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∫∑§—¥¬àÕ LAMP À√◊Õ Loop-mediated isothermal amplification ‡ªìπ«‘∏’°“√„À¡à„™â„π°“√μ√«®«‘‡§√“–Àå DNA ∑’Ë

 —ß‡§√“–Àå„πÀ≈Õ¥∑¥ Õ∫‚¥¬„™â‡Õπ‰´¡å∑”ªØ‘°‘√‘¬“∑’ËÕÿ≥À¿Ÿ¡‘§ß∑’Ë (65oC) ‰¡àμâÕß„™â‡§√◊ËÕß PCR ·≈–

μ√«® Õ∫º≈‚¥¬°“√ —ß‡°μ ’¥â«¬μ“‡ª≈à“ Õà“πº≈‰¥â¿“¬„π 2 ™—Ë«‚¡ß ‡π◊ËÕß®“°‡™◊ÈÕ«—≥‚√§‡®√‘≠™â“ °“√‡æ“–

‡™◊ÈÕ®–„™â‡«≈“ °“√æ—≤π“·≈–„™â LAMP „π°“√μ√«®«—≥‚√§ ®–™à«¬«‘π‘®©—¬«—≥‚√§‰¥â√«¥‡√Á«¢÷Èπ ß“π«‘®—¬π’È

‰¥âæ—≤π“ LAMP test ∑’Ë®”‡æ“–μàÕ‡™◊ÈÕ«—≥‚√§ ¡’ DNA ‡ªÑ“À¡“¬„π°“√μ√«® Õ∫‡ªìπ à«π¢Õß 16S rRNA

¬’π ®”π«π‡™◊ÈÕμË” ÿ¥∑’Ëμ√«®«‘‡§√“–Àå‰¥âª√–¡“≥ 9 ‡´≈≈å º≈°“√ª√–‡¡‘πª√– ‘∑∏‘¿“æ LAMP test „π°“√

μ√«®«—≥‚√§·∫∫‡√Á«‚¥¬μ√«®‡ ¡À–‚¥¬μ√ß °≈ÿà¡μ—«Õ¬à“ß‡ ¡À–∑’Ë¡’º≈μ√«®¬âÕ¡æ∫‡™◊ÈÕμ‘¥ ’∑π°√¥·≈–

º≈‡æ“–‡™◊ÈÕæ∫‡™◊ÈÕ«—≥‚√§ (AFB+, TB culture+) ®”π«π 73 μ—«Õ¬à“ß ∑ÿ°μ—«Õ¬à“ß„Àâº≈∫«° LAMP °≈ÿà¡

μ—«Õ¬à“ß‡ ¡À–∑’Ëμ√«®‰¡àæ∫‡™◊ÈÕμ‘¥ ’∑π°√¥·μà¡’º≈‡æ“–‡™◊ÈÕæ∫‡™◊ÈÕ«—≥‚√§ (AFB-, TB culture+) ®”π«π 20

μ—«Õ¬à“ß„Àâº≈∫«° LAMP 15 μ—«Õ¬à“ß °“√„™â LAMP test „π°“√®”·π°‡™◊ÈÕ«—≥‚√§Õ¬à“ß‡√Á«®“°‡™◊ÈÕ∑’Ë‡æ“–

¢÷Èπ∫πÕ“À“√‡≈’È¬ß‡™◊ÈÕ™π‘¥Õ“À“√‡À≈« MGIT ®”π«π‡ ¡À– 135 μ—«Õ¬à“ß ‡æ“–‡™◊ÈÕ¢÷Èπ 99 μ—«Õ¬à“ß„Àâº≈∫«°

LAMP test ®”π«π 96 μ—«Õ¬à“ß √Ÿâº≈¿“¬„π 2 ™—Ë«‚¡ß ∫àß™’È‡ªìπ‡™◊ÈÕ«—≥‚√§  Õ¥§≈âÕß°—∫º≈μ√«®™’«‡§¡’

‚¥¬∑¥ Õ∫ Niacin, Nitrate ·≈– Catalase ÷́Ëß„™â‡«≈“„π°“√®”·π°‡™◊ÈÕÀ≈“¬ —ª¥“Àå  “¡“√∂„™â®”·π°‡™◊ÈÕ

∑’Ë‡æ“–¢÷Èπ∫πÕ“À“√·¢Áß‡ªìπ‡™◊ÈÕ«—≥‚√§‡™àπ‡¥’¬«°—∫‡™◊ÈÕ∑’Ë‡æ“–¢÷Èπ„πÕ“À“√‡À≈« «‘∏’°“√π’È„Àâº≈μ√«®√«¥‡√Á«¡“°

ßà“¬ ‰¡àμâÕß„™â‡§√◊ËÕß¡◊Õ´—∫´âÕπ ‡æ‘Ë¡ª√– ‘∑∏‘¿“æ„π°“√μ√«®«‘π‘®©—¬«—≥‚√§ ‡À¡“– ¡∑’Ë®–π”‰ª„™â

ª√–‚¬™πåμàÕ‰ª

§” ”§—≠: «—≥‚√§, °“√μ√«®«—≥‚√§, Mycobacterium tuberculosis complex, LAMP, MGIT
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μ√«®‡ ¡À–‚¥¬μ√ß·≈–μ√«®®”·π°‡™◊ÈÕ∑’Ë‡æ“–¢÷Èπ
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* ∂“∫—π«‘®—¬«‘∑¬“»“ μ√å “∏“√≥ ÿ¢ °√¡«‘∑¬“»“ μ√å°“√·æ∑¬å °√–∑√«ß “∏“√≥ ÿ¢
† ”π—°ß“πªÑÕß°—π§«∫§ÿ¡‚√§∑’Ë 5 ®—ßÀ«—¥π§√√“™ ’¡“ °√¡§«∫§ÿ¡‚√§ °√–∑√«ß “∏“√≥ ÿ¢
‡ ”π—°«—≥‚√§ °√¡§«∫§ÿ¡‚√§ °√–∑√«ß “∏“√≥ ÿ¢
§»Ÿπ¬å§«“¡√à«¡¡◊Õ°“√«‘®—¬‚√§μ‘¥μàÕÕÿ∫—μ‘„À¡à·≈–Õÿ∫—μ‘´È”√–À«à“ßª√–‡∑»‰∑¬·≈–ª√–‡∑»≠’ËªÿÉπ

∫∑π”

«—≥‚√§‡ªìπ‚√§μ‘¥μàÕ‡√◊ÈÕ√—ß¡’ “‡Àμÿ‡°‘¥®“°°“√

μ‘¥‡™◊ÈÕ«—≥‚√§ (Mycobacterium tuberculosis) „πªï

2550 ª√–‡∑»‰∑¬¡’√“¬ß“πæ∫ºŸâªÉ«¬«—≥‚√§ª√–¡“≥

91,000 §π ·≈–®—¥Õ¬Ÿà„π°≈ÿà¡ª√–‡∑»∑’Ë¡’®”π«πºŸâªÉ«¬

¡“°¢Õß‚≈°≈”¥—∫∑’Ë 18(1,2)

«“√ “√«‘™“°“√ “∏“√≥ ÿ¢
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°“√μ√«®«—≥‚√§·∫∫‡√Á«‚¥¬„™â LAMP test μ√«®‡ ¡À–‚¥¬μ√ß·≈–μ√«®®”·π°‡™◊ÈÕ∑’Ë‡æ“–¢÷Èπ

«“√ “√«‘™“°“√ “∏“√≥ ÿ¢ ÚııÛ ªï∑’Ë Ò˘ ©∫—∫∑’Ë Ú

°“√μ√«®«—≥‚√§¥â«¬‡∑§π‘§ nucleic acid ampli-

fication assay  “¡“√∂μ√«®√Ÿâº≈‡√Á« ¡’§«“¡‰«·≈–

§«“¡®”‡æ“– Ÿß ¡’°“√„™â„πÀâÕßªØ‘∫—μ‘°“√μà“ß Ê(6)

‡∑§π‘§°“√«‘‡§√“–Àåπ’È ‰¥â·°à «‘∏’ polymerase chain

reaction (PCR) ‡ªìπ°“√μ√«®À“ “√æ—π∏ÿ°√√¡¢Õß

‡™◊ÈÕ«—≥‚√§ ·μà‡π◊ËÕß®“°‡ªìπ«‘∏’°“√∑’ËμâÕß„™â‡§√◊ËÕß¡◊Õ∑’Ë

´—∫´âÕπ ·≈–¡’μâπ∑ÿπ Ÿß ®÷ß‰¡à‡À¡“–∑’Ë®–π”‰ª„™â «‘∏’

Loop-mediated isothermal amplification (LAMP) ‡ªìπ

‡∑§π‘§∑’Ë¡’À≈—°°“√∑”ß“π§≈â“¬°—∫¢Õß PCR ·μà¡’«‘∏’

°“√∑”ªØ‘°‘√‘¬“∑’Ëßà“¬°«à“  “¡“√∂μ√«®À“ DNA ¢Õß

‡™◊ÈÕ«—≥‚√§„πÀ≈Õ¥∑¥ Õ∫∑’ËÕÿ≥À¿Ÿ¡‘ ‡æ’¬ßÕÿ≥À¿Ÿ¡‘

‡¥’¬«μ≈Õ¥°“√∑”ªØ‘°‘√‘¬“ ¡’√“¬ß“πÀ≈“¬©∫—∫∑’Ë· ¥ß

„Àâ‡ÀÁπ«à“ LAMP ¡’ª√– ‘∑∏‘¿“æ Ÿß„π°“√μ√«®«‘π‘®©—¬

‚√§μ‘¥‡™◊ÈÕ™π‘¥μà“ß Ê(4,7-14) ‡π◊ËÕß®“°°“√«‘‡§√“–Àå‡™◊ÈÕ

«—≥‚√§∑’Ë∑√“∫º≈‡√Á« ·¡àπ¬” ·≈–ª√–À¬—¥ ‡ªìπ∑’Ë

μâÕß°“√ ß“π«‘®—¬π’È®÷ß¡’«—μ∂ÿª√– ß§å‡æ◊ËÕ»÷°…“«‘∏’ LAMP

‡æ◊ËÕ„™âμ√«®«‘‡§√“–Àå‡™◊ÈÕ«—≥‚√§®“°μ—«Õ¬à“ß‡ ¡À–ºŸâ

ªÉ«¬«—≥‚√§‚¥¬μ√ß ‚¥¬ª√–‡¡‘π§«“¡‰« §«“¡

®”‡æ“–¢Õß«‘∏’°“√ ·≈–‡æ◊ËÕ„™âμ√«®¬◊π¬—π°≈ÿà¡‡™◊ÈÕ«—≥‚√§

(Mycobacterium tuberculosis complex) ®“°‡™◊ÈÕ∑’Ë

‡æ“–¢÷Èπ„πÕ“À“√‡≈’È¬ß‡™◊ÈÕ

«‘∏’°“√»÷°…“

μ—«Õ¬à“ß‡ ¡À–·≈–°“√μ√«®«‘‡§√“–Àåª√°μ‘

°“√»÷°…“‡™‘ßæ√√≥π“π’Èμ—«Õ¬à“ß∑’Ë„™â„π°“√»÷°…“

§◊Õ ‡ ¡À– (sputum) ®“° ”π—°ß“πªÑÕß°—π§«∫§ÿ¡‚√§∑’Ë

5 ®—ßÀ«—¥π§√√“™ ’¡“ √–¬–‡«≈“»÷°…“ μ—Èß·μà‡¥◊Õπ

μÿ≈“§¡ 2549 ∂÷ßμÿ≈“§¡ 2551 ‚¥¬‡√‘Ë¡μ—Èß·μà°“√

æ—≤π“«‘∏’°“√ LAMP ®π∂÷ß°“√»÷°…“°“√μ√«®

μ—«Õ¬à“ßμ‘¥‡™◊ÈÕ«—≥‚√§ ‚¥¬‡°Á∫‡ ¡À–®“°ºŸâªÉ«¬

«—≥‚√§‡æ◊ËÕ°“√μ√«®«‘‡§√“–Àå∑“ßÀâÕßªØ‘∫—μ‘°“√μ“¡

ª√°μ‘‰¥â·°à °“√μ√«®À“‡™◊ÈÕ¬âÕ¡μ‘¥ ’∑π°√¥¥â«¬

°≈âÕß®ÿ≈∑√√»πå„™â«‘∏’ Ziehl-Neelsen ·≈–°“√‡æ“–

‡™◊ÈÕ®“°μ—«Õ¬à“ß‡ ¡À–∑’Ëºà“π¢—ÈπμÕπ°”®—¥‡™◊ÈÕªπ‡ªóôÕπ

°“√μ√«®«‘π‘®©—¬«—≥‚√§¡’À≈“¬«‘∏’‰¥â·°à °“√

μ√«®Õ“°“√∑“ß§≈‘π‘° °“√∑¥ Õ∫ªØ‘°‘√‘¬“¿Ÿ¡‘§ÿâ¡°—π

∑“ßº‘«Àπ—ß (tuberculin skin test) °“√μ√«®«‘‡§√“–Àå

¿“æ∂à“¬√—ß ’∫√‘‡«≥∑√«ßÕ° °“√μ√«®À“‡™◊ÈÕ¬âÕ¡μ‘¥ ’

∑π°√¥„π‡ ¡À–¥â«¬°≈âÕß®ÿ≈∑√√»πå (sputum micros-

copy) ·≈–‡æ“–‡™◊ÈÕ ‡ªìπμâπ Õ¬à“ß‰√°Áμ“¡°“√μ√«®

«‘‡§√“–Àå‡™◊ÈÕ¥â«¬«‘∏’°“√μ√«®À“‡™◊ÈÕ¬âÕ¡μ‘¥ ’∑π°√¥

(acid-fast bacilli, AFB) ·≈–°“√‡æ“–‡™◊ÈÕ ´÷Ëß‡ªìπ«‘∏’

¡“μ√∞“π¡’¢âÕ®”°—¥ °“√μ√«®À“‡™◊ÈÕ¬âÕ¡μ‘¥ ’∑π°√¥

‡ªìπ«‘∏’∑’Ë√Ÿâº≈‡√Á« ª√–À¬—¥  “¡“√∂¥”‡π‘πß“π‰¥â„πæ◊Èπ∑’Ë

·μàμâÕßÕ“»—¬ºŸâ™”π“≠„π°“√Õà“πº≈ ¡’§«“¡‰«„π°“√

μ√«®«‘‡§√“–ÀåμË” ·≈–‰¡à “¡“√∂®”·π°‡™◊ÈÕ«—≥‚√§‰¥â

‡ªìπ«‘∏’∑’Ë∫Õ°‰¥â‡æ’¬ß°“√μ√«®æ∫‡™◊ÈÕμ‘¥ ’∑π°√¥ °“√

μ√«®«—≥‚√§¥â«¬«‘∏’°“√‡æ“–‡™◊ÈÕ‡ªìπ«‘∏’¡’§«“¡‰« Ÿß·μà

μâÕß„™â‡«≈“ 4 ∂÷ß 8  —ª¥“Àå ·≈–μâÕß„™â«‘∏’∑“ß

ªØ‘°‘√‘¬“™’«‡§¡’∑¥ Õ∫μàÕ®÷ß®”·π°‡™◊ÈÕ«—≥‚√§‰¥â(3) °“√

μ√«®æ∫«—≥‚√§∑’Ë≈à“™â“‡ªìπªí≠À“μàÕ°“√§«∫§ÿ¡«—≥‚√§

ªí®®ÿ∫—π¡’‡∑§‚π‚≈¬’°“√‡æ“–‡≈’È¬ß‡™◊ÈÕ¡—¬‚§-

·∫§∑’‡√’¬¥â«¬√–∫∫ BACTEC MGIT 960 ‡ªìπ°“√

‡æ“–‡™◊ÈÕ„πÀ≈Õ¥Õ“À“√ MGIT ∑’Ë –¥«° √«¥‡√Á« ¿“¬„π

À≈Õ¥Õ“À“√ MGIT ª√–°Õ∫¥â«¬ Õ“À“√‡æ“–‡™◊ÈÕ

™π‘¥‡À≈« modified Middlebrook 7H9 ∑’Ë‡μ‘¡ “√

OADC enrichment ·≈–¬“ªØ‘™’«π–„πÀ≈Õ¥ 7 ¡‘≈≈‘≈‘μ√

∑’Ë°âπÀ≈Õ¥Õ“À“√®–¡’ sensor μ√«® Õ∫ “√‡√◊Õß· ß

‡æ◊ËÕ„™â· ¥ß°“√‡®√‘≠¢Õß‡™◊ÈÕ¡—¬‚§·∫§∑’‡√’¬‚¥¬√–∫∫

®–μ√«® Õ∫°“√‡√◊Õß· ßÕ—μ‚π¡—μ‘‡¡◊ËÕ¡’°“√‡®√‘≠

‡μ‘∫‚μ¢Õß‡™◊ÈÕ¿“¬„πÀ≈Õ¥‡æ“–‡≈’È¬ßÕÕ°´‘‡®π„π

À≈Õ¥®–≈¥≈ß °“√‡√◊Õß· ß‡æ‘Ë¡¢÷Èπ °“√‡æ“–‡≈’È¬ß‡™◊ÈÕ

¡—¬‚§·∫§∑’‡√’¬¥â«¬√–∫∫π’È„Àâº≈°“√‡æ“–‡™◊ÈÕ‡®√‘≠‰¥â

‡√Á«°«à“°“√‡æ“–‡™◊ÈÕ‡®√‘≠∫πÕ“À“√·¢Áß(4,5) °“√μ√«®

«‘‡§√“–Àåμ—«Õ¬à“ßμ‘¥‡™◊ÈÕ¡—¬‚§·∫§∑’‡√’¬¥â«¬°“√‡æ“–

‡≈’È¬ß‡™◊ÈÕ¡—¬‚§·∫§∑’‡√’¬„π√–∫∫ BACTEC MGIT 960

¬—ß¡’¢âÕ®”°—¥μ√ß∑’Ë‰¡à “¡“√∂®”·π°™π‘¥¢Õß‡™◊ÈÕ¡—¬‚§

·∫§∑’‡√’¬∑’Ë‡®√‘≠‰¥â μâÕß„™â«‘∏’°“√μ√«®®”·π°™π‘¥

¢Õß‡™◊ÈÕ∑’Ë‡æ“–‡®√‘≠„π√–∫∫ MGIT √à«¡¥â«¬

ÛÒ
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¥â«¬«‘∏’ N-acetyl-L-cystein-sodium hydroxide

method (NACL-NaOH)(3) ‚¥¬‡æ“–‡™◊ÈÕ∫πÕ“À“√·¢Áß

Lowenstein Jensen medium ·≈–Õ“À“√‡À≈« MGIT

´÷Ëß‡æ“–‡™◊ÈÕ‰¥âº≈‡√Á« ∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ 37 Õß»“‡´≈‡´’¬ 

π“π 4-8  —ª¥“Àå  —ß‡°μ‡™◊ÈÕ‡®√‘≠·≈–æ‘ Ÿ®πå¬◊π¬—π

‡™◊ÈÕ«—≥‚√§¥â«¬ªØ‘°‘√‘¬“™’«‡§¡’‰¥â·°à °“√∑¥ Õ∫ªØ‘°‘√‘¬“

Niacin, Nitrate reduction ·≈– Catalase ∑’Ë pH 7

Õÿ≥À¿Ÿ¡‘ 68 Õß»“‡´≈‡´’¬  ·≈–∫—π∑÷°º≈ °“√μ√«®

À“‡™◊ÈÕ«—≥‚√§¥â«¬«‘∏’ LAMP „™â à«π∑’Ë‡À≈◊Õ¢Õß

μ—«Õ¬à“ß®“°°“√μ√«®«‘‡§√“–Àåª√°μ‘ ‚¥¬μ—«Õ¬à“ß∂Ÿ°

 àß¡“¬—ßÀâÕßªØ‘∫—μ‘°“√ ∂“∫—π«‘®—¬«‘∑¬“»“ μ√å

 “∏“√≥ ÿ¢ °√¡«‘∑¬“»“ μ√å°“√·æ∑¬å ¢≥– àßμ—«

Õ¬à“ß‡°Á∫√—°…“∑’ËÕÿ≥À¿Ÿ¡‘ 2-8 Õß»“‡´≈‡´’¬  μ—«Õ¬à“ß

‡ ¡À–∑’Ëπ”¡“„™â„π°“√»÷°…“§√—Èßπ’È·∫àßÕÕ°‡ªìπ 2 °≈ÿà¡

‰¥â·°à °≈ÿà¡μ—«Õ¬à“ß‡ ¡À–®“°ºŸâªÉ«¬«—≥‚√§‡æ◊ËÕ°“√

μ√«®À“‡™◊ÈÕ«—≥‚√§‚¥¬μ√ß¥â«¬«‘∏’ LAMP ¡’ 93 μ—«Õ¬à“ß

·≈–°≈ÿà¡μ—«Õ¬à“ß‡ ¡À–®“°ºŸâªÉ«¬«—≥‚√§‡æ◊ËÕ°“√‡æ“–

‡™◊ÈÕ¡—¬‚§·∫§∑’‡√’¬ ·≈–¬◊π¬—π‡™◊ÈÕ«—≥‚√§¥â«¬«‘∏’ LAMP

¡’ 135 μ—«Õ¬à“ß

°“√ °—¥ DNA

π” “√≈–≈“¬μ–°Õπμ—«Õ¬à“ß‡ ¡À–∑’Ëºà“π°“√

°”®—¥‡™◊ÈÕªπ‡ªóôÕπμ“¡«‘∏’ NACL-NaOH ¢â“ßμâπ 400

‰¡‚§√≈‘μ√ ¡“ °—¥ DNA ‚¥¬„™â lysis buffer (Qiagen)

¥—¥·ª≈ß«‘∏’°“√‡æ◊ËÕπ”‰ª„™âμ√«®«‘‡§√“–Àå¥â«¬«‘∏’

LAMP

°“√μ√«®«‘‡§√“–Àå«—≥‚√§¥â«¬«‘∏’ LAMP

ªØ‘°‘√‘¬“ LAMP ª√‘¡“μ√√«¡ 20 ‰¡‚§√≈‘μ√

¥—¥·ª≈ß®“°«‘∏’°“√ Pandey ·≈–§≥–(15) Õà“πº≈¢Õß

ªØ‘°‘√‘¬“‚¥¬ —ß‡°μ°“√‡ª≈’Ë¬π ’®“° ’ â¡‡ªìπ ’‡¢’¬«

À√◊Õ¡’°“√‡√◊Õß· ßÕ—≈μ√“‰«‚Õ‡≈μÀ√◊Õμ√«® Õ∫º≈º≈‘μ

LAMP À≈—ß‡°‘¥ªØ‘°‘√‘¬“¥â«¬ 2% agarose gel elec-

trophoresis

°“√«‘‡§√“–Àå§«“¡‰« ·≈–§«“¡®”‡æ“–

«‘‡§√“–Àå§«“¡‰« ∑¥ Õ∫À“®”π«π‡™◊ÈÕ«—≥‚√§

∑’ËπâÕ¬∑’Ë ÿ¥∑’Ë “¡“√∂μ√«®À“‰¥â¥â«¬«‘∏’ LAMP ‚¥¬

‡æ“–‡≈’È¬ß‡™◊ÈÕ«—≥‚√§„πÕ“À“√‡À≈« Sauton ¡’®”π«π

‡´≈≈å‡∑’¬∫§«“¡¢ÿàπ (Optical density) ª√–¡“≥ 0.6 ∑’Ë

§«“¡¬“«§≈◊Ëπ· ß 600 π“‚π‡¡μ√ ·≈â«‡®◊Õ®“ß‡´≈≈å

‡ªìπ≈”¥—∫ 10 ‡∑à“ ·≈–π—∫®”π«π‚§‚≈π’¢Õß‡™◊ÈÕ„π

·μà≈–√–¥—∫‡™◊ÈÕ‡®◊Õ®“ß∑’Ë‡®√‘≠∫πÕ“À“√‡æ“–‡≈’È¬ß

∑”°“√ °—¥ DNA ·≈–μ√«®«‘‡§√“–ÀåªØ‘°‘√‘¬“ LAMP

«‘‡§√“–Àå§«“¡®”‡æ“– ∑¥ Õ∫ªØ‘°‘√‘¬“ LAMP

°—∫ DNA ¢Õß‡™◊ÈÕ¡—¬‚§·∫§∑’‡√’¬Õâ“ßÕ‘ß 15 ™π‘¥ ·≈–

°—∫ DNA ¢Õß‡™◊ÈÕ·∫§∑’‡√’¬Õâ“ßÕ‘ß 13 ™π‘¥ ‡ª√’¬∫

‡∑’¬∫°“√∑¥ Õ∫°—∫ DNA ¢Õß‡™◊ÈÕ«—≥‚√§ “¬æ—π∏ÿåÕâ“ßÕ‘ß

H37Ra

ª√–‡¡‘π«‘∏’°“√ LAMP „π°“√μ√«®À“‡™◊ÈÕ«—≥‚√§
‚¥¬μ√ß®“°μ—«Õ¬à“ß‡ ¡À–

«‘∏’°“√ LAMP ®–∂Ÿ°ª√–‡¡‘πº≈§«“¡‰« §«“¡

®”‡æ“–¢Õß°“√μ√«®«‘‡§√“–Àåμ—«Õ¬à“ß‡ ¡À–‚¥¬μ√ß

‡ª√’¬∫‡∑’¬∫°—∫§«“¡‰« ·≈–§«“¡®”‡æ“–¢Õß«‘∏’°“√

μ√«®À“‡™◊ÈÕ¬âÕ¡μ‘¥ ’∑π°√¥ ·≈–«‘∏’°“√‡æ“–‡≈’È¬ß

°“√æ‘ Ÿ®πå¬◊π¬—π‡™◊ÈÕ«—≥‚√§∑’Ë‡æ“–¢÷Èπ®“°Õ“À“√‡≈’È¬ß
‡æ“–‡™◊ÈÕ

‡™◊ÈÕ∑’Ë‡æ“–¢÷Èπ„πÕ“À“√‡À≈« MGIT

π”μ–°Õπ‡´≈≈å®“°μ—«Õ¬à“ß‡ ¡À–∑’Ëºà“π°“√

°”®—¥·∫§∑’‡√’¬ªπ‡ªóôÕπ¥â«¬ NACL-NaOH ‰ª‡æ“–

‡≈’È¬ß„πÕ“À“√‡À≈« MGIT „π‡§√◊ËÕßÕ—μ‚π¡—μ‘ À≈Õ¥

‡æ“–‡≈’È¬ß∑’Ë¡’‡™◊ÈÕ‡®√‘≠‡μ‘∫‚μ®–∂Ÿ°μ√«® Õ∫§ÿ≥ ¡∫—μ‘

¢Õß‡™◊ÈÕ‡∫◊ÈÕßμâπ¥â«¬«‘∏’°“√μ√«®À“‡™◊ÈÕ¬âÕ¡μ‘¥ ’∑π

°√¥¥â«¬°≈âÕß®ÿ≈∑√√»πå‡™◊ÈÕ®“°À≈Õ¥Õ“À“√‡À≈« MGIT

∑’Ëμ√«®æ∫‡™◊ÈÕ¬âÕ¡μ‘¥ ’∑π°√¥∑ÿ°À≈Õ¥®–∂Ÿ°‡°Á∫¡“ 1

¡‘≈≈‘≈‘μ√ ªíòπ‡À«’Ë¬ß§«“¡‡√Á« 14,000 rpm 5 π“∑’‡æ◊ËÕ

‡°Á∫μ–°Õπ‡´≈≈å ·≈–≈–≈“¬μ–°Õπ¥â«¬πÈ”°≈—Ëπª√“»

®“°‡™◊ÈÕ 30 ‰¡‚§√≈‘μ√„πÀ≈Õ¥¡’Ω“ªî¥ π‘∑  °—¥ DNA



°“√μ√«®«—≥‚√§·∫∫‡√Á«‚¥¬„™â LAMP test μ√«®‡ ¡À–‚¥¬μ√ß·≈–μ√«®®”·π°‡™◊ÈÕ∑’Ë‡æ“–¢÷Èπ

«“√ “√«‘™“°“√ “∏“√≥ ÿ¢ ÚııÛ ªï∑’Ë Ò˘ ©∫—∫∑’Ë Ú

‚¥¬«‘∏’°“√μâ¡∑’ËÕÿ≥À¿Ÿ¡‘ 95 Õß»“‡´≈‡´’¬  15 π“∑’ ·≈â«

π” “√≈–≈“¬ DNA ∑’Ë‰¥â ‰ª∑¥ Õ∫ªØ‘°‘√‘¬“ LAMP ‡æ◊ËÕ

æ‘ Ÿ®πå‡™◊ÈÕ«—≥‚√§ ‡™◊ÈÕ∑’Ë‡À≈◊Õ„πÀ≈Õ¥‡æ“–‡™◊ÈÕ∂Ÿ°π”

¡“∑¥ Õ∫¬◊π¬—π‡™◊ÈÕ«—≥‚√§∑“ßªØ‘°‘√‘¬“™’«‡§¡’‰¥â·°à

Niacin, Nitrate reduction ·≈– Catalase ∑’Ë pH 7 ∑’Ë

Õÿ≥À¿Ÿ¡‘ 68 Õß»“‡´≈‡ ’́¬  μ“¡«‘∏’¡“μ√∞“π„π°“√

®”·π°‡™◊ÈÕ«—≥‚√§(6) ·≈–∑¥ Õ∫°“√‡®√‘≠∫πÕ“À“√

‡æ“–‡™◊ÈÕ∑’Ë‡μ‘¡ “√ Paranitrobenzoic acid (PNB)(16)

‡™◊ÈÕ∑’Ë‡æ“–¢÷Èπ∫πÕ“À“√·¢Áß Lowenstein

Jensen medium

‡¢’Ë¬‡°Á∫‚§‚≈π’‡™◊ÈÕ∑’Ë‡æ“–‰¥â®“°μ—«Õ¬à“ß‡ ¡À–ºŸâ-

ªÉ«¬«—≥‚√§∫πÕ“À“√·¢Áß ≈–≈“¬‚§‚≈π’¥â«¬πÈ”ª√“»

®“°‡™◊ÈÕ 100 ‰¡‚§√≈‘μ√„πÀ≈Õ¥∑’Ë¡’Ω“ªî¥ π‘∑  °—¥ DNA

‚¥¬«‘∏’°“√μâ¡∑’ËÕÿ≥À¿Ÿ¡‘ 95 Õß»“‡´≈‡´’¬  15 π“∑’ ·≈â«

π” “√≈–≈“¬ DNA ∑’Ë‰¥â ‰ª∑¥ Õ∫ªØ‘°‘√‘¬“ LAMP ‡æ◊ËÕ

æ‘ Ÿ®πå‡™◊ÈÕ«—≥‚√§

ª√–‡¡‘πº≈°“√®”·π°‡™◊ÈÕ«—≥‚√§¢Õß«‘∏’ LAMP

®“°‡™◊ÈÕ∑’Ë‡æ“–¢÷Èπ„πÕ“À“√‡À≈« MGIT ·≈–Õ“À“√·¢Áß

Lowenstein Jensen medium ‡ª√’¬∫‡∑’¬∫°—∫º≈°“√

æ‘ Ÿ®πå®”·π°‡™◊ÈÕ‚¥¬μ√«® Õ∫§ÿ≥ ¡∫—μ‘∑“ßªØ‘°‘√‘¬“

™’«‡§¡’¢Õß‡™◊ÈÕ«—≥‚√§

º≈°“√»÷°…“

°“√∑¥ Õ∫ªØ‘°‘√‘¬“ LAMP ‡∫◊ÈÕßμâπ

À≈Õ¥∑¥ Õ∫ LAMP ∑’Ë¡’ DNA ¢Õß‡™◊ÈÕ«—≥‚√§

 “¬æ—π∏ÿåÕâ“ßÕ‘ß H37Ra À≈—ß®“°∫à¡ªØ‘°‘√‘¬“ 65 Õß»“

‡´≈‡´’¬  1 ™—Ë«‚¡ß ¡’°“√ —ß‡§√“–Àå DNA ‡ªÑ“À¡“¬

„π°“√μ√«® Õ∫‡ªìπ à«π¢Õß 16S rRNA ¬’π¢Õß‡™◊ÈÕ

«—≥‚√§ ∑”„Àâ ’¢ÕßªØ‘°‘√‘¬“®–‡ª≈’Ë¬π®“° ’ â¡‡ªìπ ’

‡¢’¬«‡√◊Õß· ß UV ·≈– “¡“√∂μ√«®À“º≈º≈‘μªØ‘°‘√‘¬“

LAMP ‰¥â¥â«¬ 2% agarose gel electrophoresis ·μà

‡¡◊ËÕ‡∑’¬∫°—∫À≈Õ¥∑’Ë‰¡à¡’ DNA ¢Õß‡™◊ÈÕ«—≥‚√§ ‰¡à¡’

°“√‡ª≈’Ë¬π·ª≈ß‡°‘¥¢÷Èπ (√Ÿª∑’Ë 1)

§«“¡‰«¢Õß«‘∏’°“√ LAMP ®“°°“√‡μ√’¬¡‡™◊ÈÕ

«—≥‚√§ “¬æ—π∏ÿåÕâ“ßÕ‘ß H37Ra ‡®◊Õ®“ß∑’Ë®”π«π‡™◊ÈÕ

μà“ß Ê ‚¥¬‡®◊Õ®“ß‡ªìπ≈”¥—∫ 10 ‡∑à“ π—∫®”π«π‡™◊ÈÕ

‚¥¬‡æ“–∫πÕ“À“√‡≈’È¬ß‡™◊ÈÕ ·≈–μ√«®À“‡™◊ÈÕ·μà≈–

√–¥—∫‡®◊Õ®“ß¥â«¬ªØ‘°‘√‘¬“ LAMP æ∫«à“ªØ‘°‘√‘¬“„Àâº≈

∫«°„πÀ≈Õ¥∑’Ë¡’ DNA ÷́Ëß °—¥‰¥â®“°‡´≈≈å‡®◊Õ®“ß

A °“√‡ª≈’Ë¬π ’ B °“√‡√◊Õß· ß UV C agarose electrophoresis

1 2 1 2 1 2

√Ÿª∑’Ë 1 °“√μ√«® Õ∫º≈ LAMP À≈—ß∑”ªØ‘°‘√‘¬“¥â«¬°“√ —ß‡°μ°“√‡ª≈’Ë¬π ’ (A)  —ß‡°μ°“√‡√◊Õß· ß UV (B) ·≈–°“√μ√«® Õ∫

º≈º≈‘μ LAMP ¥â«¬ gel electrophoresis (C) À≈Õ¥ 1 À√◊Õ lane 1 ‰¡à¡’ DNA ¢Õß‡™◊ÈÕ«—≥‚√§ (negative) À≈Õ¥ 2 À√◊Õ lane

2 ¡’ DNA ¢Õß‡™◊ÈÕ«—≥‚√§ (positive)
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√–¥—∫μ—Èß·μàÀπ÷Ëß„π ‘∫‡∑à“∂÷ßÀπ÷Ëß„π ‘∫≈â“π‡∑à“ (10-1 ∂÷ß

10-7 ‡∑à“) æ∫«à“∑’Ë√–¥—∫‡´≈≈å‡®◊Õ®“ß 10-6 ‡∑à“

 “¡“√∂π—∫®”π«π‡™◊ÈÕ«—≥‚√§‰¥â 9 ‡´≈≈å ·≈–∑’Ë√–¥—∫

‡®◊Õ®“ß 10-7 ‡∑à“μ√«®‰¡àæ∫°“√‡ª≈’Ë¬π·ª≈ßªØ‘°‘√‘¬“

LAMP (√Ÿª∑’Ë 2)

°“√∑¥ Õ∫§«“¡®”‡æ“–μàÕ°“√μ√«®‡™◊ÈÕ«—≥‚√§¢Õß«‘∏’
LAMP

‡¡◊ËÕ∑¥ Õ∫ªØ‘°‘√‘¬“ LAMP °—∫ DNA ¢Õß¡—¬‚§-

·∫§∑’‡√’¬™π‘¥Õ◊Ëπ ·≈– DNA ¢Õß‡™◊ÈÕ·∫§∑’‡√’¬∑—Ë«‰ª

«‘∏’°“√ LAMP „Àâº≈∫«°‡©æ“–°—∫À≈Õ¥∑’Ë¡’ DNA ¢Õß

‡™◊ÈÕ M. tuberculosis À√◊Õ M. tuberculosis complex

(M. bovis, M. africanum, M. microtti) ·μà„Àâº≈≈∫°—∫

DNA ¢Õß‡™◊ÈÕ¡—¬‚§·∫§∑’‡√’¬™π‘¥Õ◊Ëπ ·≈– DNA ¢Õß

‡™◊ÈÕ·∫§∑’‡√’¬™π‘¥∑—Ë«‰ª∑ÿ°√“¬°“√ (μ“√“ß∑’Ë 1)

°“√„™â LAMP μ√«®À“‡™◊ÈÕ«—≥‚√§‚¥¬μ√ß®“°‡ ¡À–

μ—«Õ¬à“ß‡ ¡À–®“°ºŸâªÉ«¬«—≥‚√§∑’Ë¡’º≈°“√μ√«®

æ∫‡™◊ÈÕ¬âÕ¡μ‘¥ ’∑π°√¥·≈–‡æ“–‡™◊ÈÕæ∫‡™◊ÈÕ«—≥‚√§

(AFB+, TB culture+) 73 μ—«Õ¬à“ß LAMP „Àâº≈∫«°

‰¥â∑—Èß 73 μ—«Õ¬à“ß À√◊Õ§‘¥‡ªìπ√âÕ¬≈– 100 μ—«Õ¬à“ß

‡ ¡À–∑’Ë‰¡àæ∫‡™◊ÈÕ¬âÕ¡μ‘¥ ’∑π°√¥·μàº≈‡æ“–‡™◊ÈÕæ∫

‡™◊ÈÕ«—≥‚√§ (AFB-, TB culture+) 20 √“¬„Àâº≈∫«° TB-

LAMP 15 √“¬ À√◊Õ§‘¥‡ªìπ√âÕ¬≈– 75 (μ“√“ß∑’Ë 2)

°“√„™â LAMP μ√«®®”·π°‡™◊ÈÕ«—≥‚√§∑’Ë‡æ“–¢÷Èπ„π
Õ“À“√‡≈’È¬ß‡™◊ÈÕ

‡™◊ÈÕ®“°Õ“À“√‡À≈« MGIT

®“°°“√‡æ“–‡™◊ÈÕ¡—¬‚§·∫§∑’‡√’¬„πμ—«Õ¬à“ß

‡ ¡À–∑’Ëºà“π°“√°”®—¥ ‘Ëßªπ‡ªóôÕπ·≈â«„πÕ“À“√‡æ“–

‡≈’È¬ß MGIT ‡«≈“ 3-48 «—π ®”π«π 135 μ—«Õ¬à“ß„Àâ

º≈‡æ“–‡™◊ÈÕæ∫‡™◊ÈÕ‡®√‘≠¡’ 99 μ—«Õ¬à“ß μ√«®æ∫‡™◊ÈÕ

¬âÕ¡μ‘¥ ’∑π°√¥∑—Èß 99 μ—«Õ¬à“ß ·μà‡¡◊ËÕæ‘ Ÿ®πå¬◊π¬—π

‡™◊ÈÕ«—≥‚√§¥â«¬«‘∏’ LAMP „Àâº≈∫«° 96 μ—«Õ¬à“ß

 Õ¥§≈âÕß°—∫º≈°“√∑¥ Õ∫§ÿ≥ ¡∫—μ‘¢Õß‡™◊ÈÕ«—≥‚√§

¥â«¬°“√∑¥ Õ∫ªØ‘°‘√‘¬“™’«‡§¡’∑—Èß 96 μ—«Õ¬à“ß∫àß™’È

‡ªìπ‡™◊ÈÕ«—≥‚√§‚¥¬°“√∑¥ Õ∫ Niacin „Àâº≈∫«° °“√

∑¥ Õ∫ Catalase Õÿ≥À¿Ÿ¡‘ 68 Õß»“‡´≈‡´’¬ „Àâº≈≈∫

°“√∑¥ Õ∫ Nitrate reduction „Àâº≈∫«° ·≈–‰¡àæ∫

°“√‡®√‘≠„πÕ“À“√‡æ“–‡≈’È¬ß∑’Ë‡μ‘¡ “√ Paranitroben-

zoic acid „π¢≥–∑’Ëμ—«Õ¬à“ß‡™◊ÈÕ®“° MGIT 3 μ—«Õ¬à“ß

∑’Ë¡’§ÿ≥ ¡∫—μ‘¬âÕ¡μ‘¥ ’∑π°√¥‡ªìπ‡™◊ÈÕ¡—¬‚§·∫§∑’‡√’¬

Õ◊Ë π ∑’Ë „Àâº≈∑¥ Õ∫ LAMP ‡ªìπ≈∫ ‡¡◊ËÕ∑¥ Õ∫

§ÿ≥ ¡∫—μ‘¢Õß‡™◊ÈÕ∑“ßªØ‘°‘√‘¬“‡§¡’„Àâº≈¥—ßπ’È ∑¥ Õ∫

Niacin „Àâº≈≈∫ ∑¥ Õ∫ Catalase Õÿ≥À¿Ÿ¡‘ 68 Õß»“

‡´≈‡´’¬ „Àâº≈∫«° °“√∑¥ Õ∫ Nitrate reduction „Àâ

10-1 10-2 10-3 10-4 Neg- Pos+ 10-4 10-5 10-6 10-7

√Ÿª∑’Ë 2 °“√«‘‡§√“–Àå§«“¡‰«¢ÕßªØ‘°‘√‘¬“ LAMP „π°“√μ√«®À“‡™◊ÈÕ«—≥‚√§‚¥¬‡´≈≈å‡®◊Õ®“ß√–¥—∫ μà“ß Ê μ—Èß·μà 10-1, 10-2, 10-3, 10-

4, 10-5, 10-6(9 ‡´≈≈å) ·≈– 10-7 ‡∑à“μ“¡≈”¥—∫, À≈Õ¥ Neg- §◊Õ Negative control ‰¡à¡’ DNA ¢Õß‡™◊ÈÕ«—≥‚√§, À≈Õ¥ Pos+

§◊Õ À≈Õ¥ Positive control ¡’ DNA ¢Õß‡™◊ÈÕ«—≥‚√§



°“√μ√«®«—≥‚√§·∫∫‡√Á«‚¥¬„™â LAMP test μ√«®‡ ¡À–‚¥¬μ√ß·≈–μ√«®®”·π°‡™◊ÈÕ∑’Ë‡æ“–¢÷Èπ

«“√ “√«‘™“°“√ “∏“√≥ ÿ¢ ÚııÛ ªï∑’Ë Ò˘ ©∫—∫∑’Ë Ú

μ“√“ß∑’Ë 1 °“√∑¥ Õ∫ªØ‘°‘√‘¬“ LAMP °—∫ DNA ‡™◊ÈÕ¡—¬‚§·∫§∑’‡√’¬·≈– DNA ‡™◊ÈÕ·∫§∑’‡√’¬μà“ß Ê

Order Mycobacteria / Bacteria Order Mycobacteria / Bacteria

1 M. tuberculosis 22 M. intracellulare ATCC15985

2 M. bovis Ravenel 23 M. intracellulare ATCC15987

3 M. bovis BCG Tokyo 24 M. intracellulare ATCC19075

4 M. africanum ATCC25420 25 M. intracellulare ATCC19076

5 M. microtti TC77 26 M. intracellulare ATCC19078

6 M. kansasii ATCC12476 27 M. smegmatis mc2 155

7 M. kansasii Bostrum 28 Achromobacter xylosoxidans DMST 0803

8 M. shimoidei ATCC27962 29 Acinetobacter haemolyticus DMST 1826

9 M. scrofulaceum ATCC19981 30 Bacillus brevis DMST 3653

10 M. nonchromogenicum ATCC19530 31 Klebsiella pneumoniae DMST 2957

11 M. gordonae ATCC14470 32 Legionella pnemophila serogroup 1 DMST 0455

12 M. xenopi ATCC19250 33 Pseudomonas aeruginosa DMST 2960

13 M. chelonae ATCC19977 34 Shigella boydii type 10 DMST 3395

14 M. fortuitum ATCC6841 35 Staphylococcus aureus DMST 1339

15 M. avium ATCC17938 36 Stenotrophomonas maltophilia DMST 3322

16 M. avium N238 37 Bacillus sphaericus DMST 4315

17 M. avium N247 38 Escherichia coli DH5α

18 M. avium 01-16 39 Haemophilus influenzae serotype a DMST 8999

19 M. avium P50 40 Haemophilus influenzae serotype b DMST 16123

20 M. avium Kirchberg 41 Haemophilus influenzae serotype a DMST 9000

21 M. intracellulare ATCC15984 42 Streptococcus pneumoniae DMST 3264

μ“√“ß∑’Ë 2 °“√μ√«®«—≥‚√§®“°μ—«Õ¬à“ß‡ ¡À–®“°ºŸâªÉ«¬«—≥‚√§¥â«¬«‘∏’ LAMP

®”π«πμ—«Õ¬à“ß

°≈ÿà¡μ—«Õ¬à“ß‡ ¡À– §«“¡‰« (‡ªÕ√å‡´Áπμå)
º≈ LAMP ∫«° ®”π«π∑—ÈßÀ¡¥

1. μ√«®æ∫‡™◊ÈÕ¬âÕ¡μ‘¥ ’∑π°√¥·≈–„Àâº≈‡æ“–‡™◊ÈÕ 73 73 100

æ∫‡™◊ÈÕ«—≥‚√§ (AFB+, TB culture+)

2. μ√«®‰¡àæ∫‡™◊ÈÕ¬âÕ¡μ‘¥ ’∑π°√¥ ·≈–„Àâº≈‡æ“– 15 20 75

æ∫‡™◊ÈÕ«—≥‚√§ (AFB-, TB culture+)
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º≈∫«° ·≈–¡’°“√‡®√‘≠¢Õß‡™◊ÈÕ„πÕ“À“√‡æ“–‡≈’È¬ß∑’Ë

‡μ‘¡ “√ Paranitrobenzoic acid

‚§‚≈π’¢Õß‡™◊ÈÕ®“°Õ“À“√·¢Áß Lowentein

Jensen medium

°“√∑¥ Õ∫ªØ‘°‘√‘¬“ LAMP °—∫ DNA ¢Õß

‡™◊ÈÕ∑’Ë¡’≈—°…≥–‚§‚≈π’ ’‡À≈◊ÕßÕàÕπ ·Àâß ¢√ÿ¢√– ‡ªìπÀ¬—°

(§≈â“¬¥Õ°°–À≈Ë”) ́ ÷Ëß‡ªìπ≈—°…≥–¢Õß‡™◊ÈÕ«—≥‚√§ 38 ‚§

‚≈π’∑’Ë‡®√‘≠¢÷Èπ®“°μ—«Õ¬à“ß‡ ¡À–¢ÕßºŸâªÉ«¬ 38 √“¬ „Àâ

º≈ªØ‘°‘√‘¬“ LAMP ‡ªìπ∫«°∑ÿ°‚§‚≈π’∫àß™’È‡ªìπ‡™◊ÈÕ«—≥‚√§

º≈∑¥ Õ∫ LAMP ∫“ß à«π¥—ß· ¥ßº≈„π√Ÿª∑’Ë 3

«‘®“√≥å

°“√μ√«®«‘‡§√“–Àå«—≥‚√§¥â«¬«‘∏’ LAMP ¡’·π«

‚πâ¡∑’Ë®–π”¡“„™â„πÀâÕßªØ‘∫—μ‘°“√∑—Ë«‰ª ‡π◊ËÕß®“°‡ªìπ

«‘∏’∑’Ëßà“¬ μ√«®∑√“∫º≈‰¥â¿“¬„π 1-2 ™—Ë«‚¡ß ‰¡à

®”‡ªìπμâÕß„™â‡§√◊ËÕß¡◊Õ∑’Ë¡’°“√∑”ß“π´—∫´âÕπ ·≈–¡’

μâπ∑ÿπμË” (ª√–¡“≥ 200 ∫“∑) ªØ‘°‘√‘¬“ LAMP ∑’Ë„™â

μ√«®À“ DNA À√◊Õ RNA ¡’¢âÕ‡¥àπ°«à“ªØ‘°‘√‘¬“ PCR

À≈“¬¢âÕ ¢âÕ·√°°“√‡°‘¥ªØ‘°‘√‘¬“ LAMP ∑”‰¥â„π

 ¿“«–Õÿ≥À¿Ÿ¡‘‡¥’¬« ¢âÕ Õß√–¬–‡«≈“°“√∑”ªØ‘°‘√‘¬“

¢Õß«‘∏’ LAMP „™â‡«≈“ —Èπ 1 ™—Ë«‚¡ß ¢âÕ “¡°“√μ√«®

 Õ∫º≈¢ÕßªØ‘°‘√‘¬“ LAMP ¡’À≈“¬·∫∫„Àâ‡≈◊Õ°‰¥â·°à

°“√μ√«® Õ∫°“√‡ª≈’Ë¬π ’ªØ‘°‘√‘¬“ °“√μ√«® Õ∫°“√

‡√◊Õß· ß UV ·≈–°“√μ√«® Õ∫º≈º≈‘μ∫π agarose gel

electrophoresis ‡ªìπμâπ(7-18, 20) Notomi ·≈–§≥–(11)

‰¥â√“¬ß“π«à“ LAMP ®– —ß‡§√“–Àåº≈º≈‘μ DNA ‡ªÑ“

À¡“¬‡æ‘Ë¡¢÷Èπ„π√–¥—∫æ—π≈â“π™ÿ¥ (109 copies) À≈—ß

®“°∑”ªØ‘°‘√‘¬“°—∫ DNA À√◊Õ RNA μâπ·∫∫ „π√–¬–

‡«≈“‰¡à∂÷ß™—Ë«‚¡ß ®“°º≈°“√»÷°…“¢Õßß“π«‘®—¬π’È´÷Ëß‰¥â

æ—≤π“ª√—∫ª√ÿß«‘∏’ LAMP ¢÷Èπ‡æ◊ËÕπ”¡“„™âμ√«®À“ DNA

¢Õß‡™◊ÈÕ«—≥‚√§‡∫◊ÈÕßμâπæ∫«à“ “¡“√∂μ√«®À“‰¥â„π√–¥—∫

DNA μË” ÿ¥ (detection limit) ®“°®”π«π‡™◊ÈÕ«—≥‚√§ 9

‡´≈≈åÀ√◊Õª√–¡“≥ 45 ‡ø¡‚μ°√—¡ „Àâº≈°“√∑¥ Õ∫

 Õ¥§≈âÕß°—∫ß“π«‘®—¬Õ◊Ëπ´÷Ëßæ∫«à“ LAMP „Àâº≈

∑¥ Õ∫‡ªìπ∫«°°—∫ DNA ¢Õß‡™◊ÈÕ«—≥‚√§‰¥â„π√–¥—∫

μË” Ê μ—Èß·μà 5-50 ™ÿ¥(7) ·≈–100 ‡ø¡‚μ°√—¡(15)

√Ÿª∑’Ë 3 °“√μ√«®∑¥ Õ∫ LAMP À≈—ß®“°∑”ªØ‘°‘√‘¬“°—∫ DNA ®“°‚§‚≈π’¢Õß‡™◊ÈÕ«—≥‚√§∑’Ë‡æ“–·¬°‰¥â®“°ºŸâªÉ«¬ μ√«® Õ∫°“√‡√◊Õß· ß

UV (√Ÿª A) ·≈–μ√«® Õ∫º≈º≈‘μ LAMP ¥â«¬ 2% agarose gel electrophoresis (√Ÿª B) À≈Õ¥À√◊Õ·∂« 1-6 ·≈– 8-10 §◊Õ

DNA ®“°‚§‚≈π’¢Õß‡™◊ÈÕ M. tuberculosis ∑’Ë·¬°‰¥â®“°ºŸâªÉ«¬§π∑’Ë 1-6 ·≈–§π∑’Ë 7-9 μ“¡≈”¥—∫ À≈Õ¥∑’ËÀ√◊Õ·∂« 7 §◊Õ DNA

¢Õß‡™◊ÈÕ«—≥‚√§ “¬æ—π∏ÿåÕâ“ßÕ‘ß H37Ra (positive control) À≈Õ¥À√◊Õ·∂« 11 ‰¡à¡’ DNA ¢Õß‡™◊ÈÕ«—≥‚√§ (negative control)

·∂« M §◊Õ DNA marker
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°“√μ√«®«—≥‚√§·∫∫‡√Á«‚¥¬„™â LAMP test μ√«®‡ ¡À–‚¥¬μ√ß·≈–μ√«®®”·π°‡™◊ÈÕ∑’Ë‡æ“–¢÷Èπ

«“√ “√«‘™“°“√ “∏“√≥ ÿ¢ ÚııÛ ªï∑’Ë Ò˘ ©∫—∫∑’Ë Ú

§«“¡‰«„π°“√μ√«®æ∫‡™◊ÈÕ«—≥‚√§®“°μ—«Õ¬à“ß

‡ ¡À–‚¥¬μ√ß„π°≈ÿà¡∑’Ëμ√«®æ∫‡™◊ÈÕ«—≥‚√§∑’Ë¡’º≈ AFB+,

Culture+ ‚¥¬«‘∏’ LAMP ¢Õßß“π«‘®—¬π’È ‰¥âº≈√âÕ¬≈– 100

 Õ¥§≈âÕß°—∫§«“¡‰«„π°“√μ√«®æ∫‡™◊ÈÕ«—≥‚√§„π

μ—«Õ¬à“ß‡ ¡À–∑’Ë¡’ AFB+, Culture+ ‚¥¬«‘∏’ LAMP ¢Õß

Boehme ·≈–§≥–(17) ·≈– Pandey ·≈–§≥–(15) ‰¥â

º≈√âÕ¬≈– 97.7 ·≈–√âÕ¬≈– 100 μ“¡≈”¥—∫ §«“¡‰«

„π°“√μ√«®æ∫‡™◊ÈÕ«—≥‚√§„π°≈ÿà¡μ—«Õ¬à“ß‡ ¡À–∑’Ë¡’º≈

AFB-, culture+ ¢Õßß“π«‘®—¬π’È ‰¥âº≈√âÕ¬≈– 75 ÷́Ëß¡’

§«“¡‰« Ÿß°«à“√“¬ß“π¢Õß Boechme ·≈–§≥–(17) æ∫

«à“¡’§«“¡‰«‡æ’¬ß√âÕ¬≈– 48.8 Õ“®‡π◊ËÕß®“°°“√„™â«‘∏’

°“√ °—¥ DNA ®“°μ—«Õ¬à“ß‡ ¡À–·μ°μà“ß°—π ∑”„Àâ

‰¥âª√‘¡“≥ DNA ·μ°μà“ß°—π „π°“√«‘®—¬π’È ‰¥âæ—≤π“

¥—¥·ª≈ß«‘∏’°“√ °—¥ DNA ®“°μ—«Õ¬à“ß‡ ¡À–„Àâ ‰¥â

§«“¡‡¢â¡¢âπ DNA ‡æ‘Ë¡ Ÿß¢÷Èπ‡æ◊ËÕ„™â∑¥ Õ∫À“«—≥‚√§

‰¥â¡“°∑’Ë ÿ¥‡∑à“∑’Ë®–‡ªìπ‰ª‰¥â „π¢≥–‡¥’¬«°—π LAMP ∑’Ë

„™â„πß“ππ’È “¡“√∂μ√«®À“ DNA ‰¥â‡©æ“–¢Õß‡™◊ÈÕ M.

tuberculosis complex ‰¡à¡’º≈ªØ‘°‘√‘¬“√à«¡°—∫ DNA ¢Õß

‡™◊ÈÕ¡—¬‚§·∫§∑’‡√’¬™π‘¥Õ◊Ëπ Õ¬à“ß‰√°Áμ“¡ß“π«‘®—¬π’È

§«√®–‰¥â¡’°“√∑¥ Õ∫μ—«Õ¬à“ß‡ ¡À–¢Õßª√–™“°√

°≈ÿà¡Õ◊Ëπ‚¥¬≈–‡Õ’¬¥°àÕπ°“√π”‰ª„™â ‰¥â®√‘ßÕ¬à“ß¡’

ª√– ‘∑∏‘¿“æμàÕ‰ª

°“√»÷°…“§√—Èßπ’Èæ∫«à“ «‘∏’°“√ LAMP ¡’ª√–‚¬™πå

„πß“πμ√«®¬◊π¬—π®”·π°‡™◊ÈÕ«—≥‚√§∑’Ë‡æ“–¢÷Èπ„π

Õ“À“√‡æ“–‡≈’È¬ß∑—Èß™π‘¥‡À≈«·≈–™π‘¥·¢Áß Õ“À“√‡À≈«

MGIT ‡ªìπ‡∑§‚π‚≈¬’∑’Ë¡’„™â°—π·æ√àÀ≈“¬„πÀâÕßªØ‘∫—μ‘

°“√‡æ“–‡™◊ÈÕ¡—¬‚§·∫§∑’‡√’¬  “¡“√∂‡æ“–‡≈’È¬ß‡™◊ÈÕ¡—¬-

‚§·∫§∑’‡√’¬„π‡«≈“‡¥’¬«°—π‰¥â 960 μ—«Õ¬à“ß„πæ◊Èπ∑’Ë∑’Ë

¡’®”°—¥ „Àâº≈‡æ“–‡™◊ÈÕ∑’Ë∑√“∫º≈°“√‡®√‘≠¢Õß«—≥‚√§‰¥â

6-14 «—π(4,5) Õ¬à“ß‰√°Áμ“¡°“√μ√«®«‘‡§√“–Àå‡™◊ÈÕ¡—¬‚§-

·∫§∑’‡√’¬¿“¬À≈—ß∑√“∫º≈°“√‡®√‘≠¢Õß‡™◊ÈÕ„π

À≈Õ¥Õ“À“√‡À≈« MGIT ¡’§«“¡ ”§—≠¡“°μâÕßÕ“»—¬

«‘∏’°“√μ√«®¬◊π¬—π°“√®”·π°‡™◊ÈÕ °“√μ√«®¬◊π¬—π‡™◊ÈÕ

¥â«¬«‘∏’°“√∑¥ Õ∫§ÿ≥ ¡∫—μ‘∑“ßªØ‘°‘√‘¬“™’«‡§¡’π—Èπ

μâÕß„™â‡«≈“π“π‚¥¬¢¬“¬‡«≈“‡æ“–∫à¡‡æ◊ËÕ„Àâ ‰¥â‡™◊ÈÕ„π

ª√‘¡“≥¡“° À√◊Õ„π∫“ß§√—ÈßÕ“®®–μâÕßºà“π¢—ÈπμÕπ

°“√·¬°‡™◊ÈÕ„Àâ∫√‘ ÿ∑∏‘Ï®÷ß®–∑¥ Õ∫‰¥â ¥—ßπ—Èπ°“√

∑¥ Õ∫®”·π°‡™◊ÈÕ¥â«¬«‘∏’¥—Èß‡¥‘¡∑”„Àâ∑√“∫º≈≈à“™â“ °“√

„™â‡∑§‚π‚≈¬’ nucleic acid amplification assay ™à«¬

μ√«®¬◊π¬—π‡™◊ÈÕ∑’Ë‡®√‘≠¢÷Èπ„π√–∫∫‡æ“–‡≈’È¬ß MGIT ‚¥¬

∑”„Àâ∑√“∫º≈æ‘ Ÿ®πå‡™◊ÈÕ«—≥‚√§‰¥â‡√Á«¢÷Èππà“®–¥’ º≈

°“√»÷°…“«‘®—¬π’È ‰¥â· ¥ß„Àâ‡ÀÁπ«à“«‘∏’°“√ LAMP „Àâº≈

μ√«®¬◊π¬—π‡™◊ÈÕ«—≥‚√§®“°À≈Õ¥Õ“À“√‡À≈« MGIT ‰¥â

Õ¬à“ß·¡àπ¬” Õ¥§≈âÕß°—∫º≈°“√∑¥ Õ∫§ÿ≥ ¡∫—μ‘∑“ß

ªØ‘°‘√‘¬“™’«‡§¡’¢Õß‡™◊ÈÕ«—≥‚√§‰¥â√âÕ¬≈– 100 ‡™àπ

‡¥’¬«°—∫º≈μ√«®¬◊π¬—π‡™◊ÈÕ«—≥‚√§∑’Ë‡æ“–‡®√‘≠¢÷Èπ®“°

μ—«Õ¬à“ß‡ ¡À–¢ÕßºŸâªÉ«¬«—≥‚√§ 38 √“¬∫πÕ“À“√

‡æ“–‡™◊ÈÕ™π‘¥·¢Áß ∑’Ë ”§—≠‡«≈“∑√“∫º≈°“√∑¥ Õ∫

¬◊π¬—π‡™◊ÈÕ«—≥‚√§∑√“∫‰¥â¿“¬„π‡«≈“ 2 ™—Ë«‚¡ß¿“¬

À≈—ß®“°æ∫°“√‡®√‘≠¢Õß‡™◊ÈÕ„πÕ“À“√‡æ“–‡≈’È¬ß „π

¢≥–∑’Ë«‘∏’°“√∑¥ Õ∫ªØ‘°‘√‘¬“™’«‡§¡’μâÕß¢¬“¬‡«≈“

‡æ“–∫à¡‡™◊ÈÕ¡“°°«à“ 1 ‡¥◊Õπ π—∫«à“°“√μ√«®‡™◊ÈÕ

«—≥‚√§∑’Ë‡®√‘≠„πÕ“À“√‡À≈« MGIT ¥â«¬«‘∏’°“√ LAMP

π—Èπ‡À¡“–°—∫‡∑§‚π‚≈¬’‡æ“–‡™◊ÈÕ‰¥âº≈‡√Á«¥â«¬ MGIT ‚¥¬

∑”„Àâ∑√“∫º≈æ‘ Ÿ®πå‡™◊ÈÕ„π‡«≈“√«¥‡√Á«¡“°À≈—ß®“°

‡æ“–‡™◊ÈÕ¢÷Èπ

 √ÿª

°“√μ√«®‡™◊ÈÕ«—≥‚√§‚¥¬«‘∏’°“√ LAMP ∑”‰¥âßà“¬

«‘∏’°“√π’È¡’§«“¡‰«·≈–§«“¡®”‡æ“– Ÿß „π°“√„™â«‘∏’

°“√π’Èμ√«®À“‡™◊ÈÕ«—≥‚√§„πμ—«Õ¬à“ß‡ ¡À–‚¥¬μ√ß „Àâ

º≈μ√«®√«¥‡√Á« ¡’ª√– ‘∑∏‘¿“æ „π°≈ÿà¡μ—«Õ¬à“ß

‡ ¡À–μ‘¥‡™◊ÈÕ∑’Ë„Àâº≈æ∫‡™◊ÈÕ¬âÕ¡μ‘¥ ’∑π°√¥·≈–º≈

‡æ“–‡™◊ÈÕæ∫‡™◊ÈÕ«—≥‚√§‰¥â√âÕ¬≈– 100 „π°≈ÿà¡μ—«Õ¬à“ß

‡ ¡À–μ‘¥‡™◊ÈÕ∑’Ëμ√«®‰¡àæ∫‡™◊ÈÕ¬âÕ¡μ‘¥ ’∑π°√¥·μà„Àâ

º≈‡æ“–‡™◊ÈÕæ∫‡™◊ÈÕ«—≥‚√§‰¥â√âÕ¬≈– 75  “¡“√∂„™â„π

°“√®”·π°‡™◊ÈÕ«—≥‚√§∑’Ë‡æ“–¢÷Èπ∫πÕ“À“√‡≈’È¬ß‡™◊ÈÕ„Àâ

º≈μ√«®√«¥‡√Á«„πÀâÕßªØ‘∫—μ‘°“√ ‡ªìπ«‘∏’°“√∑’Ë‡À¡“–

 ¡∑’Ë®–π”‰ª„™â„πæ◊Èπ∑’Ë‰¥âμàÕ‰ª

Û˜
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Abstract Rapid Detection of Mycobacterium Tuberculosis Complex in Sputum and in Culture Growth
by LAMP Test
Janisara Rudeeaneksin*, Supranee Bunchoo*, Hathaikan Tanchai*, Pathom Sawanpanyalert*,
Sawet Chamnangrom†, Atipa Kamolwat†, Porntip Thansripakdeekul†, Dhanida Rienthong‡,
Benjawan Phetsuksiri*, Yasuhiko Suzuki§

*National Institute of Health, Department of Medical Sciences, Ministry of Public Health, Thailand,
†Disease Prevention and Control 5th Nakhon Ratchasima, Department of Disease Control, Ministry
of Public Health, Thailand, ‡Bureau of Tuberculosis, Department of Disease Control, Ministry of
Public Health, Thailand, §Department of Global Epidemiology, Hokkaido University, Research Center
for Zoonosis Control, Japan
Journal of Health Science 2010; 19:300-10.

Loop-mediated isothermal amplification (LAMP) is a new nucleic acid amplification assay,
which could be conducted under isothermal conditions (65oC).  The reaction could be completed
within 2 hours without the need of PCR machine and the amplicons could be detected by naked eye
visualization.  Because of the time-consuming in culturing Mycobacterium tuberculosis due to its
slow growth rate, the development and application of LAMP for rapid diagnosis of tuberculosis
would be useful.  In this study, an efficient LAMP which specifically detected members of Myco-
bacterium tuberculosis complex was developed.  Species-specific primers were designed by target-
ing 16S rRNA gene of M. tuberculosis.  The method was sensitive, as it could detect as low as nine
bacilli in decontaminated sputum.  When it was used in direct detection of M. tuberculosis in spu-
tum, LAMP method showed positive results in 73 of 73 smear positive-culture positive tuberculosis
specimens (100%) and in 15 of 20 smear negative-culture positive tuberculosis specimens (75%).
In addition, LAMP was evaluated for rapid identification of culture isolates grown in a liquid me-
dium (MGIT).  Ninety nine sputum specimens from 135 patients with clinically diagnosed pulmo-
nary tuberculosis were positive according to the Bactec MGIT 960 system.  Among these, 96 were
positive and 3 were negative according to the LAMP test.  Compared to the convention identifica-
tion methods by biochemical tests; Niacin, Nitrate reduction and Catalase tests (at 68oC, pH 7),
LAMP method correctly identified all 96 M.  tuberculosis isolates and gave negative results for all
non-tuberculous mycobacteria.  LAMP method was also able to rapidly identify M. tuberculosis
grown on solid media.  In conclusion, the fast, easy, sensitive, and specific LAMP test established
here might be useful for rapid detection and identification of M. tuberculosis in clinical specimens.

Key words: tuberculosis, Mycobacterium tuberculosis, LAMP, MGIT
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