vl~n~ru:: 
<oJ • <oJ 

'lJ a'lL~Vl LaaVlLLVl'l tllL~Vl LaaVlLLVl'l ~VltJn&l f)l'Vijfll"lLtJ~fl'ULLtJ~'l1'U"ltJ~l'l 'YI~a~rual.Ju&1'lJa'lfll"l 
<oJ • 

&lVla ~'l'V!:hi~n~ru::L~VlLaaVlLLVl'l~~VltJn~ (Weatherall, 1983) 

fllWl"ll'V reticulocyte count LL~!: inclusion bodies (Raven and Tooze, 1973) iii5 

f1l"l~a 1 ~a 'YIflVl staining solution (1 % Brilliant cresyl blue 1'U ethanol) tJ'U microscopic 

slide 1 'YIflVl miiflfll1tJl'l '1 'YIflVlLaaVl 1 'YIflVl tJ'U slide ~adjfl{auaaJ11 tJVl~lfl cover slip 

LL~!: seal ~lfl vasaline ~'li'l11~aru'YIJ)jjl1a'l 15 'Uln tllltJVl~lflmrtl'l'V~Yl"l"lA'l1 LYltltJtJ'U' 
• . d c:: ~I 

, 'U 

" 1 "" ~.';'I ' 'Vl'Ul'U retlculocytes 'If'l'l!:L'YI'ULu'U network 'lJa'lLa'U fl~::LaflVl~nl al'U inclusion bodies 'V:: 

c:: ~I c:: ~.~I
L'YI'ULu'U'VVlL~n 1 ~n1 (Ltlnm"l'YIaJ1mL~'lJ 3)• 



" ~ " 
• 

, 1ITrt4fl1GII',"' . 
all ; .. 14 II'G1U1Il"autal1 

J ~ 

(Haemoglobin typing) 

lb electro- phon' sis l1~a microcolumn chromatography 

'VI~nm~ m3-iTn~ihJLLvia~'lIijVl l.h~nauilfJojl'U1'Ul.h~'.lh.Jvh'lJa~f1~Vla~m'U~m~la.J, 
n'ULtJ'U''ill'Ul'WfI~~ I"lru~lJU~'lJ a~l.h::'.l~liJ~vil~n'U1'Uffij,Jln~ij'ULLvi~::'lIij\1l 111'll1mtJl~mLfJn, , 

Ula.Jlf1~ij'U'lIijVlvil~ ,aan'.llnn'UlVlllHl'Ulmh::'.l,hJvh 

. . "" .. .J .J "" ... <:l "" .J ,
LeWIS 1984; Brown, 1988; Hall and Malia 1984) 15'V111'U'Jl"la m~LtJ~IL~a~ILLVl~'Y1LLfJmn'U 

J1Ll1~a~aanmh~lfJ 0.9 % NaCI 2-3 I"lf~ L~tJJlni'UmtJ1V1~LYhnuu~tJ1Vl~'lJa~LiJVl 
L~aVlLLVl~ LL~~L~a.J Carbon tetrachloride U~tJ1V1~I"l~~11~~'lJa~u~tJ1V1~LiJVlL~aVlLLVl~ L'lJ~l~lfJ 
vortex mixer a~l~LL~~ 5 'Ulii LyJall1LiJVlL~aVlLLVl~LLVIn t11tJl~'U~ 3,000 rpm 'Ul'U 15 'Ulii 

, ~ 'i" "" .J " <:l 1".J 0 .J , 1. 1l"lafJ '1 ~Vlm~a~mmJLtJ Lnau'U 'if~a~al'Uu'U Lnu 1'VI - 20 'if L'Wa'VIVlaaU Hb typing Via u 

15m~Vl~1'.l'llijVlLL~~u~mru'lJa~~1a.Jln~ij'Ua~1~~a '1 iJ~~if 
n. Starch gel electrophoresis (Gammack et al., 1960) L~all1'V1~lU~~~lLLl1'ti~m~ 

LI"l~a'U~'lJa~~ltJln~ij'U1'Ua'UltJ1y.Jvh ~~'lilmLfJn'llijVl'lJa~1~1"l51~a:;hiJfJ LLa~'lilfJ1'Um~lij'.l5fJ ~ 
"U 

• d "I v q • I""
'lJ. Cellulose acetate electrophoresis (Marengo-Row, 1965) Lwa bl1'V1~lU()~u~tJlru 

'lJa~mtJlnaij'ULLvia~'lIijVll'UL~a Vl lVlf.l~Vl LL()u'lJa~~ltJlnaij'U~u~ln{)u'ULLcJ'U cellulose acetate 
'" .... "".J .J

aantJl anVl~lf.lt11n~'U LL~:::lVlm~VlVlna'ULLa~'VIl"llltJmll"la'U 415 'U11'ULtJVI~ (Lanm~... 

~. Microcolumn chromatography (Huisman et al., 1975) LtJ'Um~111U~tJlru Hb A2 

(Lanm~'VItJlmL~'lJ 6) 

-.1. Alkaline denaturation test' (Bauer et ai., 1974; Huisman and Jonxis, 1987; 

Singer et a1., 1951) liVl~l'.llnu~mru HbF lVlfJ~ Hb LL'VIU'YJn'lfijVl'.l~~n111mfJ~lf.lvil~ LLa:: 

v v .J , '10' it
VlnVl~na'UmfJm~a~mtJ acid ammonium sulfate fJnLl'U HbF 'VImm~()'VI'UVlaVll~ Vl '.l~eJ(J 'U 

"U 

al~a~mf.l~LtJ'Ual'U~atJ'lJa~vil~LL~~ acid ammonium sulfate ~~mtJl~fliVlU~tJltU1~ (Lanal~ 
l1tJlmLa'lJ 7) 
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5. 

C:::I Q.I ,,Q, d ~ it tI d ~I
4. Plasma ferritin L'LJ'W fll'Hil",j!vl~U'llJlrul'H~ f1'Y1 eltJ 'W'l ferritin 'l!~ bu'W" ." 

m'ltl'l~fl eJU L'Hafl~'WULih",rilU1'HqJ L~ ClA~mCl'lLLflfl~YiLtJul'H"ll~i1{ilvl'l~hrh!51cra~djt! t~fl 
1i\r,malL~v~tl Microplate Ferritin Enzyme Immunoassay kit 'lleN Bio-Rad 

'" lH~flfll1 

l~fl1imrflfl1'l~U:P'W'lJtl'l Solid phase enzyme-linked immunosorbent assay ~1i 
monoclonal antibody ~vil'1n'W 2 'lfiJ~~'1ii affinity LL~~ specificity flfil'1~'lvifl antigenic 

determinant Ylu~~~nu1UhJL~f!~'llfl'l ferritin l~mLflu&lua&)v1"l'H~'1~unu solid phase 

microwells riluBflvll'H~'1 conjugate nu horseradish peroxidase 'Ha'lvlmhtJ~n~mnu substrate 

'lJ eN LClU1'll~ peroxidase v~ Ln~aLL~~mlmilJ'llCl'lav~LtJuaVlrilul~flV1'l'lnUYll1milJiu'lla'l 
~QJ" d ~ 

ferritin 'YI1~~lmYl'la'l spectrophotometer 'YI 450 nm 

\ 
L'YIYliJYl PCR (Polymerase chain reaction) 'H~tltJ~n~m~flhi'WCl~LlJelL'la LtJUfl1'lL~lJ 

tJ~ lJlru ~ La U LelLLUU1~V'l1U'H~ ClVl'YIVl~Cl'llVlfl mAmau1'll~&) Lawa'W a~ U.J elL'la~alm'lfl'YIuvi a 
....,J "" .,J':' _ I"" "" c: .,J ... 1... tJ'" . 1 Q

Yll1).J'laU'YI~ruiJ).J~'1 1 L'WelL'W).Ju'l).Jlru~LflULa'YIV1a'lfl1'l 'HL U~lU 1 L'YIlfllfl U'l~fJ~L1~lL'Wfl'l 

2-3 ~11lJ'I 

'" "H~flfl11 

L'YIYliJ Yl PCR ii'Hafl LL~~i5fl1'l~~lfl 1utl~ n~mtl'l::flaUvilfJ a'l Atl'l~flauvI'IifA a &)LauLa ~u 

LLUU 1 W'lL).Ja{ Laul'lf~&) LElU La 'YHl aL).J elL'la LL~~al'lvll'1 1 ~.jlLtJU~l'H~utl~n~m L'lfU &) 

aafl~iJ1Ylma1'lfVl1V1'lvJamvJa (dNTPs) LL~~LL).Jfl;h:afl).JYl~ahvl LtJu~u fll'l~1'11U'lla'ltJ~n~m 

1ULLvi~~'lautJ~~flauvilfl~u~au 3 ~UV1au ~'1mUYl).Jl~flClru'Hfl;jvil'l 1 nUACl. . " 
"" c: ... .,J ~I "" c: ". ~I "" oj ....,J

1. 	 Vl Lau LaV1ULLUU'YILuU~ LClULelLaU YlOflLLflflLuU~Lau LelLaWVlfll 

"" 


2. l'W'lL).Ja{~~lUU LaaLfliJlr1aLa 1'Y1vl'llU1Vl 20- 30 Lua~iiihvluLuay)a).Jnu'hvluLua1u&i 
" 

d v II CL.I 

LflWflV1UUUU L'llllJl~U 

3. Lau1'll~&iLaWCl'WaaLlJm'la~lmrl~d'ltJ~n~mfll'lL&i).JLua~tJ~lfl 3' 'llfl'll'W'lLlJa{ 

.0I:III .0I:III ~ .., 

fll"HGl"nJ3.JfilLiJULiJ filULLuu 

,ll EDTA blood ).Jl 500 ~l L&l).J uvJLvJa{ RCLB ~lU1U 1000 ~l [:.Ja).J1l-1LilnULLal 

'hltl~uLLflfl~ 10,000 rpm LtJUL1~l 3 ulli L'YIrilU'f, (supernatant) ~'1 vlfl,rU~lfll'l Lysis 

vlavilfluvJLvJCl{ RCLB ~um~~'1rilu\h1a LL~~l~ii RBC L'Haamj~'1v~Ll1ULLviVl~flaU~'lJ11 via 
" 

1 

http:W'lL).Ja
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hJ~~~\~i"lf.J1j'vJLl·-JfJ'r PBS LL~lriflEJlu')&i'UBBnilfJ Proteinase K (~a::alfJl'U WCLB) ojl'Ul'U 

• 1 I' ..J fl ,'. 'i' " U"" """" t ,..J ""U')::~nru 100 ~I 'U-I l..I'\..Jl-JYI 65°C LU'ULlal 2-3 'lll~l-J~ Lb~lVl~Vi {)mfJ1 _ VifJUl-JYI~ruVliJl-J 

96°CLU'ULl:;n 15 'Ull1 'fVin'fJul1u~'U~10,000 rpm LU'ULla1 3 'Uln ~ViLBlL\l'Wl::al'Ulhl~lri 
VlaBViU1luLf1UlVimLiLL~~ 

'l::li~h~hJLB~ilflru.fl1'Wn~'WB~'l::U1lUl LfI"ll::l1~BilfJ LY1f1UfI PCR L~BlU'lQfJVl1er~
1 	 ~ 

il~'Ulll~~:aLilfJe.1ViunGi ~..:t'l::lLm1::l1ilfJ1'W,)Ll-JBf~ilmll-Jojl L'Wl~~B a-thall trait, U-thal2 trait 

LLa:: HbCS trait LU'U~'U lVimf..:tlUlLfI"ll::11v11mY1f1UAv1~n~11~h~'WfJ1Ula,)11116U~ 

3.2 
c:i "" 1. Vl110J,",11:1Htl11::tttl\JL:l-JVlUltlVlUVl\J (One tube osmotic fragility, 

, " 
OF) (Kattamis et al, 1981) ilVl~nm,)11 l1Alll-JLil-Ji'U'lJB..:tU1Ln~B 0.36% LiJvIL~BViLLVi~ 

'llB..:tfl'UUnGi 	 'l::UVinVll-JVi LL~LiJVi La BVi LLVi..:t'll B..:t fI'U~LU'U51~~;ihil fJ VI~B'W1V1:: 'l::rJ..:tLL~ nhJVll-J Vi 

.J .. <:: .. ..J • UU'
L'UB..:t'llnl-JLl-J~LaBViLLVi..:tYILL~nfJ1n L'l!'U Target cell, hypochromic cell, polychromasia :: 'UBfJ 

~ 

~llJ1')mLfJn~~LU'U 'W1Vl:: VI~B ~thmll~~:aLilfJBri1..:tfl~1111~ (LBn~l,)VlmfJLLa'll 8) 
~ 	 u 

LLuat:-Ja~lfJm,)Vi~nl'lru::'lJB~~l,)1'UViaB Vi 
'U 

olil~nl:lru::'l!'U 'l::ll1~aLu'U + ('l!'Ulllfl). . . 
VI~B ± (i'Ul!BfJ) ~~'l::lij'lQfJl1LU'U'W1Vl::51~~:aLilfJ

• 
2. fll1V1flVl::fltlUtttl\jiil:I-JImruu~13Jmj&i1C9l1aa DCIP (Dichlorophenol

\J 

Indophenol Precipitation Test) (Kulapongs et aI, 1976, Frischer and Bowman, 1975) VI~fI 

m')?iB5 DCIP 'l::ihll1ffi:Jlf1au'U~hJBriv11 (unstable haemoglobin) liLLn Hb E, Hb Bart's, 
'U 

.J ..J "" "" U "" oJ' • 'I " d..J. ..1Hb H (Jln~::nB'U L'UB..:t'lln Hb Y1l-Jfll1l-J~~ n~'UYJ1 LVI m,)fJViL'H'UfJl,)::Vll1~:;{lfJ LLBanl ~La:: 

LU~l a~a~ ffil-JtnaU'UBfJ1'U"lU'lIB..:t monomer l'Ua1"la::alfJ DeIP ihll1diVi VI,,] - SH Ba"l:: ~~ 
'U U 	 " 

'l::(1n oxidise t~fJ5diViLU'U~::nB'U (LBna1"lVllJ1flLLa'll 9)
u 

.. .J fl .., 	 ., luLLUCl~amfJm"lVi~::nB'U 'lf~'l::Lu'U + 1, +2, + 3 ~llJanl:lru::'lIB~~::flB'U 'lln'UBfJ 
~ 

lJl fI 01 L{1'U~::n B'U~nl:lru::lVi~nl:lru::l1~~U"lln{) 'l::iU'lQfJl-1 L U'U'W1V1:: 51 ~a:aLil fJ 

1. OF 

2. DCIP 

3. OF ~llJnU DeIP 

4. MCV 

5. MeV TIlJnu DeIP 



8 

I. 

, 
Vll~l'-3Yi 1 

LL'j;l:;hYlLaaVl"ill'-3"illnm~'lI1Vl51~Ll1~fl (Iron Deficiency) 

~,mm~'YIVl'j;la'-31-umr;:n~~YI~l1qJ'-3"lfltl 239 YI'U vnJ':h i1m1lJ'l!n (prevalence) 

dJ'U~111:;51a~:aLijtl ~llJIn'j;lu'U~Vl1.1n~ LLC1:;hYl LatlVl"ill'-3"illnm~'lI1Vl51VlLl1~fl 7 6 ~ltl (31.8• 
L1.1a{L'lf'U~) ~LtJ'UhYl51a~:aLijtlij~'-3~'U 1 ~ltl (0.4 L1.1a{L'lf'U~) LU'U"lfUVl Hb H disease ~ij

u u 

~C1LaaVl~Vl1.1n~~~'-3atlil"il:;LU'UV'lll1~51a~:aLijtl"lfUVl a-thal 19 ~ltl (7.9 L1.1a{L'lf'UGf) 

heterozygous Hb E 39 ~ltl (16.3 L1.1tl{L'lf'U~) homozygous HbE (EE) 1 ~ltl (0.4 

L1.1a{L'lf'U~) LU'U~ll1:; ~-thal 6 ~ltl (2.5 L1.1tl{L'lf'U~) LU'UV'lll1:; 8~-thal 1~ltl (0.4 

L1.1tl{L'lf'U~) LU'UV'lll1:; Hb E ~1l..Jf1'UhYlLatlVl"ill'-3"illnm~'lJ1Vl51VlLl1an 1 ~ltl (0.4 L1.1a{L'lf'UGf), 

LLC1:;LU'UhYl LaaVl"ill'-3"illnm~'lJ1Vl51Vl,Ll1~mY;t1'-3 tl~l'-3 L&1t11 8 ~ltl (3.3 L1.1tl{L'lf'U~) 

~'j;lm~'YIVl'j;la'-31'U~Vl~~'-3Y1~~t1 72 YI'U ~'Uil ijYllllJ'l!n (prevalence) 'lJtl'-3~LU'UV'll'VI:; 
51a~:aLijtl ffilJlnC1u'U~v,1.1n~ LLC1:;hYlLatlt?)'l1'-3"illnm~'lJlVl51QjL'VIan 28 ~ltl (38.9 L1.1tl{L'lf'U~) 

~'Uc.Jij~matlVl~Vl1.1n~~~'-3atlil"il:;LU'U~1'VI:;51a~:aLijtl"lfUVl a-thai 2 ~ltl (2.8 L1.1tl{L'lf'U~)
u 

LU'U heterozygous Hb E 12 ~ltl (16.7 L1.1tl{L'lf'U~) LU'UV'll'VI:; Hb E ~llJn'UhYlLatlVl"ill'-3"illn 

m~'lI1Vl51VlL'VIan 2 ~ltl (2.8 L1.1tl{L'lf'U~) LLC1~LU'UhYlLatlVl"ill'-3"illnm~'lJ1Vl51VlL'VIamY;t1'-3tl~1'-3• • 
L&itll 12 ~ltl (16.7 L1.1tl{L'lf'U~) 

W'j;l~llJ'lItl'-3m~'YIVl'j;ltl'-31'Umr;:n~lTYI~'VIru'-3"lflmL'j;l~~Vl~~'-3Y1~~t1
v 

311 YI'U ~'Uil ijmll..J"lfn
• 

(prevalence) 'lItl'-3 ~LU'U~1'VI~51a~:aLijtl ffilJIn'j;lu'U~Vl1.1n~ LLC1::hYlLatlVl"ill'-3"illnm~'lJlVl51Vl 
u • 

L'VI~n 104 ~ltl (33.4 L1.1 tl{L'lf'UGf) ~LU'UhYl51a~:aLijtlij~'-3~'U 1 ~ltl (0.3 L1.1 tl{L'lf'UGf) "lfUVl 


Hb H disease ~'Uc.Jij~matlVl~VltJn~~~'-3atlll"il:;LU'UV'll'VI:;51a~:aLijtl"lfUVl a-thai 21 ~ltl 

" 

(6.8 LUtl{L'lf'U~) heterozygous Hb E 51 ~ltl (16.4 LUtl{L'lf'U~) homozygous HbE (EE) 1 

~ltl (0.3 LUtl{L'lf'Um) LU'U~l'VI:; ~ - thai 6 ~ltl (1.9 L_tJtl{L'lf'U~) LU'U~ll1:: 8~-thal 1~ltl 

(0.3 LtJ tl{L'lf'U~) LU'U~l'VI:; Hb E ~llJn'UhmatlVl"ill'-3"illnm~'lJ1Vl51~ L'VIan 3 ~ltl (1.0 

LtJtl{L'lf'U~) LL'j;l:;LU'Ul~YlLatlVl"ill'-3"illnm~'lJ1Vl51VlL'VIamY;t1'-3tl~1'-3L&itJl 20 ~ltl (6.4 LtJtl{L'lf'U~)• 

http:In'j;lu'U~Vl1.1n
http:ffilJlnC1u'U~v,1.1n
http:In'j;lu'U~Vl1.1n
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.,; 
Gll11\1'YJ 1 fl1'lm~'llfJ'lJ tl.:Jhfl51~~:lhjjtl ~An'VI::;Dl~ai1Ljjtl Lt~::;~htlf1~ih.JijVltlf1&l llJ'l,rtl 
., ,Q,q ., '1/ 

~1mD~lVl~~IU 1uma la,rfl'l'VItij~~tI a(i]~~~f1'l'lft LLa::;~~'l11-J'lJ'tl~11~aeNf1~~ 
<, 

N N N 

'n~ 

Normal 163 68.2 44 61.1 207 66.6 

Thalassemia Disease 

Hb H Disease 1 0.4 1 0.3 

Thalassemia Trait 

HbE 

HbEE 

~ - thaI trait 

o~ - thaI trait 

ex - thaI trait (susp)* 

39 

1 

6 

1 

19 

16.3 

0.4 

2.5 

0.4 

7.9 

12 

2 

16.7 

2.8 

51 

1 

6 

1 

21 

16.4 

0.3 

1.9 

0.3 

6.8 

Hb E + Iron def. 1 0.4 2 2.8 3 1.0 

Iron deficiency 

Prevalence** 
8 

76 

3.3 

31.8 

12 

28 

16.7 

38.9 

20 

104 

6.4 

33.4 

Total 239 100.0 72 100.0 311 100 

.. "'"* Suspicious for a - thaI trait fl1'lVl'l1'ltiUtlUf..l~mtl DNAanaIysis 

TIfJ Iron deficiency ** 
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rhvl'lfUdJVlL~f)v\LLVI'l l.h~nmJvl...ltI Rbc (million/mm 
3 

), Hb(g%), Hct (%), MCV 

(fl), MCH (pg) LL(;l~ MCHC (g%) l'Uen~li:1lJA'H'I~'l'lflt1 Yh~~'Hl(;l'-1n~(lhJ'mli'1fJl~t1 
LLi:lVI'll11'U Lf)flm~·ram.IL(;l'lJ 10 Yh~ri'UrJ~'Hi:I~l-Ja'lJmWL'lJVI 4 ~l'lfU~ LLi:lVI'll11'U ~f)fl51'jlnJ1t1". . 
L(;l'lJ 11 

rhvl'lfUdJVlL~f)VlLLVI'l l'Ui:lVl~vf'lYl~~.n lh~'l'Hl(;l'lmrul-J1111'Y1m~t1 LLi:lVI'll11'U Lf)flm~• 
l'IlntIL(;l'lJ 12 Yh~A'UrJ~'lLi:I~l-Ji:I'lJmWL'lJVl 4 ~l'lfU~ Ui:lVl'lbl'U Lf)fli:ll~l'Il-Jlm(;l'lJ 13". . 

r.J (;l~1l-J'lJ f)'lrhvl'lfULijVl L~ f)VlLLVI'll'U en i:ll i:llJYl~l'I~'l'lflmL~::1'Ui:lVl~~'l Yl~~.n lil~~'Hl-
(;l'lmrul-J1111'Y1m~t1 LLi:lVI'lbl'U Lf)ni:ll~l'Il-Jlm~'lJ 14 lil~Y1'UrJa'lLi:I~l-Ji:I'lJm'VH'lJVl 4 ~l'lfU~". . 

r.J~'lJf)'l'lfUVlLL~~U~l-Jlru'lJf)'l51l-Jtml'u'U (%) LL~::~h ferritin (ng/mt) 'lJf)'lYl'UUflGl cJLU'U 
" 

hYllil~i:I:aLiiti Wll'1::lil~i:I:aLiiti LL~::~tl-Jtfl~tl'U~VltlnGll'Ueni:lli:1lJYl~l'I~'l'lflt1 LLi:lVI'll11'ULElflm~ 

l'Il-Jlt1L~'lJ 16 l'Ui:lVl~~'lYl~~t1 LLi:lVI'll11'U Lf)flm~l'Il-Jlm(;l'lJ 17 

r.J(;l~1l-J'lJf)'l'lfiJVlLL(;l~U~l-Jlru5tl-Jtfl~tl'U LL(;l~rh ferritin 'lJf)'lYl'UUflGl hYllil~i:I~LihJ vn 

l'I~lil~i:I:aLijfJ LL~~5tl-Jtfl~tl'U~VlUflGl 1'Uenmi:llJYl~l'I~'l'lflfJ 
.­

LL~~i:lVl~Q)'lYl~~t1 LLi:lVI'll11'U 

Lf)ni:ll~l'Il-Jlm~'iJ 18 
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1. OF 
, , 

lJ1Vl~~ll.l (Vll~'lYi 2) 
., , 

(:'H'Im~Y1Vl '" a'lVl~Tv·r'n'\"~5l~5:adjtJ Ll.Ial5l5iTA~'HtY'l'lfltJ LL"'~5Vl~vl'l A~~.n lilii 

~Wl"''ln~rulJ'HllY1tJl~tJ iimllJb (sensitivity) 81 LL"':; 88 LtlafL'lfl.lvl iiA'niJ051LYn~ 

(specificity) 97 LL"'~ 98 LtlafL'lfl.lvl iimllJ~f1~a'l (accuracy) 92 Lm~ 95 LtlafL'lfl.lvl 

VlllJ~lvlU 

(:.mm~Y1Vl",a'l~~l'lfU~ iiA1llJb 70 LL"'~ 67 LtlafL'lfl.lvl iimllJ051L'Wl~ 96 LL~~• 

Q.I oCJf oCIf "_oCIIf 0 .J ,,_ QJ .d .. 
(:.J"'~llJ'lIa'lm~Vl~1~~1'H~51"'5'lfLlJtJVl1m5 OF Y1lY1~Wl"''lmrulJ'Hl1Y1!'.Jl'''tJ LL"'~Y1Y1l.1tJ. ~ 

a'lL5~lJ5'llm'W L'llVl 4 ~'lfU~ iimllJ11 82 LL"'~ 70 LtlafL'lfl.lvl iimllJ051L'Wl~ 97 LL"'~ 97 

~ 
V11'il\1fJ 2 A11lJL~a(ial~'lla'lfll~liJ~UtJ~ltJ OF LWtJ'la~l'l L~tJ1 Ltimil1tll'lf'tlUa1l.1 

nm'l (~Wl"''lmrulJ'HllY1!'.Jl~tJ) LL~:;a1l.1.fliJmA ('f)'lfU~). .~ 

"" '" .. 
DIAGNOSTIC al5l5iTm'lfltJ'HtY'l 5Vl~Vl'lA~~.fl ~llJ 

VALUES (n= 239) (n= 72) (n=311) 

(%) ~W11• 
"" ~l'lfU~• ~W11• 

"" ~'lfU~• ~W11• 
"" ~'lfU~, 

Sensitivity 80.9 70.1 87.5 66.7 82.1 69.5 

Specificity 96.9 96.3 97.7 97.7 97.1 96.6 

+ve PV 91.7 88.7 93.3 90.9 92.0 89.1 

-ve PV 92.4 88.7 95.6 89.6 93.1 88.9 

False Negative 19.1 29.9 12.5 ­ 33.3 17.9 30.5 

False Positive 3.1 3.7 2.3 2.3 2.9 3.4 

PTL -ve 7.6 11.3 4.4 10.4 6.9 11.1 

Accuracy 92.2 88.7 95.0 89.8 92.8 88.9 

PV Predictive Value 

PTL -ve = Post Test Likelihood if test negative 

THA2 
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, 
Yi 3) 

" ~i;H"n~'Y1V\a B-.:JV\<,ilOJvn ~~i:na"':lhijtl 1'U m"'lmj'A~~qJ-.:J'lf1tl LLa~m'l~~-.:JA~~.n 

a~mru~~ll'Y1mati ijm1~b 34 LLa~ 50 LUB1'L'lf'Uvl ijm1~~-ILVn~ 99 LLa~ 98 

LUB1'L'Cl''Uvi' ijm1~flnvlfl-.:J 80 LLa~ 85 LUB1'L'Cl''Uvl v\lm~l~U 
" 

~am~'Y1V\afl-.:J~I'1'Uff~-.:JL"'~~"''lJm'W L'lJ{Il'" 4 ~l'lfU~ ijm1~b 63 LLa:: 87 LUfl1'L'lf'Uvl. ii 

m1~~lL'W1~ 99 LLa:: 98 LUB1'L'lf'Uvl iiAl1aJflOvlB-.:J 89 LLa:: 95 LUB1'L'lf'Uvl {Il1~~1~U
u 

Q.,I d a " .!I::loQ • .J 1I'.r::::II. Q"I I

~a<,il~'lJB-.:Jm~{Il~lv'W1~~ti1ml'lfL~tlmtilti DCIP 'Y1l'Y1OJ1·na-.:JmflJ~ml'Y1mati LLa::;Yi• 

,..,. 
Glld"l\1'Y1 3 

, , 
Lijm'hYi~Tuna1~ 

r-
DIAGNOSTIC fl1 "'1 ",iJm'lf1 tI'HqJ~ 

...... .. 
"'m{ll~I'l~~.fl ~l~ 

VALUES (n= 239) (n= 72) (n= 311) 

(0/0 ) OJ141.,• 
... 

<,i1'lfU<,i• OJ 141.,• 
... 

<,i1'lfU~• OJ141.,• 
... 

~l'lfU~• 
Sensitivity 33 .8 62.7 50.0 86.7 36.9 67.1 

Specificity 99.4 99.4 97.7 97 .7 99 .0 99.0 

+ve PV 95.8 97.7 88.9 92.9 93.9 96 . .5 

-ve PV 78.3 86.6 84.3 95.6 79.5 88.4 

False Negative 66.2 37.3 50.0 13.3 63.1 32.9 

False Positive 0.6 0.6 2.3 2.3 1.0 1.0 

PTL -ve 21.7 13.4 15.7 4.4 20.5 11 .6 

Accuracy 80.1 88.7 85.0 94.9 81.1 90 .0 

THA? 
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3. 1-6 OF U~~ DCIP l..h~f)f)uf)1~llh,rfJ LtJ~fJuLYi~unulihnQ1~~FU 
..J 

(Q11~1~'Y1 4) 

. .. .... 1 .1" fllCIA 0 

~'fIf)1~liVlaf)~'Y1'jl'llU~ lJ~11lJ 1 89 LL{l~ 100 LuflWlil!Q1 lJA11lJ~lL'Wl~ 96 lla~ 96• 

c:J ICIA ICIA " 4.£l1 0 oIClII QJ 

[:.Ja~llJ'lJfl~f)1~Q1~1~'Wl'l-1~Ula""'lfUWVllfJ15 OF LLa~ DCIP 'Y1l'Y1~vna~f)~tulJml'Y1mafJ• 
bLa~~~'Ucl'ci~ba~lJa'lJfll'W L'lJQ1 4 ~l'lfU'1 ijAl1lJb 87 lla~ 92 LtJf)fL'lf'U~ ijmllJ~lL'Wl~ 96\J, • 

. "-4 

t911~1.:j~ 4 mllJL~f)~f)lvi''lJf)~f)l~lil~,rfJvi'lfJ OF LLa~ DCrP L~ml1hn'lfnucil'Uf)m~ 
(~v:na~mrulJml'Ylrn~fJ) LLa~cil'U1JiJfllA (~1'll'4~) 

DIAGNOSTIC mm"",.JA~'lIlfJ'l-1fQ~ 

VALUES (n= 239) (n= 72) (n= 311) 

(* ) ~Wl'1• ~l'llU~• ~Wl"• 
~l'llU~• ~Wl"• 

Sensitivity 85.3 89.6 93 .8 100.0 86.9 91.5 

Specificity 96.3 95.7 95.5 95.5 96.1 95.7 

+ve PV 90.6 89.6 88.2 88.2 90.1 89.3 

-ve PV 94.0 95.7 97.7 100.0 94.8 96.6 

False Negative 14.7 10.4 6.2 0 .0 13.1 8.5 

False Positive 3.7 4 .3 4 .5 4.5 3.9 4 .3 

PTL -ve 6.0 4.3 2.3 0 .0 5.2 3.4 

Accuracy 93.1 93.1 95.0 96.6 93.5 94.5 



14 


4. 1"li Mev aril\!~~hl1 th::mltJf11'Jlii'J\lfJ LL~::'YIvHH1'Uvnl2JL~8~81~n'U15 
2J1~'J~1\J t~fJAm;l Mev ~iJ~l 70, 75, 78, 80, 82, 82.5, 83, 84, 85 t~~:: 86 LW2Jl~~~'J 

t:-J ~ rn'J'YI~ ~t)'l~'Jl'.1~1'YI::51c;iatlfLiJ tI 1\J mm mj'Vl'J'YI ru'l'lfl~ ..h~'.1V11~'lmru 2J'YIllYlfJl ~fJ 
, OJ • 


Q .. I <Q. d 


LL~::'YIA\JfJa'lLa'J2Jatlfll~ LtI~ 4 'J1'lf'U'J LLa~'l111l.i ~''J1'l~ 5 1\Ja~~\1f'lm'J.nLLa~Nbl\J~1'J1'l~
". . 

6 LL~::t:-J~'Jl2J LLa~'lbl\J~1'J1'l~ 7 

Diagnostic Values MeV (fl) 

( % ) 70 75 78 80 82 82.5 83 84 85 86 

Sensitivity '.1 V11 "1 3 1.8 47 69.7 90 .9 97 97 98 .5 100 100 100 , .. 
13.6 33.3 47 62 .1 78.8 97 81.8 84.8 90.9 9 3. 9 'J1'lf'U'J• 

Specificity 'JV11"1 100 100 98 .8 93 .9 82.9 79 .9 76.2 68.9 59.8 50
• .. 

100 100 100 100 96.9 79.9 94.4 88 .8 82 74.5'J1'lf'U 'J• 
+ve P V '.1V11"1 100 100 95 .8 8 5 .7 69.6 66 62 .5 56.4 50 44 .6 , 

." 

100 100 100 100 91.2 66 85.7 75 .7 67.4 60 .2 'J1'lf'U'J• 
-ve P V 'JV11"1 78.5 82.4 89 96 .3 98.6 98 .5 99 .2 100 100 100

• .. 
73 .9 78.5 82 .1 86.6 91.8 98.5 92.7 93.5 95 .7 96 .8 'J1'lf'U'S• 

False -ve '.1V11"1 68 .2 5 3 30 .3 9 .1 3 3 1.5 0 0 0 , 
." 

86.4 66.7 53 3/ .9 21.2 3 18.2 15 .2 9 .1 6 .1 'l1'lf'U'J• 
False +ve '.1 V11 "1 0 0 1.2 6 .1 17 . 1 20 .1 23.8 31.1 40.2 50

• .. 
0 0 0 0 3.1 20. 1 5.6 11.2 18 25.5'S1'lf'U'S• 

PT L -ve '.1 V11"1 21.5 17.6 11.0 3 .8 1.5 1.5 0.8 8.9 1.0 1.2
• .. 

26.2 21.5 17 .9 13.4 8 .2 7 .3 7.3 6.5 4.4 3.2'l1'lf'U'J•-
Accuracy '.1V11"1 80.43 84.78 90.43 93 .04 86.96 84 .78 82.61 77 .83 71.33 64 .35

• .. 
74.89 80.62 84.58 88 .99 91.63 84.78 90.75 87 .67 84.58 80.18'J1'lf'U'S• 

• 
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" 

Diagnostic Values MeV (ll) 

(%) 70 75 78 80 82 82.5 83 84 85 86 

Sensitivity 

Specificity 

+ve P V 

'lV11i• .. 
'll'l5U'l• 
'lV11i, .. 
'll'l5U'l• 
'lV11i
• .. 
"fl'l5U'l, 

6.67 

9 .1 

100 

100 

50 

50 

33.33 

9.1 

100 

100 

100 

50 

80.00 

9 .1 

97.73 

100 

92.31 

100 

93.331 93." 

45.5 72 .7 

95.45 90 ,91 

100 100 

87.5 77.78 

100 100 

93.33 

93.3 

84 .09 

84.1 

66.67 

66.7 

93.3 

81.8 

81.8 

95.1 

63 .6 

81.8 

100 

81.8 

77 .3 

87 .8 

60 

64 .3 

100 

81.8 

68 .2 

82.9 

51.7 

56.3 

100 

100 

56 .8 

78 

44.1 

55 

- ve P V 'lV11i, .. 
'll'l5U'l, 

74.58 

78.8 

81.48 

78 .8 

93.48 

80.4 

97 .67 

87.2 

97.56 

93.2 

97 .37 

97.4 

97 .3 

95.1 

100 

94.7 

100 

94.4 

100 

100 

False -ve 

False +ve 

'lV11i• .. 
'11'l5U '1• 
'lV11i• .. 
'll'l5U'l, 

93 .33 

90.9 

a 

a 

66.67 

90.9 

a 

a 

20 

90.9 

2 .27 

a 

6 .67 

54.5 

4 .55 

a 

5.67 

27 .3 

9.09 

0 

6.67 

6.7 

15.91 

15.9 

6.7 

18.2 

18.2 

4.9 

a 

18 .2 

22.7 

12.2 

a 

18.2 

31.8 

17.1 

a 

a 

43 .2 

22 

PT L -ve 

Accuracy 

'lV11 i• 
"" "Sl'l5U'l• 

'lV11i, 

25.42 

21.2 

74 .58 

18.05 

21.2 

83.05 

6.52 

19.6 

93 .22 

2.33 

12.8 

94.92 

2.44 

6.8 

91.53 

2.63 

4.8 

86.44 

2.7 

4 .9 

84 .75 

2.9 

5.3 

83.05 

3.3 

5.6 

76.27 

4 

3.1 

67.79 

"" 'll'l5U'l• 
78 .9 78.9 80.77 88.46 94 .23 86.44 92 ,31 86.54 82 .69 82.69 
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... 
il'lfU';i. 

Diagnostic Values (%) MeV (0) 

70 75 78 80 82 82.5 83 84 85 

Sensitivity ~Wl"1 25.93 4...L44 71.60 91.36 96.29 96.29 97.53 100 100 
• 

"" 11.69 28.57 41.56 59.74 77.98 96.29 81.82 84.42 89.61'jl'l11.p 

Specificity ~Wl"1 100 100 98.56 94.23 84.62 80.77 77.40 70.67 61.54 

"" 100 100 100 100 97.52 80.77 94.55 88.61 82.18'jl'l1'tJ'j
• 

+ve P V ~Wl"1 100 100 95.08 86.05 70.91 66.10 62.69 57.04 50.31 
• 

"" 100 100 100 100 92.31 66.10 85.14 73.86 65.71'j l'l1'l.p 

-ve P V ~Wl"1 77.61 82.21 89.91 96.55 98.32 98.25 98.77 100 100 

'" 94.81 78.59 81.78 86.69 92.06 98.25 93.17 93.72 95.40'jl'l1'l.p 

False -ve ~Wl"1 74.0­ 55.56 28.4 8.64 3.71 3.71 2.47 0 0
• 

"" 88.31 71.43 58.44 40.26 22.08 3.71 18.18 15.58 10.39 'jl'l1'l.p 

False +ve ~Wl<IJ 0 0 1.44 5.77 15 .38 19.23 22.6 29.33 38.46 

"" 88.31 7 \.43 58.44 40.26 22.08 3.71 18.18 15.58 10.39'j l'l1'l.p 

PT L -ve ~l'n"l 22 .:9 ~ -:­ 79 1u09 3.45 1.68 1.75 1.23 6.80 7.81
• 

'" 25.19 2 \.40 18.22 13.30 7.94 6.8 6.83 6.28'jl'l1'lP 4.59 

Accuracy ~W1" 79.24 84.43 91.01 93.43 87.89 85.12 83.04 78.89 72.32 

'" 75.63 80 .29 83.87 88.89 92.1 [ 85.12 91.04 87.46 84.23'jl'l1'tJ'j
• 

86 

100 

94.81 

51.44 

75.25 

44.51 

59.35 

100 

97.44 

0 

5.19 

48.56 

5.19 

65 .05 

2.56 

9.35 

80.65 

rmfl1nl1f)HYhyttJflfll~Omh ~CV ~l't1lJl::rflJ hwin Receiving Operating Characteristic 

(ROC) Curve ~.:JI1j'Uml'th::'I1'h:j Sensitivity (%) !lCl:: IOO-Specifity (%) i'UtllrflrfirmmlJ.:J'lI1V 

.r:::t'! ~ 
rfll'jll-3fl'j'jil 

0.:1 tI.oCto 
llCl::~Cl'j1lJ 'Y11'Y1~W1Cl.:jfl'jW lJ'I111'Y1V

Q.I 

1CltJ IICl::'YI1'Y1 
o.d 

'!
til 

1'UtJrf.:J
.oCto 

lrf'jlJ,,!'UilTVH'
.r:::t 

Ull 4 'jl'lf'l.J'j 

ltrffl.:J"1h.jfl1'Yi~ 2-4 \PlllJ~l~'l.J 

~~~h1'V1qj (e) LLa~-:j OptimL.:m MeV 
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.. 

--~ c 

>.... 
.~ 
::: 
(J) 
s:::: 
OJ 

C/) 

-
~ c-
>.... 

>
E 
(J) 
s:::: 
OJ 

C/) 

. 
Cf 

.fll'W't1 2 

fi 

MCV=84 ~.·CV=86100 MeV= 2 MC =85 

\ ~MCV=83 -, 90 l - MCV=82.5 I 

80 

70 

60 

50 
MCV=75 

40 

30 MCV=70 

0 10 20 30 40 50 60 70 
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5. 1.~ MCV bb~~ DCIP 'th~ntltJf)l~lil'JuLJ LL~~'Y1Vl~tltJml~L~tl~tJ1~ 

r.tJ15mVl~~1'U (Vll~l-:j~ 8) 

~J~m~l'1(11 ~tl-:jVlT1\l 'W1Vl~Lil ~~:aLij tJ 1 'U mmmJI'l~Vlf)J-:j'!11tJ LL~~~Vl~~-:jI'l~~.n 
, 

'YhYi\lVS1~-:j;:~ru~VIlll'1tJl~tJ ij1'l11~11 92 LL~~ 93 Ltltl1L'lf'Uvl i11'l11~~lL'Wl~ 94
• 

..J .... 1 ,,, .. 
1'111'1~1'lftJ~ ~ml~ 1 97 Ll~~ 100 lUe:J~L'lf'UVl

• 

, 
f,.J~~1~'/Jtl-:jm~m1\l'W1Vl~Lil~~:alijtJvl1tJ15 MCV LL~~ DCIP .yhYi\lVS1~-:jmru• 

~VIlll'1tJl~tJ LL~~~rl'U~5-:jL~~~~'/J.fll'W l'/JVl 4 ~l'lftJ~ ijml~11 93 LL~~ 94 Ltltl1L'lf'Uvl ijml~". . 

ml~l\lti 8 mlm~e:J(ie:J1~'/Jtl-:jm~iilvutJvl1tJ MCV LL~~ DCIP ltim411tl1'lf'ntJ51'Unm'l 

(\lVS1~'l mru~Vllll'1tJl~tJ) LL~~51'U.fllJ.fll1'l (~l'lftJ~). ". 
DIAGNOSTIC m~l~aJm'lfltJVI~-:j 

..;:; .. 
~Vl~Vl-:jm~.fl ~1~ 

VALUES (n= 239) (n= 72) (n= 311) 

( 0/0 ) \lVS1'1• 
.. 

~l'l5tJ~• 
vVS1'1• 

.. 
~l'lftJ~• 

vVS1'1• 
.. 

~l'lftJ~• 
Sensitivity 92.4 97.0 93.3 100.0 92.6 93.6 

Specificity 93.8 93.3 95.1 93.2 94.1 93.2 

+ve PV 85.9 85.5 87.5 83.3 86.2 85.1 

-ve PV 96.8 98.7 97.5 100.0 96.9 99.0 

False l'\egati ve 7.6 3.0 6.7 0.0 7.4 2.4 

False Positive 6.2 6.7 4.9 6.8 5.9 6.8 

PTL -ve 3.2 1.3 2.5 0.0 3.1 1.0 

Accuracy 93.4 94.3 94.6 94.9 93.6 94.5 



.. " " 1I1I11I.-n",. lfa'UlI1lltlU1 AU 
• I C) l' '' 

"nll,n'aaUWRI IIII'I'•. 

6. r·I~t1l'H 'lfh.JULnaUf'lT1:J.JL~f)th)1~'2J f)~t11~~Hl4,)\la~1 tJ DCIP, OF, 

OF+DCIP, Mev LtGt~ MCV+DCIP lrlml11tJ1'li'wnOJAVlf)'Hl'l'W1Vi~'B1'~'a~li!tI lWellm 

~ , 
enalal1A'wlru'l'lflfJ LLa~aVl~ol'lA~'j.n OJlf)R'Ucl'a'lla~lJa'lJ.fllYl l'lJVI 4 ~l'lflJ~ (n=311) lilYi 

v ~, ~ , 
, Q. QJ .r:;:,I tit Q d 

OJ~la'lmrulJ'\HJ'Y1mafJ LLa~'Y1R'UfJa'lla'jlJa'lJmYl l'lJVI 4 'jl'lflJ~, \J" 

DIAGNOSTIC VALUES 

(%) 

SCREENING MODELS 

OF DCIP OF+DCIP MCV MCV+DCIP 

Sensitivity OJ~l"• 
"" ~l'lflJ'j• 

82.1 

69.5 

36.9 

67.1 

86.9 

91.5 

90.9 

97.0 

92.6 

93.6 

Specificity OJ~l"• 
"" ~l'lflJ~• 

97.1 

96.6 

99.0 

99.0 

96.1 

95.7 

93.9 

79.9 

94.1 

93.2 

+ve PV 'OJ~1"• 
"" ~l'lflJ'j• 

92.0 

89.1 

93.9 

96.5 

90.1 

89.3 

85.7 

66.0 

86.2 

85.1 

-ve PV 'OJ~1"• 
"" ~l'lflJ~• 

93.1 

88.9 

79.5 

88.4 

94.8 

96.6 

96.3 

98.5 

96.9 

99.0 

False -ve OJ~l"• 
"" ~1'lf"J~• 

17.9 

30.5 

63.1 

32.9 

13.1 

8.5 

9.1 

3.0 

7.4 

2.4 

False +ve OJ~l"• 
"" ~'lflJ~• 

2.9 

3.4 

1.0 

1.0 

3.9 

4.3 

6.1 

20.1 

5.9 

6.8 

PTL -ve OJ~l"• 
"" ~l'lflJ~• 

6.9 . 

11.1 

20.5 

11.6 

5.2 

3.4 

3.8 

7.3 

3.1 

1.0 

Accuracy OJ~l"• 
"" ~l'lflJ~• 

92.8 

88.9 

81.1 

90.0 

93.5 

94.5 

93.0 

84.8 

93.6 

94.5 

http:naUf'lT1:J.JL
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. 
vn~l~~ 1 0 LL{f~ ..:ml~m:::'llEJ'lJEl~hYl61~{f'lhijEJ 'Wl"v1;;61~{f:aliiEJ Et:lJlf1~ih~~~Uf1&l 

U~:::hYlL~ El~'lI~'llf1 fll~'lJ1~61~ L"v1~fl (Iror: Deficiency) • 
. ~~f11~'Y1~~El~lum{f1{f,rYl~v.qj~'l!lEJ 208 YI'U 'WUll ijml2,J'l!f1 (prevalence) 'lJEl~~ 

LU'U'Wl"v1:::61~{f:aLijEJ 512,Jlf1~u'U eJ~Uf1~ LL~:::hYi L~El~'l1~'l1f1f11~'lJl~61~ L"v1~f1 9 2 ~lEJ (44.2 

• I" ""';'1 1 '" "" "" ",,:t; 
• 

~uEl~L'Z5'U~) ~Lu'U ~1'I61~{f'Z5LlJtJ2,J'Y1~~'U 3 ~lEJ (1.5 LUElfL'Z5'U~) Lu'UhYl Hb H 2 ~lEJ LL~::: 
'U 

Lu'UhYl AEBart's 1 ~lEJ ~ij~m~El~~~Uf)&l~LU'U'Wl'ri::: 61~{f:aLijEJ U~:::f1Eluvi'''W heterozygous 

Hb E 38 ~lEJ (18.3 LUElfL'Z5'U~) homozygous HbE (Hb EE) 7 ~lEJ (3.4 LUEl{L'Z5'U~) ~-thal 

trait 4 ~lEJ (2.0 LUt),{L'Z5'U~) a-thai 1 trait 6 ~lEJ (2.9 LUElfL'Z5'Ul'l) a-thai 2 trait 15 ~lEJ 

(7.2 LUElfL'Z5'U~) LU'U homozygous a-thai 2 3 ~lEJ (1.4 LUEl{L'Z5'Ul'l) LU'U'Wl"v1::: Hb CS 6 ~lEJ 

(2 .9 LUElfL'Z5'U~) LU'U homozygous CS 1 ~lEJ (0.5 LUElfL'Z5'U~) LU'U'Wl"v1::: Hb E ~l2,JnuhYl 

L~Elvl'l1~'l1f1f11~'lJl~61~L"v1~f1 2 ~lEJ (1.0 LUElfL'Z5'U~) LU'U'Wl"v1::: Hb E ~llJnU a-thai 1 trait • 
2 ~lEJ (1.0 LUtlfL'Z5'U~) LU'U'Wl"v1::: Hb E ~l2,JnU a-thaI 2 trait 1 ~lEJ (0.5 LUElfL'Z5'U~) LL~::: 

Lu'UhYlL~tl~'l1~'l1f1f11~'lJl~61~L"v1~f1L~EJ~El~1~L&iEJ1 4 ~lEJ (1.9 LUEl{L'Z5'U~)• 
~~f11~'Y1~~El~l'U{f~~~~YI~~.n 116 Ylll 'WUll ijYl112,J'l!f1 (prevalence) 

"v1:::61~{f:adjEJ EllJlf1~u'U~~Uf1&l LL~:::hm~El~'l1~'l1f1f11~'lJl~61~L"v1~f1 5 2 ~lEJ (44.8• 
LUEl{L'Z5'Ul'l) 1~EJ'Wu~ij~m~El~eJ~Uf)&l~LU'U'Wl"v1:::61~{f'2hijEJ'Z5u~vh~ '1 AEl LU'U heterozygous 

Hb E 23 ~lEJ (19.8 LUElfL'Z5'Ul'l) homozygous HbE (Hb EE) 3 ~lEJ (2.6 LUEl{L'Z5'U~) a-thai 

.1" " ~I .1" " 1 3 ~lEJ (2.6 Lutl~L'Z5'U~) Lu'U heterozygous a-thai 2 10 ~lEJ (8.6 LuEl~L'Z5'U~) 

.1" " ~Ihomozygous a-thai 2 1 ~lu (0.9 LuEl~L'Z5'UVl) Lu'U heterozygous Hb CS 2 ':ilEJ (1.7 

LUEl{L'7ftll'l) LU'U homozygous CS 1 ~lEJ (0 .9 LUtl{L'Z5'Ul'l) LU'U'W1V.::: Hb E ~llJnuhYlL~ElVl'll~ 
G .1" "~I ' '" 'llf1f11~'lJl~Gl~L"v1~f1 4 ~EJ (3.4 Lutl'H'Z5'U~) Lu'U'Wl"v1::: Hb E ~l2,Jf1U a -thai 1 trait 1 ~lEJ• 

(0.9 LUEl{L'Z5'U~) LU'Uvn"v1::: Hb E ~llJnU a-thal 2 trait 1 ~lEJ (0.9 LUEl{L'Z5'U~) LU'Uvn"v1::: Hb 

E ~l2,JnU Hb CS LL~:::L~El~'ll~'llf1f11~'lJl~Gl~L"v1~f1 1 ~lEJ (0.9 LUEl{L'Z5'Ul'l) Hb CS + a-thaI• 
2 1 ~ltJ (0.9 LUtl{L'Z5'Ul'l) LL~:::LU'UhYlL~El~'l1~'l1f1f11,)'lJl~61~L"v1~nL~EJ~El~1~L&iEJ1 1 ~lEJ• 
(0. 9 LUEl{L'Z5'U~) 

~a~llJ'lJrNf11,)f1~:::'J1EJ'lJEl~hYl61~{f:aLiiEJ 'Wl"v1:::G1~{f:aLiiEJ 51lJlf1~u'UeJ~Uf)&l LL~:::hYi 

L~El~'Jl~'Jlf1f11~'lJl~G1VJL"v1~n (Iron Deficiency) l'Um{fl{f)Jmmil~'l!lEJ LL~:::{f~~~~YI~~.n 324 

YI'U 'WUll iiYl112,J'l!f1 (prevalence) 'lJtl~~LU'U'Wl"v1:::61~{f:aLijEJ m.lJln~u'UeJ~Uf1&l LL~:::hYlL~tl~ 

'l1~'l1f1f11~'lJl~61VJL"v1~f1 144 ~lEJ (44.4 LUtl{L'Z5'U~) ~Lu'UhYl61~{f:aLiiEJij~~~'U 3 ~lEJ (0.9 

LUElfL'Z5'U~) Lu'UhYl Hb H 1 ~lEJ LL~:::LU'UhYl AEBart's 1 ~lEJ r.Jii~m~El~eJ~Uf1&l~LU'U'Wl"v1::: 
" 

in~{f:aLiiEJ u'):::ntlUvilEJ heterozygous Hb E 61 ~lEJ (18.8 LUtlfL'Z5'Uvl) homozygous HbE 

(Hb EE) 10 ,)lEJ (3 .1 LUtlfL'Z5'Uvl) ~-thal trait 4 ~lEJ (1.2 LUtlfL'Z5'Uvl) a-thaI 1 trait 9 ~lEJ 
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(1.2 LtJa{L'lj'U~) LU'UVf1l1~ Hb CS 8 ~lfJ (2.5 LtJPl{L'lj'U~) LU'U homozygous CS 2 ~lfJ (0.6 

LtJa{L'l!'U~) LU'UVnl1~ Hb E ~1"HllJl~V1LatlVl'l1 ..:r;')lnm~'lJ1Vli)1V!Ll1~n 5 ~lfJ (1.9 LtJa{L'l!"'~) 
~I • .., • I" .. ~I • QI

Lu~~ll1~ Hh E ~llJn'lj a-thali trait 3 ~lfJ (0.9 Lua~~'lj'UV1) Lu'UW1V:~ Hb E ~llJnlJ a­

tha12 trait 2 ~lfJ (0.6 LtJe:J{L'lj'U~) Hb CS + a-thai 2 1 ~lfJ (0.3 LtJa{L'lj'U~) LU'UWll1~ Hb 
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, 

~l'jl\1fi 1 0 rn~m~'i)ltJ'lJe>:Jh~Bi;;ra:zidjtJ ~ll1~Blaa~LijtJ LL(;l~5hJlm'l,j'l.!~GltlnQi l1J'i)UEJ 

N 0/0 N N 

Normal · 116 55.8 64 55.2 180 55.6 

Thalassemia Disease 

AEBart's Disease 1 0.5 1 0.3 

Hb H Disease 2 1.0 2 0.6 

Thalassemia Trait 

Hb E 38 18.3 23 19.8 61 18.8 

Hb EE 7 3.4 3 2.6 10 3.1 

p-thal 4 2.0 4 1.2 

a-thaI 1 6 2.9 3 2.6 9 2.8 

a-thaI 2 15 7.2 10 8.6 25 7.7 

Homo a-thaI 2 3 1.4 1 0.9 4 1.2 

Hb CS trait 6 2.9 2 1.7 8 2.5 

Homo CS 1 0.5 1 0.9 2 0.6 

HB E + Iron def. 2 1.0 4 3.4 6 1.9 

Hb E + a thal 1 2 1.0 1 0.9 3 0.9 

Hb E + a thaI 2 1 0.5 1 0.9 2 0.6 

HbCS + a thaI 2 1 0.9 1 0.3 

HbE + Hb CS + Iron def. 1 0.9 1 0.3 

Iron deficiency 4 1.9 1 0.9 5 1.5 

Prevalence* 92 44.2 52 44.8 144 44.4 

Total 208 100 J 16 100 324 100 

* 'i1~ Iron deficiency 
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\'il~'lfi.h~~L~a(i1LL~'-l tb~r.auv1·;ltI Rbc (million/mrn 
3 

), Hb(g%), Hct (%), MCV 

(fl), MCH (pg) ~~a~ MCHC (g<1o) 

La'll 20 

~l~'lf-UL~~L~a~LL~'-l lUa~~~'-lA'l'l.n Yh~'VV11;'l'-lmurlJ'H11'Y1fJl~f.1 LLa~'-l11bJLanal'l• 
'HlJlma'll 21 l'il~A'UEi'ri'-lLa~lJa'llmVH'll~ 1 Ul'-lL'll'U LLa~'-lln'Ubanal'l"'lJlma'll 22" . 

~,Ja'l1lJ'lla'-l~1~'lfih~~Laa~LL~'-l l'UenalaaJA'l·rlru'-l'lflmLa~aVl~~'-lm'l.n l'il~'V~la'-lmru 
•v 

lJ'Hl1'Y1m~f.1 LLa~· :1n'ULanal'l'HlJlma'll 23 l'il~A'UEi'ri'-lLa~lJa'llmVH'll~ 1" . Ul'-lL'll'W LLa~'-lH 
l'Uwmn'l'HlJlma'll 24 

~a'lla'-l'lfiJ~LLa~u~lJlru51lJlnau'U (%) LLa~~l ferritin (ng/ml) 'lla'-lA'Uun&i ~LtJ'UhA 

51~a:aLijf.l Vil'H~51~a:adjf.l LLa~mlJlnau'Uc.J~un&i l'UmalaaJA'l'HqJ'-l'lfltJ LLa~'-l1n'ULanal'l 

'HlJlma'll 25 l'UaVl~~'-lA'l'l.n LLaVl'-l111'ULanal'l'HlJlma'll 26 LLa~~a'l1lJLLaVl'-l1n'ULeJnal'l 
'HlJlma'll 27 
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II.II f)11"1ij~~iJ ~1iJ1"tI U'U'U f)11"m11OJ ~~f)1"f)\)
'\J 

1. '1-5 OF bl~£J~flth~b&itn lUf11)ii1'l,rtmJ~E.I'lJlYi£J'lJn'lJiih.n~':i51'W ( ~l':il'lYi 
o 

ll) 

e.J"f11':il'l~"f)'l~':i1;;;~1'V1~lil~a~hij£J 1'U malaiJfI':i'VI~~"lI'l£J LL,,~a~~~~ fI~':itf ~ 
'l\·n"~mru~'VIlil'lm~£J ijml~b 86 LL"~ 92 LtJf){L'l!'U~ ijml~~lL~l~ 92 'LL"~ 80• 
LtJf){L'l5~!Q] ijfl11~()f)Gi'f)~ 90 LL"~ 85 LtJtl{L'l5'U~ (i11~,h~'lJ

'U 

e.J"m':il'lVl"tl'l~'lJl'lL'lJ'U ijml~11 72 LL"~ 65 LtJtl{L'l5'U~ ijml~~lL~-I~ 91 LL"~90 
LtJtl{L'l5'U~ ijfl11~()f)Gi'f)'l 83 LL"~ 79 LtJf){L'l5'U~ ~l~til~'lJ 

'U 

CV q q V.Q,Q 0 .J ., oQ. Q.I .J., 
e.J "~1lJ'lJ f)~f)1~~~1'l~1'V1~lil"a'l5LlHJ Vl1£J1li OF l'J1l'1'lWl "'ln~ru~'VI11l'1m"£J LL"~'YIY1'U tJ 

• 'U 

a'lLa~lJa'/Jm~ L'lJ~ 1 'lJl'lL'lJ'U ijml~b 88 LL"~ 69 LtJf){L'l5'U~ ijfl11~~lL~1~ 88 LL"~ 91• 
LtJf){L'l5'U~ ijYl11~()f)Gi'tl'l 88 LLGl~ 81 LtJtl{L'l5'U~ ~llJtil~'lJ 

'U 

. 

DIAGNOSTIC 

VALUES 

tmna iJfI')(fl £J 'VI ~'l 

(n= 208) 

,q Jj ., 

a~':i~~fI')'Jfl 

(n= 116) 

':i1lJ 

(n= 324) 

(%) 'lWli• 'lJl'l L'lJ'U 'lWli• 'lJl'lL'lJ'U 'lWli• 'lJl'l L'lJ'U 

Sensitivity 86.36 71.59 92.17 64.71 88.49 69.06 

Specificity 92.24 91.15 79.69 90.32 87.78 90.86 

+ve Predictive Value 89.41 86 .30 78.33 84.62 84.83 85.71 

-ve Predictive Value 89.92 80.47 92.73 75.68 90.80 78.71 

False Negative 13.64 28.41 7.83 35.29 11.51 30.94 

False Positive 7.76 8.85 20.31 9.68 12.22 9.14 

PTL -ve 10.08 19.54 7.27 24.32 9.20 21.29 

Accuracy 89.71 82.59 85.22 78.76 88.09 81.21 
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, 
ii 12, 

c.J~f11~Y1~(;lEl'lVi'll'.l'Wl'YI:;liJ~a~hihJ lUEll,naii'mm1j'l'lfltJ LLtI:;(;l'~~~'1m'lrl' ~ ~",n 
tI'ImUhJ'Yn1mJ1~tJ ilmllJb 58 Uti:; 65 LUE),{L'llUvl ilA1llJ-;,ilL'Wl:; 100 Uti:; 99 luafL'llUvl 

ilAlllJtlnvla'1 82 Uti:; 83 LuafL'llUvl 
. " , 

VlllJ~lv1U 

c.J(;lf11'lY1~tla'lliUl'lL'lJU ilmllJ11 64 Uti:; 67 LuafL'llUvl ilmllJ;jlL'Wl:; 97 Uti:; 97 

LuafL'llUvl iJmllJtlnvla'l 83 Uti:; 83 LuafL'llUvl 
" 

VlllJ~lv1U 
, , 

~~'l1tJ~ fl~ nl~~~1~Wl"'~i51~~:aLij fJ~1fJi5 DCIP l'ilYi';JWla~n'lcU~l11111UlatJ LLa~li• 
AUff~'1L(;l'1lJ(;l''lJil1'W L'lJVl 1 Ul'lL'lJU ilmllJ11 60 Uti:; 65 LuafL'llUvl iJA1llJ-;,ilL'Wl:; 99 Uti:;
" . 

DIAGNOSTIC 

VALUES 

Ell (;l'1 (;l',r m 'Ill tJ 'YI qj'l 

(n=208 ) 

.. ... .. 
(;l'Vl'lVl'lA'l'lJ) 

(n= 116) 

'lllJ 

(n= 324) 

(%) '.lWl"1• Ul'l L'lJU '.l'W'1"1• Ul'lL'lJU '.l'W'1"1• Ul'll'lJU 

Sensitivity 57,95 64.37 64.71 66.67 60.43 65.22 

Specificity 99.99 96.52 98.44 96.77 99.44 96.61 

+ve Predictive Value 99.99 93.33 97.06 94.44 98.82 93.75 

-ve Predictive Value 75.82 78.17 77.78 77.92 76.49 78.08 

False Negative 42.05 35.63 35.29 33.33 39.57 34.78 

False Positive 0.01 3.48 1.56 3.23 0.56 3.39 

PTV -ve 24.18 21.83 22.22 22.08 23.50 21.92 

Accuracy 81.86 82.67 83.48 83.19 82.45 82.86 
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13) 


, 
mn~ (OJ'Hl'~~n'HlhJ'Vlll'Y1fJl'~'fJ) LL~~.y;~f\'Hra~W~).Ja'lJJll'VH'lJVl 1 lJl~L"l:I'U \ 

• \J' 

DIAGNOSTIC Enmmj'fl'1'lflm'~~ '" ... .­
aVl'1Vl~fl'1'1Jl '11).J 

VALUES en= 208) en= 116) en= 324) 

e%) OJ 'Hl"1• lJl~ L'lJ'U OJ'Hl "1• lJ1WlJ'U OJ'Hl "1• lJl~ L'lJ'U 

Sensitivity 86.36 82.95 92.16 78.43 88.49 81.29 

Specificity 92.24 89.38 78.13 90.32 87.22 89.71 

+ve Predictive Value 89.41 85.88 77.05 86.96 84.25 86.26 

-ve Predictive Value 89.92 87.07 92.60 83.58 90.75 85.79 

False Negative 13.64 17.05 7.84 21.57 11.51 18.71 

False Positive 7.76 10.62 21.87 9.68 12.78 10.29 

PTL -ve 10.08 12.93 7.41 16.42 9.25 14.21 

Accuracy 89.71 86.57 84.35 84.96 87.77 85.99 
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4. 1'lf' Mev a~l~L~fJl U'l~f1a1Jm'llij~\lfJ LL~~'YI~RaUml2JL~a~f)1v1'tilJ16 

2J1Gl~~TW 	 1~tJAm~1 Mf:\, ~iJ~1 70, 75, 78, 80, 82, 83, 84, 8S LL~~ 86 LvJ2J1Vl~~'l 
e..J~rn"j'YI~na ·~~'ll~'W1"1~:Sl~R;LiJtJ 1'Um~!R.rm\1ru~'ll'ltJ vil~"ilv:n~~mrumnl'YItJl~tJ 

v • 

LL~~~A'Uff~~La~2Ja'lJ.rnv'IL'lJ~ 1 Ul~L'lJ'U LLa~~lrt'U~l'n~~ 14 1'UR~~~~m'5.nLLR~~1-n'U~1'l1~~ 
\J • 

15 LL~~H~'ll2JLLR~~111'U~l'll~~ 16 

Diagnostic Values (%) MeV (0) 

70 75 78 80 82 83 84 85 86 

Sensitivity (~Wl"1) 

(iJ1'lL'U'U) 

19.32 

20.45 

27 .27 

31.82 

40.19 

42.05 

48.86 

55.68 

68 .18 

65 .91 

77 .27 

72.73 

81.82 

80.68 

90.91 

88 .64 

95.45 

92.05 

Specificity (~Wl"1) 

(Ul'lI'U'U) 

99.13 

99.99 

99.13 

99.99 

99.13 

99.99 

98.26 

99.14 

97.39 

97.41 

96.52 

93.97 

90.43 

86 .21 

86.09 

82.76 

83.48 

77.59 

+ve P V (~Wl"1) 

(iJ1\lL'U'U) 

94.44 

99.99 

96 

99.99 

97.29 

99.99 

95.56 

98 

95 .24 

95 .08 

94.44 

90.14 

86.75 

81.60 

83 .33 

79.59 

81.55 

75.70 

-ve P V (~Wl'1) 

(Ul\lL'U'U) 

61.62 

62.37 

64.04 

65.91 

68 .67 

69.46 

71.52 

74.68 

80 

79 .02 

84.73 

81 .95 

86.66 

85.47 

92.52 

90.57 

96 

92.78 

False -ve (~Wl'1) 

(iJ1W\l'U) 

80.68 

79.55 

72.73 

68.18 

59.09 

57.95 

51.14 

44.32 

31.82 

34.09 

22.73 

27.27 

18.18 

19.32 

9.09 

11.36 

4.55 

7.95 

False +ve (~Wl'1) 

(iJ1\lL'U'U) 

0.87 

0.01 

0.87 

0.01 

0.87 

0.01 

1.74 

0.86 

2.61 

2.59 

3.48 

6.03 

9.57 

13.79 

13.91 

17.24 

16.52 

22.41 

P T L -ve (~Wl"1) 

('U1\lL'U'U) 

38.38 

37.63 

35 .96 

34.09 

31.33 

30.54 

28.48 

25.32 

20 

20.98 

15.27 

18.05 

13 .33 
-

14..53 

7.48 

9.43 

4 

7.22 

Accuracy (~Wl'1) 

('U1\lL'U'U) 

64.53 

65.69 

67.98 

70.59 

73.89 

75 

76.85 

80.39 

84.73 

83.82 

88.18 

84.80 

86.69 

83.82 

88.18 

85 .29 

88 .67 

83.82 
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Diagnostic Values (%) MeV (11) 

70 75 78 80 82 83 84 85 86 

Sensitivity (~111"1) 

('\.Jl~!~I'W) 

17.65 

15.69 

25.49 

27.45 

47.06 

45.10 

60.78 

62.75 

76.47 

72 .55 

80.39 

78.43 

84.31 

82.35 

8R.24 

86.27 

90.19 

90.19 

Specificity (~111"1 ) 

(mwu'W) 

98.39 

99.99 

98.39 

99.99 

98.39 

99.99 

96.77 

99.99 

96.77 

98.46 

93.54 

98.44 

93.54 

96.88 

91.94 

93.75 

91.94 

85.94 

+vePV (~111"1) 

('\.Jl wu 'W ) 

90 

99 .99 

92.86 

99.99 

96 

99.99 

93.94 

99.99 

95.12 

97.3 7 

91.11 

97.57 

91.49 

95.45 

90 

91.67 

90.19 

83 .64 

-ve PV (~\'n"l) 

(m·m)'W) 

59.22 

59.81 

61.62 

63.37 

69.32 

69.57 

75 

77.11 

83.33 

82.05 

85.29 

85.14 

87.87 

87.32 

90.48 

89.55 

91.94 

91.67 

False -ve (~Wl"1) 

(m WU'W) 

82.35 

84.31 

74.51 

72 .55 

52.94 

54.9 

39.22 

37.25 

23.53 

27.45 

19.61 

21.57 

15.69 

17.65 

11.76 

13.73 

9.81 

9.81 

False +ve (~vn"l) 

(m ,H'IJ'W) 

1.61 

0.01 

1.61 

0.01 

1.61 

0.01 

3.23 

0.01 

3.23 

1.54 

6.46 

1.56 

6.46 

3.12 

8.06 

6.25 

8.06 

14.06 

rTL -ve (~lql"1) 

('\.Jl~I'IJ'W) 

40.78 

40.19 

38.38 

36.63 

30.68 

30.43 

25 

22.89 

16.67 

17.95 

14.71 

14.86 

12.12 

12.68 

9.52 

10.45 

8.06 

8.33 

Accuracy (~Wl"l) 

(m~I'IJ'W) 

61.95 

62.61 

65.49 

67.83 

75 .22 

75.65 

80.53 

83.48 

87.61 

87.07 

87.62 

89.57 

89.38 

90.43 

90.27 

90.43 

91.15 

87 .83 
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, 

Diagnostic Values (%) MeV (0) 

70 75 78 80 82 83 84 85 86 

Sensitivity (~Wl'1 ) 

('lJl'lL'U'U) 

18.71 

! 8.71 

26.62 

30.22 

43.17 

43.17 

53 .24 

58.27 

71.22 

68.35 

78.42 

74.82 

82.73 

81.79 

89.83 

87.77 

93.53 

91.37 

Specificity (~Wl'1) 

(1JVH'UlJ) 

98.87 

99.99 

98.87 

99.99 

98.87 

99.99 

97.74 

99.44 

97.18 

97.78 

95.48 

95.56 

91.53 

90 

88.14 

86.67 

86.44 

80.56 

+vePV (~Wl'1) 

('lJl'lL'U'W) 

92.86 

99.99 

94.87 

99.99 

96.77 

99.99 

94.81 

98.78 

95.19 

95.96 

93.16 

92.86 

88.46 

86.26 

85.62 

83 .56 

84.42 

78 .39 

-ve PV (~Wl'1 ) 

('lJl-.3L'U'W) 

60.76 

61.43 

61.18 

64.98 

68.89 

69.49 

72.69 

75.53 

81.13 

80 

84.92 

83.09 

87.10 

86.17 

91.76 

90.17 

94.44 

92.36 

False -ve (~Wl'1) 

('lJl-.3L'U'W) 

81.29 

81.29 

73.38 

69.78 

56.83 

56.83 

46.76 

41.73 

28.78 

31.65 

21.58 

25.18 

17.27 

18.21 

10.17 

12.23 

6.47 

8.63 

False +ve (~Wl'1) 

('lJl-.3L'U'W) 

1.13 

0.01 

1.13 

0.01 

1.13 

0.01 

2.26 

0.56 

2.82 

2.22 

4.52 

4.44 

8.47 

10 

11.86 

13.33 

13.56 

19.44 

PTL -ve (~Wl'1) 

('lJl'lL'U'W) 

39.24 

0.01 

36.82 

0.01 

31.10 

0.01 

27.31 

0.56 

18.87 

2.22 

15.08 

4.44 

12.90 

10 

8.23 

13.33 

5.56 

19.44 

Accuracy (~Wl'1) 

('lJl-.3L'UlJ) 

63.61 

64.58 

67 .09 

69.59 

74.37 

75.24 

78.16 

81.50 

85.76 

84.95 

87.97 

86.52 

87.66 

86.21 

88.92 

87.15 

89.56 

85.27 

" ,dd I I 0 QI tI Q, Q.I d".1 Q, 

ROC Curve 'lJB'I MeV 'YllJfllVll'l 1 'Yll'Yl~Wla'lf)'H)nJl1Tl'YlmatJ LLa~'Yl~lJEJCf·m'l'JlJ,!'lJ 

fll~ L'lJVI 1 Ul'lL'lJlJ llJmCflCfiJfl'Jl1iY'I"lflEJLLCfVl'llillJj)l~~ 5 llJaVl~vf'lfl'l'J.n LLaVl'llillJfll~ 
.J In.J . .­'Yl 6 LLa~~a'ldlJ LLaVl'l d lJj)l~'Yl 7 Vll~~lVlU 
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5. 1-6' :\1CY bb~~ DCIP 'lh~nPlum'lliJ~5!J LL~~YI~H~Elumlm~El~fl1~nu 

lih.n01'l~lU (011~I~Yi 17) 

~~m'lYl(jJ~El~vl'll~ 'Wl'Y1~i:mla:Zhiif.J lUEllalalJrI'l'YItY..:J'lflf.J LL~:;a01~of..:JrI'l'l.n Y1 

~Wl~..:JmorlJ'YI11Ylm~fl iirl1llJ11 94 LL~:; 90 LtJEl1L'lfU~ iirlT1~'iil L'Wl:; 7 8 LL~:; 84• 

~~m'lYlO1~El~~U1WlJ'W iirl1llJ11 93 LL~:; 90 ltJEl{L'lf'W~ 
LL~~ 90 LtJElfL'lf'W~ iirl1llJ()nvi'El~ 88 LL~:; 90 LtJEl1L'1iiJ~ V11lJ~1~\j

" 

nm..:J (~Wl~..:JmorlJ'YI11Ylm~f.J) LL~:;YiAufi'a..:JLa~lJa'lJm'WL'lJ01 1 Ul..:JL'lJU. 
,

". 
q l; ., 

DIAGNOSTIC Ell alalJY'I'l'YItY..:J'lll f.J a01'101..:JrI'l"ji) 'lllJ 

VALUES (n= 208) (n= 116) (n= 324) 

(%) ~Wl'1• Ul..:JL'lJU ~Wl'1• Ul..:JL'lJU ~Wl'1• Ul..:JL'lJU 

Sensitivity 94.3 93.2 90.2 90.2 92.8 92.1 

Specificity 77.6 83 .5 84.4 90.3 80.0 85.9 

+ve Predictive Value 76.7 81.2 82.1 88.5 78.2 83.7 

-ve Predictive Value 94.7 94.1 91.5 91.8 93.5 93.3 

False Negative 5.7 6.8 9.8 9.8 7.2 7.9 

False Positive 22.4 16.5 15.6 9.7 20.0 14.1 

PTL -ve 5.3 5.9 5.0 8 .2 6.5 6.8 

Accuracy 84.8 87.7 95.0 90.3 85.6 88.6 
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6. r.Jafl1·HmtlU~YitlU~')l:J..1~~flofllGi'"lIfl-afl1'l1iJ~5t1Gi'1t1 OF, DCIP, OF+DCJP, 

MCV t~a~ MCV+DCIP ~:lJeJ1l1lul'?i<.n ,;)J~l'jVlfl'H)'l~1"r'i~tii~l.'l"~d:hJ llJml.'l"1~iJmy;qJ'l'l51t1 LL0~ 

l.'l"v:1~~Yl'l'Hi' 051lJl'W 324 YllJ lhYi"~la'lmflhJ'vl':l'YlmctfJ LLi;l:-:~Ul'l~'lllJ LLl.'l"v''ll'UVll'll'l~ 18, 

. , 
ml'n\lll 1 8 LU~tlULl1t1U Ylll4-J L ~eJ f1 f)lvi'll f)'l'lU LLUUf11'lVl'll~Yi'VlmeJ'lWl'H~Bl~l.'l":lhiiti lw 

v " • 

LL~~l.l"Vl~~'lYl'l'l.n (n= 3 24) Yhl1"il~1~'lmru~'H11'YltJ1~(J LLa~Ul'l L'lllJ• 

DIAGNOSTIC VALUES 

(%) 

SCREENING MODELS 

OF DCIP OF+DCIP MCV MCV+DCIP 

Sensitivity "il~1'1• 88.5 60.4 88.5 94.5 92.8 

Ul'l L'lllJ 69.1 65 .2 81.3 88.6 92.1 

Specificity "il~1'1• 97.8 99.4 87.2 83.5 80.0 

Ul'lL'lllJ 90.9 96.6 89.7 82.8 85.9 

+ve PV "il~1'1• 84.8 98.8 84.3 81.6 78.2 

lJl'lL'lllJ 85.7 93.8 86.3 79.6 83 .7 

-ve PV "il~1'1• 90.8 76 .5 90.8 96.0 93.5 

lJl'lL'lllJ 78.7 78.1 85.8 90.6 93.3 

False -ve "il~1"'1• 11.5 39.6 11.5 4.6 7 .2 

lJl'l L'lllJ 30.9 34.8 18.7 11.4 7.9 

False +ve "ilV11'1• 12.2 0.6 12 .8 16.5 20.0 

lJl'l L'lllJ 9 .1 3.4 10.3 17.2 14 .1 

PTL -ve "il~1'1• 9.2 23.5 9.3 4.0 6.5 

lJl'lL'lllJ 21.3 21.9 14.2 9.4 6.8 

Accuracy "il~1'1• 88.1 82 .5 87.8 88.7 85.6 

lJl'l L'lllJ 81.2 82.9 86.0 85.3 88.6 
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";JJn~~nl''iVl~1";JW111~61~~~LijfJ l'UmlJ'I'lf1£rlm";J~uJ'w'Uci'• LL~~~Vl~~'II'l~~.n ~lfJ 
• 	 Gi'lfl~1'1LaflVlYh~";J1nA'Ut:la'lL~~lJ~'llfllW L'llVl 4 ~l'lfU~ (fllflnm'l) LL~~L'llVl 1 U1'1L'll'U 

~. . 
(m'l L'YlWi) WUfll1lJ'lfn'll fl'lhfl61~~~LiifJ W111~61~~~LiifJ ffilJln~u'U~Vltln&i LL~d~fI 

1~~Vl";J1'1 3 3 LL~~ 44 Ltlfl{L'lf'Uvl Vl1lJ,h~u (Vl1~1'1~ 1 LL~~ 10) ~~~1~fI~'l:j'i1f111lJ'lftl• 
~ln11~wu1'Ufllfla~l'U ('lJ fl'ULLrl'U) (1Vl'U1 a'U6nfl LL~~flru~ 253 9b) m1lJ'lfni1el\1l11~'l. 	 . 

. 
~ 

L11i1fl'UflU~lfJ'I1'U~cJ1'UlJ1 (Expert Committe, 1989 -19 90) LL~~i1LL'Ullt!lJ11";J~~'I:ff'U'YlnYi 
~ 

rl'11~~UUfl'ln'ULL~~mUfllJ ~~m~~m~lf1f'lilfl1";J";J~m~Gi''Ull1'Yln ., ~lfJ~L~m'lifl'l 11'UlJ1 

~llJLL~'I~llJhn'U Lyj fl~Vll1~flfJ&im~LLW~'llfl'l61~~~Li1fJ .• 
hfll~~Vl";J1'l~1~1'li61~~~Li1fJ (iron deficiency) i1~1 plasma ferritin ~ln11 7 

ng/ml LriflliJ11mc;f1L~";J~tl'llfl'l Bio-Rad Microplate Ferritin Enzyme Immunoassay kit ~ 
~ ., 

~1'lf'4~ 20 ~lfJ (6.4 	%) l'Un~lJfl1~1~iJfI~l1tY'I'lf1fJ 8 ~lfJ (3.3 %) LL~~~Vl~Gi''IfI~~.n 12 
.J).J...... l' '" ~ ~lfJ (16.7 %) (Vl1~1'1'Yl 1 'YlU1'1L'll'UlJLWtI'I 5 ~lfJ (1.5 %) 'Un~lJfl1~1~lJfI~l1qJ'l'lf1fJ 4 

.t:::4 :: .. ~ cr cr.oQ, ~ oCIIq v 

~lfJ (1.9 %) LL~~~Vl~Vl'lm~f) 1 ~lfJ (0 .9 %) (Vl1~1'1'Yl 10) L~flL~11Vl"il1'1'Yl~1'lfU~lJflli1~1~'I. ~ 

n111'Um'l L 'YlWi (U1'1L'll'U) LL~::WU11 ~Vl~~'IfI~~.n~~l'lfU~LtJ'U1~fll~~Vl~1'1~'In11~U1'1L'll'U. 	 ." 
~'I LL~Vl'll l1Ll1'ULL'Ull-ulJ m~VlLL~~'llfllW'll fl'lfl'U~flfJ1'Um'l L 'YlWi ~'1~~i1lJ1 n n111 'Uvll'l:5''I'I,rlVl 

\I , 	 '" 

~l~'lflh~VlLaflVlLLVl'l L'li'U ffilJln~u'U LL~~5lJllVlfl~Vll'U~Vl~~'IfI~~.n i1LL'Ull-ulJ11~ln111'U 
n~lJfl1~l~iJml1tY'l'lf1fJlm";J~qJ~'Uif ";J1n~1'lf'4~ LL~~U1'1L'll'U (Le:Jna1~l1lJ1ma'll 16-18 LL~~ 

25-27) 

'lfilVl'llfl'lffilJln~u'U~~Gltl n&iflflnlJ1";J1n A2A ~'ILtJ'U51lJlnau'U'lltl'lfl'Utln&i ~11'lf'4~ 
(Vl1~1'1~ 1) tl~~nflU~lfJ ffilJlnau'U E ij~fl'l'lfilVl?ifl heterozygote ij typing LtJ'U AE 16 

% LL~~ homozygote ij typing LtJ'U EEO.3 % LLa~ii typing LtJ'U A2AH l'U~LtJ'Uhfi Hb H 

1 ~lfJ (0.3 %) ~U1'1L"l.I'U (Vl1~1'1~ 10) tl~~nflU~ltl ffilJln~u'U E i1~fl'l'lfilVl?ifl 

heterozygote i1 typing LtJ'U AE 19 % LL~~ homozygote i1 typing LtJ'U EE 3 % i1 typing 

LtJ'U ACS 8 ~lfJ (2.5 ~&) l'U heterozygous CS i1 typing LU'U CSCS l'U homozygous 

constant spring ~l'Ul'U 2 ~1t1 (0.6 %) ij typing LU'U AECS l'U~LtJ'Uw111~51lJln~u'UB Hb 

CS LLa~ Iron Def. 1 ~lfJ (0.3 %) i1 typing LtJU A2AH l'U~LtJ'Uhfi Hb H 2 ~lfJ (0.6 %) 

LL~~ij typing LU'U AEB 1 ~lfJ l'U~LUc.J AEBart's Disease ij~lfJ'I1'U'lJel'lm~WU Hb E 11i1 

lJ1n~'I~Vl'Yl1'1fllflVl~1'UflflmUtl'lLl1i1fl fl1";J~'I()'I 50 - 60 % l'UUl'l:5''I111Vl ~'Ii1'lf'Un 

. 
~ ~ 

. 
. 

, .J 
alJ-UflfJfl~lJ1n (Na Nakom et al., 1956; Flatz et al., 1965) ~1'U Hb CS WUlJ1n'Yl~Vl 

~ 

'Yl1'1fllflVl~1'UflflmUtl'lLl1i1flLi'UL~mnu Hb E LL~~WU~'1~Vl()'1 26 Ltlfl{L'lf'Uvl ~ln'lf'Un 
~ . 

alJ-U flfJ (So) 'llfl'l:5''I111Vl~na'UfI''~ (Laig et al., 1990) LLYiWU~ltl~~L'nAtl'l~lJ1W 4• 
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LUB1L'lrUvl(?ueharoen et al., 19Wi; Wasi et a1., 1980) 1!..t'Jl£J'lllJifY4uil no E LL~:: Hb CS 

1A!~ fl '.i::;;)1t1 milt'lL;,:m I'll) ~l--j LL~~llJ m,' L1'l'V'l'" L-LllJ fll'J LLi.'f~'l ~'lfllJ£i'lti ~lJ~ El ~'IJ B'l 'V'l ~ LrJ B'l'Jl fl 
v, v 

vil'l~'ll·r)~ L'1h::{m'l Ll'l 'Vi'" 
v • • 

llJmilJ~i.'f'liltlllLtJlJ a-thaI 1 trait ~)1?fU~ LtllJmhJ~i3Yhvl?fi1L~~L~B~LL~'l~~ 
"" , .. ., d d ~ 1 "" 1 1.. 1.~1 ~I .1 "" ,.J' "" 

'llfWl LLVl'J;;lJ~fl"ru::fll'JLA~BlJ'YiiiB'ltl LlJ fl~'lilJ lJ~lJllJ YH"llLulJuflVl fl~lJ'W 'J~lJ typing 
, 

A2A L-d'WL&ltllnUfl~lJ Normal i3~l'Wl'W 21 'Jlt1 (6.8 %) 'V'lUYhvl'lfUL~~L~B~LL~'lYiLLVlflyjl'l 

h.l'JlflYhUfl~ ?1Bi3A1L\l~tI'lJtl'l~llJl'W Rbe ~'lflll1'UA'Wufl~iLamJBtI A1L\l~tI'lJtl'l Hb,
v 

Het, MCV, MCH ~lflllt.1flQi (Ltlfl~l)'HlJlm~'lf 10-15) t~m\l'Vil~Al MCV 'J~~lflil 

Alt1fl~lJlfl LLyjhn~Vl)1~~'Wfl'W~lfJ16 PCR ~'lhj~llJ1)()Utlfll~ilLtJlJ a-thaI 1 trait 'J~'l 

fll'JVl)l'J~Ul'lL'lJ'W 1~i3fll)Vl)1'J~lJfl'Wr.J~~lfJ16 PCR 'ViU~LtJ'W a-thai 1 trait 9 )lfJ (2.8
v 

%) i3Alvl'lfU L~~L~ BVl LL~'l~LLVlflyjl'llu'Jlfl A1Ufl~ ?1 tli3Al L\l~fJ'lJtl'l~l'Wl'W Rbe ~'lflil1'WA'W 
v 

t.Ifl~ LamJeW Al L\l~fJ'lftl'l Hb, Het, MCV, MCH ~lnllun~ (Ltlfl~l)'HlJlm~'lJ 19 - 24) 

, 

"" "" 
trait Yl~l'l5\J~• 

fll)1'lf' DCIP 16L&ltlltl)~fl tlUfll)lU;;)UEJ 'J~l~mllJb'lJtl'lfll'JVl)l'JY4l'H~~l LLvi16if 

i3mllJ~lL'Vil~i.'f'l r.J~AlllJ L~tl ~ tll~'lJ tl'l fll)lU'JUEJ 'lJ tl'l~ltl~l'l L~tl~ L&lElln'Wl'il~'J~l~'lmru 
v • 

lJ'Hl11'1EJ1atlLL~~)1~U~ (Vll)l'l~ 3) ijAlllJb AlllJ~lL'Vil~ AlllJ()n~tl'l 'lJtl'lfll)Vl)l'J
• v 

d """., t.I" "d "" 1'l~~1~'lmrulJ'Hl11'1EJ1~EJ 37, 99 LL~~ 81 L tl)L'lfWVl l'l)l?f~) 67, 99 LL~~ 90 

btie1{~'ll'Uvl Y1llJ ~l vltl C-j ~YllllJ ~~Bk1.~~ tl'lfll)lU'JUEJ 'If tl'l~ltlrll'l L~ tl~ L&lEJln'Wl'il~'J~l~'l 
, • 

f1)rulJmlmJ1~mL~~Ul'lL'IJ'U (Vll)l'lYi 12) ijYllllJb \illlJ:51L'Vil~ mllJ()n~tl'l 'lJtl'l 
v 

d """., t.I" "dfll)Vl)l'J l'l~~l~'lmrulJmll'lEJ1~EJ 60, 99 LL~~ 82 L tlWlf'WVl l'lUl'lL'lJ'W 65, 97 LL~~ 83 

.. I" ., QI 1v 'd .J' Qd .J'0 • ~ 
LuaWlf'WVl VlllJmVlU YllllJ'J1L~1~'lJa'lfll)?f DCIP aEJ1'lL~£n~'llJln l'l'l'WL'Vi)l~li5'W 'J~ 

" 
lir.J~:5ln~L\l'Vil~ Hb E, Hb Bart's LL~~ Hb H L'Yht1lJ L~a'l'JlnmlJtn~U'WL'H~lif'J~hja~

v 

~11'W~ DCIP (KuJapongs et aI., 1976: Friseher et al.,1975) mllJb'lJa'lfl1)Vl)l'JvllB~l'l 

L~tl~'Jlml'lfU~ l'il~'J~l~'lmnrlJmll'lEJ1aEJAa'W'lrl'l~llJlf)LWtl'l 37 Lua{L'l!'WGl tll'J Ldtl'llJl 

'Jln mllJ ~~'Vi ~l~OJln fll) LVl~fJ lJJlfJ1 'H~ a'Jln ~~l'ilhn~L~EJ'W lJll'11'l~l'Wll'lfJ1Yl1~Vl{ LWtI'll~ 
" 

., ";'1.1 "" ., .J' 1 ... ~" d... 1 .I" " )Ufll'JwnwlJ LL~~lJfll'J'Vi{ijJ'Wl'lJ'W 'Wfll)Vl'jl'JL~a~l'l L~'Jln'Ul'lL'lJ'W 'l!'llJmllJ 1 60 Lutl'JL'l!'WVl 

lmtLAtI'ln'U-ufll'YlEJ1yl1 ~Vl{~l'il~ )1?f'U~ LL~~'Ul'l L'lJ'W• 
fll)1'lf' OF l W tI'l tl~l'l L&lEllllJfll'Jlu'JUti 'V'l'Uilml~ L~B ~B1~'lJa'l16if~'lflili6 

v 

DCIP Lda'l'Jl fl ~ll.Jl)mLfJf)L~VlL~ tl~ LL~'l'lJ a'lYl'W~ij ~UflQi a afllJ11vl'lJln=l1'W 16if~'l Yl~lJnll'l• 
nil f)1)1?f16 DCIP r.J ~f)1)Vl)l'JvllBrl'N L~a~ L&l fJln'Wl'il~'J~1~'ln)rulJ'Hl11'1fJ1amL~~)1?f'U~ 
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.1" .. .J ... .1" .. • .., .J82, 97 LL~:: 93 Lua'Hyj14~ li~l'lf~~ 70, 97 LLa:: 89 Lua~Lyj14~ t'l1).JG'l1~U (~1~'1'Yl 2) 

c.Jam~~~l~Qll a cil'1 ~a a~lL&i trln14l'il~~\41~'1mrumni'Ylm c;rmLa::Ul'1 L'lJ14 iiflll).J1'1 ml).J• 
~lL'Vn:: ml~t:lnGltl'l 'lJfl'lm~~~l~ ~~\41a'lmrumni'Ylm~fJ 88, 88 LLa:: 88 LuafLyj14Q]" .• 
~Ul'1L'lJ14 69, 91 Ll~:: 81 luafLyj14~ ~l).Jihl1lu (~1~1'l~ 11) 14an~lnifrJ'I~uil flll).J 

1'1'lJa~16 OF l14~~~~'1f1~~t1~'1nilfl1~l~3JfI~l1l1j'l'lflm~mrm.J l'il~~\41" (~1~1'1~ 2, 11) 
.J c;;; cJ 4. I.Q. ~ .. I .o=r. ~ .. 

fl1~ l14 a'l).Jl~l m l1an'Yl).Ju~).Jlrua~~'1~lm::~u u n~ 'lJtu::~'1~,)~.r. (World Health 

Organization, 1972) ~l).JnU~lr1::lilc;r~:aliifJ 11~tl51).JlnaiJ14~~un&l LtJ14m~L~).Jflll).J~14
• 

.r . I ~... ~I ~.. ~... ~ ... • I 
II~'1'lJ'U m~~~l~flll).Jlu~l::'lJ a'll).J~l~a~LL~'1lu14l6~~l~ma'll6lL~n'Yl L'lf LLa::u~::~uml).J 

~lL~~ l~fJ Silvestroni LL~:: Bianco LL~::flru:: l14U~::l'YlAa~la (Weatherall and Clegg, 

1981b) ~m~fJ'lJa'l16if?ia ~::hjm).Jl~t:l~~l~~ll1:: a-thaI 2, Hb CS l1~mllrLL~ Hb E 114 

Ul'1~lfJ (Expert Committe, 1989-1990) 

m~h16 OF LLa:: DCIP ~l).Jn14 u~::naum~lu~~tJ ~Uilc.Jam~~~l~Qllacil'l 

'lJa'lm~~~l~ ~~\41a'lmru).J1111'Ylmc;rfJ 87, 96 LLa:: 94 LuafLyj14Q] ~~l'lfU~ 92, 96 LLa:: 

95 luafLyj14Q] ~l).J~l~U (~1~1'l~ 4) c.Jam~~~l~Qllacil'1Laa~1L&imn14l'il~~\41~'1mru• 
).J111i'Ylm~mLa:::Ul'1L'lJ14 iiflll).J1'1 ml).J~lL~l::: flll).Jt:lnGla'l 'lJa'lm~~~l~ ~~\41a'lmru" . 
).J1111'Ylmc;rfJ 88, 87 LL~:: 88 LuafLyj'UQ] ~Ul'1L'lJ14 81, 90 LLa:: 86 LuafLyj14Q] ~l).J~l~)\..J 
(~1~'1~ 13) 16 OF LL~:: DeIP 'lJa'lQllacil'l~~l'lfU~ (Gold Standard hjiim~lLfI~l:::r1• 
Gllm'YlflUfi peR) 1 ";flll).JL~a(ialvr~'1nil 90 lt.lafLyj14~ &inilm~1'lf16 OF L~fJ'Iacil'1L&itJl 

" 
ril14c.J~m~l LfI~l:::r1~lElcil'1~U1'1l'lJ14 (Gold Standard iim~l LfI~:::r1vrlm'YlflUfi peR) 1"; 

ml).JL~a(ial~lmrL?itJ'Inum~1i OF L~fJ'Iacil'1L&itrl 
m~~l).JLfl1 MCV LLa~ DCIP L~lvrlfJn14 LtJ14m~~l).JLfl1f1l1).J~Vlun&l'lJa'lL~Vl 

La a VlLLVl'll14'Yll'1U~).Jl ru LLa:::fI ru~).Ju&l L\lwl:::'lJa'l51).Jln~iJ14~ii~a~ DeIP l1l'llvrn~ll11LLal• 
~l'1v114 c.J~m~~TI~~lacil'1LaaVlL&imn14l'il~~\41a'lf)~ru).J1111'Ylm~fJLLa:::~'lfU~ iiflll).J1'1 

6 " .d .. .o=r. Q.I 

flll).J~lL~l::: flll).J~n~a'l 'lJa'lm~~~l~ 'Yl~\41a'lmru).Jl11l'YlmafJ 93, 94 LLa::: 94 

luafLyj14~ ~~l'lfU~ 94, 93 LLa:: 95 LuafLyj14~ ~l).J~lI1lU (~1~1'1~ 8) c.Jam~~~l~• 
~lacil'1LaaVll&imn14l'il~~\41~'1mru).J1111'Ylm~ULLa:::Ul'1L'lJ14 iiml).J1'1 flll).J~lL'Vn::• 

... .J.. ~ ., .1" .. .J 
flll).J\1n~a'l 'tIa'lm~~~l~ 'Yl~\41a'lmru).Jl11l'Yl~laU 93, 80 lla::: 86 Lua~Lyj14~ 'YlU1'1L'lJ14 

.1" .. .., .J)92, 86 LLa:: 87 Lua~Lyj14~ ~l).J~lVlU (~1~1'1'Yl 17 

http:14'Yll'1U~).Jl
http:m~~~l~flll).Jl
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~lnnTHU~tltJLiitl'Um~liJ ') ~tJ ~"m';) tl LL'U'Um'Hil'jl~vlVlil~a'l~l'l '1 ~~ 4 ~Ull 'U'U 
" 	 \J 

.d 1 tlw a..J ( .,: .J ( .,:) ' .. I ..:1 .. 1I d
LaJE b'lfmfJtri'lL(;laVl'Yl~l'lf'U~ Vl1~1~'Yl 9) LL(;l~'Yl1.J1'lL"lI'U Vl1~1'l'Yl 18 l'l'Ul1~uLl'U'U'Ylu~~flalJ. 	 " 
vi'ltl OF ~laJn'U DCIP LL(;l~'H~a MCV ~laJn'U DCIP LtJ'U'lULl'IJ'U~L'HaJ1~a'aJ1'Um'lI1I'l1~Yi'Vl .." 
ma'l'Wl'H~"lIa'lL'l~li1aa'~hijtll'UL:a'1'ln. ~mm'lflh1'U~m'lU'l~'lf1mlvi'~'lU'l~L'Ylri eJ'U~~li1lu~

" 

LaamtiLL'U'U1VliJ'l:ff'Ua~n'U~11aJ m l.J1~a'aJ'lJD'la'm'U~ '1 ~~li1lU1'lf'vi'ltl 'lULL'U'U~U'l~n a'U 
"" 	 " 

'" , " 	 I 

vi'ltl OF+DCIP LL(;l~ MCV+DCIP l1'la'a~~ULLuU'YiLa''Ua1'U'lltl'l1'Ui11r1f..mliJ~~tlijm1l.JL:aa
" 

~alVl1n~L~tI'l 90 Lua{Lilf'Uvl L~flli1lu1~~~1'Unm'l (~w1(;l'lmcll.J'H1l'Ylmatl) ,m'lL'Yl'Wi. 
('U1'l L'2J'U) LL(;l~1'U ~1'UfllJfl1Yl ('l1'tl''U~) 'lU LL'Uum'lVl'l1~AVlma'l'W1'H~'lJfl'lL~~li1aa'~hijtlv1'l

" ." 
mhlif Lu'U'lU LL'U'U~~ltl l~~'Um'l'YlVla'fl'U~lll.JLL,j'U~l LL(;l~~llaJ L~fl~ fllvi' l'hlvi'L~l 

" 
~:rmH1 ~~~~'U'lULL'U'U~L'HaJ1~a'l.J L~ fl1'lf'VI'l1~mD'lU'l~'lf1n'l-;51'Ul'UaJ1n LVltILQ'W1~1'U~1'U 

" " 
fllJm~~'lJ1 VlLL~(;l'U'U~mn'l LL(;l~ LYI~a'l ijaLQ'W1~~ ii'll ~lLL 'W'l 'H~a1'UU'l~L'Y1r1~fha'l~~'U1
" 	 . 

~fHl)tJ
Ii 

i:naa'~LijtILtJ'Uh~L(;li1V1~l'l m'l~'Ulin'l'll.J ijt.JthmtJ'Uh~if 5 LLa''U~'U'H~aU'l~l.Jlru. " 
1 % rrLtJ'U'W1'H~'lJa'lh~ 30-40 '10 'lJa'lU'l~'lf1m~'lU'l~L'Ylri LL(;l~lTul'U~~L~l.J:ff'UL~fltl '1 m'l~ 

" 
~~m'U~l.Jm'l'l~'U1Vl'lJ fl'lL'l~iflvi'fl~l'l ijU'l~~'Yl5m'W ~~Gifl'lij16m'lVl'l1~mfl'l~ijm1l.J L~a~a, 
lvi' ~'la'1l.J · I'lfl1'lf'y)'~'H1t.JLtJ'U'Wl'H~h!L:a'l'ln~1U'l~L'Y1r1 ~Vl~laJvi'lti m'l1r1Yi1u~m~1'Y1l'l~'U li". 	 , 
rl1a'Vl{ 1 'Ua'Vl~&'l~'l'l.n 1'U~a'aJ'l"ri fl'Um'lij'4Vl'l 'H~fl1'UmY'l'lf1tllti L~~qJ~'Uifrifl'Um'la'aJ'la' 
'lULL'U'Um'lVl'll~n'lfl'l~U'l~n fl'UvlltJ OF+DCIP 'H~fl MCV+DCIP LtJ'U'lULL'U'U~L'HaJ1~a'aJ 
" " 

~1'H-r'\J ml~m fl'lU'l~'lfl m-;5l'Ul'U +.11 n LVl tI LQ l'n~1'Ual'UfllJm ~~'lJ1Vl LLYI (;l'UU ~(;l1 m LL(;l~
" , 
~~~21'1ij:mn-~1~~ij'llmLL 'W'l 'H~fl1 'UU'l~L'Y1r1~fha'll~~'U1 L'W'l1~ 

1. LtJ'U16~ltl 

2. li1lvi'L~1 

3. 	 'll~lfln 

" 


4. a'laJ1~f1!J n'U~mm1vi' 1,jGia'l1itJL~m'lflru~ LrI'li• 	 " u 

5. Vl'l1~n'lfl'lU'l~'lf1n'l-;5l'Ul'UaJ1n 

6. lvl-rum'l'Y1Vla'flUYll1aJ Lui'Url1 LU~~Y111l.J L~fl~fll~ 
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'nJ LLUU rll'WI'n~n'la~~ll1~i:i1a(;f:aLijfJ~\hL(;fU alU'flfJ~llJif 1{'Y1~ (;faU15nl''lril~~ 
" 

• llJ~.umn~ (n'l~Ll1~"1: ~ln~~ n'lOhJ111111mafJ LL~~Ul~ L"llU) LL~~lU~ll.Jjlijmfl (~l'lfU~)
, , \J 't 

~ullijmllJL~a~ali LU~fJ 90 LtJafL'lfUt9l flru~~l~fJLi1U(;flJm~ll fll'Hh~tJLLuuifl,fl'li'
" v , 

L~tl 

111'1i 

1. 11~LL~UfI~aUfl~ltlUflUn~lJ Lthl1lJlfJLU~l~ LL~~LtJ~fJU-;')lnL~tl~ ~1WUJ. , 
~l'U1Um~LnV\ lJ1LUU L~:J.HHUfll~~uLi1!Ollm,j• 

MCV+DCIP ( Appropriate technology) 

4. ltfLLtJu~vln~a~ 15 mm~L~fJ~ 'lfVl"lltl~n~lJauliJfJ ~tJm'WLL(;fVl~m~rilfJ. " 
l1aVl~Ui:m~~lJ~L'li'lh~lfJ lum~llfm~tJ~mn VI~1~d~aVl~lfJ15~lfJLl1lJ1~tlU~lU(;flLil~ru(;f"ll 

l;l~~lU LL~~u~m~11~LL~UfI~aufl~1 

5. L~mL'W~tJ~~'lf1alJ~U5 llffll1lJf m~mm~n ~~hLL~~U~m~fllJn,LijVl
" " . 

.. ~I .. ~I .J it... .. ... " 1"''' 1 .. .. .J
~LuUtylV1 LL~~LuU'Wll1~ l1a~ Ulm~~ty'WlJLi l1lJ'4V1~ l'1UafJl'l~VI 

.... ... '. I 'i ".J 1..... . 1.¥.J .J'... 1 .. . I 
flru~~l~ fJfllVl11 u~~ LfJ'lflJ11~~ VI ~U~l nm~111~lU U'WUl'lUfi a VI ~u LL uum~11~ 

v " 

LL~UfI'H)Ufl~l all1~UfllUfllJt~flLila(;f:aLijmL~~'Wll1~ ~~(;fllJ1~m.h1Ultflvl'tlu'lflJ'lfUlualu 
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(2): 97-113 

-rt9l'Ul ~'UqJlV'1 fllfJ'W'l llnl~'lJ 1'W~'U A~~'lJb fl-rqJqJl nt9l&in~ml~A t1mr~'W'l 
,

#' ~ .Q" cv ~ Cl.I d Q.I ~ Q, QJ 

11::11'U'U'U'Yl \lll'l'lru fl~'W'Ul5 n~mru ~'UA()~m'l 'Ul~A'l .f1'Yl'l~~~n'J L'lJ~m tna.J::'lt9l 

lma'l ilVlJ'l1-WVlJ'Un~ um V1~t9la'U 2539a 'ltlLLlJlJ~Ll1~l~a~l'Um'lt9l'll'Jmfl~'Wll1::Lmta:S.. " 
Liiu ~ll1-rlJl:il'U.f1iJmYl 11'lal'l1'lflnl'lall51'lrua'lJ 5( 1) : 88-100" . 

-rt9l'Ul a'Ul5JlV'1 fllfJ'W'l LLnla'lJ t1mr~'W'l 11~11'U'U'Ul1 1'Wa'U A~a'lJL'lJ 

vl'UA()~~l'l fl-rqJqJl nt9l&ln~ml~A \lll'l'ltu ~~-W'Ui5 'Ul~A~ Jl'Yl'l~~~n'J L'lJiJm ml-J::-rt9l 

lma'l ilVlJ'l1WVlJ'Un~ un'l V1at9la'U 2539b 11'lal'lLal1t9l1'Ylm LL~::n'lfAlaGl'rlJ~m'lL~l1t9l 6 

(3) ) : 165-177 

-rt9l'Ul a'Ul5JlYl l'Wa'U A~a'lJl'lJ n~mru vl'UA()~m'l t1mtl-J'W'l 11::11'U'U'Ul1 L'lJiJm• • , 
m~~-rt9l -um V1~t9l~'U fl-rrurul nt9l&ln~ml~A Qll'l'lru a~W'Ui5 fllfJ'W'l LLnla'lJ 'Ul~A~ 

q OJ V " 

Jl'Yl'l~V1~n'J lma'l llGlJ'l1WGlJ'Un~ l51~a~hijtJ: LL'Ul'Y1l~LyjflL~~tl'l~a'Yl6~~'lJfl~m'ltJfl~n'U 
LL~::YlllJYll-JhYl m'ltl'l::'lfl-JLa'UtH...m~l'Ui~fJ LQa~Q~fl~ 80 tJ LLl1~m'lamtl'Ul'JW1~~mru 

l-Jml'Ylm~u 2540 : 965-970 

l~fJ lJruLLa~ 5ru'lf~ -nY/'Ul'lJ'J'l ~f.Iru'l~~ 1~A5'l'Yl-r'Wfr 'Ua'll a'Yl6&i~n-rt9l'l1 LL~:: an~ 
q v v " 
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lh 
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ill~~U1fl 

• 

a-thaI 

() 
~-thal 

a~-thal 

8 ~ - thai 

~-thal / Hb E 

HbE 

HbEE 

Hb CS 

Homo CS 

Homo a-thaI 2 

Iron Def. 

Alpha - thalassemia 

Beta -thalassemia 

Alpha beta -thalassemia 

Delta beta-thalassemia 

Beta-thalassemia / haemoglobin E 

Heterozygous haemoglobin E 

Homozygous haemoglobin E 

Haemoglobin Constant Spring 

Homozygous Constant Spring 

Homozygous Alpha-thalassemia 2 

Iron Deficiency 
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Blood indices f)1'JVllYh~'ll'i1d5~L~fJ~LL~-\lilmY1~~-\I Coulter- Counter ~-\lLU'U • 

LY1~fJ-\ljjfJ electronic lh:::nmJiltJ diluting apparatus LL~::: computer modules vh1Vl1ir.m 

~l'Wl'ULiJVlL~fJVlLL~-\I (Red blood cel! count, Rbc count) jjmbmu'U Gil'U/lJlJ. 3 

Y111lJL'llmJ'U'lJfJ-\l51lJln~u'U (Haemoglobin, Hb) jjml1tJLtI'U n-!lJ IVl~. VI~fJ n-!lJ % 

5lJllGlY1~'Y1 (Haematocrit, Hct) mllJalJ-W'U6'lJe)-\I ratio 'l:::W)l-\l cell volume 'lJfJ-\I red 

cells LL~::: whole blood i1V1lbmtl'U % 
, d ~ ~ .o:;:,j

Mean corpuscular volume (MCV) i'llL\:n'ltJ'lJfJ-\I cell volume 'lJfJ-\lLlJVl LafJVlLL~-\I lJ 

VllbmtI'U fl (femtoliter) 
, J ~ 

Mean CQrpuscular haemoglobin (MCH) Y11matJ'lJfJ-\I haemoglobin L'U individual red 

blood cell i1m.bmtI'U pg 

f d " " Mean corpuscular haemoglobin concentration (MCHC) Y11L\HltJ'lJfJ-\I Y111m'lJlJ'lJ'U'lJtl-\l 

haemoglobin l'ULiJ~L~fJ~LLVl-\l i1w\.bmtl'U n-!lJ 0/0 

Yllun&1'lJfJ-\I~'ll'i1LiJVlL~fJ~LLa~-\lln'U(in'Jl-\l (Schriever, 1975) 

Blood indices range 

Rbc count (Gil'lJ I lJ lJ .3 ) Hb 

(n-!lJ %) 

Hct (0/0) 

'll"lEJ VI~-\I 

4.5 - 6.5 3.9 - 5.6 

13.5 - 18.0 11.5-16.0 

40.0 - 54.0 37.0 - 47.0 

MCV (ft) 

MCH (pg) 

MCHC (n-!lJ 0/0) 

81 - 100 

27 - 32 

32 - 36 
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f.J"m~~m~l~'lfih~~H~ a~ 1tJ m~iij'l;1EJtn~rf:ad'hJLL"~'Vn~..,~ 'llm1l11f.11"i1~iY1mmA 

i·lnm.J1~Ll'lff'11a~{ Aru~LL~Y1f.1f'11rfVl{ ;')wl"-:jn~ur,.JrniY1EJ1~EJ a~tll~~-:jif 

., .. G "" ~'lf'ULl-J~L~fl~ range 

Nonnal Hb E-trait ~-thal trait 

Rbc count 4.4 - 5.4 4.8 - 5.6 5.0 - 6.6 

(~1'U/l-Jl-J3) 

Hb (g %) 13.4 - 16.3 11.6-14.4 10.5 - 12.7 

Hct (%) 40.8 - 48.2 36.5 - 45.2 34.5 - 42.5 

MCV (fl) 86 - 95 72 - 74 61 - 72 

MCH (pg) 28 - 33 23 - 27 18 - 22 

MCHC (g %) 31 - 36 30 - 34 29 - 32 
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bel fHfl~'Yi3JltJ b~on 3 

... ..: <V ~ '" 

Blood Smear nl'~Gl~l'J smear LCltlVlLYH1VlClm~H."u::'lleNL~VlLCltlVlLLVl-:J (Rbc
\J 

morphology) ~-;jl'\JTU reticulocyte LLCl:: inclusion body 

Rbc morphology 

o cI "odII "" .. "" .­2. '\JlaUJtl~LClf)Vl~ltlf)lJVlltl Wnght's stam LLCl::Gl~l'J~VlltlnCltl-:J ~Cl'YI~~A'\J 

L~VlLatlVlLLVl-:Jtln&i 'J::iJ~n~ru::'lltl-:J normochromic LLCl:: nonnocytic 

L~Vl La ilVlLLVl-:J ~Vltln&i m'Jijm~Ltl~tl'\J LL tlCl-:J1'\J~tl~l-:J'YI~E ~rutl'~u&i'lltl-:J m~&iVla 
\J • 

'J::lvi~n~ru::L~VlLatlVlLLVl-:J~~VlhJ'Jlntln&i vil-:J In'\J~-:J.Q (Schriever, 1975) 

Hypochromia 

Microcytosis 

Macrocytosis erythropoiesis or haemolysis 

Anisochromia 

Anisocytosis 

Spherocytosis 
oICIo. • • Q.J c.: odII 

Lf)~'Jln genetic disorder 'lltl-:Jc.J'\J-.:jLlJVlLCltl~LLVl-:J 

Elliptocytes 
A Q.J d 4 

LnVl'Jln genetic disorder 'lItl-:Jc.J'\J-.:jL~VlLCltlVlLLVl-:J 

Target cells deficient haemoglobinization 'YI~tl hyposplenism 

Poikilocytes ~l~ l1-:JbuIT cells, 

helmet cells (schistocytes) 

trauma to red cells 'YI~tl severe oxidant 

damage ij~tl~l-:J ~Vlt.ln&i LLGl nvil-.:jtl'\J 

Lnru?1m~ll1 grade l'\J~::uu plus system 'lltl-.:j Anisocytosis (A) , Poikilocytosis 

(P), Target cell (T) LLCl:: Ovalocyte (0) 

m~'J:: grade red blood cell vitl-:JVlvlltl111 oil LLCl:: Vl'YIClltl 1 fields tl~::ntlun'\J 
\J \J 

tI'~tlc.JCl'Jl nmbtl1Cll1Gli'YItll Illfli'lflmJl~n'lfAltl'Gl{ fI ru::LLYl'YItl Altl'Gl{ 'J~lCl-:Jmru 
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Results cells per viI field percent 

1+ 5 - 10 -2-5 

2+ 11 - 20 - 5 - 10 

3+ 20 - 40 -10 - 20 

4+ > 40 - >20 

m'lllfLnru.n Hypochromia (H) 

Rbc ~fl'lA'UtJn~ v::~V1aL?itl~~flULL~1AfltJ 1vl'l"''lLdflln~~V1~'U6mn'l 
.J."." cl I 

Rbc 'YI'll'V1 av::vl'lL'l1n11 

1 + ~"lJflU~fl'lL~V1L~flVlLLVI'lvl'l"''l1tJ 1 l'U 4 ~fl'lm'l~V1atJn~ 

2+ .J cl... 1tJ'YI~flU"lJfl'lLtlVlL"'flVlLLVI'lvl~"'~ 12 'U 4 A!':S"lJfl~m'lVlVli;ltJn~ 

3+ .J cl ... ltJ'YI~flU~fl~Ll.JVlL"'flVlLLVI~vl~"'~ 13 'U 4 A !':StJ A~fl~m'lVlVli;l nVi 

4 + 
.J cl .,. 1tJ
'YI~flU~fl~Ll.JVlL"'flVlLLVI~vl~"'~ 

cl ~I .,
v'ULl1'ULu'ULa'UU1~ 1 

rl'lL~V1L~flVlLLVI~~V1aLLG1nGh~n'Ul.Jln llf'l1fNl'U % ~fl~ rbe ~&1V1a~V1tJn~ 
Polychromasia (Poly) ?lfl rbe ~f1~1l.J1G1Lml.J~v::~V1aflfln~l.J~tJ'Uvh rl'l'WU v::'llfJ~l'U 

il~ polychromasia 

m'llijv,rfJin~a:SL~fJvln rbc morphology 

Type of 

Thalassemia 

Morphological Change 

A P 0 T H Poly 

~+ ­ thal 

(A2FA) 

2+ - 3+ 1+ - - a few 

« 1+) 

a few 

~ - thaI trait a few 1+ a few 2+ 3+ -

Hb E trait - - - a few - -

a - thaI 2 

(CSA 2A) 

a few - - a few -
" 

-
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A Anisocytosis 

P Poikilocytosis 

0 = Ovalocyte 

T Target cell 

H Hypochromia 

Poly = Polychromasia 

m'l~'l1:;') inclusion bodies (Hb H) LLn~ reticulocyte count (23) 

1. l1tJVl staining solution (1 % Brilliant cresyl blue lu ethanol) U\,I 

microscopic slide 1 l1tJVl Ll~:;~LijEJ)111Ul'l 1 
odiI G v I 

2. l-UlVlLaflVl 1 l1EJVlL~n 1 U\,I slide Vl'lfl~T1 

3. UVlvl-W cover slip LL~~ seal vllfJ vasaline 

4. ~'l~'lH~Brul1f)i3l1B'l 15 \,Ill1 l1lltJVlvllfJmrB'l:;')~'Y1)'lY1tf L~m1w,h\,ll\,l
1 ~ ~, 

reticulocytes ~'1:;')~L-M\,ILU\,I network 'lJB'lLa\,llfJ~~LafJVl~vh "h\,l inclusion bodies :;')~L-M\,I 
LU\,I:;,)VlLan 1 avh• 

~l\,ll\,l reticulocytes :;')~~VlLiJ\,I % 'lJB'lL~VlLaBVlLLVI'l l\,1~\,Itln~ :;,)~tJ'l~~lru 0.8 

- 2.0 % 

inclusion bodies rl'lV'4Un:;,):;~f)ll~C1LU\,I positive 

'H3..IltJL..,~, 
Hb H disease :;')~V'4UL~VI inclusion bodies Lf1BU 100 9"0 

~-thal 1 trait :;')~V'4U inclusion bodies lvlUBfJ ~'l~l~l'lm~~ ml~b'lJB'lm) 
VI)l:;')lV11V1fJ111LaBVlltJ~\,I LLal~VlL~VlLaBVILLVI'l.ff\,llvl buffy coat ~llilm'l'Y1V1~au:;,)~ 
L-M\,IL~VlLaaVlLLVI'l~ij inclusion bodies tJ'l~~lru 0-1 L'lf~a via oil field 
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• 

nl'WI~1~111'l!il~~a~ ifl2JLnaU'UL~fJ15LLf.Jnilf.Jn~::mt1vJvh 


,",lnm~ ifl2JLnau'ULL~ia::'l!il~ 1.h::nauilfJ~l'Ul'U1.h::~1vJ-Wl~ eJ~mVl eJdJL'U ~ 
• 
2Jl~l~n'ULtJ'U:ijl'Ul'UVl~~ Vlru~2Jumtla~1.h::~~l2J~~l~n'U1'Uifl2JLnau~LL~a:: 'l!ilVl 111111 

c;n2Jl~mLfJn nL2JLnau'U'l!il~~l~ 1 eJeJn~lnn'U1~1'Ua'Ul2Jth::~1vJ-Wl• 
m~LGl~m.f,rla:::alfJif[3Jtn"uu (Haemolysate preparation) 

1. Laa~mrlal~n'ULaeJ~LL~~ (EDTA blood) 3.0 ml Ul 2Jl~'U ~All2JL~l 
3,000 rpm (1,200 g) 15 'U1Yi ~~LLfJnrll'U~LtJ'UJl Ll1afN~~lt1 

2. al~LaeJ~~llJ~Ll1aeJeJ~ilrJ 0.9 % NaCI \hhJ~'U~ 3,000 rpm 15 

'UlYi ~~ril'UU'U~~1t1111iwlf'Ud 2-3 Vl~~ 
" 

3. Lm2JJlmt'UtI~2J1Vl~LYhnutI~2J1Gl~~eJ~ L~V1LaeJ~ LL~~ LLa:::Lm2J Carbon 
.,I .,I • ~ d "" • " tetrachloride 1..1"" 

Vl~~l1'U~ ~a~u~2J1Gl~~eJ~L2J~LaeJ~LL~~ L~mmfJ virtex mixer~2J1Gl~ 

• ... ..Il"d" • •~oJ ... 
eJm~LL~~ 5 'Ul'Y1 L~eJ l1L2J~LaeJ~LLfil~LLGln LLa::'Ul2Jlu'U'YI 3,000 rpm 'Ul'U 15 'Ul'YI 

• ~ '1 "" .,I •• 1 il ..I d 1"4. VlafJ 1 ~~al~a::alm1L2JLnau'U 'lI'~eJ~al'Uu'U a 'Ul1aeJ~L~eJ Lnu 1 

'YI~aeJu Hb typing ~eJ111 rl'lfi~hj'YI~aauli''UYi m~dlu1i~ -20 0'lI' 

Starch gel electrophoresis 

1. LGl~fJ2J Starch gell'U tray ~alamn ~'Ul~nil~ 12 'lI'2J. f.lll 26 'lI'2J. l1'Ul 

" " 0.6 'lI'2J. Vl112JL~'U~'W~eJ~ starch 14 % 

2. 1'li combs (slot formers) 1111lfLfi~'lieJ~U'ULL~'U starch gel 6-8 'lieJ~ 

3. l1fJ~ haemolysate ~LGl~fJ2JH'lil~~'U l'U'lieJ~ (slot) L~fJl'li capillary tubes 

4. 11~ starch gel tray uULVl~a~ electrophoresis chamber ijm:::~llin~eJ~ 
..I • 
L'l!eJ2J~:::1111~ buffer LLa:: starch gel tray 

'" " .J "" 0 ,,<$ d
5. LtJ~m::LLa1vJvh 'YI 300 - 400 volts arul1J)2J 4 'lI' (l'UGlLfJ'U) LU'ULlal." " 

2 'l!2J 

6. ~a2JLL~'U starch gel ~lfJ orthodianisidine 'th::2J1N 5-10 'U1Yi ua::: fix 

gel i1fJ fixing solution (2 Vl~~) ~::Li~'U LL(lU~a~ if[2JLnaUU -a'~L~U 

"'1..1"" 
• Hb Constant Spring (CS) detect 1~f.lln " L'Ua~~ln2J..I " 'YI3JlflL'YIGl ~2Jlru'UafJ2Jln m~ 

1'li fresh haemolysate LLa:::m~L~2J~Ul~tleJ~ slot LvJm~2J11~2J1N '!leJ~ haemolysate m~ 
1111lfL~ULL(lU'!leJ~ Hb CS ti~~u 
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.. 
.J • I""Cellulose acetate electrophoresis l'Wa'Hlu,)lJlru'lJa~ Hb 

15f11,) 

1. l~iut-i'U cellulose acetate strip l'U tris EDTA borate buffer pH 8.5 U')::lJlru 

10 'U111 

2. 'Wlut-i'U strip aanlJl~'Ull1'HlJ1V1 llalli' applicator 'HElV1 haemolysate ,N 
'U'Uut-i'U strip 'HElV1.§l 2 5~ 3 Yl~~ 1'H1iLl()'U~l'lllJ'Wam') 

3. 'Wlut-i'U cellulose acetate 1 Ull~')::w·.h~ chamber IVltlli' f1,)::V11~ma~ LU'U 

a::'Wl'U li'Tris EDTA borate buffer pH 9.0 Lu'Uvil'Wl lYJVh IV1ml~ll1u~ltlil'U~'HtlV1 
haemolysate 11 aQ'YI1~~1~'U 

4. LUV1 m::LLi:f1yJYh 380 volts ~arul1fliJl1a~'Ul'U 30 'U111 'H~a-;;)'U nll-;;)::l~'U. " 
LL()'U'lJ a~ haemolysate llElnn'U~V1 ~-;;)'U 

5. 'W1Llt-i'U strip aanlJl-;;)ln chamber li'm'llmviV1utlmlCl'U'lJa~ haemoglobinlri 

'H~aV1LLnll1 L&ilJt11nt'U 1.5 lJ~. !.11'H-r'ULLCl'U Hb A2 LL~:: 6 lJ~. al'H-r'ULLCl'U Hb A 

(al'H-r'U Hb ~'U 1111L&ilJt11nt'UVlllJmllJL'lllJ'l!a~~) ~~yf~H~aru'HIliJl1a~ 'Ul'U 30. " 
'Inl1 (l1~a11Y)1~A'U~ 4°'lf) llal'WllJTrV1m'lV1V1n~'ULLa~ ~mllJmlYl~'U 415 'Ull'ULlJVl,)

" 
6. ~;h'Ulru~hLua'h~'U~ Hb A 

2 

% Hb A = ODA __ x 100 
2 z 

00 A + (OD A x 4)z 

THA~ 
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• Microcolumn chromatography (14) m~l11tl~lJ1UJ'lltJ..:j Hb A LVlul'lf' salt 
2 

gradient 
... .J 1 ~4CIII "" .Cifll 

'HiMlnl~ 11 pH 7.5 lJ glycine KCN buffer mlJA11lJL'lllJ'lllJ'lltJ~Ln~tJtJtJU 1 Hb 

l ' .,.. 1.J ~ .J ""' ~ , .J ...:
A ~~ lJ(ln~lJLVlU anion exchanger lJ'llW;;l1 Hb 'lI'lJVltJlJ~~(ln~UVlVltJU LlJm..·.lJA11lJ 

2 u '"' " 

.,,, "1".J' <Q, :;

L'lllJ'lllJ'lltJ..:jLn~tJ l1lJln'lllJ Hb l1n'lflJVI~~l1~VltJtJn~ln anion exchanger l'l..:jl1lJVI, , 
1~m~ 

1. LVl~UlJ column LVlu1ialaUl..:j 1 ~Vl~tJUAtJVI'lltJ..:j pasteur pipette ~..:jbllJ 

2. L~lJ working DE cellulose ~..:j1lJ column 1lf~..:jtl~~lJ1W 3-5 'll'lJ. 

3. L~tJ;;)l..:j haemolysate vl1U developer A (0.2 M glycine 0.05 M NaCI 0.01 

0/0 KCN) 1:4 L~lJ~..:jUlJ~hl1\h'lltJ..:j column t1~~lJ1UJ 2 l1UVI L~lJ working DE cellulose 

UVlt31l1Ul'lltJ..:j haemolysate llf~..:jtl~~lJ1W 0.3- 0.5 'll'lJ. 
" 

I " cu <Q,

4. VltJ syringe tllJ1Vl 5 lJ~. LtllnU pasteur pipette LVllJ developer A 5.0 lJ~. 

~fl..:j-rua1lJ'lltJ..:j buffer ~'Vn Hb A flflnlJl LL~~t1~U t1~lJ1Vl~vl1uJlmtlJ1l11vl1 0 lJ~. 1V1 
2 

OD ~ 415 lJ1LlJLlJVl~ LUlJ~h OD A LVIU 1iJln~lJLUlJ blank 
2 

5. L~lJ developer B ( 0.2 M glycine 0.2 M NaCI 0.01 % KCN) an 5 lJ~. 

~tJ..:j~ua1lJ'llfl..:j buffer ~'Wl Hb ~Ll1aflflflmJ1 t1-$'u t1~JJ1Vl~1l11vl25 lJ~. (rl'l~h'li'lJlJlnllf 
t1~utl~lJ1Vl~1l11vl50 lJ~.) 1Vl 00 ~ 415 lJ1LlJL)JVl~ LUlJYll OD A 

6. AllJ1UJYll % Hb A 
2 

% Hb A = ~ItA2_- X 100 
2 

00 A + (00 A x 2.5)
2 
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..Alkaline denatur2tion tes[ (15-:!. 7) l'lf'l11'lFhnru'lJfl~ Hb F vi'ltl15i1Vftr.h Hb 

F 'lftivlL?)tIl~mlJl'Hl'Vl'Uviflvh~1vi' hjVlflVl~flfl'U cil'U51lJlfl~u'U~'U ., 'OJ~VlflVl~flfl'Ul'llJVI 
16m'} 

:' '" ( ) 1 ~d1. ~VI'Ul~~~lm~flVl haemolysate 0 .1 lJ~. ~~ 'Ul'l~flVl'VllJ 1.6 lJ~. 'lJfl~ N 112 

KOH flcin fl'UlLal L~lJvi''U~ULl~ll1'Uii L'lIcill'l~flVl'Y1V1~fl~111dilflVlL'IllflUJltll 
" 
2. L~flYl'lU 1 'Ulii L~lJ 50 % saturated acid ammonium sulfate 3.4 lJ~. ~~1'U 

11 ~ fl VI'VlVl ~ fl~-n'Uii (;.J i;'llJ111l 'Ill fl'U 

3. mfl~cil'U(;.JalJvi'ltlm~Vll'!3mfl~'OJ~1vi' "filtrate" 

4. 'rll "total" haemoglobin l~tlla haemolysate 0.02 lJ~. ~~l'Ul1~flVl~ijJl 
fl~'U 5 lJ~.(;.JalJll1L'Illfl'U 

5. lVl~mJ blank 5ll1-rU filtrate lVltll'lf' NI12 KOH 1.6 lJ~. LL~~ 50 % 

saturated acid ammonium sulfate 3.4 ~~. 

6. LVl~tllJ 	blank 5ll1-rU total lVltll'If'Jlfl~'U 5 lJ~. 
7. 'I1t1V1 cyanide solution 2 l'lt1V1 ~~l'Ul'I~flVlYlfll1~flVl L~flLlJ~tI'U 51lJlfl~U'UYlfl 

" 
'lftiVlll1Ll1'U cyanmethaemoglobin. . 

8. 	 lV1fll'lVlVlfl~'UlW~iiYllllJtIllYl~'U 540 'Ull'UL~Vl'l 

" .­

9. ~l'Ul'Utl~lJlru'll fl~ Hb F ~~iJ 

0;0 	 Hb F OD "filtrate" x 20 


00 "total' 


I'htlfl~'lJfl~ Hb F flltl 3 tI :ff'Ultl < 1 %•. ~ 
Yl1L\l~tI = 	 0.48.± SO 0.24 % 

(;.JalJ'lJfl~ Hb bart's flci 'OJ~'rllll1l'il 0;0 Hb F a~flilYllllJLtJ'U'OJ~~lvi' 
" 	 " 

'tnnml'l@1, 
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tel fHlldl1a-Jl tH~"lJ 8 

• 	 One tube Osmotic fragility (OF) 

'YH~'flfll'~ ~All:.J~i~'li\J'lJf)'iLn~f) 0.36 yO dJ~L~f)~LL~'1'lJf)'1A'WtlflGiv~LLVlmnJ~ 
LLvld~~L~f)~ LL~'1'l1f)'1A'W~LtJ'W51~~:adjfJ 11~f)'VnYl~v~5'1LL~nlaJ'H~~ L~ f)'1vlnii dJ~L~D~ 

, 
LL~'1nLL~nmn Li'W target cell, hypochomic cell, polychromasia tl~tl'Wf)rl m~l'HlLLfJn~ 

" " 
LtJ'W'Vnl1~l1~f)~thfJ 51~~:aLiifJmh'lA~11 11~ 

" 

1. 	 Stock 10% NaCI Solution 

NaCI* l80 gm 

Na2HP04 (anhydrous) 27.31 gm 

NaH 2P04 (anhydrous) 3.74 gm ('H~tl NaH2P04.H20 4.86 gm) 

2. L~~fJ~ 1 % NaCl buffer vln 10% NaCI buffer 

3. L~~tI~ 0.36% NaCl buffer .,nn 1% NaCI buffer 

* 1 v v, 10' ~ l' ~I 1 v , ~ 1 v dNaCI ATl~~f)U l1LLl1'1flf)'W 'if Lnu ~'lJl~u~~n l1LL'W'W LflU ~'Wl'WY1f)rul1fl~l1tl'l. 	 . " 
.. v 

iGfl1'l 

1. 	 l.Jm~tl~LLnlY1~af)'1t1'Wl~ 13x10 ~~ l~ 0.36% NaCl 5.0 ~a 

2. 	 ~~Latl~ (EDTA blood) 0.02 ~a. (20 ~I) 1~,'WJ1Lflatl~L~~mJlr 
3. 	 t:J~~liL'liln'W ~'1i'lli~f)rul1flijif)'l 30 'Wln LLa~eil'Wt:Javi'lif. " 

Negative: Clear haemoglobin solution (Complete haemolysis) 

Positive: Cloudy or smoky (Incomplete haemolysis) 
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Dichlorophenol indophenol (DCIP) precipitation test 

1",tfHll') ~ DCIP OJ::ihhi' unstable haemoglobin L~m~~tJ'H1l'VHl~lmtJ'U 
, 

VI::f)eJ'U'lhJeJcil'Ual')~::~ltJ l~LLti Hb E, Hb H, Hb Bart'<: OJdhuJ -SH ~~'):: :zi'l()f) 
~ ~ ~ 

oxidise L~tJ~ DCIP ihll1altJLf)~u'U~eJtJ1'U')t1 monomer Vlf)Vl::f)eJ'U~ ·un 
~ ~ 

" 
fl1,)L&1~m.nhEJ1 DCIP 


Trisma base 4.36 gm 


EDTA Na 2.2H 20 2.68 gm 


DCIP (sigma) 0.0276 gm 


Saponin 0.05 gm 

" ,

t1-!u pH 1l11~ 7.5 ~ltJ 6 N HCl LL~::L~).) ..hmr'Ull1A')u 500 ).)~ 

16fl1') 

1. til EDTA Blood )')1~'U~ 1,500 rpm 'Ul'U 10 'Ull1 

2. ~V1L\l'Vn::~~~L~eJVlLL~..:j~n'Ul1~eJ~ 20 ~ll~1'Ul1~eJ~LLnl'lJ'Ul~ 12x75 mJ ~i1 
.­

U1Ell DeIP fJriLLa1 5 .0 )JGl.
" 

3. ~~)Jf)~u1tJmrumLul 1 (invert tube) LL~::~..:ji..:jH~mul1j)ijl1fN 10 'U1Y;, " 
, 0 

4. lillt1ei'Ul1 37 'l5 LtJ'ULl~l 1 'if).) LVltJl~()f)m::'YlUf),)::L.y;eJ'U. " 

Negative Positive 

o Hb t1f)&1 
+ 

1 
+ 

2 

+ 

3 

Hb E trait 

Homozygous Hb E 

(Hb EE) 

Hb H disease 

+ 
4 aT'H~~(tlm~~la ~h~mf)3JVJl 'W'U(;\::f)f)U 

tlUl &1L~ui &1 f) f) rllinu'Yl(tf) ~ 
" " 

p-thal/Hb E 
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• 	 ~'lfi1dJ~ L~ fl~ LL~'1'll fl'lfllJ1Jfl~ hflBl~lJ:aLijU l'lll1~Bl~lJ:aLijU LL(;l~511Jlr. (;lUui.J~ 
tJil~ 1UflllJ1aarA'l'VIru'3"lnU ('ll"lflJ~) (n=239) LLlJ~'1~1U ~lL\l~tI (Mean ± SD) 'th~'1Wl v , 	 , 

1 

'lfiJ~'llfl'l 

"" "" "" B1~ lJ'lf L lJ tI 

Normal 

en= 160) 

Hb H Disease 

en= 1) 

~-thal trait 

en= 5) 

Hb E trait 

en= 39) 

Hb EE 

en= 1) 

8 ~-thal trait 

en= 1) 

ex. - thai trait susp. 

en= 19) 

Hb E trait+ Iron def. 

(n= 1) 

Rbc 

(million/mm3) 

4 .74±O.56 

4.78 

5.86±0.18 

5.08±0.47 

5.30 

5.04 

5.33±0.73 

5.00 

Hb 

(g%) 

13.89±1.53 

8.61 

12.54±1.37 

12 .91± 1.40 

10.20 

14 .30 

12.13± 1.50 

13.00 

Hct 

(%) 

42 .06±4 .60 

32.0 

41.20± 6.26 

39 .85± 6.49 

31.00 

43 .00 

39.26± 4.76 

41.00 

MCV 

(f1) 

88.63±4.35 

66.00 

66.80± 4.32 

80.10± 4.79 

58.00 

85.00 

73.89± 4.40 

81.00 

MCH 

(pg) 

29.4 ± 1.89 

18.10 

20 .88± 

1.47 

25.76± 1.81 

19.30 

28.30 

23.06± 2.64 

27.00 

MCHC 

(g%) 

33.05±1.82 

27.40 

30.80± 1.32 

31.73± 1.60 
I 

33.40 

33.30 

31.14± 2.11 

31.70 

.. 
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bEl fHlld~3-Jl tJ i,(;ltl 11 

, , 

tln&11'Ufllala:i!A'll'lqJ'I1'lfltJ ('l1'lf~1)(n=239) UaVl"l~-JU ~hLQatJ (Mean ± SD) 111ii 

'lfU Vl'lJ tl"l 

'" .....
in m1"llUJtI 

Rbc 
3 

(million/mm ) 

Hb 

(g%) 

Hct 

(%) 

MCV 

(ll) 

MCH 

(pg) 

MCHC 

(g%) 

Normal 

(n= 163) 

5.00±0.60 14.36 ± 

1.47 

42.91 ± 

4.40 

86.05± 4.09 28.82± 1.78 33.47± 0.84 

Hb H Disease 

(n= 1) 

4.95 9.50 30.50 61. 70 19.20 31.10 

~-thaJ rrait 

(n= 6) 

6.32±O.77 12.82± 1.80 39.88± 5.65 63.05± 2.70 20.28± 1.41 32.15± 1.23 

Hb E rrait 

(n= 39) 

5.36±0.55 13 .56± 1.41 40.93± 4.15 76.46± 4.01 25.33± 1.54 33.12± 0.67 

Hb EE 

(n= 1) 

5.58 10.60 32.50 58.20 19 .00 32.60 

o~-thJ.J trait 

(n= 1) 

5.23 14.80 44.10 84.30 28.30 33.60 

a-thaI rrait 

susp. (n= 19) 

5.81±0.76 12.89± 1.43 40 .37± 4.67 69.88± 6.58 22.37± 2.59 31.95± 0.92 

Hb E rrait+iron 

def. (n= 1) 

5.25 13.40 40.30 76.80 25.50 33.30 

• 
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• 	 ~'lfi1d1~latl~LL~~'lJtl~V1'UtJn&i l'Ill1~inaa~djEl ml~ml-Jln~u'U~~tJn&i 1'Uat?l~ 

~~V1~~fi (~l'7fU~) (n=72) LLa~~~"lEl~ll\l~El (Mean ± SD) 't'h~:>JW1~~n~rn~an111iJ1~U, 	 , 

I 

'lfij~'lJ eN 

inaa~djEl 

Rbc 
(million/mm3) 

Hb 

(g%) 

Het 

(%) 

MCV 

(0 ) 

MCH 

(pg) 

MCHC 

(g%) 

Normal 

en= 44) 

4 .06±0.27 11.97±0.81 36.51±1.92 89.53±4.17 29 .63±1.53 32 .86±1.53 

Hb E trait 

en= 12) 

4.26±0.44 11.25±1.08 34.66±3.05 80.21±2.38 26.40±1.68 32.53±2.12 

a-thai trait 

susp. en= 2) 

4.85 11.90 36.40 75.00 24.50 

I 

32.70 

Hb E trait +Iron 

def. en= 2) 

4.08±0.07 10.75±0.78 33.95±1.77 83.25±2.76 26.45±1.48 31.75±0.64 
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bf)fl~l-a'Yi~liH~"lJ 13 


.. 
'2ftJVl'lJfl~ 

til ~~:aLij fJ 

Rbc 

(million/mm 3) 

Hb 

(g%) 

Hct 

(96) 

MCV 

(11) 

MCH 

(pg) 

MCHC 

(g%) 

Normal 

en= 44) 

4.25±0.31 12.58±O.70 36.77±2.24 86 .68±3.64 29.67±1.58 34 .22±O.75 

Hb E trait 

en= 12) 

4.62±0.45 11.83±O.97 35.45±3.03 76.78±2.86 25 .63±1.19 33 .37±0.54 

a-thaI trait 

susp. en= 2) 

5.04±O.07 12.45±O.21 37.50±1.56 74.35±2 .05 24.70±0.14 33.20±0.85 

Hb E trait+ Iron 

def. en= 1) 

4.00 10 .80 30.70 76.70 27.00 35 .20 
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• 	 r.J/;l~13J'lJfl'lvl'2fil dJVI LaflvlUv,'l 'lJ fl'l rllJUn&i hrltna(;l':aLii£J 'Wll1~51a(;l':aLi'j£J 

LLl;l~ m2Jln/;lulJ~V1un&i 1lJfnala37~~'Yi~.,'J"lfla U/;l~aVl~&f.,'J~~~n (~1"lf'4~) (n=311) LL(;l'V1'l 
" I ~ 	 0.0::4 d' -., " QJ 

VIl£JrIlLm:m (Mean ± SO) l'11l'!"ilWl/;l"n~ru.3J'Yil1l'1m/;la• 

'2ftiVl'lJ fl'l 
....... 

51/;l(;l''lfL2Ja 

Rbc 
3 

(million/mm ) 

Hb 

(g%) 

Hct 

(%) 

MCV 

(fl) 

MCH 

(pg) 

MCHC 

(g%) 

Nonnal 

en= 201) 

4.60±0.58 13.50±1.61 40.93±4 .75 88.82±4.32 29.45±1.82 33.01±1.76 

Hb H Disease 

(n= 1) 

4.78 8.60 32.00 66 .00 18.10 27.40 

~-thal trait 

en= 5) 

5.86±0.18 12.54±1.37 41.20±6.26 66 .80±4.32 20.88±1.47 30.80±1.32 

Hb E trait 

(n= 47) 

4.94±0.55 12.63±1.48 38 .96±6.33 80 .12±4.45 25.87±1.79 31.86±1.70 

HbEE 

en= 1) 

5.30 10.20 31.00 58.00 19.30 33 .40 

8 ~-thal trait 

(n= 1) 

5.04 14.30 43.00 85.00 28.30 33.30 

a-thaI trait 

susp. (n= 20) 

5.30±0.72 12.12±1.46 39.12±4.68 73.95±4.29 23.13±2.59 31.22±2.08 

Hb E trait+ Iron 

def. (n= 3) 

4.39±0.53 11.50±1.41 36 .30±4.26 82.50±2.34 26.63±1.10 31.73±0.45 

Iron deficiency 

(n= 20) 

4.09±0.51 11.50±0.97 35.37±4 .06 86.21±4 .75 28.29±2 .36 32.65±1.80 
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t:J~~13-!'/J fJ'l vl'lfudJ~ L~ fJ~ LLltl'l '/J fJ'l fI'U'll nQl hflDl~~:zfdJtJ Wl'VItDl ~~:zfLij tJ LL~~ • 

i11)JIf)~u'U~~'ll n&i 1'Ufll ~l ~:ir~~'VI~'l'lfl iJ mlt~l91~vf\l~~~.n (~l'lf'4~) (n= 311) LL~~'l~-W 
vilLU~tJ (Mean ± SD) 'th~A'U(rri\lL5~;}.l~"lJIllWL"lJl91 4 ~l'lfU~". . 

'lf14 ~'/J fJ'l 

Dl~~:zfLijtJ 

Rbc 

(million / mm 
J 

) 

Hb 

(g% ) 

Hct 

( 0/0 ) 

MCV 

( 11) 

MCH 

( pg) 

MCHC 

( g% ) 

Nonnal 

en= 207) 

4.84±0.63 13 . ~8±1.53 41.60±4.75 86.18±4.00 29.00±1.77 33 .63±0.8 8 

Hb H Disease 

en= 1) 

4.95 9.50 30.50 61. 70 19.20 31.10 

~-thal trait 

en= 5) 

6 .32±0.77 12 .82±1 .80 39 .88±5.65 63.05±2.70 20 .28±1.41 32 .1 5±1.23 

Hb E trait 

en= 51) 

5.19±0 .61 13.15±1.50 39.64±4.54 76.53±3.75 25.40±1.46 33 .18±0.64 

Hb EE 

en= 1) 

5.58 10.60 32.50 58 .20 19.00 32 .60 

8 ~-thal trait 

en= 1) 

5.23 14.80 44 .10 84 .30 28.30 33.60 

a -thaI trait 

susp. en= 20) 

5.73±0.75 12.85±1.36 40.08±4.52 70.33±6.39 22.61±2.55 32.08±0.97 

Hb E trait + Iron 

def. en= 2) 

4.63±0.88 12.10±1.84 35.50±6.79 76.75±0.07 26.25±1.06 34 .25±1.34 

Iron deficiency 

en= 20) 

4 .33±0.56 12.12±0.99 35.97±3.39 83.50±5.56 28.23±2.63 33.75±1.l4 
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• 'lfU~LL~~u~aJlru'lJB'l~laJln~u'U LL~~Yh ferritin 'lJB'lYl'Uun&) hYlfnar;{:aLiiv y.jll1~ . 
l'ilar;{:aLiitJ LL~~~laJln~u'U~Vlu n&) 1'Ufll r;{laar~~l1tY~'lfl tJ (~1'lf~~) LLr;{Vl'l~"wYi1L'ilatJ 

(Mean ±SD) 

'lfU Vl'lJ B'l 
.., ...... 

61~r;{'lfLaJtJ 

Hb 

Typing 

Hb A2 

(%) 

Hb E 

(%) 

Hb F 

(%) 

Hb H 

(%) 

Ferritin 

(ng/ml) 

NormaI A2A 

(n;160) 

2.60±0.46 - 0.41±0.27 - 58.72±41.71 

Hb H Disease A2AH 

(n;!) 

1.10 - 1.37 5.30 171.10 

~ -thaI trait A2A 

(n;5) 

5.13±0.60 - 0.89±1.1l - 101.94±6.16 

Hb E trait AE 

(n;39) 

- 27.93±3.06 0.52±0.37 - 38.28±17.89 

Hb EE EE 

(n;l) 

90.81 0.19 - 106.50 

8 ~ thaI trait A2A 

(n;l) 

2.27 - 1.35 -

a -thaI trait 

(susp.) 

A2A 

(n;19) 

2.51±0.68 - 1.48±4.36 - 45.02±27.27 

Hb E trait+ 

Iron deficiency 

AE 

(n;l ) 

- 28.80 0.62 - 5.10 
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"lfUVI LL~::U~).JltlJ'lJeJ"InhJln~u'U .LL~::~h ferritin 'lJeJ"IA'Uun&i YllY1::Lil~R:SdJI'J LL~:: " 

m).Jln~u'U~Vlun&i l'URG1~ur.:JA,),).n (,)l"lfU~) LLRVI"Ivlll'J~lL\l~1'J (Mean ±SD), 

'lfUVI'lJ eJ"I 

cv "" "" Lil~R'll'L).J1'J 

Hb typing Hb A2 

(%) 

HbE 

(%) 

HbF 

(%) 

Ferritin 

(ng/ml) 

Normal A2A 

(n=40) 

2.65+0.43 - 0.34+0 .20 44.89+30.59 

Hb E trait AE 

(n=8) 

- 27.45+1.60 0.53+0.27 40.46+25.97 

a-thaI trait 

(susp.) 

A2A 

(n=2) 

2.90 - 0.20 73.38+43.10 

Hb E trait+ Iron 

deficiency 

AE 

(n=2) 

27.53+0.44 0.25+0.11 3.75+3.18 

THAiII'i 
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rHI'l'HJ'lJa~'lfij~LL~:::tJ~)J1tum)Jtn~D'U LL~::: ~1 ferritin 'lJa~~utJn&i h~51~~~djfJ 

W1'Y1:::51~Cf:adjfl LL~dihltn~uu i:i~tJn&i 1uen fl,aa!A'l'Hqj~?j" fJ ua:::fl~~~~A'l'lfl ('l'?j'U~), 
ll"~'lvhfJ\;j1L1.l~fl (Me-an ± SD) 

'lfij~'lJa~ Hb typing Hb A2 Hb E HbF HbH Ferritin 
.......... 

51 ~Cf'if l)J fl (%) (%) (%) (%) (ng/mI) 

Nonna! A2A 2.61±0.5 - OA±0.3 - 53.8±38.6 

(n= 200) 

Hb H Disease A2AH 1.1 - 104 5.3 175 

(n= 1) 

~-tha! trait A2A 5.13±0.6 - 0.9±l.1 - 10l.9±46.2 

(n= 5) 

Hb E trait AE - 27.9±2.9 0.52±0.4 - 39±20.5 

(n= 47) 

HbEE EE - 90.81 0.19 - 106.5 

(n= 1) 

8 P- thai trait A2A 2.27 - 1.35 - 5.9±3.2 

(n= 1) 

a-thai trait (susp.) A2A 2.54±0.7 - 1.42±4.3 - 48 .2±29.2 

(n= 20) 

Hb E trait+ Iron AE - 28±0.8 OA±0.2 - 5.1 

Deficienecy (n= 3) 

Iron Deficienecy A2A 2.5±0.4 - OA±0.3 - 6.3±2.4 

(n= 20) 

I 
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bf)fHll1l'i~ltH~'lJ 19 

"" '" 3J'Yil1't1 til ~ iJ 

'lfU~'lJf)~ 

lil~~~hi1£J 

Rbe 

(million/mm3) 

Hb 

(g%) 

He\ 

(%) 

MCV 

(11) 

MCH 

(pg) 

MCHC 

(g%) 

Normal 

(n=116) 

5.02±0.47 14.38±1.41 44.65±3.90 89.13±4.15 28.69±1.70 32.20±1.37 

AE Bart's Disease 

(n= 1) 

7.90 13.00 44.90 57.00 16.50 28.90 

Hb H Disease 

(n= 1) 

7.70 15.90 51.60 67.10 20.70 30.80 

HbH+Hb CS 

(n=l) 

7.20 10.90 42.40 59.30 15.20 25.60 

Hb E trait 

(n=38) 

5.39±0.52 13.78±1.18 43.26±3.61 79.67±5.98 25.74±1.31 31.89±1.27 

Hb EE 

(n= 7) 

6.09±0.77 11.97±1.71 36.96±4.59 60.80±3.91 19.70±1.76 32.37±0.94 

~-thal trait 

(n= 4) 

6.30±0.82 12.43±2.05 41.38±6.07 66.1O±1.89 19.80±0.77 29.95±0.74 

a-thai 1 trait 

(n= 6) 

6.03±1.07 13.13±1.79 43.10±6.80 71.70±3.30 21.93±1.20 30.58±0.79 

a-thaI 2 trait 

(n=15) 

5.9±0.68 13.65±1.73 43.84±4.81 83.41±2.66 25.91±1.03 31.10±1.27 

homo a-thaI 2 

(n=3) 

5.77±0.96 13.47±2.14 43.97±8.08 76.43±8.29 23.50±2.80 30.77±1.14 

• 

Til'" 
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• 	 ~'lfi1L~ Vl L~ tlVlLLVl.:j?J eJ.:j~'Utln&l h~51~~~djfJ Vnm~51~~~LijfJ LLC!~mlJlnC!u'U~Vltln&l 

1'UeJl"'1",3J~,)'YI~\I'7flfJ (UHLtI'U) LL~Vl.:j~"'w~hL\l~fJ (Meal1 ± SD) 'thnOJVflC!\I~Nmru• 

'lfU Vl?J eJ.:j 
~ .... 

61 C! ~'ll LlJ tJ 

Rbe 

(million/mm3) 

Hb 

(g'lb) 

He! 

(%) 

MCV 

(fl) 

MCH 

(pg) 

MCHC 

(g%) 

Hb CS trait 

(n==6) 

5 .72±0.55 14.62±1.28 47.57±2.94 83 .52±3.57 25.65±1.04 30.72±0.97 

homo CS 

(n==l) 

5.20 12 .10 43 .70 84.50 23.40 27 .70 

Hb E + Iron def. 

(n=2) 

5.15±0.35 11.70±0.57 36.85±1.48 71.90±2.40 22.90±2 .83 31.80±2.83 

Hb E +u-thal 1 

(n==2) 

6 .80±0.85 14 .85±1.20 46 .95±4.03 69.25±2.19 21.90±0.85 31.60±0.14 

Hb E +u-thal 2 

(n==l) 

6.40 15 .70 48.20 74.90 24.50 32.70 

Iron deficiency 

(n= 4) 

4.43±0.17 10.35±1.89 35.43±4.08 80.7±10.13 23.63±4.74 29.03±2.37 
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~'ll'ihiJVlLaaVl LLVl~'lJeNI"l'\.JtJf)&i hl"lulaa:zidJtJ Wll-1:::61aa:zidJtJ LLa:::i11lJIf)au'\.J~VltJf)&i • 

1'\.Jfl1almr~'llH~~"lflfJ (Ul~L"lIU) LLaVl~vl-lrJ yjlL\l~fJ (Mean ± SD) 'th~,",\Hra'Ha1~Hl'l.l- " . 
fll'VmJ~ 1 Ul~L"lJU 

'll'ilVl'IJa~ 
.... ~ ..

61 aa'lfUJf.I 

Rbc 

(million/mm3) 

Hb 

(g% ) 

Hct 

(0/0) 

MCV 

(fl) 

MCH 

(pg) 

MCHC 

(g%) 

Normal 

(n=115) 

4.85±0.53 14.63±2.21 43.24±4.21 89.17±4.36 29.92±1.84 3S.S4±0.69 

Hb E trait 

(n=38) 

5.28±0.50 13.89±1.10 42.00±3.39 79.66±3.36 26 .34±1.33 33.29±1.10 

, 

~-thal trait 

(n=4) 

6.06±0.80 12.70±1.88 40.25±5.56 66.00±1.41 20.95±0.62 31.80±0.22 

3t.17±O.431(X-thai 1 trait 

(n=6) 

S.SO±1.19 13.1O±1.97 42.17±6.31 70.00±3.03 21.90±0.67 

(X-thai 2 trait 

(n=15) 

5.08±0.66 13.74±1.62 41.87±4.94 82.53±2.20 27.1O±0.97 32.79±0.61 

Hb H Disease 

(n=1) 

7.74 IS.90 S1.00 66.0 20.S0 31.20 

HbEE 

(n=7) 

5.73±0.95 12.07±1.62 36.86±4.91 67.7±11.57 21.37±3.65 32.89±0.74 

Iron deficiency 

(n=4) 

4.19±0.12 12.S0±4.86 33.75±4.03 80.8±1l .15 2S.75±S.03 31.70±2.03 
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~'llUdJVlL~aVlLLVI~'IJ eJ~~'UtJf1&i h~ Bl~a~Liitl 'Wl"'~Bl~a~dJtI LL~~ 5LlJLn~U'U~VltJf1&i 

1'Ufllalaar"''i'HtY-l'llltJ (Ul-lL'lJU) LLaVl~~'''ltI ~lLU~fJ (Mean ± SD) 'h~~'Utlri-lLa13-/~'llil1'W 
L'llVl 1 \Jl-lL~'U 

'll{lVl'IJeJ~ 
.., "" ... 

Bl~a'lHlJEJ 

Rbc 

(million/mm3) 

Hb 

(g% ) 

Hct 

(%) 

MCV 

(ft) 

MCH 

(pg) 

MCHC 

(g%) 

Hb E + Iron def. 

(n=2) 

4 .. 99±0.20 11.65±0.07 35.50±0.. 71 71.50±3.54 23.35±0.78 32.75±0.64 

Hb CS trait 

(n= 6) 

5.56±0.64 14.80±1.23 45.67±3.88 82.67±6 .94 26.72±1.19 32.40±0.46 

E trait+U-thal 1 

(n=2) 

6.69±0.57 14.80±1.13 46.50±3.54 70.00±1.41 22.15±0.21 31.80±0.28 

E trait+U-thal 2 

(n=l) 

6.31 15.4 48 .00 75 25.10 33.60 

Homo CS 

(n= 1) 

4.84 11.90 39.00 81.00 24.60 30.40 

AEbart disease 

(n= 1) 

7.78 13.10 43.00 56.00 16.80 30 .30 

Homo a-thai 2 

(n=3) 

5.57±0.94 13.60±2.43 41.67±7.57 75.00±7.81 24.83±2.72 32.67±0.60 

HbH+Hb CS 

(n=1) 

7.03 11.20 39.00 55.00 "- 15.90 28.90 

1 
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~ 

'lfUVl'IJ B'l 

Lil~~~hijfJ 

Rbc 

(million/mm 3) 

Hb 

(g%) 

Hct 

(%) 

MCV 

(fl) 

MCH 

(pg) 

MCHC 

(g%) 

Normal 

(n=64) 

4.46±0.37 12.94±0.99 39.9S±3.20 89.6S±3.30 29.0S±1.33 32.41±1.24 

Hb E trait 

(n=23) 

4.87±0.29 12 .06±1.01 36.4 7±7.82 77 .87±4.3S 24.78±1.S2 30.S8±6.14 

(X-thai 1 trait 

(n=3) 

S.47±0.32 10.87±0 .32 37.40±1.41 69.10±2.36 20.10±0.61 29.03±0 .S7 

a-thai 2 trait 

(n=lO) 

4.7S±0.41 12.27±0.90 39.38±3.36 83.25±2.64 25.98±1.32 31.20±1.34 

Hb EE 

(n=3) 

5.03±0.59 10.10±1.32 31.20±3.25 62.20±0.72 20 .07±0.35 32.27±0.83 

Iron deficiency 

(n=l) 

4.40 9.40 32 .80 74.60 21.40 28.70 

Hb E+ Iron def. 

(n=4) 

4.8S±0.77 10.90±0.91 34.88±2.63 72.68±9.60 22.60±2.S6 31.20±0.71 
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.. ~'lfih~VlLaa~llLVI-:l'll a-:l~utJf)~ 'W111::tml'a:ad1Ej LLa~mlJIf)auu~VltJn~ 1ualll"i 

~\I""'l'l.n (Ul\lL'lJ'U) LLaVl-:lVl"-lEll'h LQ~EJ (Mean ± SO) 'th~OJWla\l mru3J'rn111 tila'EJ, 

'lfU Vi'll a-:l 

Lil~a:lhijEJ 

Rbc 

(million/mm3) 

Hb 

(g%) 

Hct 

(%) 

MCV 

(fl) 

MCH 

(pg) 

MCHC 

(g%) 

Hb CS trait 

(n=2) 

4.20±0.14 11.50 36.15±1.48 86.35±0.21 27.50±1.27 31.90±1.41 

E trait+U-thal1 

(n=1) 

5.00 10.50 36.30 72.60 20.90 28 .80 

E trait+U-thaI2 

(n=1) 

4.00 9.10 30.70 76.50 22.70 29 .70 

Homo CS 

(n=1) 

3.90 12.60 39.10 101.00 32.50 

I 
32.40 

Hb E +CS+Iron 

(n=1) 

4.30 8.70 28.20 66.00 20.40 30.90 

Homo U-thal2 

(n=1) 

4.70 10.30 35.40 74.70 21.80 29.20 

Hb CS+U thal2 

(n=1) 

4.40 9.50 34.40 79.10 21.80 27.50 
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bf) tHll ~'Vi a.J 1 tl b(;l "lJ 2 2 

'lfi1Vl'lJrN 

.... "" "" 51c;l!:l'lHl-ItJ 

Rbc 
3 

(million/mm ) 

Hb 

(g%) 

Hct 

(%) 

MCV 

(fl) 

MCH 

(pg) 

MCHC 

(g%) 

Nonnal 

(n=62) 

4.30±0.51 12.94±1.24 38.03±3.42 89.29±4.70 30.38±1.93 34.00±0.76 

Hb E trait 

(n=23) 

4.73±0.32 12.34±1.09 37.04±3.20 78 .22±4.10 26.12±1.57 33 .38±0.62 

a-thai 1 trait 

(n=3) 

5.23±0.35 11.07±0.32 35.00±2.00 67 .00±1.00 21.20±0.85 31.73±0.83 

a-thai 2 trait 

(n=10) 

4.55±0.38 12.36±0.86 37.50±3.68 82.20±2.90 27 .19±1.1 7 32.09±3.14 

Hb EE 

(n=3) 

4.97±0.73 10.37±1.10 32.00±4.36 64.33±1.15 20.93±0.81 32.63±0.74 

Iron def. 

(n=1) 

4.05 9 .80 30.00 75.00 24.20 32.20 

Hb E+Iron def. 

(n=4) 

5.59±1.58 11.15±0.99 33.25±2.87 73.00±9.76 24.73±3.71 33 .83±0.78 

" , , 
ol\l~'l'l.n LL!:l~\I~";ltIl"illU~tJ (Mean ± SD) rhtiA'lUJri\lw'i3-Ja'lJfI1YH'lJl'I 1 Ul\1L'lJ'W 

'U • 

TUA'" 
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~il~'lJa~ 

tmra:zid1a 
Rbc 

(million/nun3) 

Hb 

(g%) 

Hct 

(%) 

MCV 

(fl) 

MCH 

(pg) 

MCHC 

(g%) 

Hb CS trait 

(n=2) 

4.06±0.26 11.50±0.42 34.50±0.71 85.00±2.83 28.45±2.90 33.35±2.19 

E trait+U-thall 

(n=1) 

4.79 11.20 34.00 70.00 23.40 33.40 

E trait+U-tha12 

(n=1) 

3.87 9.50 29.00 75.00 24.50 32.60 

Homo CS 

(n=1) 

3.81 13.00 37.00 98.00 34.00 34.90 I 

Hb E+CS+Iron 

(n=1) 

4.13 8.50 27.00 65.00 20.60 31.70 

Homo U-thal2 

(n=1) 

4 .62 10.90 34 .00 73.00 23.60 32.30 

HbCS+U-thal2 

(n=1) 

4.04 9.60 31.00 77.00 23.80 31.00 
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bflfHllTYi3JliJbr;lon 23 

~a'l13.J 'lJB~vl'l5iidJV1L~BV1LLV1~'lJENfI'\Jun&l l'lfl51tla:zfd'jtJ 'W1Vl~51tla:zfdjtJ LLa~ 

51lJLnau'\JwVlun&l 1'\Jf)lala~A'l't'l~.:J'2fltJ Lta~aV11c#.:JA'l'lfl (Ul.:JL'lJU) LLaV1~~"wYiwu~tJ 
o ..d: fI.c:to. QI

(Mean ± SD) 11111OJ'l-na.:jndW3.J't'I1111tJ1atJ, 

'l5iJV1'IJB~ 
... "'" "'" 51 (;itf'lfLlJtJ 

Rbe 
3 

(million/mm ) 

Hb 

(g%) 

Het 

(0/0 ) 

MCV 

(fl) 

MCH 

(pg) 

MCHC 

(g%) 

Nonnal 

(n=180) 

4.82±0.51 13.87±1.45 42.98±4.29 89 .32±3.86 28.82±1.59 32.27±1.33 

Hb E trait 

(n=61) 

5 .20±0.50 13.13±1.39 40.70±6.44 78 .99±5.46 25.38±1.46 31.39±3.90 

p-thal trait 

(n=4) 

6 .30±0.82 12.43±2.05 41.38±6.07 66.1O±1.89 19.80±0.77 29.95±0.74 

(X-thaI 1 trait 

(n=9) 

5 .84±0.90 12.38±1.82 41.20±6.13 7C .83±3.15 21.32±1.35 30.07±1.03 

(X-thal 2 trait 

(n=25) 

5.07±0.64 13.10±1.59 42.06±4.77 83.35±2.60 25.94±1.12 31.14±1.27 I 

Hb H Disease 

(n=l ) 

7.70 15.90 51.60 67.10 20 .70 30.80 

Hb EE 

(n=10) 

5.77±0.86 11.41±1.77 35.23±4.91 61.22±3.28 19.81±1.46 32.34±0.86 

Iron def. 

(n=4) 

4.43±0.17 10.35±1.89 35.43±4.08 80.7±10.13 23.63±4.74 29.03±2.37 
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..' 

&Hl11:J.J 'lJ [J-:j ~'llijLiJVl L~ [JVl LLVl-:j'lJ [J~ AUU nG] hAlil~a:ad:ltl Ylli-1:::lil ~a~djtl LL~::: 

51:')1n~uu~VlunG] 1Uf)1"1"~A1'M~~"lflt1 U~::"Ul1~~ A11,n (Ul~L'lJ'U) LLaVl~vi'-JtlA1Lo;1~tI 
(Mean ± SD) ,h~OJW1~~n'lW:J.J'M11nm~tI, 

'llUVl'lJ [J-:j 

lil~a:ad1t1 

Rbc 

(mill ion/mm 
3 

) 

Hb 

(g%) 

Hct 

(%) 

MCV 

(fl) 

MCH 

(pg) 

MCHC 

(g%) 

Hb E+ Iroo def. 

(0=6) 

4 .95±0.64 11.17±0.85 35.53±2.37 72.42±7.52 22.70±2.36 31.40±1.41 

Hb CS trait 

( n=8) 

5.34±0.84 13.84±1.80 44.71±5.87 84.23±3.29 26.11±1.32 31.01±1.12 

E trait+a-thall 

(0=3) 

6 .20±1.20 13.40±2.65 43.40±6 .78 70.37±2.48 21.57±0.83 30.67±1.62 

E trait+a-thaI2 

(0=2 ) 

5.20±1.70 12.40±4.67 39.45±12.37 75.70±1.13 23.60±1.27 31.20±2.12 

Homo CS 

(0=2) 

4.55±0.92 12 .35±0.35 41.40±3.25 92.75±11.67 27 .95±6.43 30.05±3.32 

AEbart disease 

(n=1) 

7.90 13.00 44 .90 57.00 16.50 28.90 

Hb E+CS+Iroo def. 

( n= 1) 

4 .30 8.70 28.20 66.00 20.40 30.90 

Homo a-thal2 

(0=4) 

5.50±0.95 12.67±2.36 41.83±7.87 76.00±6.82 23.08±2.44 30.38±1.21 

HbH+Hb CS 

(0=1) 

7.20 10.90 42.40 59.30 15.20 25.60 

HbCS+a-thaI2 

(n=l ) 

4.40 9.50 - 79 .10 21.80 27.50 
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51lJlnaulJ~VltJn~ llJ fll(;/1(;/371"l111tY'l'l51t1 LL~~(;/11I1~'l1"l'j1.n (Ul'lL'lIU) 
, . 

mafJ (Mean ± SD) ...hiiAmJa'lL(;/13J(;/'2IJll'WL'2I11I 1 Ul\lL'2IU 
" 1 

'lfUVl'lJfl'l 

51~a':Sd'jtJ 

Rbc 

(million/mmJ) 

Hb 

(g~) 

Hct 

(~) 

MCV 

(£1) 

MCH 

(pg) 

MCHC 

(g~) 

Nonnal 

(n=177) 

4.66±0.58 14.04±2.09 41.42±4.67 89.21±4.47 30.08±1 .88 33.70±0.75 

Hb E trait 

(n=61) 

5.07±0.52 13.31±1.32 40.13±4.08 79.11±3.69 26.26±1.42 33.32±0.94 

~ - thai trait 

(n=4) 

6.06± 0.80 12.70± 1.88 40.25± 5.56 66.00± 1.41 20.95± 0 .62 31.80± 0.22 

a-thaI 1 trait 

(n=9) 

5.41± 0.97 12.42± 1.87 39.78± 6.22 69.00± 2.87 21.67± 0.77 31.36± 0 .61 

a-thai 2 trait 

(n=25) 

4 .88±0.62 13.18±1.51 40.1Z±4.66 82.40±2.45 27.14±1.03 32.51±2 .CO 

Hb H Disease 

(n=l) 

7.74 15.90 51.00 66.00 20.50 31.20 

Hb EE 

(n=lO) 

5.51± 0.93 11.56± 1.64 35.40± 5.08 66 .70± 9.60 21.24± 3.01 32.81± 0.71 

Iron def. 

(n=4) 

4.19± 0.12 12.5± 4.86 33.75± 4.03 80.8± 11.15 25.75± 5.03 31.70± 2.03 

Til"'''' 
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(ojp-n3J 'lJa~~'lfi1dJVlL~aVlLLVI~'lJa~rI'Utlfl&l l'lriUlaa~~ij(J 'V'Ill1~51~a~Lij£J ~U;l ~ 

m~lflau'U~Vltlfl&l l'Uel1~na3rA';i~~·nntJ LL~ta~~~~A';i';in (In-Wil'U) LLaVl~~l£J~h 
, , 

LU~£J (Mean ± SD) ,hnA'Utfa 'Ha~3-Ja!l.fl1'V'1L!lVl 1 Ul-ilL!l'U 
'\J , 

'lfUVl'lJa~ 

51~a~Lij£J 

Rbe 

(million/mm3) 

Hb 

(g%) 

Het 

(%) 

MCV 

(fl) 

MCH 

(pg) 

MCHC 

(g%) 

Hb E+ Iron def. 

(n=6) 

5.39± 1.26 11.32± 0 .81 34 .00± 2.53 72 .50± 7 .77 24.27± 2.98 33.47± 0 .87 

Hb CS trait 

(n=8) 

5 .18± 0.89 13 ,98± 1.86 42 .88± 6 .13 83 .25± 2.92 27 .15± 1.69 32 .64± 1.02 

E trait+U-thall 

(n=3) 

6.05±1.17 13.60±2.23 42.33±7.63 70.00±1 .00 22.56±0.74 32.33±0.95 

E trait+U-tha12 

(n=2) 

5.09±1.73 12.45±4.17 38.50±13.44 75.00 24.80±0.42 33.10±0.71 

HomoCS 

(n=2). 

4.33±0.73 12.45±0.78 38 .00±1.41 89.50±12.02 29 .35±6.72 32.65±3.18 

_
AEbart disease 

(n=l) 

7 .78 13 .10 43 .00 56 .00 16.80 30.30 

Hb E trait+CS + 

Iron Def. (n=l) 

4.13 8 .50 27 .00 65 .00 20.60 31.70 

Homo+U-tha12 

(n=4) 

5.33±0.90 12.93±2.40 39.75±7.27 74 .50±6.46 24 .53±2.31 32.58±0.53 

Hb H+Hb CS 

(n=l) 

7.03 
-

11 .20 39 .00 55.00 15.90 28.90 

Hb CS+ 

U-tha12 

(n=l) 

4.04 9 .60 31.00 77.00 23 .80 31.00 
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• 

bf)fHll-al1a-Jli.1b~tI 25 

'lfU~LLa::tFhn!U5L)JLf1au \J LLa::rh ferritin 'lJ fl-.3V1'Utlf1~ 

5l~iiEdhJ LLad'iLlJLf1au'U~~t1f1~ 1'Well alaa!~')..,tY~"lfltJ (lJl~ L'lI'U) 

(Mean ± SD) 

'lfU~'lJ fl-.3 
.., .... 

51aa'lHlJ tJ 

Hb 

Typing 

Hb A2 

(%) 

Hb E 

(%) 

Hb F 

(%) 

Ferritin 

(ng/ml) 

Normal A2A 

(n=116) 

2.7+0.6 - 0.41+0.47 58.18+28.73 

~ -thai trait A2A 

(n=4) 

5.3+0.4 
, 

- 0.5+0.2 80.40+13 .77 

a-thai 1 trait A2A 

(n=6) 

2.4±0.6 - 0.7+1.0 117.7+117.5 

a-thai 2 trait A2A 

(n=15) 

2.6+0.5 - 0.4+0.4 65.96+58.26 

Hb H Disease A2AH 

(n=l ) 

2.5 - 1.5 98.15 

Iron deficiency A2A 

(n=4) 

2.8+0.6 - 0.5+0.4 3.35+5.15 

!Th CS trait CSA 

(n=6) 

2.8+0.5 - 0.4+0.2 96.03+89.63 

Homo CS CSCS 

(n=1) 

4.4 

I 
- 0.4 288.80 

~. 

.. 


• 
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'lfil~LLa~tl~lJlfU5tlJ'[nau'\,! LLa~~h ferritin 'lifl~~'\,!tln&i h~51.r~~Liitl Wl'H~ 

li1.r~~LiitJ LLadfllJ'[nau'\,!~~tln&i 1'Uel1ala31f1,)'Hqj'l1'lflf.J (\Jl'11LtlU) LL~~~~-w~h L\l~f.J 

(Mean ± SO) 

a 

• 

• 

.. 

'lfil~'lJeJ~ 
... ... ... 

li1a~'ll'LlJf.J 

Hb 

Typing 

Hb A2 

(%) 

HbE 

(%) 

HbF 

(%) 

Ferritin 

(ng/mI) 

Homo+a-thal 2 A2A 

(n=3) 

2.8+0.6 - 0.5+0.5 62.00 

Hb E trait AE 

(n=38) 

- 27.0+2.8 0.5+0.4 71.21+54.83 

Hb EE EE 

(n =7) 

- 87.6+5 .0 3.0+3.3 142.3+123.6 

Hb E trait+Iron 

deficiency 

AE 

(n=2) 

- 27.7+1.0 0.7+0.2 3.50+0.14 

E trait+U-thall AE 

(n= 1) 

- 19.5+0.4 1.4+0.4 375.75 

E trait+U-thal2 AE 

(n= 2) -

- 28.06 0.5 -

AEbart disease AEB 

(n=l ) 

- 22.0 0.4 105.70 

HbH+Hb CS CSH 

(n=l ) 

2.9 - 1.0 98.15 
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'lIuVlLLa:::tl~aJlru'lJ8'1maJlf)au'U LLa:::~h ferritin 'tf8'1fl'Utlf)~ Wll1:::51aatEd:itl 

LLa:::maJlf)au'Ur:lVltlf)Gl1'Ufll'1~~-3"''l·ul ('Ul-3L'llU) LLaVl'l~1tJ~lLU~t1 (Mean ± SD) 

'lIU VI'll 8'1 
</..' d Q 

51aa'll'LaJtJ 

Hb typing Hb A2 

(%) 

HbE 

(%) 

HbF 

(%) 

Ferritin 

(ng/ml) 

Normal A2A 

(n=64) 

2.6+0.6 - 0.4+0.3 57.99+46.39 

a-thai 1 trait A2A 

(n=3) 

2.5+0.8 - 0.5+0.3 58.77+28.01 

a-thaI 2 trait 

(n=3) 

2.6+0.5 - 0.4+0.3 50.28+28.15 

Iron deficiency (n=1) 3.4 - 0.3 0.20 

Hb CS trait (n=2) 2.4+0.4 - 0.4+0.2 56.30+18.81 

Homo CS 

-

(n=l ) 2.0 - 0.1 148.30 

Homo+a-thaI2 

trait 

(n= 1) 3.4 - 0.7 17.90 

... 


• 


THA~ 
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"lfU~LLa::t1~tJlru'lJf)~ffitJlnauu LLa::~h ferritin 'lJf)~f1utln~ ~ll1::fil~a:Sdj£J LLa :: 

mtJlnauu~~t1n~ llJal91~ri~ft')').n (Ul'11L'llU) LLa~~i"l£J~hL\l~EJ (Mean ± SD) 

t 

• 

.. 


"lfij~'lJf)~ 

'" ....tnaa'lfu.m 

Hb typing Hb A2 

(%) 

Hb E 

(%) 

Hb F 

(%) 

Ferritin 

(ng/ml) 

Hb E trait AE 

(n= 23) 

- 27.9+2.6 0.9+1.0 90.82+67.27 

Hb EE EE 

(n=3) 

- 80.9+6.9 1.9+2.7 35.47+35.15 

Hb E +Iron 

deficiency 

AE 

(n=4) 

- 41.1 +28.4 1.6+2.0 2.38+2.59 

Hb E + 

a-thai 1 trait 

(n=1) - 18.9 0.5 33 .50 

Hb E + 

a-thal 2 trait 

(n=l) - 20.3 0.5 9004 

Hb E +CS+Iron 

def. 

(n= 1) - 22.1 0.4 0.001 

HbCS+a-thal 2 (n= 1) 1.8 - 0.9 
-

34.90 

, 
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bf) fHll"a'M ~1 LI b(;l "lJ 2 7 

_t:.J~TI3-J 'lJf)~'ll'u~lla~'lPhJlru'lJf)~51aJlmrO'U LLa~l'h ferritin 'lJf)~I'l'Utlf1Gi hl'lLil~a 

:aLijfJ V'll'Y1~j)laa:aLijfJ LL~df[~ln~ij'U ~~tlnGi l'Ufllalaa1~'l'YI~-3'll'lfJ LL~~ilVl~~~ I'l'l'l.n 

... • J 
(U1WlJU) LLa~~~lfJl'llL~~fJ (Mean ± SD) 

'll'U ~'lJ f)~ 
........ 

Lilaa'lfl~fJ 

Hb 

typing 

Hb A2 

(%) 

Hb E 

(%) 

Hb F 

(%) 

Ferritin 

(ng/ml) 

Norma! A2A 

(n=180) 

2.78±0.666 - 0.4±0.4 58.07±39.57 

~ - thai trait A2A 

(n= 4) 

5.3±0.4 - 0 .5±0.2 80.40±13.77 

a-tha! 1 trait A2A 

(n=9) 

2.4+0.6 - 0.6±0.8 88.23±82.96 

a-thai 2 trait A2A 

(n=25) 

2.6+0.5 - 0.4±0.3 58.12±45.11 

\ 

Hb H Disease A2AH (1) 

A2AHCS (1) 

2.4 

2.9 

-

-

1.5 

1.0 

98 .15 

98.15 

Iron deficiency A2A 

(n= 4) 

2.8+0.6 - 0.5+0.4 3.35±5.15 
.. 

HbCS trait CSA 

(n= 8) 

2.7±0.5 - 0.4±0.2 76.16±57.63 

HomoCS A2A 

(n=2) 

3.2±1.7 - 0.3±0.2 218.6±99.3 

• 


•r 
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'lfil~"lJe:J-:j Hb Hb A2 HbE HbF FelTitin 
'" .... 

51mf'l5LlJfI typing (%) (%) (%) (ng/mt) 

Homo+U-thaI2 A2A 3.0+0.5 - 0.5+0.4 39.95±31.18 

(n==4 ) 

Hb E trait AE - 27.3+2.8 0.6+0.7 81.53±61.67 

(n== 61) 

Hb EE EE - 85.6+6.2 2.7+3.0 106.7+112.7 

(n== 10) 

Hb E trait + Iron AE - 36.6+23.0 1.3+1.6 2.75+2.09 

deficiency (n== 6) 

E trait+U-thal 1 AE - 19.3+0.4 1.1+0.6 204.6+242.0 

(n== 3) 

E trait+U-thal 2 AE - 24.19+5.5 0.5+0.0 90.46 

(n==2) 

AEbart disease AEB - 21.9 0.4 105.70 

(n== 1) 

HbE AECS - 22.1 0.4 0.001 

trait+CS+ Iron (n== 1) 

Hb CS+U-thal 2 ACS 1.7 - 0.9 34.90 

(n== 1) 
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