
118 «“√ “√‡∑§π‘§°“√·æ∑¬å·≈–°“¬¿“æ∫”∫—¥ ë ªï∑’Ë 19 ©∫—∫∑’Ë 2 ë æƒ…¿“§¡- ‘ßÀ“§¡ 2550

®“√ÿ«√√≥ ‰µ√∑‘æ¬å ¡∫—µ‘ 1,2 °π°«√√≥ · π‰™¬ ÿ√‘¬“ 2* °ÿ≈π¿“ øŸÉ‡®√‘≠ 2  ÿæ√√≥ øŸÉ‡®√‘≠ 2

π‘√ÿµ‘ »‘√‘√—µπå¡“π–«ß»å 3 ™“≠™—¬ æ‘≥‡¡◊Õßß“¡ 3 ¬» ¡∫—µ‘ ®—ßµ√–°Ÿ≈ 4 ¿—∑√– · π‰™¬ ÿ√‘¬“ 5

1 ∫—≥±‘µ«‘∑¬“≈—¬ 2»Ÿπ¬å«‘®—¬·≈–æ—≤π“°“√µ√«®«‘π‘®©—¬∑“ßÀâÕßªØ‘∫—µ‘°“√∑“ß°“√·æ∑¬å §≥–‡∑§π‘§°“√·æ∑¬å ¡À“«‘∑¬“≈—¬¢Õπ·°àπ
3  »Ÿπ¬åÕπ“¡—¬∑’Ë 8 ®—ßÀ«—¥π§√ «√√§å
4  Àπà«¬®ÿ≈∑√√»πå«‘π‘®©—¬ ‚√ßæ¬“∫“≈»√’π§√‘π∑√å
5  ¿“§«‘™“‚¿™π«‘∑¬“ §≥– “∏“√≥ ÿ¢»“ µ√å ¡À“«‘∑¬“≈—¬¢Õπ·°àπ
* ºŸâ√—∫º‘¥™Õ∫∫∑§«“¡

ª√‘¡“≥Œ’‚¡‚°≈∫‘π∫“√å∑ å·≈–Œ’‚¡‚°≈∫‘πÕ’„πµ—«Õ¬à“ß‡≈◊Õ¥ “¬ –¥◊Õ∑“√°·√°

§≈Õ¥: º≈°“√µ√«®«—¥¥â«¬‡§√◊ËÕß«‘‡§√“–ÀåŒ’‚¡‚°≈∫‘πÕ—µ‚π¡—µ‘ 2 ‡§√◊ËÕß

« “ √   “ √
‡∑§π‘§°“√·æ∑¬å·≈–°“¬¿“æ∫”∫—¥
JOURNAL OF MEDICAL TECHNOLOGY AND PHYSICAL THERAPY

π‘æπ∏åµâπ©∫—∫
ORIGINAL ARTICLE

∫∑§—¥¬àÕ
„πªí®®ÿ∫—π‡§√◊ËÕß«‘‡§√“–ÀåŒ’‚¡‚°≈∫‘πÕ—µ‚π¡—µ‘‰¥â∂Ÿ°π”¡“„™â„π°“√µ√«®·¬°™π‘¥·≈–µ√«®«—¥ª√‘¡“≥Œ’‚¡‚°≈∫‘π

Õ¬à“ß·æ√àÀ≈“¬  „π°“√»÷°…“§√—Èßπ’È¡’«—µ∂ÿª√– ß§å∑’Ë®–‡ª√’¬∫‡∑’¬∫º≈°“√µ√«®«‘‡§√“–ÀåŒ’‚¡‚°≈∫‘π·≈–µ√«®«—¥ª√‘¡“≥
Œ’‚¡‚°≈∫‘π∫“√å∑ å (Hb Bartûs) ·≈–Œ’‚¡‚°≈∫‘πÕ’ (Hb E) ®“°°“√µ√«®«—¥¥â«¬‡§√◊ËÕß«‘‡§√“–ÀåŒ’‚¡‚°≈∫‘πÕ—µ‚π¡—µ‘
2 ‡§√◊ËÕß „πµ—«Õ¬à“ß‡≈◊Õ¥ “¬ –¥◊Õ∑“√°·√°§≈Õ¥∑’Ë ß —¬«à“πà“®–¡’ Hb Bartûs À√◊Õ Hb E ®“°°“√µ√«®«‘‡§√“–Àå
Œ’‚¡‚°≈∫‘π¥â«¬‡§√◊ËÕßŒ’‚¡‚°≈∫‘πÕ—µ‚π¡—µ‘ Primus CLC 330 (Primus Corp., MO, USA.) ®”π«π 179 √“¬ ·≈–
π”‰ªµ√«®«‘‡§√“–ÀåŒ’‚¡‚°≈∫‘π´È”Õ’°§√—Èß¥â«¬‡§√◊ËÕß«‘‡§√“–ÀåŒ’‚¡‚°≈∫‘πÕ—µ‚π¡—µ‘ Variant Hemoglobin Testing
System (Bio-Rad Laboratories, CA, USA.) ∑’Ë‰¥âª√—∫‚ª√·°√¡°“√«‘‡§√“–Àå¢âÕ¡Ÿ≈„Àâ«‘‡§√“–Àåª√‘¡“≥ Hb Bartûs
¥â«¬  µ—«Õ¬à“ß‡≈◊Õ¥∑ÿ°√“¬‰¥â√—∫°“√µ√«®«‘‡§√“–Àå¥’‡ÕÁπ‡Õ‡æ◊ËÕµ√«®À“¬’π α-thalassemia 1 (SEA ·≈– THAI
deletion) α-thalassemia 2 (3.7 ·≈– 4.2 kb deletion), Hb Constant Spring (Hb CS) ·≈– Hb Paksé √«¡
∑—Èß¬’π Hb E ‡¡◊ËÕ«‘‡§√“–Àå§«“¡·µ°µà“ß„π¿“æ√«¡¢Õßº≈°“√µ√«®«—¥√–À«à“ß 2 ‡§√◊ËÕß ‚¥¬§”π«≥§à“º≈µà“ß¢Õß
°“√µ√«®«—¥ (difference; §à“®“°‡§√◊ËÕß Primus - §à“®“°‡§√◊ËÕß Variant) æ∫«à“ §à“¡—∏¬∞“π (95% confidence
interval) ¢Õß§à“§«“¡·µ°µà“ß¢Õßª√‘¡“≥ Hb Bartûs ¡’§à“‡∑à“°—∫ - 0.2 (-0.3, -0.1) ·≈– ¢Õßª√‘¡“≥ Hb E ¡’
§à“‡∑à“°—∫ - 0.15 (-0.3, -0.05) ÷́Ëß· ¥ß„Àâ‡ÀÁπ«à“º≈°“√µ√«®«—¥ª√‘¡“≥ Hb Bartûs ·≈– Hb E ∑—Èß 2 ‡§√◊ËÕß
·µ°µà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘ (Wilcoxon sign rank sum test; P < 0.001  ”À√—∫ Hb Bartûs ·≈– P =
0.008  ”À√—∫ Hb E) ·≈–‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫ª√‘¡“≥ Hb Bartûs ·≈– Hb E ®”·π°µ“¡®’‚π‰∑ªá¢Õß∏“≈—  ’́‡¡’¬∑’Ë
µ√«®æ∫ æ∫«à“ §à“‡©≈’Ë¬ª√‘¡“≥ Hb Bartûs ·≈– Hb E ∑’Ëµ√«®«—¥¥â«¬‡§√◊ËÕß Primus ¡’·π«‚πâ¡∑’ËµË”°«à“§à“∑’Ë‰¥â
®“°°“√µ√«®«—¥¥â«¬‡§√◊ËÕß Variant „π‡°◊Õ∫∑ÿ°®’‚π‰∑ªá Õ¬à“ß‰√°Áµ“¡‡¡◊ËÕ«‘‡§√“–Àå§«“¡·µ°µà“ß∑“ß ∂‘µ‘¢Õßª√‘¡“≥
Hb Bartûs „π·µà≈–®’‚π‰∑ªá æ∫«à“ ®’‚π‰∑ªá∑’Ë¡’§à“‡©≈’Ë¬¢Õß°“√µ√«®«—¥ª√‘¡“≥ Hb Bartûs ·µ°µà“ß°—π·µà‰¡à¡’π—¬
 ”§—≠∑“ß ∂‘µ‘ §◊Õ °≈ÿà¡∑’Ë‡ªìπæ“À– α-thalassemia 1 ‚¥¬æ∫§à“‡©≈’Ë¬·≈– à«π‡∫’Ë¬ß‡∫π¡“µ√∞“π¢Õß°“√µ√«®«—¥
¥â«¬‡§√◊ËÕß Primus ·≈–‡§√◊ËÕß Variant ‡∑à“°—∫ 11.7 ± 2.0 % ·≈– 12.1 ± 2.5 % µ“¡≈”¥—∫ º≈°“√»÷°…“∫àß
™’È«à“º≈°“√µ√«®«—¥ª√‘¡“≥ Hb Bartûs Õ“®®–π”‰ª„™â„π°“√µ√«®§—¥°√Õßæ“À– α - thalassemia 1 „π∑“√°·√°
§≈Õ¥‰¥â‰¡à·µ°µà“ß°—π

§” ”§—≠ :  ∏“≈— ´’‡¡’¬ Œ’‚¡‚°≈∫‘π∫“√å∑ å Œ’‚¡‚°≈∫‘πÕ’ ‡§√◊ËÕß«‘‡§√“–ÀåŒ’‚¡‚°≈∫‘πÕ—µ‚π¡—µ‘ ∑“√°·√°§≈Õ¥
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Abstract
At present, an automated hemoglobin (Hb) analyzer has been used widely for determining the Hb

profiles. The aim of this study was to compare Hb Bartûs and Hb E levels obtained from the 2 different
automated-HPLC-analyzers. One hundred and seventy-nine cord blood samples suspected of having Hb
Bartûs and Hb E determined by the Primus CLC 330 (Primus Corp, MO, USA.) were recruited. These
samples were analyzed again by the Variant Hemoglobin Testing System (Bio-Rad Laboratories, CA,
USA.) in which the data processor was modified to quantify the amount of Hb Bartûs. All samples were
investigated for α-thalassemia 1 (SEA and THAI deletions), α-thalassemia 2 (3.7 and 4.2 kb deletions),
Hb Constant Spring (Hb CS) and Hb Paksé as well as Hb E genes. Analysis of the difference-values of
Hb Bartûs and Hb E levels obtained from the 2 systems revealed a median (95% CI) of -0.2 (-0.3, -0.1)
for Hb Bartûs and -0.15 (-0.3, -0.05) for Hb E indicating that these values were significantly different (P
< 0.001 for Hb Bartûs and P = 0.008 for Hb E; Wilcoxon sign rank test). Comparison of Hb Bartûs and
Hb E levels according to the thalassemia genotypes showed a lower trend of the values obtained from the
Primus in almost all genotypes. However, statistical analysis of Hb Bartûs in a group of α-thalassemia 1
newborns showed no significant difference (11.7 ± 2.0 % vs 12.1 ± 2.5 % ). The results indicated that
Hb Bartûs level obtained from these 2 systems might be used comparatively for screening of α-thalassemia
1 in newborns.

Keywords : Thalassemia, Hemoglobin Bartûs, Hemoglobin E, Automated hemoglobin analyzer, Newborn

∫∑π”
Hb Bartûs ‡ªìπŒ’‚¡‚°≈∫‘πº‘¥ª°µ‘∑’Ë‡°‘¥®“°°“√

√«¡°—π¢Õß “¬·°¡¡“‚°≈∫‘π 4  “¬ (γ
4
) ´÷Ëßæ∫„π

ºŸâªÉ«¬‚√§Õ—≈ø“∏“≈— ´’‡¡’¬ ·≈–„π∑“√°·√°§≈Õ¥∑—Èß∑’Ë
‡ªìπæ“À–·≈–‚√§Õ—≈ø“∏“≈— ´’‡¡’¬(1) ®“°°“√»÷°…“∑’Ë

ºà“π¡“ æ∫«à“ ª√‘¡“≥ Hb Bartûs „π∑“√°·√°§≈Õ¥
®– —¡æ—π∏å°—∫®’‚π‰∑ªá¢ÕßÕ—≈ø“∏“≈— ´’‡¡’¬(2-6) ¥—ßπ—Èπ
ª√‘¡“≥ Hb Bartûs ®÷ß “¡“√∂π”‰ª„™â„π°“√∑”π“¬®’
‚π‰∑ªá¢ÕßÕ—≈ø“∏“≈—  ’́‡¡’¬„π∑“√°·√°§≈Õ¥‰¥â
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Hb E ‡ªìπŒ’‚¡‚°≈∫‘πº‘¥ª°µ‘™π‘¥Àπ÷Ëß∑’ËÀ“°‰ª¡’
ªØ‘ —¡æ—π∏å°—∫∫’µ“∏“≈— ´’‡¡’¬ °ÁÕ“® àßº≈„Àâ¡’Õ“°“√
· ¥ß¢Õß‚√§∏“≈— ´’‡¡’¬∑’Ë√ÿπ·√ß‰¥â Hb E ‡°‘¥®“°°“√
°≈“¬æ—π∏ÿå¢Õß¬’π∫’µ“‚°≈∫‘π„πµ”·Àπàß‚§¥Õπ∑’Ë 26  àß
º≈¡’°“√‡ª≈’Ë¬π·ª≈ß¢Õß°√¥Õ–¡‘‚π∫π “¬∫’µ“‚°≈∫‘π
®“°°√¥°≈Ÿµ“¡‘°‰ª‡ªìπ‰≈ ’́π ‰¥â‡ªìπŒ’‚¡‚°≈∫‘πº‘¥ª°µ‘
∑’Ë ‰¡à‡ ∂’¬√·≈–¡’ª√–®ÿ ÿ∑∏‘‡ª≈’Ë¬π·ª≈ß‰ª®“°‡¥‘¡
 ”À√—∫„πºŸâ„À≠à∑’Ë‡ªìπæ“À– Hb E ®–µ√«®æ∫„πª√‘¡“≥
Hb E ‰¥â„π™à«ß√âÕ¬≈– 25-35 ¢Õßª√‘¡“≥Œ’‚¡‚°≈∫‘π
√«¡ ·µà„π∑“√°·√°§≈Õ¥π—Èπ °≈‰°°“√∑”ß“π¢Õß¬’π
∫’µ“‚°≈∫‘π¬—ß∑”Àπâ“∑’Ë‰¥â‰¡à ¡∫Ÿ√≥å „π°√≥’‰¥â√—∫°“√
∂à“¬∑Õ¥¬’π Hb E ¡“ °Á®–µ√«®æ∫‰¥â„πª√‘¡“≥∑’Ë
πâÕ¬°«à“√âÕ¬≈– 10 ‚¥¬®“°°“√»÷°…“ª√‘¡“≥ Hb E „π
∑“√°·√°§≈Õ¥∑’Ë‡ªìπæ“À–Œ’‚¡‚°≈∫‘πÕ’ ‚¥¬µ√«®«—¥
¥â«¬«‘∏’ microcolumn chromatography æ∫ª√–¡“≥
√âÕ¬≈– 3 „π∑“√°∑’Ë‡ªìπ heterozygote ·≈–æ∫
ª√–¡“≥√âÕ¬≈– 8 „π∑“√°∑’Ë‡ªìπ homozygote(7)

Hb Bartûs ·≈– Hb E  “¡“√∂µ√«®æ∫‰¥â‚¥¬
°“√·¬°™π‘¥¥â«¬°√–· ‰øøÑ“ ·≈–µ√«®«—¥ª√‘¡“≥‰¥â
¥â«¬«‘∏’ microcolumn chromatography À√◊Õ cellulose
acetate electrophoresis and elution technique „π
ªí®®ÿ∫—π π‘¬¡µ√«®«‘‡§√“–ÀåŒ’‚¡‚°≈∫‘π‚¥¬„™â‡§√◊ËÕß
«‘‡§√“–ÀåŒ’‚¡‚°≈∫‘πÕ—µ‚π¡—µ‘ ´÷Ëß¡’¢âÕ¥’ §◊Õ  “¡“√∂
µ√«®·¬°™π‘¥·≈–µ√«®«—¥ª√‘¡“≥Œ’‚¡‚°≈∫‘π·µà≈–
™π‘¥‰ªæ√âÕ¡°—π Õ’°∑—Èß¡’§«“¡‰«·≈–§«“¡·¡àπ¬” Ÿß
Õ¬à“ß‰√°Áµ“¡ ‡§√◊ËÕß«‘‡§√“–ÀåŒ’‚¡‚°≈∫‘πÕ—µ‚π¡—µ‘∑’Ë¡’
®”Àπà“¬·µà≈–¬’ËÀâÕπ—Èπ ∂÷ß·¡â®–„™âÀ≈—°°“√æ◊Èπ∞“π
‡¥’¬«°—π ·µà‚ª√·°√¡°“√«‘‡§√“–ÀåÕ“®®–·µ°µà“ß°—π ́ ÷Ëß
 àßº≈„Àâ§à“∑’Ëµ√«®«—¥‰¥â®“°·µà≈–‡§√◊ËÕß·µ°µà“ß°—π‰¥â
¥—ßπ—Èπ „π°“√»÷°…“§√—Èßπ’È ®÷ß¡’«—µ∂ÿª√– ß§å‡æ◊ËÕ‡ª√’¬∫
‡∑’¬∫º≈°“√µ√«®«‘‡§√“–ÀåŒ’‚¡‚°≈∫‘π®“°‡§√◊ËÕß«‘‡§√“–Àå
Œ’‚¡‚°≈∫‘πÕ—µ‚π¡—µ‘ 2 ‡§√◊ËÕß ‚¥¬∑”°“√‡ª√’¬∫‡∑’¬∫
§«“¡·µ°µà“ß¢Õßª√‘¡“≥ Hb Bartûs ·≈– Hb E „π
µ—«Õ¬à“ß‡≈◊Õ¥ “¬ –¥◊Õ∑“√°·√°§≈Õ¥ √«¡∑—Èß
‡ª√’¬∫‡∑’¬∫°“√π”‰ª„™â „π°“√∑”π“¬®’‚π‰∑ªá¢Õß
Õ—≈ø“∏“≈— ´’‡¡’¬·≈–æ“À–Œ’‚¡‚°≈∫‘πÕ’

«— ¥ÿ·≈–«‘∏’°“√»÷°…“
µ—«Õ¬à“ß‡≈◊Õ¥

‡ªìπµ—«Õ¬à“ß‡≈◊Õ¥ “¬ –¥◊Õ∑“√°·√°§≈Õ¥∑’Ë¡“√¥“
¡“§≈Õ¥ ≥ »Ÿπ¬åÕπ“¡—¬∑’Ë 8 ®—ßÀ«—¥π§√ «√√§å √–À«à“ß
‡¥◊Õπ∏—π«“§¡ 2549 ∂÷ß‡¥◊Õπ‡¡…“¬π 2550 ‚¥¬‰¥â
√—∫§”¬‘π¬Õ¡‡ªìπ≈“¬≈—°…≥å®“°∫‘¥“·≈–¡“√¥“¢Õß∑“√°
·√°§≈Õ¥ ‚§√ß°“√«‘®—¬π’È‰¥âºà“π§«“¡‡ÀÁπ™Õ∫®“°
§≥–°√√¡°“√®√‘¬∏√√¡°“√«‘®—¬„π¡πÿ…¬å ¡À“«‘∑¬“≈—¬
¢Õπ·°àπ·≈â« (√À— ‚§√ß°“√ HE490912)

«‘∏’°“√»÷°…“
1.  °“√µ√«®«‘‡§√“–ÀåŒ’‚¡‚°≈∫‘π

µ—«Õ¬à“ß‡≈◊Õ¥∑ÿ°√“¬∑’Ëπ”¡“»÷°…“‡ª√’¬∫‡∑’¬∫º≈
°“√µ√«®«‘‡§√“–ÀåŒ’‚¡‚°≈∫‘π ‰¥â√—∫°“√§—¥‡≈◊Õ°®“°
µ—«Õ¬à“ß‡≈◊Õ¥ “¬ –¥◊Õ∑“√°·√°§≈Õ¥∑’Ëºà“π°“√µ√«®
«‘‡§√“–ÀåŒ’‚¡‚°≈∫‘π¥â«¬‡§√◊ËÕß«‘‡§√“–ÀåŒ’‚¡‚°≈∫‘π
Õ—µ‚π¡—µ‘ Primus CLC 330 (Primus Corp., MO,
USA.) ‚¥¬§—¥‡≈◊Õ°‡Õ“µ—«Õ¬à“ß‡≈◊Õ¥∑’Ë ß —¬«à“πà“®–¡’
Hb Bartûs ‚¥¬µ√«®æ∫  peak  ∑’Ë∂Ÿ°™–ÕÕ°¡“∑’Ë relative
retention time to Hb F (REL RT/F) Õ¬Ÿà„π™à«ß 0.2
- 0.3 π“∑’ ·≈–¡’ª√‘¡“≥¡“°°«à“√âÕ¬≈– 1 ·≈–/À√◊Õ
µ—«Õ¬à“ß∑’Ë ß —¬«à“πà“®–¡’  Hb E ‚¥¬µ√«®æ∫ peak ∑’Ë
∂Ÿ°™–ÕÕ°¡“∑’Ë REL RT/A Õ¬Ÿà„π™à«ß 1.07 - 1.16 π“∑’
·≈–¡’ª√‘¡“≥¡“°°«à“√âÕ¬≈– 1

µ—«Õ¬à“ß‡≈◊Õ¥∑’Ë‰¥â√—∫°“√§—¥‡≈◊Õ°µ“¡‡°≥±å ®–
∂Ÿ°‡°Á∫‰«â∑’Ë 4 Õß»“‡´≈‡´’¬  ·≈–π”‰ªµ√«®«‘‡§√“–Àå
Œ’‚¡‚°≈∫‘π¥â«¬‡§√◊ËÕß«‘‡§√“–ÀåŒ’‚¡‚°≈∫‘πÕ—µ‚π¡—µ‘
Variant Hemoglobin Testing System (Bio-Rad
Laboratories, CA, USA.) ¿“¬„π 24 ™—Ë«‚¡ß À≈—ß
®“°µ√«®«‘‡§√“–Àå¥â«¬‡§√◊ËÕß Primus ‚¥¬¡’°“√ª√—∫
‚ª√·°√¡°“√«‘‡§√“–Àå¢âÕ¡Ÿ≈ (modified β-thalassemia
short program; MBTS)(6,8-9) „Àâ “¡“√∂µ√«®«‘‡§√“–Àå
ª√‘¡“≥ Hb Bartûs ‰¥â µ—«Õ¬à“ß‚§√¡“‚µ·°√¡· ¥ß
º≈°“√µ√«®«‘‡§√“–ÀåŒ’‚¡‚°≈∫‘π®“°‡§√◊ËÕßÕ—µ‚π¡—µ‘∑—Èß
2 ‡§√◊ËÕß · ¥ß‰«â„π √Ÿª∑’Ë 1
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2.  °“√µ√«®«‘‡§√“–Àå¥’‡ÕÁπ‡Õ
µ—«Õ¬à“ß‡≈◊Õ¥∑ÿ°√“¬®–∂Ÿ°π”‰ªµ√«®«‘‡§√“–Àå

¥’‡ÕÁπ‡Õ ‡æ◊ËÕµ√«®À“¬’π α-thalassemia 1 (SEA and
THAI deletion)(10, 11), α-thalassemia 2 (3.7 and
4.2 kb deletion)(12) Hb Constant Spring (Hb CS)
·≈– Hb Paksé (13, 14) ·≈– Hb E(15) √«¡∑—Èßµ√«® Õ∫
zygosity „πµ—«Õ¬à“ß‡≈◊Õ¥∑ÿ°√“¬∑’Ëµ√«®æ∫¬’π
α-thalassemia 2 (3.7 and 4.2 kb deletion), Hb
Constant Spring (Hb CS), Hb Paksé ·≈– Hb E
3. °“√«‘‡§√“–Àå¢âÕ¡Ÿ≈

‡ª√’¬∫‡∑’¬∫¿“æ√«¡¢Õßº≈°“√µ√«®«—¥¥â«¬‡§√◊ËÕß
«‘‡§√“–ÀåŒ’‚¡‚°≈∫‘πÕ—µ‚π¡—µ‘ 2 ‡§√◊ËÕß ‚¥¬· ¥ß§à“
°“√°√–®“¬¢Õß¢âÕ¡Ÿ≈®√‘ß ·≈–· ¥ß§à“°“√°√–®“¬
¢Õß§à“§«“¡·µ°µà“ß√–À«à“ß 2 ‡§√◊ËÕß¥â«¬°√“ø
«‘‡§√“–Àå‡ª√’¬∫‡∑’¬∫§à“§«“¡·µ°µà“ß¢Õßª√‘¡“≥ Hb
Bartûs ·≈– Hb E ®“°°“√µ√«®«—¥®“°∑—Èß 2 ‡§√◊ËÕß ‚¥¬
„™â ∂‘µ‘ Wilcoxon signed rank sum test ·≈–‡ª√’¬∫
‡∑’¬∫§«“¡·µ°µà“ß√–À«à“ß§à“°“√µ√«®«—¥∑’Ë‰¥â®“° 2
‡§√◊ËÕß®”·π°µ“¡®’‚π‰∑ªá¢Õß∏“≈— ´’‡¡’¬∑’Ëµ√«®æ∫

¥â«¬ ∂‘µ‘ paired t-test ‚¥¬°”Àπ¥π—¬ ”§—¬∑“ß ∂‘µ‘ ∑’Ë
P-value < 0.05

º≈°“√»÷°…“
º≈°“√µ√«®«—¥ª√‘¡“≥ Hb Bartûs ·≈– Hb E ¥â«¬
‡§√◊ËÕß«‘‡§√“–ÀåŒ’‚¡‚°≈∫‘πÕ—µ‚π¡—µ‘ 2 ‡§√◊ËÕß

®“°‡°≥±å°“√§—¥‡≈◊Õ°µ—«Õ¬à“ß ·∫àßÕÕ°‰¥â‡ªìπ 2
°≈ÿà¡ §◊Õ °≈ÿà¡∑’Ë ß —¬«à“¡’ Hb Bartûs ‰¥â®”π«π
µ—«Õ¬à“ß∑—Èß ‘Èπ 113 √“¬ ·≈– °≈ÿà¡∑’Ë ß —¬«à“¡’ Hb E
‰¥â®”π«πµ—«Õ¬à“ß∑—Èß ‘Èπ 85 √“¬ °“√°√–®“¬¢Õß§à“
°“√µ√«®«—¥ª√‘¡“≥ Hb Bartûs ·≈– Hb E „πµ—«Õ¬à“ß
‡≈◊Õ¥ “¬ –¥◊Õ∑“√°·√°§≈Õ¥∑—Èß 2 °≈ÿà¡ ®“°°“√
µ√«®«—¥¥â«¬‡§√◊ËÕß«‘‡§√“–ÀåŒ’‚¡‚°≈∫‘πÕ—µ‚π¡—µ‘ 2 ‡§√◊ËÕß
· ¥ß‰«â„π √Ÿª∑’Ë 2a ·≈– 2b ́ ÷Ëß®–‡ÀÁπ‰¥â«à“°“√°√–®“¬
¢Õß§à“°“√µ√«®«—¥¢Õßª√‘¡“≥ Hb Bartûs ·≈– Hb E
®“°∑—Èß 2 ‡§√◊ËÕß ¡’§à“ Õ¥§≈âÕß°—π¥’

‡¡◊ËÕ«‘‡§√“–Àå§«“¡·µ°µà“ß¢Õßº≈°“√µ√«®«—¥
√–À«à“ß 2 ‡§√◊ËÕß ‚¥¬§”π«≥º≈µà“ß¢Õß°“√µ√«®«—¥
®“°∑—Èß 2 ‡§√◊ËÕß (difference; §à“®“°‡§√◊ËÕß Primus -

√Ÿª∑’Ë 1  µ—«Õ¬à“ß‚§√¡“‚µ·°√¡º≈°“√µ√«®«‘‡§√“–ÀåŒ’‚¡‚°∫‘π¥â«¬‡§√◊ËÕß«‘‡§√“–ÀåŒ’‚¡‚°∫‘πÕ—µ‚π¡—µ‘ Primus (A)
·≈– Variant (B)
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§à“®“°‡§√◊ËÕß Variant) æ∫«à“ §à“¡—∏¬∞“π (95%
confidence interval) ¢Õß§à“§«“¡·µ°µà“ß¢Õßª√‘¡“≥
Hb Bartûs ¡’§à“‡∑à“°—∫ -0.2 (-0.3, -0.1) ·≈–¢Õßª√‘¡“≥
Hb E ¡’§à“‡∑à“°—∫ -0.15 (-0.3, -0.05) ÷́Ëß· ¥ß„Àâ
‡ÀÁπ«à“º≈°“√µ√«®«—¥ª√‘¡“≥ Hb Bartûs ·≈– Hb E

®“°∑—Èß 2 ‡§√◊ËÕß·µ°µà“ß°—πÕ¬à“ß¡’π—¬ ”§—≠∑“ß ∂‘µ‘
(Wilcoxon sign rank sum test; P < 0.001  ”À√—∫
Hb Bartûs ·≈– P = 0.008  ”À√—∫ Hb E) °“√°√–®“¬
¢Õß§à“§«“¡·µ°µà“ß√–À«à“ß 2 ‡§√◊ËÕß ∑—Èßª√‘¡“≥ Hb
Bartûs ·≈– Hb E · ¥ß‰«â„π √Ÿª∑’Ë 2c ·≈– 2d

√Ÿª∑’Ë 2 °“√°√–®“¬¢Õßª√‘¡“≥ Hb Bartûs (a) ·≈– Hb E (b) ·≈–§à“§«“¡·µ°µà“ß√–À«à“ß 2 ‡§√◊ËÕß¢Õß°“√
µ√«®«—¥ª√‘¡“≥ Hb Bartûs (c) ·≈– Hb E (d)

ª√‘¡“≥ Hb Bartûs ·≈– Hb E ®”·π°µ“¡®’‚π‰∑ªá
¢Õß∏“≈— ´’‡¡’¬

‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫ª√‘¡“≥ Hb Bartûs ®”·π°µ“¡
®’‚π‰∑ªá¢Õß∏“≈— ´’‡¡’¬ æ∫«à“ §à“∑’Ëµ√«®«—¥¥â«¬‡§√◊ËÕß
Primus ¡’·π«‚πâ¡∑’ËµË”°«à“§à“∑’Ëµ√«®«—¥¥â«¬‡§√◊ËÕß
Variant „π‡°◊Õ∫∑ÿ°®’‚π‰∑ªá ·≈–¡’·π«‚πâ¡ Ÿß¢÷Èπµ“¡
®”π«π¬’πÕ—≈ø“‚°≈∫‘π∑’Ëº‘¥ª°µ‘∑—Èß„π°≈ÿà¡∑’Ë¡’·≈–‰¡à¡’
Hb E (µ“√“ß∑’Ë 1)  à«πº≈°“√µ√«®«—¥ª√‘¡“≥ Hb E

π—Èπ æ∫«à“„π°≈ÿà¡∑’Ë¡’®’‚π‰∑ªá‡ªìπ heterozygous Hb E
¡’·π«‚πâ¡¢Õß§à“°“√µ√«®«—¥¥â«¬‡§√◊ËÕß Primus ∑’ËµË”°«à“
º≈°“√µ√«®«—¥¥â«¬‡§√◊ËÕß Variant ‡™àπ‡¥’¬«°—∫º≈
°“√µ√«®«—¥ª√‘¡“≥ Hb Bartûs ·≈–æ∫«à“ ª√‘¡“≥ Hb
E „π°≈ÿà¡æ“À– Hb E ∑’Ë¬’π α-thalassemia √à«¡
¡’·π«‚πâ¡¢Õßª√‘¡“≥ Hb E ∑’ËµË”≈ßµ“¡®”π«π¬’π
α-thalassemia ∑’Ë·ΩßÕ¬Ÿà (µ“√“ß∑’Ë 2)
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µ“√“ß∑’Ë 1 ª√‘¡“≥ Hb Bartûs (mean ± standard deviation) ∑’Ëµ√«®«—¥¥â«¬‡§√◊ËÕß«‘‡§√“–ÀåŒ’‚¡‚°≈∫‘πÕ—µ‚π¡—µ‘
2 ‡§√◊ËÕß ®”·π°µ“¡®’‚π‰∑ªá¢Õß∏“≈—  ’́‡¡’¬
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µ“√“ß∑’Ë 2 ª√‘¡“≥ Hb E (mean ± standard deviation) ∑’Ëµ√«®«—¥¥â«¬‡§√◊ËÕß«‘‡§√“–ÀåŒ’‚¡‚°≈∫‘πÕ—µ‚π¡—µ‘
2 ‡§√◊ËÕß ®”·π°µ“¡®’‚π‰∑ªá¢Õß∏“≈—  ’́‡¡’¬

«‘®“√≥å·≈– √ÿªº≈°“√»÷°…“
„π°“√µ√«®«‘‡§√“–ÀåŒ’‚¡‚°≈∫‘π„πµ—«Õ¬à“ß‡≈◊Õ¥

 “¬ –¥◊Õ∑“√°·√°§≈Õ¥„π°“√»÷°…“§√—Èßπ’È ‰¥â„™â‡§√◊ËÕß
«‘‡§√“–ÀåŒ’‚¡‚°≈∫‘πÕ—µ‚π¡—µ‘ 2 ‡§√◊ËÕß∑’Ë„™âÀ≈—°°“√
HPLC ‡À¡◊Õπ°—π ·µà®–·µ°µà“ß°—π„π à«π‚ª√·°√¡
°“√«‘‡§√“–Àå¢âÕ¡Ÿ≈ ‚¥¬∑’Ë‡§√◊ËÕß Primus π—Èπ®–¡’¢âÕ¥’
¢Õß°“√«‘‡§√“–Àå™π‘¥Œ’‚¡‚°≈∫‘π‚¥¬Õ“»—¬ relative
retention time (REL RT) ´÷Ëß§”π«≥®“° RT ¢Õß
Œ’‚¡‚°≈∫‘π·µà≈–™π‘¥À“√¥â«¬ RT ¢ÕßŒ’‚¡‚°≈∫‘π
¡“µ√∞“π∑’Ë„™â„π°“√ª√—∫ (calibrate) ‡§√◊ËÕß ´÷Ëß¡’Õ¬Ÿà 4
™π‘¥ §◊Õ FASC(17) ·≈–«‘‡§√“–Àåª√‘¡“≥®“°∑ÿ° peak
∑’Ë∂Ÿ°™–ÕÕ°¡“  à«π‡§√◊ËÕß Variant (β-thalassemia short
program) π—Èπ®–«‘ ‡§√“–Àå™π‘¥®“° RT ¢Õß
Œ’‚¡‚°≈∫‘π·µà≈–™π‘¥‚¥¬µ√ß ·≈–«‘‡§√“–Àåª√‘¡“≥
‚¥¬°”Àπ¥„Àâ‡√‘Ë¡«‘‡§√“–Àå∑’Ë RT ª√–¡“≥ 0.7 π“∑’ ́ ÷Ëß
µàÕ¡“‰¥â¡’ºŸâ∑”°“√»÷°…“°“√ª√—∫‚ª√·°√¡ ‡æ◊ËÕ„Àâ “¡“√∂

«‘‡§√“–Àåª√‘¡“≥ Hb Bartûs ·≈–  Hb H ‰¥â ‡æ◊ËÕ„Àâ„™â
ª√–‚¬™πå‰¥â„π«ß°«â“ß¡“°¢÷Èπ ·≈–π”‰ª„™â„π°“√µ√«®
«—¥ª√‘¡“≥ Hb Bartûs „π∑“√°·√°§≈Õ¥ ´÷Ëßæ∫«à“
 “¡“√∂„™â„π°“√∑”π“¬®’‚π‰∑ªá¢ÕßÕ—≈ø“∏“≈—  ’́‡¡’¬
„π∑“√°·√°§≈Õ¥‰¥â(6) ·≈–πà“®– “¡“√∂π”‰ª„™â∑”π“¬
§«“¡√ÿπ·√ß¢Õß‚√§Õ—≈ø“∏“≈— ´’‡¡’¬„πºŸâ„À≠à‰¥â(8-9)

„π°“√»÷°…“§√—Èßπ’È®÷ß‰¥âª√–‡¡‘πº≈°“√µ√«®«‘‡§√“–Àå
Œ’‚¡‚°≈∫‘π„π∑“√°·√°§≈Õ¥¥â«¬‡§√◊ËÕßŒ’‚¡‚°≈∫‘πÕ—µ
‚π¡—µ‘∑—Èß 2 ‡§√◊ËÕß ‚¥¬„Àâ§«“¡ ”§—≠°—∫ª√‘¡“≥ Hb
Bartûs ÷́Ëß‡ªìπŒ’‚¡‚°≈∫‘πº‘¥ª°µ‘∑’Ë§“¥«à“πà“®– “¡“√∂
π”‰ª„™â„π°“√∑”π“¬Õ—≈ø“∏“≈—  ’́‡¡’¬ 1 ·≈– Hb E ́ ÷Ëß
‡ªìπŒ’‚¡‚°≈∫‘πº‘¥ª°µ‘∑’Ë‡ªìπ‡ªÑ“À¡“¬„π·ºπß“π
§«∫§ÿ¡·≈–ªÑÕß°—π‚√§∏“≈— ´’‡¡’¬¢Õßª√–‡∑» ·≈–®–
‡ÀÁπ«à“º≈°“√µ√«®«‘‡§√“–ÀåŒ’„¡‚°≈∫‘π®–¡’≈—°…≥–
‚§√¡“‚µ·°√¡∑’Ë§≈â“¬§≈÷ß°—π∑—Èß 2 ‡§√◊ËÕß (√Ÿª∑’Ë 1)
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®“°°“√‡ª√’¬∫‡∑’¬∫ª√‘¡“≥ Hb Bartûs ·≈– Hb E
„πµ—«Õ¬à“ß∑’Ëª√“°Ø peak ·≈–¡’ª√‘¡“≥¡“°°«à“√âÕ¬≈–
1 ®“°°“√µ√«®«—¥¥â«¬‡§√◊ËÕß Primus ·≈–π”¡“µ√«®
«—¥¥â«¬‡§√◊ËÕß Variant ∂÷ß·¡â«à“„π¿“æ√«¡¢Õßº≈°“√
µ√«®«—¥¢Õßª√‘¡“≥ Hb Bartûs ·≈– Hb E ®–¡’§«“¡
 Õ¥§≈âÕß°—π¥’ (√Ÿª∑’Ë 2a ·≈– 2b) ·µà‡¡◊ËÕ∑”°“√
«‘‡§√“–Àå§à“§«“¡µà“ß (difference) √–À«à“ß 2 ‡§√◊ËÕß ‚¥¬
 √â“ß°√“ø· ¥ß°“√°√–®“¬¢Õßº≈µà“ß√–À«à“ß 2 ‡§√◊ËÕß
®–‡ÀÁπ‰¥â«à“ º≈°“√µ√«®«—¥ª√‘¡“≥ Hb Bartûs ¡’°“√
°√–®“¬¢Õß§à“§«“¡·µ°µà“ß¡“°°«à“º≈°“√µ√«®«—¥
ª√‘¡“≥ Hb E (√Ÿª∑’Ë 2c ·≈– 2d) ∑—Èßπ’ÈÕ“®‡π◊ËÕß¡“
®“°„πµ”·Àπàß‡¥’¬«°—∫∑’Ë Hb Bartûs ∂Ÿ°™–ÕÕ°¡“π—Èπ
‡ªìπµ”·Àπàß∑’ËÕ“®¡’ “√∑’Ë√∫°«π°“√µ√«®«—¥‰¥â¡“°°«à“
„πµ”·Àπàß¢Õß Hb E ®“°°“√ —ß‡°µ¡—°æ∫ peak „π
µ”·Àπàß‡¥’¬«°—∫ Hb Bartûs π’È‰¥â„π‡°◊Õ∫∑ÿ°µ—«Õ¬à“ß∑’Ë
µ√«®«—¥ ‚¥¬„π°≈ÿà¡∑’Ëµ√«®‰¡àæ∫¬’πÕ—≈ø“∏“≈— ´’‡¡’¬
æ∫ª√‘¡“≥‡©≈’Ë¬√âÕ¬≈– 1.3 ± 0.3 ·≈– 1.6 ± 0.8
‡¡◊ËÕµ√«®«—¥¥â«¬‡§√◊ËÕß Primus ·≈– Variant µ“¡≈”¥—∫
(µ“√“ß∑’Ë 1)
      à«πº≈°“√µ√«®«‘‡§√“–Àå·¬°™π‘¥Œ’‚¡‚°≈∫‘π®“°
∑—Èß 2 ‡§√◊ËÕßπ—Èπæ∫«à“‡§√◊ËÕß Variant ®–¡’‚Õ°“ µ√«®
æ∫ Hb Bartûs ‰¥â Ÿß°«à“‡§√◊ËÕß Primus  ”À√—∫„π
°≈ÿà¡∑’Ë‰¡à¡’¬’πÕ—≈ø“∏“≈— ´’‡¡’¬ °“√æ∫ Hb Bartûs °Á
®–∂◊Õ«à“‡ªìπº≈∫«°ª≈Õ¡ „π¢≥–∑’Ë „π°≈ÿà¡∑’Ë¡’¬’π
α-thalassemia °“√‰¡àæ∫ Hb Bartûs °Á®–∂◊Õ«à“‡ªìπ
º≈≈∫ª≈Õ¡ ®–‡ÀÁπ‰¥â«à“∑—Èß 2 ‡§√◊ËÕß°Á®–¡’¢âÕ®”°—¥∑’Ë
·µ°µà“ß°—π‰ª Õ¬à“ß‰√°Áµ“¡ º≈∑’Ë‰¡à Õ¥§≈âÕß°—ππ’È®–
æ∫‰¥â‡©æ“–„π°≈ÿà¡∑’Ë‰¡à¡’¬’πÕ—≈ø“∏“≈— ´’‡¡’¬·≈–°≈ÿà¡
∑’Ë‡ªìπæ“À– α-thalassemia 2 ‡∑à“π—Èπ ´÷Ëß Õ¥§≈âÕß
°—∫º≈°“√»÷°…“∑’Ëºà“π¡“À≈“¬°“√»÷°…“(18, 19) · ¥ß„Àâ
‡ÀÁπ«à“ „π°√≥’∑’Ë‡ªìπæ“À–Õ—≈ø“∏“≈— ´’‡¡’¬ 2 °“√„™â
ª√‘¡“≥ Hb Bartûs ‡æ’¬ßÕ¬à“ß‡¥’¬«Õ“®‰¡à “¡“√∂∑”π“¬
®’‚π‰∑ªá¢ÕßÕ—≈ø“∏“≈— ´’‡¡’¬‰¥âÕ¬à“ß∂Ÿ°µâÕß Õ¬à“ß‰√
°Áµ“¡ ®–‡ÀÁπ‰¥â«à“„π°≈ÿà¡µ—«Õ¬à“ß∑’Ë‡ªìπæ“À–Œ’‚¡‚°≈∫‘π
§Õπ ·µπ∑å ª√‘ßÀ√◊ÕŒ’‚¡‚°≈∫‘πª“°‡´ (heterozygous
Hb CS or Hb PS) π—Èπ®–¡’§à“‡©≈’Ë¬¢Õßª√‘¡“≥ Hb

Bartûs  Ÿß°«à“°≈ÿà¡∑’Ë‡ªìπæ“À– α-thalassemia 2 Õ¬à“ß
™—¥‡®π ÷́Ëßπà“®–‡ªìπÀ≈—°∞“π∑’Ë π—∫ πÿπ ¡¡µ‘∞“π∑’Ë
«à“¬’πÕ—≈ø“∏“≈— ´’‡¡’¬™π‘¥ non-deletion ®– àßº≈„Àâ
¡’§«“¡‰¡à ¡¥ÿ≈¢Õß “¬‚°≈∫‘π¡“°°«à“™π‘¥ deletion
·≈– àßº≈„Àâ¡’§«“¡√ÿπ·√ß¢Õß‚√§‰¥â¡“°°«à“(1)  à«π„π
°≈ÿà¡∑’Ë‡ªìπæ“À–Õ—≈ø“∏“≈— ´’‡¡’¬ 1 ·≈– ‚√§Œ’‚¡‚°≈∫‘π
‡Õ™π—Èπ ®–‡ÀÁπ‰¥â«à“ª√‘¡“≥ Hb Bartûs ®– Ÿß¢÷ÈπÕ¬à“ß
™—¥‡®π ¥—ß‡™àπ∑’Ë‡§¬¡’√“¬ß“π¡“°àÕπ(2-6) ·≈–æ∫«à“∂÷ß
·¡â«à“§à“‡©≈’Ë¬¢Õß°“√µ√«®«—¥ª√‘¡“≥ Hb Bartûs ®“°
∑—Èß 2 ‡§√◊ËÕß¥Ÿ‡ ¡◊Õπ«à“§à“®“°°“√µ√«®«—¥¥â«¬‡§√◊ËÕß
Primus ®–µË”°«à“º≈°“√µ√«®«—¥¥â«¬‡§√◊ËÕß Variant ·µà
§«“¡·µ°µà“ßπ—Èπ‰¡à¡’π—¬ ”§—≠∑“ß∑“ß ∂‘µ‘ ´÷Ëß· ¥ß„Àâ
‡ÀÁπ«à“À“°‰¥â¡’°“√»÷°…“À“§à“ cutoff ∑’Ë‡À¡“– ¡ ®–
 “¡“√∂π”ª√‘¡“≥ Hb Bartûs ‰ª„™â„π°“√µ√«®§—¥°√Õß
æ“À–Õ—≈ø“∏“≈— ´’‡¡’¬ 1 „π∑“√°·√°§≈Õ¥‰¥â‰¡à
·µ°µà“ß°—π ®“°°“√»÷°…“À“§à“ cutoff ∑’Ë‡À¡“– ¡„π
°“√µ√«®°√Õßæ“À–Õ—≈ø“∏“≈—  ’́‡¡’¬ 1 „π∑“√°·√°
§≈Õ¥®”π«π 402 √“¬ ∑’Ë¡“√¥“¡“§≈Õ¥ ≥ »Ÿπ¬å
Õπ“¡—¬∑’Ë 8 ®—ßÀ«—¥π§√ «√√§å  æ∫«à“ ª√‘¡“≥ Hb Bartûs
> 8% ®“°°“√µ√«®«—¥¥â«¬‡§√◊ËÕß Primus ®–„Àâº≈
§«“¡‰« §«“¡®”‡æ“– ·≈–§à“°“√∑”π“¬º≈∫«°‡ªìπ
√âÕ¬≈– 100, 97.9 ·≈– 70.4 µ“¡≈”¥—∫ (¢âÕ¡Ÿ≈¬—ß‰¡à
‰¥âµ’æ‘¡æå)

„π à«π¢Õßº≈°“√µ√«®«—¥ª√‘¡“≥ Hb E ®“°∑—Èß 2
‡§√◊ËÕß °Á„Àâº≈„π∑”πÕß‡¥’¬«°—∫º≈°“√µ√«®«—¥ª√‘¡“≥
Hb Bartûs °≈à“«§◊Õ §à“®“°‡§√◊ËÕß Primus ®–¡’·π«‚πâ¡
∑’ËµË”°«à“§à“®“°µ√«®«—¥¥â«¬‡§√◊ËÕß Variant (µ“√“ß∑’Ë 2)
‚¥¬æ∫¡’§à“‡©≈’Ë¬∑’Ë„°≈â‡§’¬ßº≈°“√»÷°…“¢Õß Sae-ung
·≈–§≥–(7)  ∑—Èß„π°≈ÿà¡ heterozygote ·≈– homozygote
·≈–®–‡ÀÁπ‰¥â«à“ æ“À– Hb E ∑’Ë¡’¬’πÕ—≈ø“∏“≈—  ’́‡¡’¬
√à«¡®–·π«‚πâ¡«à“ª√‘¡“≥ Hb E ∑’Ëµ√«®æ∫°Á®–µË”≈ß
µ“¡®”π«π¬’πÕ—≈ø“∏“≈— ´’‡¡’¬∑’Ë·ΩßÕ¬Ÿà¥—ß‡™àπ‡¥’¬«
°—∫∑’Ëæ∫„πºŸâ„À≠à ´÷ËßÕ∏‘∫“¬‰¥â¥â«¬§«“¡ “¡“√∂„π°“√
®—∫°—π√–À«à“ß “¬Õ—≈ø“·≈–∫’µ“‚°≈∫‘π (αβ-assembly)
„π°√≥’∑’Ë “¬Õ—≈ø“‚°≈∫‘π„πª√‘¡“≥∑’Ë®”°—¥π—Èπ  “¬
Õ—≈ø“‚°≈∫‘π∑’Ë¡’Õ¬Ÿà®–™Õ∫®—∫°—∫ “¬∫’µ“‚°≈∫‘π∑’Ëª°µ‘
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¡“°°«à“ “¬∫’µ“‚°≈∫‘π∑’Ëº‘¥ª°µ‘‰ª‡ªìπ∫’µ“Õ’ ®÷ßµ√«®
æ∫ª√‘¡“≥ Hb E ‰¥âµË”≈ß   πÕ°®“°π’È¬—ßæ∫«à“„π
°≈ÿà¡∑’Ë‰¡à¡’ Hb E  à«π„À≠à®–µ√«®‰¡àæ∫ peak „π
µ”·Àπàß‡¥’¬«°—ππ’È À√◊ÕÕ“®æ∫„πª√‘¡“≥∑’ËπâÕ¬°«à“
√âÕ¬≈– 1 ¢ÕßŒ’‚¡‚°≈∫‘π∑—ÈßÀ¡¥ ‡π◊ËÕß®“°„π∑“√°
·√°§≈Õ¥π—Èπ¬—ß¡’°“√ √â“ß “¬ δ-globin ‰¥âπâÕ¬¡“°(1)

¥—ßπ—Èπ°“√æ∫ peak „πµ”·Àπàßπ’È·≈–¡’ª√‘¡“≥¡“°°«à“
√âÕ¬≈– 1 ¢ÕßŒ’‚¡‚°≈∫‘π∑—ÈßÀ¡¥ ®÷ßπà“®–∑”π“¬‰¥â«à“
∑“√°·√°§≈Õ¥√“¬π—Èππà“®–‡ªìπæ“À– Hb E Õ¬à“ß‰√
°Áµ“¡®“°°“√»÷°…“À“§à“ cutoff ®“°°“√µ√«®«—¥¥â«¬
‡§√◊ËÕß Primus æ∫«à“ª√‘¡“≥ Hb E ∑’Ë¡“°°«à“√âÕ¬≈– 1
®–‰¡à§√Õ∫§≈ÿ¡æ“À– Hb E ∑ÿ°√“¬ §à“ cutoff ∑’Ë
‡À¡“– ¡ ”À√—∫°“√§—¥°√Õßæ“À– Hb E „π∑“√°·√°
§≈Õ¥®“°°“√µ√«®«—¥¥â«¬‡§√◊ËÕß Primus §◊Õ Hb E  >
0.5% ÷́Ëß„Àâº≈§«“¡∂Ÿ°µâÕß√âÕ¬≈– 100 (¢âÕ¡Ÿ≈¬—ß‰¡à
‰¥âµ’æ‘¡æå)

º≈°“√»÷°…“§√—Èßπ’È· ¥ß„Àâ‡ÀÁπ«à“∂÷ß·¡â®–∑”°“√
µ√«®«—¥¥â«¬‡§√◊ËÕß«‘‡§√“–ÀåÕ—µ‚π¡—µ‘∑’Ë„™âÀ≈—°°“√æ◊Èπ∞“π
‡¥’¬«°—π°ÁÕ“®¡’§à“°“√µ√«®«—¥∑’Ë·µ°µà“ß°—π‰¥â  ́ ÷ËßºŸâ„™âß“π
§«√®–¡’°“√»÷°…“«à“§à“°“√µ√«®«—¥∑’Ë·µ°µà“ß°—ππ—Èπ  ¡’
º≈„Àâ°“√«‘π‘®©—¬‚√§‡ªÑ“À¡“¬º‘¥æ≈“¥À√◊Õ‰¡à°àÕπ∑’Ë®–
π”‰ª„™âß“π®√‘ß

°‘µµ‘°√√¡ª√–°“»
‚§√ß°“√«‘®—¬π’È‰¥â√—∫°“√ π—∫ πÿπ∑ÿπ∫“ß à«π®“°

∫—≥±‘µ«‘∑¬“≈—¬ ·≈–»Ÿπ¬å«‘®—¬·≈–æ—≤π“°“√µ√«®
«‘π‘®©—¬∑“ßÀâÕßªØ‘∫—µ‘°“√∑“ß°“√·æ∑¬å §≥–‡∑§π‘§
°“√·æ∑¬å ¡À“«‘∑¬“≈—¬¢Õπ·°àπ ·≈–‰¥â√—∫°“√ π—∫ πÿπ
°“√„™â‡§√◊ËÕß«‘‡§√“–ÀåŒ’‚¡‚°≈∫‘πÕ—µ‚π¡—µ‘ Primus CLC
330 ·≈–πÈ”¬“°“√µ√«®«‘‡§√“–Àå®“°∫√‘…—∑ L&R
Enterprise Ltd. ª√–‡∑»‰∑¬
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