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Abstract

Avian influenza (AI) vaccines have been widely used in many countries. AI virus may remain in the poultry

and lead to mutation, followed by pandemics in human population. The objective of this review is to study the

impacts of using AI vaccines on viral mutation. There were evidences that two third of human influenza pandemics

in 20th century originated from human and avian influenza virus reassortment, whereas the another one may

occurred from reassortment of human and swine influenza viruses. Since AI vaccines can prevent disease but not

infection, so the chance of reassortment among influenza viruses is increasing and mutation may be its

consequence.  An antigenic drift occurred in Mexico was the result of using poultry AI vaccines for 7-consecutive

years.  Consequently, there were AI outbreaks in Mexico and its neighboring countries. Therefore, only

vaccinations are not sufficient for prevention and control of outbreaks and mutation of AI viruses. Farm-

biosecurity, monitoring and surveillance of viral mutation and viral subtype matched vaccine production are

needed in addition of preventive measures. These will play the roles in decreasing the opportunity of AI outbreaks,

virus mutation and human influenza pandemics through influenza virus reassortment.
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∫∑§—¥¬àÕ

«—§´’πªÑÕß°—π‰¢âÀ«—¥π°∂Ÿ°„™â„π —μ«åªï°Õ¬à“ß°«â“ß¢«“ß„π∫“ßª√–‡∑» ‡æ◊ËÕ®ÿ¥ª√– ß§å„π°“√ªÑÕß°—π·≈–§«∫§ÿ¡‚√§

∂÷ß·¡â “¡“√∂§«∫§ÿ¡‚√§„Àâ ß∫≈ß ·μà¬—ß¡’√“¬ß“π°“√æ∫‡™◊ÈÕÕ¬Ÿà„π —μ«åªï°‰¥â‚¥¬‰¡à· ¥ßÕ“°“√ªÉ«¬μ“¬ ·≈–‡°‘¥°“√°≈“¬æ—π∏ÿå

¢Õß‡™◊ÈÕ®π√–∫“¥¢â“¡¡“¬—ß¡πÿ…¬å‰¥â °“√»÷°…“‡™‘ß∑∫∑«π∫∑§«“¡§√—Èßπ’È®÷ß¡’«—μ∂ÿª√– ß§å∑’Ë®–»÷°…“∂÷ßº≈¢Õß°“√„™â«—§´’π

‰¢âÀ«—¥π°μàÕ°“√°≈“¬æ—π∏ÿå¢Õß‡™◊ÈÕ¥—ß°≈à“« ®“°°“√∑∫∑«π«√√≥°√√¡æ∫«à“ °“√√–∫“¥¢Õß‰¢âÀ«—¥„À≠à„π¡πÿ…¬å„π»μ«√√…∑’Ë

20  Õß„π “¡§√—Èß¡’À≈—°∞“π¬◊π¬—π«à“‡°‘¥®“°°“√·≈°‡ª≈’Ë¬π “√æ—π∏ÿ°√√¡√–À«à“ß‡™◊ÈÕ‰¢âÀ«—¥„À≠à„π —μ«åªï°·≈–¡πÿ…¬å „π¢≥–

∑’ËÕ’°§√—ÈßÀπ÷ËßÕ“®‡°‘¥®“°°“√·≈°‡ª≈’Ë¬π “√æ—π∏ÿ°√√¡√–À«à“ß‡™◊ÈÕ‰¢âÀ«—¥„À≠à„π¡πÿ…¬å·≈–À¡Ÿ ·¡â«à“°“√∑”«—§´’π„π —μ«åªï°

®– “¡“√∂„™â‡æ◊ËÕ§«∫§ÿ¡‚√§ ·¡â —μ«å∑’Ë‰¥â√—∫«—§´’π à«π„À≠à®–‰¡à· ¥ßÕ“°“√°Áμ“¡ ·μà¬—ß§ß¡’°“√μ‘¥‡™◊ÈÕÕ¬Ÿà ®÷ß∑”„Àâ¡’‚Õ°“ 

∑’Ë‡™◊ÈÕ®–‡°‘¥°“√·≈°‡ª≈’Ë¬π “√æ—π∏ÿ°√√¡°—∫‡™◊ÈÕ “¬æ—π∏ÿåÕ◊Ëπ∑’ËÕ¬Ÿà„π·À≈àß√—ß‚√§ μ—«Õ¬à“ß¢Õß°“√„™â«—§´’π §◊Õ °“√„™â«—§´’π∑’Ë

ª√–‡∑»‡¡Á°´‘‚°‡ªìπ‡«≈“ 7 ªïμ‘¥μàÕ°—π  “¡“√∂æ∫‡™◊ÈÕ‡°‘¥°“√°≈“¬æ—π∏ÿå·∫∫ Antigenic Drift ®π∑”„Àâ‡°‘¥°“√√–∫“¥¢Õß‡™◊ÈÕ

„πª√–‡∑»‡¡Á° ‘́‚°·≈–ª√–‡∑»¢â“ß‡§’¬ß ¥—ßπ—Èπ ®–‡ÀÁπ‰¥â«à“°“√„™â«—§´’πÕ¬à“ß‡¥’¬«‰¡à‡æ’¬ßæÕ∑’Ë®–ªÑÕß°—π·≈–§«∫§ÿ¡°“√√–∫“¥

√«¡∑—Èß°“√°≈“¬æ—π∏ÿå¢Õß‡™◊ÈÕ‰¢âÀ«—¥π°‰¥â ®÷ßμâÕß¡’°“√„™âÀ≈—°¢Õß§«“¡ª≈Õ¥¿—¬∑“ß™’«¿“æ„π°“√®—¥°“√ø“√å¡ °“√‡æ‘Ë¡

¡“μ√°“√„π°“√‡ΩÑ“√–«—ß °“√μ‘¥μ“¡°“√°≈“¬æ—π∏ÿå·≈–°“√º≈‘μ«—§´’π∑’Ëμ√ß°—∫ “¬æ—π∏ÿå∑’Ë°”≈—ß√–∫“¥Õ¬Ÿà  ‘Ëß‡À≈à“π’È®–¡’ª√–‚¬™πå

„π°“√™à«¬≈¥‚Õ°“ „π°“√√–∫“¥¢Õß‡™◊ÈÕ„π —μ«åªï°·≈–°“√°≈“¬æ—π∏ÿå „π°√≥’∑’Ë®”‡ªìπμâÕß„™â«—§´’π‰¢âÀ«—¥π°‰¥â

§” ”§—≠ :  «—§´’π, ‰¢âÀ«—¥π°, ‰¢âÀ«—¥„À≠à„π¡πÿ…¬å, °“√°≈“¬æ—π∏ÿå, ‡Õ™ 5 ‡ÕÁπ 1

∫∑π”

‰¢âÀ«—¥π°À√◊Õ‰¢âÀ«—¥„À≠à —μ«åªï°‡ªìπ‚√§∑’Ë¡’§«“¡

 ”§—≠∑—Èß„π∑“ß —μ«·æ∑¬å·≈–∑“ß “∏“√≥ ÿ¢ ‡π◊ËÕß®“°‡™◊ÈÕ

‰¢âÀ«—¥„À≠à —μ«åªï°∫“ß “¬æ—π∏ÿå “¡“√∂μ‘¥μàÕ‰¥â∑—Èß„π —μ«å

ªï°·≈– —μ«å‡≈’È¬ß≈Ÿ°¥â«¬π¡À≈“¬™π‘¥ √«¡∑—Èß¡πÿ…¬å (Swayne,

2000) „π™à«ß»μ«√√…∑’Ëºà“π¡“¡’°“√√–∫“¥„À≠à¢Õß‰¢âÀ«—¥

„À≠à„π¡πÿ…¬å§√—Èß„À≠à 3 §√—Èß¥â«¬°—π §◊Õ „πªï §.». 1918

1957 ·≈– 1968 μ“¡≈”¥—∫ °“√√–∫“¥„πªï 1957 ·≈– 1968

‡°‘¥®“°°“√·≈°‡ª≈’Ë¬π “√æ—π∏ÿ°√√¡√–À«à“ß‡™◊ÈÕ‰¢âÀ«—¥„À≠à

∑’Ëæ∫„π¡πÿ…¬å·≈–„π —μ«åªï°(Williams et al., 2002; Reid and

Taubenberger, 2003; Reid et al., 2004) °“√√–∫“¥¢Õß

‰¢âÀ«—¥π° “¬æ—π∏ÿå H5N1 ∑’ËŒàÕß°ß„πªï §.». 1997 π—∫‡ªìπ

À≈—°∞“π™‘Èπ·√°∑’Ë¬◊π¬—π«à“‰¢âÀ«—¥π° “¡“√∂μ‘¥μàÕ¡“¬—ß

¡πÿ…¬å‰¥â‚¥¬μ√ß (Hatta and Kawaoka, 2002) ´÷ËßπÕ°®“°

H5N1 ·≈â«¬—ß¡’Õ’° 2  “¬æ—π∏ÿå §◊Õ H7N7 ·≈– H9N2 ∑’Ë

 “¡“√∂μ‘¥μàÕ∂÷ß¡πÿ…¬å‰¥â‚¥¬μ√ß‡™àπ°—π ®“°°“√√–∫“¥¢Õß

‡™◊ÈÕ‰¢âÀ«—¥π°„πª√–‡∑»μà“ßÊ ∑—Ë«‚≈° (pandemic) ®÷ß‡°‘¥°“√

À«—Ëπ‡°√ß«à“Õ“®®–‡°‘¥°“√√–∫“¥§√—Èß„À≠à¢Õß‡™◊ÈÕ‰¢âÀ«—¥„À≠à

„π¡πÿ…¬å„π√–¬–‡«≈“Õ—π„°≈â (Normile, 2004; Webster and

Hulse, 2004; Horimoto and Kawaoka, 2005)
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‡π◊ËÕß®“°‚√§‰¢âÀ«—¥π° √â“ß§«“¡‡ ’¬À“¬„Àâ·°à

‡»√…∞°‘®Õ¬à“ß¡À“»“≈ ‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß„π«ß°“√ —μ«åªï°

®÷ß∑”„Àâ‡°‘¥°“√æ—≤π“«—§ ’́π¢÷Èπ‡æ◊ËÕªÑÕß°—π‚√§„π —μ«å¥—ß°≈à“«

«—§´’π‰¢âÀ«—¥π°·∫àß‡ªìπ 2 °≈ÿà¡À≈—° §◊Õ 1) Inactivated whole

virus vaccines 2) Vectored recombinant Vaccines ÷́Ëß°“√

„™â«—§´’π„π —μ«åªï° “¡“√∂≈¥Õ—μ√“°“√ªÉ«¬ Õ—μ√“°“√μ“¬ √«¡

∑—Èß≈¥°“√√–∫“¥¢Õß‚√§‰¥â (Arriola, 2000) ·μà°“√„™â

«—§´’π‰¡à “¡“√∂ªÑÕß°—π°“√μ‘¥‡™◊ÈÕ‰¥â ∑”‰¥â‡æ’¬ßªÑÕß°—π

°“√‡°‘¥‚√§·≈–™à«¬≈¥°“√μ‘¥μàÕ√«¡∑—Èß°“√·æ√à‡™◊ÈÕÕÕ° Ÿà

 ‘Ëß·«¥≈âÕ¡‡∑à“π—Èπ (Swayne and Halvorson, 2003)

°“√„™â«—§´’π„π —μ«åªï°®÷ß‡ªìπ∑’Ë∂°‡∂’¬ß°—π«à“ ¡§«√

∑’Ë®–„™âÕ¬ŸàÀ√◊Õ‰¡à „π°“√∑∫∑«π«√√≥°√√¡§√—Èßπ’È®–»÷°…“

∂÷ßº≈¢Õß°“√„™â«—§ ’́π„π —μ«åªï°„π°“√√–∫“¥∑’Ë‡§¬‡°‘¥¢÷Èπ

„πª√–‡∑»μà“ßÊ √«¡∑—Èßº≈°√–∑∫¢Õß°“√„™â«—§´’πμàÕ°“√

‡ª≈’Ë¬π·ª≈ß∑“ßæ—π∏ÿ°√√¡¢Õß‡™◊ÈÕ‰¢âÀ«—¥π°∑’ËÕ“®°àÕ„Àâ

‡°‘¥°“√√–∫“¥§√—Èß„À≠à¢Õß‰¢âÀ«—¥„À≠à„π¡πÿ…¬å‰¥â μ≈Õ¥®π

°“√‡ πÕ·π«∑“ß∑’Ë ‡À¡“– ¡μàÕ°“√ªÑÕß°—π·≈–§«∫§ÿ¡

ªí≠À“¥—ß°≈à“«μàÕ‰ª

‰«√— «‘∑¬“¢Õß‡™◊ÈÕ‰¢âÀ«—¥π°

‡™◊ÈÕ‰¢âÀ«—¥π°®—¥Õ¬Ÿà„π°≈ÿà¡‡™◊ÈÕ‰¢âÀ«—¥„À≠à´÷Ëß‡ªìπ

Õ“√å‡ÕÁπ‡Õ‰«√—  Õ¬Ÿà„π Family Orthomyxoviridae  “√æ—π∏ÿ°√√¡

ª√–°Õ∫‰ª¥â«¬™‘Èπ à«π¢ÕßÕ“√å‡ÕÁπ‡Õ 8 ™‘Èπ (Stephenson

and Zambon, 2002; Reid et al., 2004) ÷́Ëß§«∫§ÿ¡°“√

 √â“ß‚ª√μ’π¢Õß‰«√— Õ¬Ÿà 10 ™π‘¥¥â«¬°—π ‚¥¬·∫àß‰¥â 3 °≈ÿà¡

¥—ßπ’È §◊Õ : 1) ‚ª√μ’π‡ª≈◊Õ°πÕ°¢Õß‰«√—  2) ‚ª√μ’π¿“¬„π

·≈– 3) ‚ª√μ’π∑’Ë‰¡à∑”Àπâ“∑’Ë‡ªìπ‚§√ß √â“ß ‡™◊ÈÕ‰¢âÀ«—¥„À≠à

 “¡“√∂·∫àß‰¥â‡ªìπ 3 ™π‘¥¥â«¬°—π §◊Õ ™π‘¥‡Õ ™π‘¥∫’ ·≈–

™π‘¥´’ ´÷Ëß·∫àßμ“¡§«“¡·μ°μà“ß¢Õßπ‘«§≈’‚Õ‚ª√μ’π ·≈–

·¡∑√‘° ǻ‚ª√μ’π ‰¢âÀ«—¥„À≠à™π‘¥‡Õ “¡“√∂μ‘¥μàÕ‰¥â„π¡πÿ…¬å

¡â“ À¡Ÿ  —μ«å‡≈’È¬ß≈Ÿ°¥â«¬π¡À≈“¬™π‘¥ ·≈– —μ«åªï°™π‘¥μà“ßÊ

„π¢≥–∑’Ë™π‘¥∫’·≈– ’́ “¡“√∂μ‘¥μàÕ‰¥â‡©æ“–„π¡πÿ…¬å‡∑à“π—Èπ

(Suarez and Schultz-Cherry, 2000) ‰¢âÀ«—¥„À≠à —μ«åªï°®÷ß

®—¥Õ¬Ÿà„π‰¢âÀ«—¥„À≠à™π‘¥‡Õ ‚¥¬‡™◊ÈÕ‰«√— ‰¢âÀ«—¥„À≠à™π‘¥‡Õ

 “¡“√∂·∫àß‡ªìπ™π‘¥¬àÕ¬(subtype)‚¥¬„™â “√ª√–°Õ∫

‚ª√μ’π∑’Ëª√“°ØÕ¬Ÿà∫πº‘«¢Õß‡ª≈◊Õ°πÕ°¢Õß‰«√—  2 ™π‘¥

§◊Õ Œ’¡·¡°°≈Ÿμ‘π‘π (H) ·≈–π‘«√“¡‘π‘‡¥   (N) „πªí®®ÿ∫—π

‚ª√μ’πŒ’¡·¡°°≈Ÿμ‘π‘π·∫àß‡ªìπ 16 ™π‘¥¬àÕ¬ (H1-H16) ·≈–

π‘«√“¡‘π‘‡¥ ·∫àß‰¥â 9 ™π‘¥ (N1-N9) (Horimoto and Kawaoka,

2005)

‚ª√μ’πŒ’¡·¡°°≈Ÿμ‘π‘π ∑”Àπâ“∑’ËÀ≈—° 2 Õ¬à“ß¥â«¬

°—π§◊Õ 1) ‡ªìπ à«π∑’Ë„™â®—∫°—∫μ—«√—∫∑’Ëº‘«‡´≈≈å·≈– 2) ¡’

Õß§åª√–°Õ∫∑’Ë®”‡ªìπμàÕ°“√‡¢â“ Ÿà‡´≈≈å¢Õß —μ«å∑’Ëμ‘¥‡™◊ÈÕ  à«π

‚ª√μ’ππ‘«√“¡‘π‘‡¥  ∑”Àπâ“∑’Ë‡ªìπ‡ÕÁπ‰´¡å¡’∫∑∫“∑„π°“√

¬àÕ¬μ—«√—∫·≈–∑”„Àâ‡™◊ÈÕ “¡“√∂À≈ÿ¥ÕÕ°®“°º‘«¢Õß‡´≈≈å‰¥â

(Suarez and Schultz-Cherry, 2000)

°“√‡°‘¥°“√°≈“¬æ—π∏ÿå¢Õß‡™◊ÈÕ·∫∫ Antigenic Drift ·≈–

Antigenic Shift

‡π◊ËÕß®“°§ÿ≥ ¡∫—μ‘¢Õß‡™◊ÈÕ‰«√— ∑’Ë¡’ “√æ—π∏ÿ°√√¡

‡ªìπÕ“√å‡ÕÁπ‡Õ °“√·∫àßμ—«·≈–‡æ‘Ë¡®”π«π¢Õß‡™◊ÈÕ‰«√— 

‰¢âÀ«—¥„À≠à®–¢“¥§ÿ≥ ¡∫—μ‘„π°“√μ√«® Õ∫§«“¡∂Ÿ°μâÕß

·≈–·°â‰¢§«“¡º‘¥æ≈“¥„π√–À«à“ß°“√§—¥≈Õ° “¬Õ“√å‡ÕÁπ‡Õ

®÷ß∑”„Àâ¡’‚Õ°“ ‡°‘¥°“√°≈“¬æ—π∏ÿå‰¥â Ÿß ´÷ËßÀ“°‡°‘¥

°“√‡ª≈’Ë¬π·ª≈ß¢Õß°√¥Õ–¡‘‚π‡æ’¬ß∫“ß®ÿ¥∫π‚ª√μ’π∑’Ë

ª√“°ØÕ¬Ÿà∫πº‘«¢Õß‡ª≈◊Õ°πÕ°¢Õß‰«√— ®–∑”„Àâ‡°‘¥°“√

‡ª≈’Ë¬π·ª≈ß·Õπμ‘‡®π¢Õß‰«√—  ´÷ËßÕ“®¡’º≈μàÕ√–∫∫

¿Ÿ¡‘§ÿâ¡°—π¢Õß√à“ß°“¬ ∑”„Àâ —μ«å∑’Ë‡§¬‰¥â√—∫‡™◊ÈÕ¡“°àÕπ

 “¡“√∂μ‘¥‡™◊ÈÕ‰¥âÕ’° °“√‡ª≈’Ë¬π·ª≈ßπ’È‡√’¬°«à“ çAntigenic

Drifté (Stephenson and Zambon, 2002)

 à«π°“√°≈“¬æ—π∏ÿå·∫∫∑’Ë¡’°“√·≈°‡ª≈’Ë¬π™‘Èπ à«π

¢Õß “√æ—π∏ÿ°√√¡√–À«à“ß°—πÀ√◊Õ‡√’¬°«à“ çAntigenic Shifté

‡°‘¥®“°°“√μ‘¥‡™◊ÈÕ‰¢âÀ«—¥„À≠à 2 ™π‘¥„π‚Œ μå‡¥’¬«°—π(√Ÿª∑’Ë

2)  “¡“√∂∑”„Àâ‡°‘¥‡™◊ÈÕ‰«√— ‰¢âÀ«—¥„À≠à “¬æ—π∏ÿå„À¡à∑’Ë¡’

√Ÿª·∫∫¢Õß‚ª√μ’π∑’Ëª√“°ØÕ¬Ÿà∫πº‘«¢Õß‡ª≈◊Õ°πÕ°¢Õß

Neuraminidase

Hemagglutinin

PB1
PB2
PA
HA
NP
NA
MA
NS

√Ÿª∑’Ë 1  · ¥ß‚§√ß √â“ß‡´≈≈å¢Õß‡™◊ÈÕ‰«√— ‰¢âÀ«—¥π°
 (®“° Suarez and Schultz-Cherry, 2000)
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°“√‡ΩÑ“√–«—ß‚√§‰¢âÀ«—¥π° “¬æ—π∏ÿå H5N1 „ππ°∏√√¡™“μ‘

„πª√–‡∑»‰∑¬√–À«à“ßªï 2004 -2007 √–∫ÿ«à“§«“¡™ÿ°¢Õß

°“√μ‘¥‡™◊ÈÕ¥—ß°≈à“«§àÕπ¢â“ßμË” §◊Õª√–¡“≥ 1% ‡∑à“π—Èπ

(Siengsanan et al., 2009)

·À≈àß¢Õß°“√·æ√à‚√§√Õß≈ß¡“®–‡ªìπμ≈“¥§â“ —μ«å

ªï°¡’™’«‘μ ´÷Ëß®–∑”„Àâ —μ«å®“°∑’Ëμà“ßÊ¡“Õ¬Ÿà√«¡°—π ®÷ß “¡“√∂

‡°‘¥°“√μ‘¥‡™◊ÈÕ√–À«à“ß°—π‰¥âßà“¬¢÷Èπ √«¡∑—Èß‡æ‘Ë¡‚Õ°“ „π°“√

·≈°‡ª≈’Ë¬π “√æ—π∏ÿ°√√¡¢Õß‡™◊ÈÕ¡“°¢÷Èπ ®πÕ“®‡°‘¥°“√

°≈“¬æ—π∏ÿå‰¥â (Webster and Hulse, 2004)

°“√μ‘¥‡™◊ÈÕ‰¢âÀ«—¥π°„π¡πÿ…¬å

°àÕπ°“√√–∫“¥¢Õß‰¢âÀ«—¥π° “¬æ—π∏ÿå H5N1 ‡ªìπ

§√—Èß·√°∑’ËŒàÕß°ß„πªï §.». 1997 ‡™◊ËÕ°—π«à“‡™◊ÈÕ‰¢âÀ«—¥π°

 “¬æ—π∏ÿåÕ◊ËπÊ „πÕ¥’μ‰¡à “¡“√∂μ‘¥μàÕ¡“¬—ß¡πÿ…¬å‰¥â‚¥¬μ√ß

·μà°“√√–∫“¥¢Õß‰«√—  H5N1 ¥—ß°≈à“«∑”„Àâ¡’ºŸâªÉ«¬ 6 „π

18 √“¬‡ ’¬™’«‘μ πÕ°®“°‰¢âÀ«—¥π° “¬æ—π∏ÿå H5N1 ·≈â« ¬—ß

æ∫«à“‰¢âÀ«—¥π° “¬æ—π∏ÿåÕ◊Ëπ §◊Õ H7 ·≈– H9 ¡’°“√μ‘¥

¡πÿ…¬å¥—ß· ¥ß„πμ“√“ß∑’Ë 2 ·≈–æ∫«à“‡™◊ÈÕ‰¢âÀ«—¥π° “¡“√∂

μ‘¥μàÕ¡“¬—ß¡πÿ…¬å‰¥â‚¥¬μ√ß ‚¥¬‰¡à®”‡ªìπμâÕßºà“π‚Œ μå

μ—«°≈“ß∑’Ë ”§—≠ §◊Õ  ÿ°√ ‡ªìπμâπ (Reid and Taubenberger,

2003) ™àÕß∑“ßÀ≈—°∑’Ë‡™◊ÈÕ®–μ‘¥¡“¬—ß¡πÿ…¬å §◊Õ ‰¥â√—∫‡™◊ÈÕ

®“°°“√ —¡º— ‚¥¬μ√ß°—∫ —μ«åªÉ«¬ À√◊Õ —¡º—  ‘Ëß¢Õß∑’Ë¡’°“√

ªπ‡ªóôÕπ¢Õß ‘Ëß§—¥À≈—Ëß®“° —μ«åªÉ«¬ °“√°‘π·≈–°“√À“¬„®

‡Õ“‡™◊ÈÕ∑’Ëªπ‡ªóôÕπ°—∫≈–ÕÕß®“°°“√®“¡·≈–‰Õ‡¢â“‰ª

‚¥¬ª°μ‘ °“√μ‘¥‡™◊ÈÕ‰¢âÀ«—¥„À≠à„π¡πÿ…¬å  à«π„À≠à

®–„™âμ—«√—∫ (receptor)∑’Ë‡ªìππÈ”μ“≈ scialic acid α 2, 6-N-

acetylneuraminic acid-galactose  à«π‡™◊ÈÕ‰¢âÀ«—¥„À≠à„π —μ«å

ªï° ¡—°„™âμ—«√—∫™π‘¥ α 2, 3-N-acetylneuraminic acid-

‰«√— ·≈–‚ª√μ’π¿“¬„π∑’Ë ‡ª≈’Ë¬π‰ª®“°‡¥‘¡¡“° ‰¥â¡’

 ¡¡ÿμ‘∞“π«à“À“°‡™◊ÈÕ‰¢âÀ«—¥π°‡°‘¥°“√·≈°‡ª≈’Ë¬π “√

æ—π∏ÿ°√√¡°—∫‡™◊ÈÕ‰¢âÀ«—¥„À≠à¢Õß¡πÿ…¬åÀ√◊Õ‡™◊ÈÕ‰¢âÀ«—¥„À≠à

¢ÕßÀ¡Ÿ °ÁÕ“®‡°‘¥‡ªìπ‡™◊ÈÕ‰¢âÀ«—¥„À≠à “¬æ—π∏ÿå„À¡à ·≈–Õ“®

 “¡“√∂∑”„Àâ‡°‘¥°“√√–∫“¥„π«ß°«â“ß‰¥â ‡π◊ËÕß®“°ª√–™“°√

 à«π„À≠à‰¡à¡’¿Ÿ¡‘μâ“π∑“π∑’Ë®”‡æ“–μàÕ‰«√— ‰¢âÀ«—¥„À≠à∑’Ë

°≈“¬æ—π∏ÿå (Zeitlin and Maslow, 2005)

·À≈àß√—ß‚√§·≈–°“√·æ√à‚√§¢Õß‡™◊ÈÕ‰¢âÀ«—¥π°

‡™◊ÈÕ‰¢âÀ«—¥π° “¡“√∂μ‘¥μàÕ°—π„π°≈ÿà¡ —μ«åªï°‰¥â∑—Èß

∑“ß°“√À“¬„®·≈–°“√°‘π (Swayne, 2000; Tumpey et al.,

2005) ·μà°“√μ‘¥‡™◊ÈÕ à«π„À≠à®–‡ªìπ°“√μ‘¥‚¥¬°“√°‘π¡“°

°«à“°“√À“¬„® (Horimoto and Kawaoka, 2005) ‡™◊ÈÕ‰¢âÀ«—¥

π°¡’·À≈àß√—ß‚√§¡’Õ¬Ÿà 2 ·À≈àßÀ≈—°¥â«¬°—π §◊Õ π°ªÉ“ ·≈–

μ≈“¥ —μ«åªï°¡’™’«‘μ (Tumpey et al., 2005)

π°ªÉ“∂◊Õ‰¥â«à“‡ªìπ·À≈àß√—ß‚√§Õ—π¥—∫Àπ÷Ëß ÷́ËßŒ’¡·¡°

°≈Ÿμ‘π‘π·≈–π‘«√“¡‘π‘‡¥ ∑ÿ°™π‘¥  “¡“√∂μ√«®æ∫‰¥â„ππ°

ªÉ“‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß„π —μ«åªï°®”æ«°π°πÈ” (Alexander,

2000; Stephenson and Zambon, 2002; Tumpey et al., 2005)

°“√μ‘¥‰¢âÀ«—¥π°„ππ°πÈ” ‚¥¬∑—Ë«‰ª ¡—°‰¡à∑”„Àâ‡°‘¥‚√§ ·μà

 “¡“√∂·æ√à°√–®“¬‡™◊ÈÕ‰«√— ‰¥â ∑”„Àâπ°‡À≈à“π’È‡ªìπμ—«·æ√à

‚√§∑’Ë ”§—≠‰ª¬—ß —μ«åªï°∑’Ë¡πÿ…¬å‡≈’È¬ß (Swayne and Halvorson,

2003; Stephenson et al., 2004; Kaye and Pringle, 2005)

·≈–‡ªìπμ—«π”‡™◊ÈÕ®“°ø“√å¡Àπ÷Ëß‰ª¬—ßÕ’°ø“√å¡Àπ÷Ëß‰¥â (Swayne,

2000) Õ¬à“ß‰√°Áμ“¡ „π‡¥◊Õπæƒ…¿“§¡∂÷ß°√°Æ“§¡ 2005

‰¥â‡°‘¥°“√√–∫“¥¢Õß‡™◊ÈÕ‰¢âÀ«—¥π° “¬æ—π∏ÿå H5N1 ¢÷Èπ∑’Ë

∑–‡≈ “∫ Qinghai ª√–‡∑»®’π ‡ªìπº≈„Àâπ°πÈ”μ“¬„π°“√

√–∫“¥§√—Èßπ’ÈÀ≈“¬æ—πμ—« (Zhou et al., 2006) ∑«à“¡’√“¬ß“π

™π‘¥¢Õß°“√√–∫“¥  “‡Àμÿ ¿Ÿ¡‘§ÿâ¡°—π¢Õßª√–™“°√ º≈°√–∑∫

°“√√–∫“¥„π«ß°«â“ß Antigenic Shift : ‡°‘¥®“° ¡’πâÕ¬À√◊Õ‰¡à¡’‡≈¬(®–¡’¿Ÿ¡‘ Õ—μ√“°“√ªÉ«¬·≈–Õ—μ√“°“√μ“¬

°“√Õÿ∫—μ‘¢÷Èπ¢Õß‡™◊ÈÕμ—«„À¡à §ÿâ¡°—π∫“ß à«π„πª√–™“°√  Ÿß„π∑ÿ°°≈ÿà¡ª√–™“°√

(emerging) À√◊Õ °“√°≈—∫¡“ ∑’Ë∑’Õ“¬ÿ¡“°À“°‡°‘¥®“°°“√

√–∫“¥„À¡à¢Õß‡™◊ÈÕ∑’Ë‡§¬ °≈—∫¡“√–∫“¥„À¡à¢Õß‡™◊ÈÕ)

√–∫“¥¡“°àÕπ (Re-emerging)

°“√√–∫“¥„π«ß®”°—¥ Antigenic Drift : ‡°‘¥®“°°“√ ª√–™“°√Õ“¬ÿ¡“°®–¡’¿Ÿ¡‘ Õ—μ√“°“√ªÉ«¬·≈–Õ—μ√“°“√μ“¬

‡ª≈’Ë¬π·ª≈ß¢Õß‡™◊ÈÕ∑’Ë¡’Õ¬Ÿà §ÿâ¡°—π∫“ß à«π®“°‡™◊ÈÕ∑’Ë  Ÿß¡’§«“¡º—π·ª√μ“¡Õ“¬ÿ

·≈â« „°≈â‡§’¬ß°—π ª√–™“°√

μ“√“ß∑’Ë 1 ≈—°…≥–¢Õß°“√√–∫“¥„π«ß°«â“ß·≈–„π«ß®”°—¥¢Õß‡™◊ÈÕ‰¢âÀ«—¥„À≠à (®“° Stephenson et al., 2004)
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galactose ́ ÷Ëßμ—«√—∫¡’§«“¡·μ°μà“ß„π·μà≈–™π‘¥ —μ«å (Stephenson

et al., 2004; Kaye and Pringle, 2005) ·μàÀ¡Ÿ‡ªìπ —μ«å∑’Ë¡’

μ—«√—∫∑—Èß·∫∫∑’Ë‡™◊ÈÕ‰¢âÀ«—¥„À≠à„π¡πÿ…¬å·≈–‰¢âÀ«—¥„À≠à„π

 —μ«åªï°„™â ”À√—∫®—∫‡æ◊ËÕ‡¢â“‡´≈≈å ®÷ß∑”„Àâ¡’‚Õ°“ ∑’ËÀ¡ŸÕ“®

‡°‘¥°“√μ‘¥‡™◊ÈÕ‰¢âÀ«—¥„À≠à¡“°°«à“Àπ÷Ëß “¬æ—π∏ÿå®–‡°‘¥

°“√·≈°‡ª≈’Ë¬π “√æ—π∏ÿ°√√¡√–À«à“ß°—π ·≈–∑”„Àâ‡°‘¥‡™◊ÈÕ

‰¢âÀ«—¥„À≠à “¬æ—π∏ÿå„À¡à  àßº≈„Àâ‚Õ°“ „π°“√‡°‘¥°“√

√–∫“¥„π«ß°«â“ß„π∑—Èß —μ«åªï°·≈–¡πÿ…¬å¡’¡“°¢÷Èπ (Enserink,

2003; Enserink and Kaiser, 2004)

H7N7 1980/ À√—∞Õ‡¡√‘°“ ·¡«πÈ” 3(0) ‡¬◊ËÕ∫ÿμ“¢“«Õ—°‡ ∫

H7N7 1995/ À√“™Õ“≥“®—°√ ‡ªì¥‡≈’È¬ß 1(0) ‡¬◊ËÕ∫ÿμ“¢“«Õ—°‡ ∫

H5N1(HPAI) Clade 0 1997/ŒàÕß°ß  —μ«åªï°‡≈’È¬ß 18(6) ¿“«–‡®Á∫ªÉ«¬§≈â“¬

‰¢âÀ«—¥„À≠à ª«¥∫«¡

H9N2(LPAI) 1999/ŒàÕß°ß ‰¡à√–∫ÿ 2(0) ¿“«–‡®Á∫ªÉ«¬§≈â“¬

‰¢âÀ«—¥„À≠à

H9N2(LPAI) 1998/®’π  —μ«åªï°‡≈’È¬ß 5(0) ¿“«–‡®Á∫ªÉ«¬§≈â“¬

‰¢âÀ«—¥„À≠à

H7N7(HPAI) 2003/‡π‡∏Õ√å·≈π¥å  —μ«åªï°‡≈’È¬ß 89(1) ‡¬◊ËÕ∫ÿμ“¢“«Õ—°‡ ∫¿“«–

‡®Á∫ªÉ«¬§≈â“¬‰¢âÀ«—¥„À≠à

ª«¥∫«¡

H5N1(HPAI) Clade 1 2003/ŒàÕß°ß ‰¡à√–∫ÿ 2(1) ªÕ¥∫«¡

(‡æ‘Ëß‡¥‘π∑“ß°≈—∫®“° (¡’Õ’° 1 √“¬∑’Ë‡°’Ë¬«¢âÕß

øŸ‡®’¬π ®’π) μ“¬„πøŸ‡®’¬π)

H5N1(HPAI) Clade 7 2003/®’π ‰¡à√–∫ÿ 1(1) ªÕ¥∫«¡

H9N2(LPAI) 2003/ŒàÕß°ß ‰¡à√–∫ÿ 1(0) ¿“«–‡®Á∫ªÉ«¬§≈â“¬

‰¢âÀ«—¥„À≠à

H7N2(LPAI) 2003/ À√—∞Õ‡¡√‘°“  —μ«åªï°‡≈’È¬ß 1(0) μ‘¥‡™◊ÈÕ∑—Èß∑“ß‡¥‘πÀ“¬„®

 à«π∫π·≈– à«π≈à“ß

H7N2(LPAI) 2002/ À√—∞Õ‡¡√‘°“ ‰°àß«ß 1(0) ¿“«–‡®Á∫ªÉ«¬§≈â“¬

‰¢âÀ«—¥„À≠à

H7N3 2004/·§π“¥“  —μ«åªï°‡≈’È¬ß 2(0) ‡¬◊ËÕ∫ÿμ“¢“«Õ—°‡ ∫

H9N2(LPAI) 2007/ŒàÕß°ß ‰¡à√–∫ÿ 1(0) ¿“«–‡®Á∫ªÉ«¬§≈â“¬

‰¢âÀ«—¥„À≠à

H7N3(LPAI) 2006/ À√“™Õ“≥“®—°√  —μ«åªï°‡≈’È¬ß 1(0) ‡¬◊ËÕ∫ÿμ“¢“«Õ—°‡ ∫

H7N2(LPAI) 2007/ À√“™Õ“≥“®—°√  —μ«åªï°‡≈’È¬ß 1(0) ‡¬◊ËÕ∫ÿμ“¢“«Õ—°‡ ∫

H5N1(HPAI) ∏—π«“§¡ 2003 ∂÷ß √–∫ÿ„π Malik, 2009 387(245) √–∫ÿ„π Malik, 2009

Clade 1,2.1,2.2,2.3.4 10 °—π¬“¬π 2008, „π

15 ª√–‡∑»„π‡Õ‡™’¬·≈–

·Õø√‘°“

μ“√“ß∑’Ë 2 °“√μ‘¥‡™◊ÈÕ‰¢âÀ«—¥π°„π¡πÿ…¬å (®“° Malik, 2009)

 “¬æ—π∏ÿå¬àÕ¬ ªï/ ∂“π∑’Ë ·À≈àß∑’Ë¡“¢Õß‡™◊ÈÕ ®”π«πºŸâμ‘¥‡™◊ÈÕ (μ“¬) Õ“°“√∑“ß§≈‘π‘°
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§«“¡ —¡æ—π∏å¢Õß‰¢âÀ«—¥π°°—∫°“√√–∫“¥¢Õß‰¢âÀ«—¥„À≠à

„π¡πÿ…¬å

„π»μ«√√…∑’Ë 20 æ∫°“√√–∫“¥„À≠à (pandemic)

¢Õß‰¢âÀ«—¥„À≠à„π¡πÿ…¬å‡æ’¬ß 3 §√—Èß ‰¥â·°à §√—Èß·√°‡ªìπ

°“√√–∫“¥§√—Èß„À≠à∑’Ë ÿ¥„πª√–«—μ‘»“ μ√å ‡√’¬°«à“ ‰¢âÀ«—¥

„À≠à ‡ªπ (§.».1918-1919)  ‡°‘¥®“°‡™◊ÈÕ‰¢âÀ«—¥„À≠à “¬æ—π∏ÿå

H1N1 °“√√–∫“¥§√—Èßπ’È∑”„Àâ¡’ºŸâ‡ ’¬™’«‘μ∑—Ë«‚≈°ª√–¡“≥ 40

≈â“π§π (Horimoto and Kawaoka, 2005)  “‡Àμÿ¢Õß°“√

√–∫“¥„π§√—Èßπ’È¬—ß‰¡à‡ªìπ∑’Ë·πà™—¥ Taubenberger et al. (2005)

‰¥â‡ πÕ«à“‡™◊ÈÕ∑’Ë‡°‘¥°“√√–∫“¥„πªï 1918 ‡ªìπ‡™◊ÈÕ∑’Ë¡“®“°

 —μ«åªï° ·μà°Á¡’°“√»÷°…“Õ◊Ëπ∑’Ë‚μâ·¬âß«à“‡™◊ÈÕ¥—ß°≈à“«¡’§«“¡

 —¡æ—π∏å„°≈â™‘¥°—∫‡™◊ÈÕ‰¢âÀ«—¥„À≠à„π ÿ°√ (çClassicé Swine

Influenza virus) (Vana and Westover, 2008)

°“√√–∫“¥„À≠à§√—Èß∑’Ë Õß ‡√’¬°«à“ ‰¢âÀ«—¥„À≠à‡Õ‡™’¬

(Reid and Taubenberger, 2003) ‡°‘¥°“√√–∫“¥®“°‡™◊ÈÕ

‰¢âÀ«—¥„À≠à “¬æ—π∏ÿå H2N2 ‚¥¬∑’Ë‡™◊ÈÕπ’È¡’™‘Èπ à«π∑“ß

æ—π∏ÿ°√√¡∑’Ë¡“®“°‰¢âÀ«—¥„À≠à®“° —μ«åªï° 3 ™π‘¥¥â«¬°—π §◊Õ

Œ’¡·¡°°≈Ÿμ‘π‘π, π‘«√“¡‘π‘‡¥   ·≈– Polymerase basic protein

1 gene (PB1)  à«π™‘Èπ à«π∑“ßæ—π∏ÿ°√√¡Õ◊ËπÊ ®–¡“®“°

‰¢âÀ«—¥„À≠à„π¡πÿ…¬å ·≈–°“√√–∫“¥„À≠à§√—Èß ÿ¥∑â“¬ §◊Õ

‰¢âÀ«—¥ŒàÕß°ß „πªï 1968 ‡°‘¥®“°‡™◊ÈÕ‰¢âÀ«—¥„À≠à “¬æ—π∏ÿå

H3N2 °“√√–∫“¥„π§√—Èßπ’È¡’™‘Èπ à«π∑“ßæ—π∏ÿ°√√¡∑’Ë¡“®“°

‰¢âÀ«—¥„À≠à®“° —μ«åªï°‡æ’¬ß 2 ™π‘¥ §◊Õ Œ’¡·¡°°≈Ÿμ‘π‘π

·≈– PB1  ”À√—∫™‘Èπ à«π∑“ßæ—π∏ÿ°√√¡Õ◊ËπÊ¡“®“°‰¢âÀ«—¥

„À≠à„π¡πÿ…¬å‡™àπ‡¥’¬«°—∫ H2N2 (Horimoto and Kawaoka,

2005)

°“√√–∫“¥„À≠à∑—Èß 3 §√—Èßπ’È ‡°‘¥®“°‡™◊ÈÕ°≈“¬æ—π∏ÿå·∫∫

Antigenic Shift ∑—Èß ‘Èπ (Williams et al., 2002) ‡ªìπº≈

∑”„Àâ‡°‘¥‡™◊ÈÕ‰«√—  “¬æ—π∏ÿå∑’Ë¡πÿ…¬å‰¡à‡§¬ —¡º— ¡“°àÕπ

¥—ßπ—Èπª√–™“°√¡πÿ…¬å®÷ß‰¡à¡’¿Ÿ¡‘μâ“π∑“πμàÕ‡™◊ÈÕ ‡ªìπº≈„Àâ

‡°‘¥°“√√–∫“¥„π«ß°«â“ßμ“¡¡“ ÷́Ëß∑”„ÀâÕ—μ√“°“√ªÉ«¬·≈–

Õ—μ√“°“√μ“¬ Ÿß (Suarez, 2000a) ¥—ßπ—ÈπÀ“°‡°‘¥ Antigenic

Shift ‰¥â‡™◊ÈÕ‰«√— ≈Ÿ°º ¡°—∫‡™◊ÈÕ∑’Ë°”≈—ß√–∫“¥Õ¬Ÿà„πªí®®ÿ∫—π

§◊Õ H5N1 H7N7 ·≈– H9N2 „πÕπ“§μ°ÁÕ“®®–∑”„Àâ‡°‘¥

‡Àμÿ°“√≥å‡À¡◊Õπ„πÕ¥’μ∑—Èß 3 §√—Èß°Á‡ªìπ‰¥â

«—§´’π‰¢âÀ«—¥π°„π —μ«åªï°

°“√√–∫“¥¢Õß‰¢âÀ«—¥π° “¬æ—π∏ÿå H5N1 „πªï 2004

∑”„Àâ‡°‘¥§«“¡μ√–Àπ—°∂÷ß§«“¡®”‡ªìπ„π°“√„™â«—§´’π„π

 —μ«åªï°¬‘Ëß¢÷Èπ(Stephenson et al., 2004) ‡π◊ËÕß®“°°“√∑”

«—§´’π‡ªìπ«‘∏’∑’Ë¥’∑’Ë ÿ¥„π°“√ªÑÕß°—π·≈–§«∫§ÿ¡‚√§ (Lee

et al., 2004; Schwartz and Gellin, 2005) ‡π◊ËÕß¥â«¬¬“μâ“π

‰«√— ∑’Ë„™â„π¡πÿ…¬åÕ¬à“ß‡™àπ Õ–·¡πμ“¥’π·≈–‰√·¡πμ“¥’π

¡’√“§“ Ÿß¡“° ·≈–‡™◊ÈÕ∫“ß “¬æ—π∏ÿå„πªí®®ÿ∫—π‡°‘¥°“√¥◊ÈÕ¬“

„π°≈ÿà¡π’È·≈â« πÕ°®“°π’È ¬—ß‰¡à¡’¢âÕ∫àß„™â·≈–°“√∑¥ Õ∫

ª√– ‘∑∏‘¿“æ„π —μ«å (Swayne, 2000) «—§´’π “¡“√∂

°√–μÿâπ√–∫∫¿Ÿ¡‘§ÿâ¡°—π¢Õß√à“ß°“¬‚¥¬Õ“»—¬‚ª√μ’π∫π

‡ª≈◊Õ°πÕ°¢Õß‰«√—  ‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß Œ’¡·¡°°≈Ÿμ‘π‘π ·≈–

π‘«√“¡‘π‘‡¥ ¡’ à«π√à«¡¥â«¬ °“√°√–μÿâπ¿Ÿ¡‘§ÿâ¡°—π¥—ß°≈à“«

‡ªìπ°“√°√–μÿâπ¿Ÿ¡‘§ÿâ¡°—π∑’Ë®”‡æ“–μàÕ “¬æ—π∏ÿå∑’Ë∑”«—§´’π

‡∑à“π—Èπ ‰¡à “¡“√§ÿâ¡°—π¢â“¡ “¬æ—π∏ÿå‰¥â (Beard, 2000)

®÷ß‡ªìπ¢âÕ®”°—¥∑’Ë ”§—≠ª√–°“√Àπ÷Ëß §◊Õ μâÕß∑”«—§´’πμàÕ

Œ’¡·¡°°≈Ÿμ‘π‘π·≈–π‘«√“¡‘π‘‡¥ À≈“¬°≈ÿà¡®“°‰«√— À≈“¬

 “¬æ—π∏ÿå ¬°μ—«Õ¬à“ß‡™àπ °√≥’°“√√–∫“¥¢Õß‰¢âÀ«—¥π° „π

‰°àß«ß ®”π«π 26 ΩŸß ∑’Ë√—∞¡‘ππ‘‚´μ“ ª√–‡∑» À√—∞Õ‡¡√‘°“

∑’Ë®”‡ªìπμâÕß∑”«—§´’π∑’Ë·μ°μà“ß°—π 4 ™π‘¥ ‡æ◊ËÕ„Àâ§√Õ∫§≈ÿ¡

‡™◊ÈÕ‰¢âÀ«—¥π°∑’Ë¡’ “√ª√–°Õ∫‚ª√μ’π™π‘¥Œ’¡·¡°°≈Ÿμ‘π‘π

·μ°μà“ß°—πÕ¬à“ßπâÕ¬ 6  “¬æ—π∏ÿå ¥—ßπ—Èπ‡ªÑ“À¡“¬¢Õß°“√

æ—≤π“«—§´’π°Á§◊Õ °“√º≈‘μ«—§´’π∑’Ë “¡“√∂ªÑÕß°—π°“√‡°‘¥

‚√§®“°∑ÿ° “¬æ—π∏ÿå‰¥â ´÷Ëß„πªí®®ÿ∫—π¬—ß‰¡à¡’«—§´’π¥—ß°≈à“«

(Suarez and Schultz-Cherry, 2000) Õ¬à“ß‰√°Áμ“¡ «—§´’π

‰¢âÀ«—¥„À≠à„π —μ«åªï°∑’Ë¡’„™â°—πÕ¬Ÿà„πªí®®ÿ∫—π ‰¥â·°à

√Ÿª∑’Ë 2  · ¥ß∫∑∫“∑¢ÕßÀ¡Ÿ∑’ËÕ“®‡ªìπμ—«°≈“ß„π°“√
·≈°‡ª≈’Ë¬π “√æ—π∏ÿ°√√¡√–À«à“ß‡™◊ÈÕ‰¢âÀ«—¥„À≠à„π —μ«åªï°
·≈–¡πÿ…¬å ·≈–‡°‘¥‡ªìπ‡™◊ÈÕ‰«√—  “¬æ—π∏ÿå„À¡à ®π∑”„Àâ‡°‘¥
°“√√–∫“¥‡ªìπ«ß°«â“ß„π¡πÿ…¬å‰¥â
(®“° http://www.hsph.harvard.edu/review/rvw_winter06/
rvwwinter06_flucatchers.html)
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1) «—§´’π‡™◊ÈÕμ“¬ (Whole inactivated virus Vaccines)

‡ªìπ«—§´’π∑’Ë¡’°“√æ—≤π“·≈–„™â°—π¡“‡ªìπ‡«≈“π“π·≈–¬—ß„™â

‡ªìπ™π‘¥À≈—°„πªí®®ÿ∫—π ‚¥¬«—§ ’́π™π‘¥π’È®–°√–μÿâπ¿Ÿ¡‘§ÿâ¡°—π

‚¥¬„™â‰«√— ∑’Ë∂Ÿ°∑”„Àâμ“¬·≈â«∑—Èßμ—« ÷́Ëß«—§ ’́π™π‘¥π’È®–

 “¡“√∂°√–μÿâπ¿Ÿ¡‘§ÿâ¡°—π™π‘¥ “√πÈ” (Humoral immunity)

‰¥â¥’ ·μà®–°√–μÿâπ¿Ÿ¡‘§ÿâ¡°—π™π‘¥æ÷Ëß‡´≈≈å (Cell-Mediated

immunity) ‰¥âπâÕ¬ ¢âÕ‡ ’¬∑’Ë ”§—≠∑’Ë ÿ¥¢Õß«—§´’π™π‘¥π’È°Á§◊Õ

À“°‡≈◊Õ°„™â™π‘¥¢Õß‰«√—  ”À√—∫º≈‘μ«—§ ’́π‡ªìπ™π‘¥‡¥’¬«

°—∫∑’Ë√–∫“¥„πæ◊Èπ∑’Ë®–‰¡à “¡“√∂·¬°§«“¡·μ°μà“ß√–À«à“ß

 —μ«å∑’Ëμ‘¥‚√§μ“¡∏√√¡™“μ‘°—∫ —μ«å∑’Ë∑”«—§ ’́π‰¥â ®÷ß∑”„Àâ

π—°√–∫“¥«‘∑¬“ ◊∫ «π·≈–μ‘¥μ“¡‚√§‰¥â¬“°¢÷Èπ (Suarez,

2000b; Fuchs, 2009)

2) «—§´’π™π‘¥μ—¥μàÕ¬’π‡¢â“ Ÿà ‡™◊ÈÕæ“À–(Vectored

recombinant vaccine) ‡ªìπ«—§ ’́π∑’Ëπ”¬’π‡æ’¬ß™π‘¥‡¥’¬«¡“

„™â„π°“√°√–μÿâπ¿Ÿ¡‘§ÿâ¡‚√§ ∑’Ëπ‘¬¡„™â®–‡ªìπ™π‘¥∑’Ë¡’°“√μ—¥μàÕ

‡¢â“°—∫¬’π¢Õßμ—«æ“ (Vectored recombinant vaccine) ÷́Ëßμ—«

æ“Õ“®®–‡ªìπ ·∫§∑’‡√’¬ æ≈“ ¡‘¥ À√◊Õ‰«√—   ”À√—∫¬’π¢Õß

‰«√— ‰¢âÀ«—¥π°∑’Ëπ”¡“μ—¥μàÕ·≈– “¡“√∂°√–μÿâπ¿Ÿ¡‘§ÿâ¡°—π

‰¥â¥’®–‡ªìπŒ’¡·¡°°≈Ÿμ‘π‘π ‚¥¬∑—Ë«‰ª∑’Ë¡’°“√º≈‘μ·≈–„™âÕ¬à“ß

°«â“ß¢«“ß®–‡ªìπ Fowlpox Vector Recombinant Vaccines

´÷Ëß„™â Fowlpox virus ‡ªìπμ—«æ“Œ’¡·¡°°≈Ÿμ‘π‘π¢Õß‰«√— 

‰¢âÀ«—¥π°‡¢â“‰ª°√–μÿâπ¿Ÿ¡‘§ÿâ¡°—π «—§ ’́π™π‘¥π’È‰¥â√—∫°“√

Õπÿ≠“μ·≈–ª√– ∫§«“¡ ”‡√Á®„π°“√„™â∑’Ë À√—∞Õ‡¡√‘°“

‡¡Á°´‘‚°·≈–Õ’°À≈“¬ª√–‡∑» (Beard, 2000; Suarez, 2000a;

2005) ¢âÕ¥’¢Õß«—§ ’́π™π‘¥π’È §◊Õ  “¡“√∂·¬°§«“¡·μ°μà“ß

√–À«à“ß —μ«å∑’Ëμ‘¥‡™◊ÈÕ‚¥¬∏√√¡™“μ‘°—∫ —μ«å∑’Ëμ‘¥‡™◊ÈÕ‚¥¬°“√

∑”«—§´’π‰¥â ·μà¢âÕ‡ ’¬¢Õß«—§´’π™π‘¥π’È°Á§◊Õ À“° —μ«å‡§¬

μ‘¥‡™◊ÈÕ∑’Ë„™â‡ªìπμ—«æ“À–¡“°àÕπ ‡™àπ Fowlpox ®–∑”„Àâ°“√

ªÑÕß°—π‰¢âÀ«—¥π°„™â‰¡à‰¥âº≈‰ª¥â«¬(Suarez and Schultz-

Cherry, 2000)

ªí®®ÿ∫—π‰¥â¡’°“√æ—≤π“‡∑§π‘§„À¡à ”À√—∫°“√∑”

«—§´’ππ—Ëπ§◊Õ DIVA (Differentiating Infected from

Vaccinated Animals) ‡∑§π‘§π’È®–™à«¬„Àâ “¡“√∂·¬°·¬–

√–À«à“ß —μ«å∑’Ëμ‘¥‡™◊ÈÕ‚¥¬∏√√¡™“μ‘°—∫ —μ«å∑’Ëμ‘¥‡™◊ÈÕ‚¥¬°“√

∑”«—§´’π‰¥â (Capua et al., 2004) ‚¥¬ª√–‡∑»Õ‘μ“≈’‡§¬„™â

·≈–ª√– ∫§«“¡ ”‡√Á®„π°“√§«∫§ÿ¡°“√√–∫“¥¢Õß‰¢âÀ«—¥

π° “¬æ—π∏ÿå H7N1 ‚¥¬„™â«—§ ’́π‡™◊ÈÕμ“¬ (Whole inactivated

virus Vaccines) ∑’Ëº≈‘μ®“°‡™◊ÈÕ‰¢âÀ«—¥π° “¬æ—π∏ÿå H7N3 ·μà

¢âÕ®”°—¥¢Õß«‘∏’π’È§◊Õ «—§´’πμàÕ°“√√–∫“¥∑’Ë¡’§«“¡ Õ¥§≈âÕß

°—π¢ÕßŒ’¡·¡°°≈Ÿμ‘π‘π·≈–π‘«√“¡‘π‘‡¥ ¡’Õ¬ŸàπâÕ¬ ·≈–®“°

°“√∑¥≈Õßæ∫«à“ ‡™◊ÈÕ‰¢âÀ«—¥π°∑’Ë¡’Œ’¡·¡°°≈Ÿμ‘π‘π ‡À¡◊Õπ

°—π “¡“√∂π”‰ª∑”‡ªìπ«—§´’π‰¥â ·μà®“°°“√„™â®√‘ßæ∫«à“

ª√– ‘∑∏‘¿“æ¢Õß°“√„™â≈¥≈ß°«à“‡¥‘¡ ‡¡◊ËÕ¡’°“√„™â°—∫‡™◊ÈÕ

∑’Ë¡’Œ’¡·¡°°≈Ÿμ‘π‘π‡À¡◊Õπ°—π·μàπ‘«√“¡‘π‘‡¥ μà“ß°—π ‡æ◊ËÕ·°â

ªí≠À“¥—ß°≈à“«®÷ß¡’°“√„™â√–∫∫ Reverse Genetics ‡¢â“¡“™à«¬

„π°“√§—¥‡≈◊Õ°Œ’¡·¡°°≈Ÿμ‘π‘π·≈–π‘«√“¡‘π‘‡¥  ∑’Ë‡À¡“– ¡

„π°“√∑”«—§´’π„Àâ¡’ª√– ‘∑∏‘¿“æ Ÿß ÿ¥ ·≈–„πÕπ“§μ§“¥

«à“ «—§´’π™π‘¥π’È®–∂Ÿ°π”‰ª„™â„π°“√§«∫§ÿ¡°“√√–∫“¥¡“°

¢÷Èπ (Capua et al., 2004; Lee et al., 2004)

°“√„™â«—§´’π„π —μ«åªï°°—∫°“√°≈“¬æ—π∏ÿå¢Õß‡™◊ÈÕ‰¢âÀ«—¥π°

‡ªìπ∑’Ë∑√“∫°—π¥’Õ¬Ÿà·≈â««à“°“√„™â«—§´’π‰¢âÀ«—¥π°„π

 —μ«åªï° ®–∑”„Àâ —μ«å‰¡à· ¥ßÕ“°“√¢Õß‚√§ ·μà‡¡◊ËÕ —μ«å‰¥â

√—∫‡™◊ÈÕ ‡™◊ÈÕ¥—ß°≈à“«°Á¬—ß “¡“√∂∑’Ë®–μ‘¥·≈–·ΩßÕ¬Ÿà„π —μ«åªï°

π—Èπ ·≈–∂â“ —μ«å‰¥â√—∫‡™◊ÈÕ‰¢âÀ«—¥π° “¬æ—π∏ÿåÕ◊Ëπ√à«¡¥â«¬ °Á

Õ“®®–∑”„Àâ‡°‘¥°“√·≈°‡ª≈’Ë¬π “√æ—π∏ÿ°√√¡√–À«à“ß°—π Õ—π

®–π”‰ª Ÿà°“√°≈“¬æ—π∏ÿå¢Õß‡™◊ÈÕμàÕ‰ª‰¥â

μ—Èß·μàªï 2004 ∂÷ß 2008 ª√–‡∑»®’π‰¥â¡’°“√„™â

«—§´’π™π‘¥ Whole-virus inactivated vaccine Recombinant

fowlpox vaccine ·≈– Recombinant Newcastle disease virus

vaccine ‰ª°«à“ 55,000 ≈â“π‚¥â  ‡æ◊ËÕ§«∫§ÿ¡°“√√–∫“¥

¢Õß‡™◊ÈÕ‰¢âÀ«—¥π° “¬æ—π∏ÿå H5N1 √à«¡°—∫°“√∑”≈“¬ —μ«åªï°

„πæ◊Èπ∑’Ë‡°‘¥‚√§ ¡“μ√°“√¥—ß°≈à“« “¡“√∂∑”„ÀâÕÿ∫—μ‘°“√≥å

¢Õßμ‘¥‡™◊ÈÕ‰¢âÀ«—¥π° “¬æ—π∏ÿå H5N1 „π —μ«åªï°‡≈’È¬ß

®”π«π‰«√— „π ‘Ëß·«¥≈âÕ¡·≈–®”π«π§πªÉ«¬®“°°“√μ‘¥

‡™◊ÈÕ™π‘¥π’È≈¥≈ß ·μàªí≠À“Àπ÷Ëß°Á§◊Õ ®’π®–¬—ß‰¡à “¡“√∂°”®—¥

‡™◊ÈÕ∑’Ë§ß§â“ßÕ¬Ÿà„π —μ«åªï°„ÀâÀ¡¥‰ª‰¥â®“°°“√„™â¡“μ√°“√π’È

(Chen, 2009a; 2009b)

ª√–‡∑»Õ‘μ“≈’‰¥âπ”«—§´’π·∫∫ DIVA ¡“„™â„π°“√

§«∫§ÿ¡°“√√–∫“¥¢Õß‡™◊ÈÕ‰¢âÀ«—¥π°μ—Èß·μàªï 2000 ·≈–¡’

°“√„™âÕ’°À≈“¬§√—Èß®π∂÷ß‡¥◊Õπ¡’π“§¡ 2008 ®π∑”„Àâ

 “¡“√∂°”®—¥ (eradicate) ‡™◊ÈÕ‰¢âÀ«—¥π°·∫∫§«“¡√ÿπ·√ßμË”

(low pathogenic)  “¬æ—π∏ÿå H7N1 H7N3 ·≈– H5N2 ÕÕ°

‰ª®“°ª√–‡∑»‰¥â ª√–‡∑»Õ‘μ“≈’¬—ß‡ªìπª√–‡∑»·√°∑’Ë¡’°“√„™â

‚ª√·°√¡«—§´’π√à«¡ H5/H7 (bivalent H5/H7 prophylactic

vaccination program) ·μà‰¥âÀ¬ÿ¥‰ª„π‡¥◊Õπ∏—π«“§¡ 2006

πÕ°®“°π’È ª√–‡∑»Ω√—Ëß‡» ·≈–‡π‡∏Õ√å·≈π¥å‡ªìπÕ’° Õß

ª√–‡∑»„π¬ÿ‚√ª∑’Ë¡’°“√π”«—§´’π‰¢âÀ«—¥π°¡“„™â ‡π◊ËÕß®“°

¡’°“√√–∫“¥¢Õß‡™◊ÈÕ‰¢âÀ«—¥π° “¬æ—π∏ÿå H5N1 „π¬ÿ‚√ª„π

ªï 2005 ·≈–2006 ·μà‡πâπ°≈ÿà¡ª√–™“°√‡ªÑ“À¡“¬μà“ß®“°
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¢Õßª√–‡∑»Õ‘μ“≈’·≈–∑”„π√–¬–‡«≈“Õ—π —Èπ ®“°¢âÕ¡Ÿ≈°“√

„™â«—§ ’́π‰¢âÀ«—¥π°„πª√–‡∑»Õ‘μ“≈’‡ªìπ‡«≈“ 6 ªï μ—Èß·μàªï

2000 ∂÷ßªï 2006 · ¥ß„Àâ‡ÀÁπ«à“ °“√„™â«—§´’πμàÕ‡™◊ÈÕ

‰¢âÀ«—¥π°‡ªìπ¡“μ√°“√∑’Ë¥’„π°“√§«∫§ÿ¡·≈–ªÑÕß°—π°“√

·æ√à√–∫“¥¢Õß‡™◊ÈÕ ·≈–ª√–‡∑»Õ‘μ“≈’‰¥â„™â¡“μ√°“√π’ÈÕ¬à“ß

¬◊¥À¬ÿàπ®÷ß∑”„Àâ°“√§â“√–À«à“ßª√–‡∑»¬—ß§ß¥”‡π‘π‰ª‰¥â

(Marangon et al., 2004; Capua and Marangon, 2007;

Capua et al., 2009)

Õ¬à“ß‰√°Áμ“¡ ª√–‡∑»‡¡Á° ‘́‚°‰¥â¡’°“√„™â«—§´’πμàÕ

‡™◊ÈÕ‰¢âÀ«—¥π° “¬æ—π∏ÿå H5N2 ‡ªìπ‡«≈“π“π 7 ªïμ‘¥μàÕ°—π

·≈â«∑”„Àâ‡™◊ÈÕ‡°‘¥°“√°≈“¬æ—π∏ÿå·∫∫ Antigenic Drift ·¡â«à“

«—§´’π¬—ß§ß “¡“√∂ªÑÕß°—π°“√‡°‘¥‚√§‰¥â ·μà‰¡à “¡“√∂

ªÑÕß°—π°“√·æ√à‡™◊ÈÕ‰¥âÕ¬à“ß ¡∫Ÿ√≥å ∑”„Àâ¬—ß§ß¡’°“√√–∫“¥

∑—Èß„πª√–‡∑»‡¡Á°´‘‚°‡Õß √«¡∑—Èßª√–‡∑»‡æ◊ËÕπ∫â“π §◊Õ

°—«‡μ¡“≈“·≈–‡Õ≈´“«“¥Õ√å (Normile, 2004)

®–‡ÀÁπ‰¥â«à“°“√„™â«—§´’π„π —μ«åªï° “¡“√∂§«∫§ÿ¡

°“√√–∫“¥‰¥â ·μà°Á‡ªìπªí®®—¬‚πâ¡π”„Àâ‡°‘¥°“√°≈“¬æ—π∏ÿå

‡æ◊ËÕÀ≈∫‡≈’Ë¬ß√–∫∫¿Ÿ¡‘§ÿâ¡°—π¢Õß‚Œ μå‰¥â‡™àπ°—π ´÷Ëß®–μâÕß

„™â√–¬–‡«≈“„π°“√‡ΩÑ“√–«—ß·≈–μ‘¥μ“¡°“√°≈“¬æ—π∏ÿå ®“°

°“√»÷°…“°“√„™â«—§´’π√–¥—∫¡À¿“§ (Massive Vaccination)

‚¥¬‰¡à¡’¡“μ√°“√Õ◊Ëπ„π°“√§«∫§ÿ¡ ¡’‚Õ°“ ∑”„Àâ‡™◊ÈÕÕ¬Ÿà„π

 —μ«åªï°‰¥â‡ªìπ®”π«π¡“°·≈–π“π¢÷Èπ ‡ªìπº≈∑”„Àâ‚Õ°“ 

„π°“√°≈“¬æ—π∏ÿå®π∂÷ß¢—Èπ‡°‘¥°“√√–∫“¥„π«ß°«â“ß¡’¡“°¢÷Èπ

·≈–Õ“®‡°‘¥°“√√–∫“¥¢â“¡¡“¬—ß¡πÿ…¬å‰¥â (Lee et al., 2004)

∫∑ √ÿª·≈–·π«∑“ß„π°“√„™â«—§ ’́π‡æ◊ËÕ≈¥‚Õ°“ ‡°‘¥°“√

√–∫“¥¢â“¡‰ª¬—ß¡πÿ…¬å

°“√∑”≈“¬ —μ«åªÉ«¬‚¥¬¢’¥«ß√Õ∫°“√√–∫“¥ π—∫«à“

‡ªìπ«‘∏’∑’Ë™à«¬„π°“√§«∫§ÿ¡°“√√–∫“¥∑’Ë¥’ ÷́Ëß°“√∑”≈“¬

 —μ«åªÉ«¬„π ∂“π°“√≥å°“√√–∫“¥·∫∫®”°—¥æ◊Èπ∑’Ë Õ“®®–‡ªìπ

μ—«‡≈◊Õ°∑’Ë¥’°«à“°“√„™â«—§´’π (¡√°μ·≈–ÕâÕ¡„® 2548) ·μà

‡π◊ËÕß®“°®–∑”„Àâ‡°‘¥§«“¡ Ÿ≠‡ ’¬∑“ß‡»√…∞°‘®‡ªìπ®”π«π

¡“° À≈“¬ª√–‡∑»®÷ßμ—¥ ‘π„®„™â«—§ ’́π„π —μ«åªï° ·≈–‡ªìπ∑’Ë

πà“ —ß‡°μ«à“ ·¡â«—§´’π®–ªÑÕß°—π°“√‡°‘¥‚√§‰¥â ·μà°“√√–∫“¥

§√—Èß„À¡à°Á¬—ß§ß‡°‘¥¢÷ÈπÕ¬Ÿà (Suarez and Schultz-Cherry, 2000)

∑—Èßπ’Èπà“®–¡“®“°°“√∑’Ëμ—«‡™◊ÈÕ‰¢âÀ«—¥π°¡’§«“¡ “¡“√∂„π

°“√°≈“¬æ—π∏ÿå‰¥âμ≈Õ¥‡«≈“ ¥—ßπ—Èπ∂â“®”‡ªìπ®–μâÕß„™â«—§´’π

®–μâÕß¡’¡“μ√°“√°“√μ‘¥μ“¡°“√°≈“¬æ—π∏ÿå °“√‡ΩÑ“√–«—ß ·≈–

‡≈◊Õ°„™â«—§´’π∑’Ëμ√ß°—∫ “¬æ—π∏ÿå∑’Ë√–∫“¥Õ¬Ÿà ‡æ√“–«—§´’π

·μà≈–™π‘¥‰¡à “¡“√∂ªÑÕß°—π°“√‡°‘¥‚√§¢â“¡ “¬æ—π∏ÿå‰¥â

‡æ◊ËÕ≈¥‚Õ°“ °“√·æ√à‡™◊ÈÕ ·≈–°“√√–∫“¥¢â“¡¡“¬—ß¡πÿ…¬å

(Monto, 2005; Bruschke et al., 2009) «—§´’π∑’Ë¡’

ª√– ‘∑∏‘¿“æ∑’Ë ÿ¥„πªí®®ÿ∫—π §◊Õ «—§´’π∑’Ë‡°‘¥®“°√–∫∫

Reverse Genetics ´÷Ëß “¡“√∂∑”„Àâ‰¥â«—§´’πμàÕ “¬æ—π∏ÿå∑’Ë

√–∫“¥Õ¬à“ß∑—π∑à«ß∑’ ‚¥¬®–¡’°“√æ—≤π“‡æ◊ËÕ„Àâ√“§“∂Ÿ°≈ß

·≈–„™â„π°“√§«∫§ÿ¡°“√√–∫“¥μàÕ‰ª(Swayne, 2003) °“√

∑”«—§´’πÕ¬à“ß‡¥’¬«‰¡à‡æ’¬ßæÕμàÕ°“√§«∫§ÿ¡°“√√–∫“¥·≈–

°“√°≈“¬æ—π∏ÿå ®–μâÕßÕ“»—¬°“√∑”≈“¬ —μ«åªÉ«¬ °“√„™âÀ≈—°

¢Õß§«“¡ª≈Õ¥¿—¬∑“ß™’«¿“æ√à«¡¥â«¬ (Takada et al., 1999;

Frame, 2000) ÷́Ëß‰¥â·°à √–∫∫°“√ªÑÕß°—π·≈–§«∫§ÿ¡‚√§

„πø“√å¡‡≈’È¬ß —μ«å∑’Ë¡’ª√– ‘∑∏‘¿“æ‡ªìπ∑’Ë¬Õ¡√—∫Õ¬à“ß “°≈

 “¡“√∂ªÑÕß°—π¡‘„Àâ ‡™◊ÈÕ‚√§‚¥¬‡©æ“–‡™◊ÈÕ‰¢âÀ«—¥π°

®“°¿“¬πÕ°ø“√å¡∑’ËÕ“®μ‘¥¡“¬—ß§π  —μ«å  ‘Ëß¢Õß ·≈–

Õÿª°√≥åμà“ßÊ μ≈Õ¥®π¬“πæ“Àπ– ·æ√à‡¢â“ Ÿà„πø“√å¡‰¥â

(ª“π‡∑æ·≈–°”≈—ß 2548) „π°“√®—¥°“√°—∫‡™◊ÈÕ‰¢âÀ«—¥π°

‚¥¬Õ“»—¬À≈—°¥—ß°≈à“« ¡’À≈—°„π°“√ªØ‘∫—μ‘ 2 ¢âÕ¥â«¬°—π §◊Õ

°“√ªÑÕß°—π°“√μ‘¥‡™◊ÈÕ ·≈–°“√§«∫§ÿ¡°“√·æ√à°√–®“¬‡™◊ÈÕ

®“°∑’ËÀπ÷Ëß ŸàÕ’°∑’ËÀπ÷Ëß  à«π‡√◊ËÕß¢Õß°“√§«∫§ÿ¡°“√·æ√à

°√–®“¬‡™◊ÈÕ ¡’À≈—°ªØ‘∫—μ‘ 3 ¢âÕ §◊Õ ª√–°“√·√° °“√ √â“ß

§«“¡√Ÿâ§«“¡‡¢â“„®μàÕºŸâ∑’Ë‡≈’È¬ß —μ«åªï°‡°’Ë¬«°—∫°“√§«∫§ÿ¡·≈–

°“√ªÑÕß°—π°“√√–∫“¥¢Õß‰¢âÀ«—¥π° ª√–°“√∑’Ë Õß μâÕß¡’

°“√‡ΩÑ“√–«—ß·≈–μ‘¥μ“¡°“√°≈“¬æ—π∏ÿå¢Õß‡™◊ÈÕÕ¬Ÿà ‡ ¡Õ

·≈–ª√–°“√ ÿ¥∑â“¬ μâÕß √â“ß§«“¡‡¢â“„®μàÕºŸâ‡≈’È¬ß —μ«åªï°«à“

®–μâÕß∑”Õ¬à“ß‰√∫â“ß‡¡◊ËÕ‡°‘¥°“√√–∫“¥¢÷Èπ (Halvorson,

2000) ‚¥¬ √ÿª°“√„™â«—§´’π„π —μ«åªï°®–μâÕß°√–∑”√à«¡°—∫

¡“μ√°“√§«∫§ÿ¡Õ◊ËπÊ ∑’Ë°≈à“«¡“·≈â« ®÷ß®–™à«¬ªÑÕß°—π

·≈–§«∫§ÿ¡°“√√–∫“¥¢Õß‚√§‰¢âÀ«—¥π°‰¥â πÕ°®“°π’È¬—ß

‡ªìπ°“√≈¥‚Õ°“ „π°“√‡°‘¥°“√°≈“¬æ—π∏ÿå¢â“¡¡“¬—ß¡πÿ…¬å

¥â«¬
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‡Õ° “√Õâ“ßÕ‘ß

ª“π‡∑æ √—μπ“°√ °”≈—ß ™ÿ¡æ≈∫—≠™√ (2548) √–∫∫§«“¡

ª≈Õ¥¿—¬∑“ß™’«¿“æ(Biosecurity). §Ÿà¡◊Õ™“«∫â“π·≈–

‡°…μ√°√‡æ◊ËÕæ≈‘°‚©¡°“√‡≈’È¬ß‰°à‡æ◊ËÕ Ÿâ¿—¬‰¢âÀ«—¥π°

¥â«¬√–∫∫§«“¡ª≈Õ¥¿—¬∑“ß™’«¿“æ : 9-16.

¡√°μ μ—π‡®√‘≠ ÕâÕ¡„® ‰∑√ß“¡ (2548) ∫∑∑’Ë 5 «—§ ’́π

‰¢âÀ«—¥π°. Àπ—ß ◊Õ‡æ◊ËÕ§«“¡√Ÿâ§«“¡‡¢â“„®‡√◊ËÕß‰¢âÀ«—¥π°

: ç‰¢âÀ«—¥π°é‚√§Õÿ∫—μ‘„À¡à∫π‚≈°„∫‡°à“: 35-40
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