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°“√ª√–‡¡‘π°“√µ√«®À“‡Õπ‰´¡å metallo-βββββ-lactamase ‚¥¬«‘∏’øï‚π‰∑ªá

„π Pseudomonas aeruginosa ∑’Ë·¬°‰¥â®“°‚√ßæ¬“∫“≈»√’π§√‘π∑√å

 «‘µ“ ‚ ¿“»√’1,2,   Õ√ÿ≥«¥’ ™π–«ß»å2*,   Õ√ÿ≥≈—°…≥å ≈ÿ≈‘µ“ππ∑å2,
æ‘æ—≤πå »√’‡∫≠®≈—°…≥å2,    ‚™µ‘™π– «‘‰≈≈—°¢≥“2
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∫∑§—¥¬àÕ
ªí®®ÿ∫—π¡’√“¬ß“π Pseudomonas aeruginosa ∑’Ë¥◊ÈÕµàÕ¬“°≈ÿà¡ carbapenems ‚¥¬º≈‘µ‡Õπ‰´¡å class B

carbapenemase À√◊Õ metallo-β-lactamase (MBL) ‡æ‘Ë¡¢÷Èπ®“°∑—Ë«‚≈° Õ¬à“ß‰√°Áµ“¡ Clinical Laboratory Standards
Institute (CLSI) ¬—ß‰¡à‰¥â°”Àπ¥«‘∏’¡“µ√∞“π„π°“√µ√«®°√Õß·≈–µ√«®¬◊π¬—π‡Õπ‰´¡å MBL „π·∫§∑’‡√’¬π’È °“√
»÷°…“π’È®÷ß¡’«—µ∂ÿª√– ß§å‡æ◊ËÕª√–‡¡‘π°“√µ√«®À“‡Õπ‰´¡å MBL ‚¥¬«‘∏’øï‚π‰∑ªá„π P. aeruginosa ∑’Ë¥◊ÈÕÀ√◊Õ‰«
ª“π°≈“ßµàÕ¬“ imipenem ∑’Ë·¬°‰¥â®“°ºŸâªÉ«¬‚√ßæ¬“∫“≈»√’π§√‘π∑√å ‚¥¬∑¥ Õ∫„π·∫§∑’‡√’¬®”π«π 79 µ—«Õ¬à“ß
‰¥â·°à ·∫§∑’‡√’¬Õâ“ßÕ‘ß∑’Ëº≈‘µ‡Õπ‰´¡å MBL ™π‘¥ IMP-1, IMP-4, IMP-9, VIM-1 ·≈– VIM-2 ™π‘¥≈– 1 µ—«Õ¬à“ß
·≈– P. aeruginosa ∑’Ë·¬°‰¥â®“°ºŸâªÉ«¬®”π«π 74 µ—«Õ¬à“ß π”¡“µ√«®À“‡Õπ‰´¡å MBL ‚¥¬«‘∏’ combined-disk
test (CDT) √à«¡°—∫«‘∏’ double-disk synergy test (DDST) ‚¥¬„™â·ºàπ¬“ imipenem (IPM 10 ‰¡‚§√°√—¡) ·≈–
meropenem (MEM 10 ‰¡‚§√°√—¡) °—∫ EDTA 292 ‰¡‚§√°√—¡ °“√∑¥ Õ∫∑—ÈßÀ¡¥∑”∫π®“πÕ“À“√‡≈’È¬ß‡™◊ÈÕ
‡¥’¬«°—π °“√»÷°…“π’È„™â°“√µ√«®À“¬’π MBL ‚¥¬«‘∏’ multiplex-PCR ‡ªìπ«‘∏’¡“µ√∞“π º≈°“√»÷°…“æ∫«à“
P. aeruginosa 74 µ—«Õ¬à“ßæ∫¬’π MBL 9 µ—«Õ¬à“ß (√âÕ¬≈– 12.2) ‡ªìπ™π‘¥ bla

VIM
 6 µ—«Õ¬à“ß·≈– bla

IMP
 3

µ—«Õ¬à“ß ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°“√µ√«®À“‡Õπ‰´¡å MBL ‚¥¬«‘∏’øï‚π‰∑ªá°—∫«‘∏’ multiplex PCR æ∫«à“«‘∏’ CDT ‚¥¬„™â
IPM+EDTA/IPM „Àâº≈∫«°°—∫‡™◊ÈÕ∑—Èß 14 µ—«Õ¬à“ß∑’Ë¡’¬’π MBL (§«“¡‰«√âÕ¬≈– 100) ·µà¡’º≈∫«°ª≈Õ¡ 3
µ—«Õ¬à“ß (§«“¡®”‡æ“–√âÕ¬≈– 95.4) „π¢≥–∑’Ë°“√„™â MEM+EDTA/MEM ¡’§«“¡‰«·≈–§«“¡®”‡æ“–√âÕ¬≈– 92.9
·≈– 92.3 µ“¡≈”¥—∫  à«π«‘∏’ DDST ‚¥¬„™â¬“ IPM À√◊Õ MEM „Àâº≈µ√ß°—π∑ÿ°µ—«Õ¬à“ß‚¥¬¡’§«“¡‰«·≈–§«“¡
®”‡æ“–√âÕ¬≈– 92.9 ·≈– 96.9 µ“¡≈”¥—∫ º≈°“√»÷°…“§√—Èßπ’È· ¥ß„Àâ‡ÀÁπ«à“«‘∏’øï‚π‰∑ªá‡À≈à“π’È‡ªìπ«‘∏’∑’Ëßà“¬·≈–„Àâ
º≈¥’ ”À√—∫°“√µ√«®À“‡Õπ‰´¡å MBL „π P. aeruginosa ∑’Ë¥◊ÈÕÀ√◊Õ‰«ª“π°≈“ßµàÕ¬“ IPM ®“°‚√ßæ¬“∫“≈»√’π§√‘π∑√å
°“√∑¥ Õ∫‡Õπ‰´¡å MBL ‰¥â„π√–¬–·√°·≈–°“√§«∫§ÿ¡°“√µ‘¥‡™◊ÈÕ®“°·∫§∑’‡√’¬¥◊ÈÕ¬“‡À≈à“π’ÈÕ¬à“ß‡¢â¡ß«¥®–™à«¬
ªÑÕß°—π°“√·æ√à°√–®“¬¢Õß‡™◊ÈÕ∑’Ë¡’¬’π¥◊ÈÕ¬“‡À≈à“π’È‰¥â

§”√À— : °“√¥◊ÈÕ¬“°≈ÿà¡ carbapenems, ‡Õπ‰´¡å metallo-β-lactamase, Pseudomonas aeruginosa
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Abstract
Carbapenem resistance mediated by acquired carbapenemase genes has been increasingly reported in

Pseudomonas aeruginosa. Class B carbapenemases or metallo-β-lactamases (MBLs) are the most clinical
concern. Currently, there is no recommendation available from the Clinical Laboratory Standards Institute
(CLSI) for MBL detection. In this study, we attempted to evaluate the performance for phenotypic
detection of MBLs in imipenem-nonsusceptible clinical isolates of P. aeruginosa from Srinagarind
Hospital. Five MBL-positive control strains, each producing IMP-1, IMP-4, IMP-9, VIM-1, or VIM-2
enzyme, and 74 clinical isolates of P. aeruginosa were screened for the presence of MBLs by combined-
disk test (CDT) and double-disk synergy test (DDST) on a single agar plate using imipenem (10 µg
IPM) and meropenem (10 µg MEM) disks as substrates and 292 µg of EDTA as an MBL inhibitor.
Multiplex PCR for detection of MBL genes was used as a gold standard. Genotypic confirmation
revealed that 9 of the 74 clinical isolates (12.2%) carried MBL genes, bla

VIM
 (6 isolates) and bla

IMP

(3 isolates). Comparison of the MBL phenotypic tests to the multiplex PCR revealed that the CDT using
IPM+EDTA/IPM correctly differentiated all MBL-producing isolates (sensitivity of 100%) but gave
three false-positive isolates (specificity of 95.4%), whereas that with MEM+EDTA/MEM showed sensitivity
and specificity of 92.9% and 92.3% respectively. In addition, the DDST using either IPM or MEM with
EDTA gave the same result for all isolates with sensitivity and specificity of 92.9% and 96.9%
respectively. These methods are simple and accurate for detection of MBLs in imipenem-nonsusceptible
P. aeruginosa isolates from this hospital. Early detection of MBL producers and strict infection control
will contribute to prevent further spread of these resistant strains.
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∫∑π”
¬“°≈ÿà¡ carbapenems ‡™àπ imipenem ·≈–

meropenem ‡ªìπ¬“°≈ÿà¡ β-lactams ∑’ËÕÕ°ƒ∑∏‘Ï
∑”≈“¬·∫§∑’‡√’¬·°√¡≈∫‰¥â°«â“ß∑’Ë ÿ¥ ®÷ß‡ªìπ¬“°≈ÿà¡
·√°À√◊Õ¬“∑“ß‡≈◊Õ° (drug of choice)  ”À√—∫√—°…“
‚√§µ‘¥‡™◊ÈÕ®“° Pseudomonas aeruginosa À√◊Õ
Acinetobacter baumannii ∑’Ë¥◊ÈÕµàÕ¬“À≈“¬™π‘¥
(multi-drug resistant) µ≈Õ¥®π·∫§∑’‡√’¬«ß»å
Enterobacteriaceae ∑’Ëº≈‘µ‡Õπ‰´¡å extended-
spectrum-β-lactamase (ESBL) Õ¬à“ß‰√°Áµ“¡ªí®®ÿ∫—π
æ∫«à“·∫§∑’‡√’¬‡À≈à“π’È¥◊ÈÕµàÕ¬“°≈ÿà¡ carbapenems ‡æ‘Ë¡
¢÷Èπ‚¥¬‡©æ“– P. aeruginosa ·≈– A. baumannii °≈‰°
Àπ÷Ëß¢Õß°“√¥◊ÈÕ¬“§◊Õ‡™◊ÈÕº≈‘µ‡Õπ‰´¡å β-lactamase ∑’Ë
 ≈“¬¬“°≈ÿà¡ carbapenems ‰¥â‚¥¬µ√ß‡√’¬°«à“‡Õπ‰´¡å
carbapenemase ‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß class B carba-
penemase À√◊Õ metallo-β-lactamase (MBL) ÷́Ëß
‡ªìπ‡Õπ‰´¡å∑’Ë¡’§«“¡ ”§—≠∑“ß§≈‘π‘°·≈–¡’√“¬ß“π‡æ‘Ë¡
¢÷Èπ‡√◊ËÕ¬Ê §ÿ≥ ¡∫—µ‘∑’Ë ”§—≠¢Õß‡Õπ‰´¡å MBL §◊Õ
 “¡“√∂ ≈“¬¬“°≈ÿà¡ β-lactams ‰¥â∑ÿ°™π‘¥¬°‡«âπ
¬“°≈ÿà¡ monobactams ‡™àπ aztreonam ‡Õπ‰´¡åπ’È∂Ÿ°
¬—∫¬—Èß‰¥â‚¥¬ ethylenediaminetetraacetic acid (EDTA)
·µà‰¡à∂Ÿ°¬—∫¬—Èß‚¥¬ clavulanic acid ªí®®ÿ∫—π¡’√“¬ß“π
æ∫‡Õπ‰´¡å MBL ∑—ÈßÀ¡¥ 5 µ√–°Ÿ≈ ‰¥â·°à µ√–°Ÿ≈ IMP,
VIM, SPM, GIM ·≈– SIM ‚¥¬µ√–°Ÿ≈∑’Ëæ∫∫àÕ¬
∑’Ë ÿ¥§◊Õ IMP ·≈– VIM ´÷Ëß¡’√“¬ß“π®“°ª√–‡∑»
µà“ßÊ‚¥¬‡©æ“–·∂∫‡Õ‡™’¬·≈–¬ÿ‚√ª(1) ‡π◊ËÕß®“°¬’π∑’Ë
°”°—∫‡Õπ‰´¡å‡À≈à“π’È¡—°æ∫Õ¬Ÿà∫π integron ´÷Ëß‡ªìπ
mobile genetic element ∑”„Àâ¡’‚Õ°“ ∂à“¬∑Õ¥‰ª¬—ß
·∫§∑’‡√’¬«ß»å‡¥’¬«°—πÀ√◊Õµà“ß«ß»å°—π‰¥â ‡Õπ‰´¡å MBL
®÷ßæ∫‰¥â„π·∫§∑’‡√’¬·°√¡≈∫∑√ß·∑àßÀ≈“¬™π‘¥∑—Èß
æ«°∑’Ë‰¡àÀ¡—°¬àÕ¬πÈ”µ“≈ (non-fermentative Gram-
negative bacilli À√◊Õ NFB) ‡™àπ P. aeruginosa ·≈–
A. baumannii ·≈–·∫§∑’‡√’¬«ß»å Enterobacteriaceae
Õ¬à“ß‰√°Áµ“¡·∫§∑’‡√’¬«ß»å Enterobacteriaceae ∑’Ëº≈‘µ
‡Õπ‰´¡å MBL ¬—ßæ∫„πÕ—µ√“∑’Ë§àÕπ¢â“ßµË”(1,2) ‡π◊ËÕß®“°
ªí®®ÿ∫—π¡’°“√„™â¬“°≈ÿà¡ carbapenems ¡“°¢÷Èπ∑”„Àâ¡’

‚Õ°“ æ∫‡™◊ÈÕ¥◊ÈÕ¬“‡æ‘Ë¡¢÷Èπ ®÷ß®”‡ªìπ∑’ËÀâÕßªØ‘∫—µ‘°“√
®–µâÕßµ√«®À“‡Õπ‰´¡å MBL „π·∫§∑’‡√’¬‡À≈à“π’È‡æ◊ËÕ
ªÑÕß°—π°“√·æ√à°√–®“¬¢Õß‡™◊ÈÕ¥◊ÈÕ¬“À√◊Õ¬’π¥◊ÈÕ¬“µàÕ‰ª

ªí®®ÿ∫—π Clinical Laboratory Standards Institute
(CLSI) ¬—ß‰¡à‰¥â°”Àπ¥«‘∏’¡“µ√∞“π ”À√—∫°“√µ√«®À“
‡Õπ‰´¡å MBL Õ¬à“ß‰√°Áµ“¡¡’§≥–ºŸâ«‘®—¬À≈“¬°≈ÿà¡‰¥â
§‘¥§âπ«‘∏’µ√«®À“‡Õπ‰´¡å MBL ∑“ßøï‚π‰∑ªá‚¥¬Õ“»—¬
§ÿ≥ ¡∫—µ‘¢Õß‡Õπ‰´¡å MBL ∑’Ë∂Ÿ°¬—∫¬—Èß‚¥¬ EDTA ·≈–
2-mercaptopropionic acid ́ ÷Ëß∑¥ Õ∫‰¥âÀ≈“¬«‘∏’ ‡™àπ
«‘∏’ double-disk synergy test (DDST) ‚¥¬„™â 2-
mercaptopropionic acid °—∫·ºàπ¬“ imipenem (IPM)
À√◊Õ ceftazidime (CAZ)(3) À√◊Õ„™â EDTA 750
‰¡‚§√°√—¡°—∫·ºàπ¬“ IPM À√◊Õ CAZ(4-6) «‘∏’ combined
disk test (CDT) „™â EDTA 750 ‰¡‚§√°√—¡(6,7) À√◊Õ
930 ‰¡‚§√°√—¡(8) °—∫·ºàπ¬“ IPM À√◊Õ CAZ ·≈–«‘∏’
Etest „™â¬“ IPM „π§«“¡‡¢â¡¢âπµà“ßÊ °—∫ EDTA 320
‰¡‚§√°√—¡(9) ®“°°“√»÷°…“¢Õß Pitout ·≈–§≥–(8)

æ∫«à“°“√µ√«®À“‡Õπ‰´¡å MBL „π P. aeruginosa ‚¥¬
„™â EDTA 930 ‰¡‚§√°√—¡°—∫¬“ meropenem (MEM)
„Àâ§«“¡‰« Ÿß∂÷ß√âÕ¬≈– 100 ·≈–§«“¡®”‡æ“–√âÕ¬≈– 97
Õ¬à“ß‰√°Áµ“¡¡’√“¬ß“πæ∫ P. aeruginosa ∑’Ë‰«µàÕ
EDTA ·≈–„Àâº≈∫«°ª≈Õ¡‡¡◊ËÕµ√«®À“‡Õπ‰´¡å MBL
¥â«¬«‘∏’ Etest ·≈–«‘∏’ CDT ´÷Ëß„™â¬“ IPM ·≈– EDTA
750 ‰¡‚§√°√—¡(10) ‰¥â¡’°“√»÷°…“æ∫«à“ EDTA ¡’º≈
∑”„Àâ‡™◊ÈÕ P. aeruginosa ¡’ membrane permeability
‡æ‘Ë¡¢÷Èπ ∑”„Àâ‡™◊ÈÕ‰«µàÕ “√µâ“π®ÿ≈™’æµà“ßÊ ¡“°¢÷Èπ(11)

πÕ°®“°π’È¡’√“¬ß“π«à“ zinc ¡’º≈∑”„Àâ‡™◊ÈÕ P. aeruginosa
¡’°“√· ¥ßÕÕ°¢Õß outer membrane protein (OprD)
´÷Ëß‡ªìπ∑“ßºà“π¢Õß¬“ imipenem ≈¥≈ß ∑”„Àâ‡™◊ÈÕ¥◊ÈÕ
µàÕ¬“ imipenem(12) ¥—ßπ—Èπ EDTA Õ“®¡’º≈¬—∫¬—Èß zinc
∑”„Àâ¡’°“√· ¥ßÕÕ°¢Õß OprD ¢Õß‡™◊ÈÕ ¬“®÷ßºà“π‡¢â“
 Ÿà‡´≈≈å·≈–ÕÕ°ƒ∑∏‘Ï∑”≈“¬‡™◊ÈÕ‰¥â ÷́ËßÕ“®∑”„Àâ inhi-
bition zone µàÕ¬“°«â“ß¢÷ÈπÀ√◊Õ‡°‘¥º≈∫«°ª≈Õ¡‰¥â µàÕ
¡“ Franklin ·≈–§≥–(13) ‰¥âµ√«®À“‡Õπ‰´¡å MBL ∑—Èß
„π°≈ÿà¡ NFB ·≈–«ß»å Enterobacteriaceae ¥â«¬«‘∏’
CDT √à«¡°—∫«‘∏’ DDST ‚¥¬„™â·ºàπ¬“ IPM ·≈–≈¥
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ª√‘¡“≥¢Õß EDTA ‡ªìπ 292 ‰¡‚§√°√—¡‡æ◊ËÕ≈¥º≈
∫«°ª≈Õ¡ πÕ°®“°π’È¬—ß∑¥ Õ∫§«“¡‰«¢Õß‡™◊ÈÕµàÕ¬“
aztreonam ‚¥¬∑”°“√∑¥ Õ∫∑—ÈßÀ¡¥∫π®“πÕ“À“√
‡≈’È¬ß‡™◊ÈÕ‡¥’¬«°—π æ∫«à“¡’§«“¡‰«√âÕ¬≈– 100 ·≈–
§«“¡®”‡æ“–√âÕ¬≈– 98 ªí®®ÿ∫—π¡’°“√µ√«®À“¬’π MBL
‚¥¬«‘∏’ multiplex-PCR(14,15) æ∫«à“¡’§«“¡‰«·≈–§«“¡
®”‡æ“– Ÿß Õ¬à“ß‰√°Áµ“¡«‘∏’‡À≈à“π’È¬—ß®”°—¥Õ¬Ÿà„πß“π«‘®—¬
‡∑à“π—Èπ ß“π«‘®—¬π’È¡’«—µ∂ÿª√– ß§å‡æ◊ËÕª√–‡¡‘π°“√µ√«®
À“‡Õπ‰´¡å MBL „π P. aeruginosa ∑’Ë¥◊ÈÕÀ√◊Õ‰«ª“π
°≈“ßµàÕ¬“ imipenem ®“°‚√ßæ¬“∫“≈»√’π§√‘π∑√å‚¥¬
«‘∏’ CDT √à«¡°—∫«‘∏’ DDST ‚¥¬„™â∑—Èß¬“ IPM ·≈–
MEM °—∫ EDTA 292 ‰¡‚§√°√—¡ ‡ª√’¬∫‡∑’¬∫°—∫«‘∏’
multiplex-PCR

«— ¥ÿ·≈–«‘∏’°“√
·∫§∑’‡√’¬∑’Ë„™â»÷°…“ ‡ªìπ·∫§∑’‡√’¬Õâ“ßÕ‘ß∑’Ëº≈‘µ

‡Õπ‰´¡å MBL ®”π«π 5 µ—«Õ¬à“ß ‰¥â·°à P. aeruginosa
∑’Ëº≈‘µ‡Õπ‰´¡å IMP-1, IMP-9(16) ·≈– VIM-2(17)

P. putida ∑’Ëº≈‘µ‡Õπ‰´¡å VIM-1(18) ·≈– Citrobacter
youngae ∑’Ëº≈‘µ‡Õπ‰´¡å IMP-4(19) ·≈– P. aeruginosa
∑’Ë·¬°‰¥â®“°ºŸâªÉ«¬‚√ßæ¬“∫“≈»√’π§√‘π∑√å‰¡à´È”√“¬
√–À«à“ß‡¥◊Õπ°ÿ¡¿“æ—π∏å∂÷ß‡¥◊Õπ‡¡…“¬π §.». 2006
®”π«π 74 µ—«Õ¬à“ß ´÷Ëß„Àâº≈¥◊ÈÕµàÕ¬“ IPM (Oxoid,

Basingstoke, Hampshire, England) ‚¥¬«‘∏’ disk
diffusion ®”π«π 64 µ—«Õ¬à“ß ·≈–‰«ª“π°≈“ß®”π«π
10 µ—«Õ¬à“ß ‡™◊ÈÕ‡À≈à“π’È‡°Á∫√—°…“„πÕ“À“√ skimmed
milk (Oxoid) ∑’Ë‡µ‘¡ glycerol (VWR International,
Poole, England) √âÕ¬≈– 15 ∑’ËÕÿ≥À¿Ÿ¡‘ -20 Õß»“
‡´≈‡ ’́¬  ®π°«à“®–∑”°“√∑¥ Õ∫

°“√µ√«®À“‡Õπ‰´¡å MBL ‚¥¬«‘∏’øï‚π‰∑ª å ∑¥ Õ∫
‚¥¬«‘∏’ CDT ·≈– DDST µ“¡«‘∏’¢Õß Pitout ·≈–
§≥–(8) √à«¡°—∫«‘∏’¢Õß Franklin ·≈–§≥–(13) ‚¥¬
∑¥ Õ∫∑—Èß¬“ IPM ·≈– MEM (10 ‰¡‚§√°√—¡, Oxoid)
°—∫ EDTA (Amresco,  Solon, Ohio) 292 ‰¡‚§√°√—¡
(0.1 M EDTA ª√‘¡“µ√ 10 ‰¡‚§√≈‘µ√) ·≈–∑¥ Õ∫
§«“¡‰«¢Õß‡™◊ÈÕµàÕ¬“ aztreonam (ATM 30 ‰¡‚§√°√—¡,
Oxoid) °“√∑¥ Õ∫∑—ÈßÀ¡¥∑”∫π®“πÕ“À“√‡¥’¬«°—π (√Ÿª
∑’Ë 1) °“√Õà“πº≈«‘∏’ CDT À“°¢π“¥‡ âπºà“»Ÿπ¬å°≈“ß
¢Õß inhibition zone √Õ∫·ºàπ¬“ IPM À√◊Õ MEM ∑’Ë
‡µ‘¡ EDTA °«â“ß°«à“¬“∑’Ë‰¡à‰¥â‡µ‘¡ EDTA ¡“°°«à“
À√◊Õ‡∑à“°—∫ 5 ¡‘≈≈‘‡¡µ√ ·ª≈º≈«à“‡™◊ÈÕº≈‘µ‡Õπ‰´¡å
MBL ‰¥â  à«π«‘∏’ DDST À“°‡™◊ÈÕº≈‘µ‡Õπ‰´¡å MBL
‰¥â®–‡ÀÁπ°“√‡ √‘¡ƒ∑∏‘Ï°—π (synergy) √–À«à“ß¬“ IPM
À√◊Õ MEM °—∫ EDTA °“√Õà“πº≈°“√∑¥ Õ∫§«“¡
‰«¢Õß‡™◊ÈÕµàÕ¬“ ATM À“°¢π“¥¢Õß inhibition zone
¡“°°«à“À√◊Õ‡∑à“°—∫ 22 ¡‘≈≈‘‡¡µ√·ª≈º≈«à“‰«µàÕ¬“

√Ÿª∑’Ë 1 °“√µ√«®À“‡Õπ‰´¡å metallo-β-lactamase ‚¥¬«‘∏’ combined-disk (A), double-disk synergy (B) ·≈–
°“√∑¥ Õ∫§«“¡‰«¢Õß‡™◊ÈÕµàÕ¬“ aztreonam (C)  ATM, aztreonam 30 ‰¡‚§√°√—¡; EDTA, 0.1 M
EDTA ª√‘¡“µ√ 10 ‰¡‚§√≈‘µ√; IPM, imipenem 10 ‰¡‚§√°√—¡ ·≈– MEM, meropenem 10 ‰¡‚§√°√—¡
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°“√µ√«®À“¬’π MBL ‚¥¬«‘∏’ multiplex-PCR
 °—¥ DNA ®“°‚§‚≈π’¢Õß·∫§∑’‡√’¬´÷Ëß‡æ“–‡≈’È¬ß∫π
Õ“À“√ Mueller-Hinton agar (Oxoid) Õ∫∑’ËÕÿ≥À¿Ÿ¡‘
37 Õß»“‡´≈‡´’¬  π“π 18-24 ™—Ë«‚¡ß ‚¥¬„™â‰¡â®‘È¡
øíπ∑’Ëª√“»®“°‡™◊ÈÕ‡¢’Ë¬‡™◊ÈÕ®”π«π 1-2 ‚§‚≈π’≈ß„ππÈ”
°≈—Ëπ∑’Ëª√“»®“°‡™◊ÈÕª√‘¡“µ√ 50 ‰¡‚§√≈‘µ√ ∑”„Àâ‡™◊ÈÕ
°√–®“¬µ—«‰¡à®—∫‡ªìπ°âÕπ ·≈â«π”‰ªµâ¡„ππÈ”‡¥◊Õ¥π“π 5-
10 π“∑’ ®“°π—Èπµ√«®À“¬’π¢Õß‡Õπ‰´¡å MBL ‰¥â·°à
bla

IMP
, bla

VIM
, bla

SPM
, bla

GIM
 ·≈– bla

SIM
 ‚¥¬«‘∏’

multiplex-PCR(14)  à«πº ¡¢ÕßªØ‘°‘√‘¬“ PCR ª√‘¡“µ√
 ÿ¥∑â“¬ 50 ‰¡‚§√≈‘µ√ª√–°Õ∫¥â«¬‰æ√‡¡Õ√å§«“¡‡¢â¡
¢âπ 0.8 µM ¬°‡«âπ‰æ√‡¡Õ√å∑’Ë®”‡æ“–µàÕ¬’π bla

VIM
 „™â

0.4 µM ·≈–‰æ√‡¡Õ√å∑’Ë®”‡æ“–µàÕ 16s-rDNA ÷́Ëß‡ªìπ
internal control (16s rDNA-F: 5'-GTA GGT GGC
AAG CGT TAT CC-3' §Ÿà°—∫ 16s rDNA-R: 5'-CGC
ACA TCA GCG TCA G-3')(20) „™â 0.1 µM
(‰æ√‡¡Õ√å‡À≈à“π’È —ß‡§√“–Àå‚¥¬ BioBasic Inc., Canada)
deoxynucleotide triphosphate (Promega, Medison,
WI, USA) ™π‘¥≈– 200 µM 1x PCR buffer ∑’Ë¡’
MgCl

2
 2 mM (New England Biolabs, Ontario,

Canada) Taq DNA polymerase (New England
Biolabs) 1.25 U ·≈– DNA 2 ‰¡‚§√≈‘µ√  ¿“«–
¢ÕßªØ‘°‘√‘¬“ PCR µ“¡«‘∏’¢Õß Ellington ·≈–§≥–(14)

‚¥¬„™â‡§√◊ËÕß Thermal cycler (Eppendorf, Hamburg,
Germany) ®“°π—Èπ·¬°™‘Èπ à«π¢Õß DNA „π·ºàπ«ÿâπ
§«“¡‡¢â¡¢âπ√âÕ¬≈– 2 (agarose, Promega) À√◊Õ«ÿâπ
µ√“π“ß‡ß◊Õ° (Bangkok, Thailand) ¥â«¬‡§√◊ËÕß gel
electrophoresis (Cosmo Bio, Tokyo, Japan) ‡ª√’¬∫
‡∑’¬∫°—∫ 100 bp DNA ladder (New England
Biolabs) ¬âÕ¡¥â«¬ ethidium bromide (Boehringer
Mannheim, Germany) ·≈–µ√«®¥Ÿ·∂∫¢Õß DNA ¿“¬
„µâ· ßÕ—≈µ√“‰«‚Õ‡≈µ‚¥¬„™â‡§√◊ËÕß UV illumination
Gel DOC 1000 (Bio-Rad, CA, USA) À≈—ß®“°π—Èπ
µ√«®À“≈”¥—∫π‘«§≈’‚Õ‰∑¥å¢Õß¬’π MBL ‚¥¬‡µ√’¬¡
PCR product ·≈–∑”„Àâ∫√‘ ÿ∑∏‘Ï‚¥¬„™â™ÿ¥πÈ”¬“ ”‡√Á®√Ÿª
(QIAgen, Hilden, Germany) ·≈–µ√«®«‘‡§√“–Àå ‚¥¬

‡§√◊ËÕß«‘‡§√“–Àå≈”¥—∫‡∫ Õ—µ‚π¡—µ‘ (MegaBACE 1000,
Amercham Biosciences, Champaign, USA)

º≈°“√»÷°…“
°“√µ√«®À“¬’π MBL „π P. aeruginosa ∑’Ë·¬°

‰¥â®“°ºŸâªÉ«¬‚√ßæ¬“∫“≈»√’π§√‘π∑√å®”π«π 74 µ—«Õ¬à“ß
‚¥¬«‘∏’ multiplex-PCR æ∫«à“„Àâº≈∫«°®”π«π 9
µ—«Õ¬à“ß (√âÕ¬≈– 12.2) ‡ªìπ¬’π bla

VIM
 ®”π«π 6 µ—«Õ¬à“ß

·≈– bla
IMP

 ®”π«π 3 µ—«Õ¬à“ß (√Ÿª∑’Ë 2) ¥—ßπ—Èπ
„π°“√»÷°…“§√—Èßπ’È¡’‡™◊ÈÕ∑’Ëµ√«®æ∫¬’π MBL ∑—ÈßÀ¡¥ 14
µ—«Õ¬à“ß (µ“√“ß∑’Ë 1) ‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°“√µ√«®À“
‡Õπ‰´¡å MBL ‚¥¬«‘∏’øï‚π‰∑ªá°—∫«‘∏’ multiplex PCR
´÷Ëß„™â‡ªìπ«‘∏’¡“µ√∞“π (gold standard) „π·∫§∑’‡√’¬
∑—ÈßÀ¡¥ 79 µ—«Õ¬à“ßæ∫«à“«‘∏’ CDT (√Ÿª∑’Ë 3 ·≈–µ“√“ß∑’Ë
1) ‚¥¬„™â IPM+EDTA/IPM „Àâº≈∫«°°—∫‡™◊ÈÕ∑’Ë
µ√«®æ∫¬’π∑—Èß 14 µ—«Õ¬à“ß (§«“¡‰«√âÕ¬≈– 100) ·µà
„Àâº≈∫«°ª≈Õ¡®”π«π 3 µ—«Õ¬à“ß (§«“¡®”‡æ“–√âÕ¬
≈– 95.4)  à«π°“√„™â MEM+EDTA/MEM „Àâº≈
∫«°°—∫‡™◊ÈÕ∑’Ëµ√«®æ∫¬’π‡æ’¬ß 13 µ—«Õ¬à“ß (§«“¡‰«
√âÕ¬≈– 92.9) ·≈–„Àâº≈∫«°ª≈Õ¡®”π«π 5 µ—«Õ¬à“ß
(§«“¡®”‡æ“–√âÕ¬≈– 92.3) °“√„™â¬“∑—Èß Õß™π‘¥√à«¡
°—πæ∫«à“¡’§«“¡‰«·≈–§«“¡®”‡æ“–√âÕ¬≈– 100 ·≈–
90.8 µ“¡≈”¥—∫  à«π«‘∏’ DDST (µ“√“ß∑’Ë 1) æ∫«à“
°“√„™â¬“ IPM À√◊Õ¬“ MEM „Àâº≈°“√∑¥ Õ∫
µ√ß°—π∑ÿ°µ—«Õ¬à“ß ‚¥¬„Àâº≈∫«°°—∫‡™◊ÈÕ∑’Ëµ√«®æ∫¬’π
‡æ’¬ß 13 µ—«Õ¬à“ß (§«“¡‰«√âÕ¬≈– 92.9) ·≈–„Àâº≈
∫«°ª≈Õ¡®”π«π 2 µ—«Õ¬à“ß (§«“¡®”‡æ“–√âÕ¬≈– 96.9)
∑—Èß«‘∏’ CDT ·≈– DDST „Àâº≈∫«°°—∫·∫§∑’‡√’¬Õâ“ßÕ‘ß∑—Èß
5 µ—«Õ¬à“ß º≈≈∫ª≈Õ¡®”π«π 1 µ—«Õ¬à“ß®“°«‘∏’ MEM+
EDTA/MEM ·≈– DDST ‡ªìπ‡™◊ÈÕ∑’Ë·¬°‰¥â®“° ‘Ëß
 àßµ√«®·≈–‡ªìπµ—«Õ¬à“ß‡¥’¬«°—π  à«πº≈∫«°ª≈Õ¡∑—Èß«‘∏’
CDT ·≈– DDST √«¡°—π‡ªìπ 7 µ—«Õ¬à“ß®“° 79
µ—«Õ¬à“ß ‚¥¬„Àâº≈∫«°∑—Èß«‘∏’ IPM+EDTA/IPM,
MEM+EDTA/MEM ·≈– DDST ®”π«π 1 µ—«Õ¬à“ß
„Àâº≈∫«°‡©æ“–«‘∏’  IPM+EDTA/IPM ·≈– MEM+
EDTA/MEM ®”π«π 1 µ—«Õ¬à“ß  à«πÕ’° 5 µ—«Õ¬à“ß
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„Àâº≈∫«°°—∫«‘∏’„¥«‘∏’Àπ÷ËßÕ¬à“ß‡¥’¬«  ”À√—∫°“√∑¥ Õ∫
§«“¡‰«¢Õß‡™◊ÈÕµàÕ¬“ ATM ¡’§«“¡‰«·≈–§«“¡®”‡æ“–

√âÕ¬≈– 71.4 ·≈– 76.9 µ“¡≈”¥—∫ (µ“√“ß∑’Ë 1)

µ“√“ß∑’Ë 1 º≈°“√µ√«®À“‡Õπ‰´¡å MBL ‚¥¬«‘∏’ combined-disk, double-disk synergy ·≈–°“√∑¥ Õ∫§«“¡
‰«¢Õß‡™◊ÈÕµàÕ¬“ aztreonam ‡ª√’¬∫‡∑’¬∫°—∫«‘∏’ multiplex-PCR „π·∫§∑’‡√’¬Õâ“ßÕ‘ß∑’Ëº≈‘µ‡Õπ‰´¡å MBL
·≈– P. aeruginosa ∑’Ë„Àâº≈¥◊ÈÕÀ√◊Õ‰«ª“π°≈“ßµàÕ¬“ imipenem ®”π«π 79 µ—«Õ¬à“ß
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√Ÿª∑’Ë 2 º≈°“√‡æ‘Ë¡™‘Èπ à«π DNA ¢Õß¬’π bla
IMP

 (A) ·≈– bla
VIM

 (B) æ√âÕ¡∑—Èß 16s rDNA (PCR product
¢π“¥ª√–¡“≥ 1 kb) ‚¥¬«‘∏’ multiplex PCR „π·∫§∑’‡√’¬Õâ“ßÕ‘ß∑’Ëº≈‘µ‡Õπ‰´¡å MBL ·≈– P. aeruginosa
∑’Ë·¬°‰¥â®“° ‘Ëß àßµ√«®ºŸâªÉ«¬
(A)  Lane M, 1 kb DNA ladder; 1-5,  P. aeruginosa ®“° ‘Ëß àßµ√«®ºŸâªÉ«¬; ·≈– 6, P. aeruginosa
      ∑’Ë¡’¬’π bla

IMP-1
 (PCR product ¢π“¥ 188 bp)

(B)  Lane M, 1 kb DNA ladder; 1-7, P. aeruginosa ®“° ‘Ëß àßµ√«®ºŸâªÉ«¬; ·≈– 8, P. aeruginosa
      ∑’Ë¡’¬’π bla

VIM-2
 (PCR product ¢π“¥ 390 bp)

√Ÿª∑’Ë 3 ¢π“¥¢Õß inhibition zone µàÕ¬“ imipenem ·≈– meropenem ∑’Ë‡æ‘Ë¡¢÷Èπ‡¡◊ËÕ‡µ‘¡ EDTA ≈ß‰ª„π°“√
µ√«®À“‡Õπ‰´¡å MBL ‚¥¬«‘∏’ combined-disk „π·∫§∑’‡√’¬Õâ“ßÕ‘ß∑’Ëº≈‘µ‡Õπ‰´¡å MBL ·≈– P. aeruginosa
®“° ‘Ëß àßµ√«®∑—ÈßÀ¡¥ 79 µ—«Õ¬à“ß EDTA, 0.1 M EDTA ª√‘¡“µ√ 10 ‰¡‚§√≈‘µ√; IPM, imipenem
§«“¡‡¢â¡¢âπ 10 ‰¡‚§√°√—¡ ·≈– MEM, meropenem §«“¡‡¢â¡¢âπ 10 ‰¡‚§√°√—¡
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«‘®“√≥å·≈– √ÿªº≈°“√»÷°…“
„π°“√»÷°…“π’È‰¥â∑¥ Õ∫‡Õπ‰´¡å MBL „π P.

aeruginosa ¥â«¬«‘∏’øï‚π‰∑ªá‚¥¬„™â∑—Èß¬“ IPM ·≈–¬“
MEM ‡æ√“–¬“∑—Èß Õß™π‘¥„Àâ§«“¡‰«·≈–§«“¡®”‡æ“–
 Ÿß(8,13)  à«π EDTA ‡≈◊Õ°„™â 292 ‰¡‚§√°√—¡µ“¡«‘∏’
¢Õß Franklin ·≈–§≥–(13) ‡π◊ËÕß®“°¡’√“¬ß“π«à“ EDTA
∑”„Àâ‡°‘¥º≈∫«°ª≈Õ¡‰¥â(10)  à«π«‘∏’ DDST «“ß¬“ IPM
À√◊Õ MEM Àà“ß®“° EDTA 15 ¡‘≈≈‘‡¡µ√·∑π 20
¡‘≈≈‘‡¡µ√(13) ‡π◊ËÕß®“°‡™◊ÈÕ∑’Ë „™â „π°“√»÷°…“π’È „Àâ
inhibition zone µàÕ¬“ IPM À√◊Õ MEM ·§∫À√◊Õ‰¡à¡’
inhibition zone ®÷ß≈¥√–¬–Àà“ß¢Õß¬“°—∫ EDTA ‡æ◊ËÕ
„ÀâÕà“πº≈™—¥‡®π¬‘Ëß¢÷Èπ(21)

‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫º≈°“√∑¥ Õ∫‡Õπ‰´¡å MBL ¥â«¬
«‘∏’øï‚π‰∑ªá°—∫«‘∏’ multiplex-PCR(14) æ∫«à“«‘∏’ CDT ‚¥¬
„™â IPM+EDTA/IPM „Àâ§«“¡‰«·≈–§«“¡®”‡æ“–
 Õ¥§≈âÕß°—∫°“√»÷°…“¢Õß Franklin ·≈–§≥–(13) ´÷Ëß
∑¥ Õ∫°—∫ P. aeruginosa ®”π«π 35 µ—«Õ¬à“ß„Àâ
§«“¡‰«√âÕ¬≈– 100 ·≈–§«“¡®”‡æ“–√âÕ¬≈– 93.3
 à«π°“√„™â MEM+EDTA/MEM ¡’§«“¡‰«·≈–§«“¡
®”‡æ“–µË”°«à“°“√»÷°…“¢Õß Pitout ·≈–§≥–(8) ´÷Ëß
∑¥ Õ∫„π P. aeruginosa ®”π«π 241 µ—«Õ¬à“ß„Àâ§«“¡
‰« Ÿß∂÷ß√âÕ¬≈– 100 ·≈–§«“¡®”‡æ“–√âÕ¬≈– 97 ∑—Èßπ’È
Õ“®®–‡°‘¥®“°®”π«πµ—«Õ¬à“ß∑’Ë„™â„π°“√»÷°…“π’ÈπâÕ¬°«à“
‚¥¬‡©æ“–®”π«πµ—«Õ¬à“ß∑’Ëº≈‘µ‡Õπ‰´¡å MBL ‰¥â À√◊Õ
‡°‘¥®“°ª√‘¡“≥¢Õß EDTA ∑’Ë„™â„π°“√∑¥ Õ∫´÷Ëß«‘∏’¢Õß
Pitout ·≈–§≥–„™â EDTA 930 ‰¡‚§√°√—¡·≈–Õà“π
º≈∫«°‡¡◊ËÕ¢π“¥¢Õß inhibition zone ¢Õß¬“∑’Ë‡µ‘¡
EDTA °«â“ß¢÷Èπ¡“°°«à“À√◊Õ‡∑à“°—∫ 7 ¡‘≈≈‘‡¡µ√(8) „π
¢≥–∑’Ë°“√»÷°…“π’È„™â EDTA 292 ‰¡‚§√°√—¡·≈–Õà“π
º≈∫«°‡¡◊ËÕ°«â“ß¢÷Èπ¡“°°«à“À√◊Õ‡∑à“°—∫ 5 ¡‘≈≈‘‡¡µ√(13)

Õ¬à“ß‰√°Áµ“¡„π°“√»÷°…“π’È‡™◊ÈÕ∑’Ëµ√«®æ∫¬’π MBL
®”π«π 14 µ—«Õ¬à“ß ¡’ 12 µ—«Õ¬à“ß (√âÕ¬≈– 85.7) ∑’Ë
„Àâ¢π“¥¢Õß inhibition zone ‡æ‘Ë¡¢÷Èπ¡“°°«à“À√◊Õ‡∑à“°—∫
7 ¡‘≈≈‘‡¡µ√∑—Èß«‘∏’ IPM+EDTA/IPM ·≈– MEM+
EDTA/MEM ·≈–¡’ 1 µ—«Õ¬à“ß∑’Ë¢π“¥¢Õß inhibition
zone ¢Õß¬“ MEM (9 ¡‘≈≈‘‡¡µ√) ‡æ‘Ë¡¢÷Èπ¡“°°«à“¬“
IPM (5 ¡‘≈≈‘‡¡µ√) ¥—ßπ—Èπ«‘∏’ CDT ‡ªìπ«‘∏’∑’Ë –¥«°

·≈–Õà“πº≈ßà“¬ πÕ°®“°π’È°“√„™â¬“ 2 ™π‘¥„π°“√∑¥ Õ∫
Õ“®®–™à«¬¬◊π¬—πº≈°“√∑¥ Õ∫„π°√≥’∑’Ë¢π“¥¢Õß
inhibition ‡æ‘Ë¡¢÷Èπ‡æ’¬ß 5 ¡‘≈≈‘‡¡µ√ ÷́Ëß‡ªìπ§à“ cut off

®“°°“√»÷°…“«‘∏’ DDST ∑—Èß¬“ IPM ·≈– MEM
„Àâº≈°“√∑¥ Õ∫‡À¡◊Õπ°—π∑ÿ°µ—«Õ¬à“ß ¡’§«“¡‰«·≈–
§«“¡®”‡æ“–√âÕ¬≈– 92.9 ·≈– 96.9 µ“¡≈”¥—∫ „π
¢≥–∑’Ë°“√»÷°…“¢Õß Franklin ·≈–§≥–(13) «‘∏’ DDST
¥â«¬¬“ IPM ¡’§«“¡‰«·≈–§«“¡®”‡æ“–√âÕ¬≈– 79 ·≈–
98 µ“¡≈”¥—∫ §«“¡‰«∑’Ë·µ°µà“ß°—πÕ“®®–‡°‘¥®“°√–¬–
Àà“ß¢Õß·ºàπ¬“ IPM °—∫·ºàπ EDTA ´÷Ëß«“ß„°≈â°«à“
°“√»÷°…“¢Õß Franklin ·≈–§≥– πÕ°®“°π’È„π°“√
»÷°…“π’È∑¥ Õ∫°—∫ P. aeruginosa ‡∑à“π—Èπ „π¢≥–∑’Ë
°“√»÷°…“¢Õß Franklin ·≈–§≥–∑¥ Õ∫°—∫‡™◊ÈÕ∑—Èß°≈ÿà¡
NFB ·≈–«ß»å Enterobacteriaceae ‚¥¬‰¡à‰¥â· ¥ß
º≈·¬°µ“¡™π‘¥¢Õß‡™◊ÈÕ‡™àπ∑’Ë· ¥ß‚¥¬«‘∏’ CDT

º≈°“√»÷°…“æ∫‡™◊ÈÕ®”π«π 7 µ—«Õ¬à“ß∑’Ë„Àâº≈∫«°
‚¥¬«‘∏’ CDT ·≈–/À√◊Õ DDST ·µà‡¡◊ËÕµ√«®¬’π MBL
∑—Èß‚¥¬«‘∏’ multiplex PCR À√◊Õ·¬°µ√«®‚¥¬„™â
‰æ√‡¡Õ√å·µà≈–§Ÿàæ∫«à“„Àâº≈≈∫∑—ÈßÀ¡¥ ∑—Èßπ’ÈÕ“®‡ªìπ
º≈∫«°ª≈Õ¡‡π◊ËÕß®“° EDTA ¡’º≈∑”„Àâ‡™◊ÈÕ
P. aeruginosa ‰«µàÕ¬“ imipenem ¡“°¢÷Èπ(10-12) À√◊Õ
‡™◊ÈÕÕ“®®–º≈‘µ‡Õπ‰´¡å MBL ™π‘¥„À¡à∑’Ë¬—ß‰¡à‡§¬¡’
√“¬ß“π¡“°àÕπ ´÷Ëß®–µâÕß∑”°“√»÷°…“µàÕ‰ª

°“√µ√«®°√Õß‡™◊ÈÕ∑’Ëº≈‘µ‡Õπ‰´¡å MBL ‚¥¬°“√
∑¥ Õ∫§«“¡‰«¢Õß‡™◊ÈÕµàÕ¬“ aztreonam æ∫«à“¡’
§«“¡‰«·≈–§«“¡®”‡æ“–µË” ´÷Ëß Õ¥§≈âÕß°—∫°“√»÷°…“
¢Õß Franklin ·≈–§≥–(13) ́ ÷Ëß„Àâ§«“¡‰«√âÕ¬≈– 63 ∑—Èßπ’È
‡π◊ËÕß®“°‡™◊ÈÕ∑’Ëº≈‘µ‡Õπ‰´¡å MBL Õ“®®–º≈‘µ‡Õπ‰´¡å
β-lactamase ™π‘¥Õ◊Ëπ√à«¡¥â«¬ ‡™àπ ‡Õπ‰´¡å ESBL ·≈–
AmpC-β-lactamase ‡Õπ‰´¡å‡À≈à“π’È ≈“¬¬“ aztreonam
‰¥â ∑”„Àâ‡™◊ÈÕ¥◊ÈÕµàÕ¬“ aztreonam ÷́Ëß®“°º≈°“√»÷°…“
¡’‡™◊ÈÕ 1 µ—«Õ¬à“ß∑’Ëº≈‘µ‡Õπ‰´¡å MBL √à«¡°—∫ ESBL
·≈–„Àâº≈¥◊ÈÕµàÕ¬“ aztreonam ¥—ßπ—Èπ°“√∑¥ Õ∫
§«“¡‰«¢Õß‡™◊ÈÕµàÕ¬“ aztreonam ®÷ß‰¡à‡À¡“– ”À√—∫
°“√µ√«®°√Õß‡Õπ‰´¡å MBL ‡™àπ‡¥’¬«°—∫°“√»÷°…“¢Õß
Franklin ·≈–§≥–(13)
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     ®“°°“√»÷°…“§√—Èßπ’È· ¥ß„Àâ‡ÀÁπ«à“°“√µ√«®À“
‡Õπ‰´¡å MBL ‚¥¬«‘∏’ CDT ·≈– DDST ‡ªìπ«‘∏’∑’Ëßà“¬
¡’§«“¡‰«·≈–§«“¡®”‡æ“– Ÿß ·≈–‡À¡“– ”À√—∫‡™◊ÈÕ P.
aeruginosa ∑’Ë·¬°‰¥â®“°‚√ßæ¬“∫“≈»√’π§√‘π∑√å °“√
µ√«®À“‡™◊ÈÕ∑’Ëº≈‘µ‡Õπ‰´¡å MBL ‰¥â√«¥‡√Á«®–™à«¬„π
°“√«“ß·ºπªÑÕß°—π·≈–§«∫§ÿ¡°“√·æ√à°√–®“¬‡™◊ÈÕ
¥◊ÈÕ¬“π’È‰ª¬—ßºŸâªÉ«¬Õ◊Ëπ√«¡∑—ÈßªÑÕß°—π°“√·æ√à°√–®“¬
¢Õß¬’π¥◊ÈÕ¬“π’È‰ª¬—ß·∫§∑’‡√’¬Õ◊ËπÊ¥â«¬

°‘µµ‘°√√¡ª√–°“»
‚§√ß°“√«‘®—¬π’È‰¥â√—∫∑ÿπÕÿ¥Àπÿπ®“°»Ÿπ¬å«‘®—¬·≈–

æ—≤π“°“√µ√«®«‘π‘®©—¬∑“ßÀâÕßªØ‘∫—µ‘°“√∑“ß°“√·æ∑¬å
·≈–∑ÿπ∫—≥±‘µ»÷°…“ ¡À“«‘∑¬“≈—¬¢Õπ·°àπ ªï°“√»÷°…“
2550 §≥–ºŸâ«‘®—¬¢Õ¢Õ∫æ√–§ÿ≥ Dr David Livermore
·≈– Dr Jianhui Xiong ∑’Ë„Àâ§«“¡Õπÿ‡§√“–Àå·∫§∑’‡√’¬
Õâ“ßÕ‘ß∑’Ëº≈‘µ‡Õπ‰´¡å MBL ‡®â“Àπâ“∑’ËÀπà«¬®ÿ≈™’««‘∑¬“
§≈‘π‘° ‚√ßæ¬“∫“≈»√’π§√‘π∑√å ∑’Ë„Àâ§«“¡Õπÿ‡§√“–Àå
‡°Á∫‡™◊ÈÕ∑’Ë„™â„π°“√»÷°…“§√—Èßπ’È π“ß “«‡æÁ≠π¿“ ‡¢µ®—µÿ√— 
·≈–π“ß “««√’æ√ «—≤π“«ß»å¥Õπ π—°»÷°…“ “¢“‡∑§π‘§
°“√·æ∑¬å™—Èπªï∑’Ë 4 ∑’Ë√«∫√«¡¢âÕ¡Ÿ≈¢Õß‡™◊ÈÕ∑’Ë„™â„π°“√
»÷°…“ ·≈–§≥–‡∑§π‘§°“√·æ∑¬å∑’Ë„Àâ°“√ π—∫ πÿπ°“√
«‘®—¬§√—Èßπ’È
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