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Abstract

Polyclonal antibodies were produced by immunization of rabbit with inactivated avian influenza

subtype H5N1, isolated in Thailand in 2004, combined with Freund's or Alum adjuvant. Polyclonal antibodies

from rabbit inhibited hemagglutination activity of H5N1 virus. Rabbit immunized by using 10% formalin

inactivated virus emulsify with Freund's adjuvant showed strong immune response to the virus and the

highest antibody titer was 1:320.
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∫∑§—¥¬àÕ

‡™◊ÈÕ‰«√— ‰¢âÀ«—¥π° “¬æ—π∏ÿå H5N1 ∑’Ë·¬°‡™◊ÈÕ‰¥â¿“¬„πª√–‡∑» „πªï æ.» 2547 ‡¡◊ËÕ∑”„ÀâÀ¡¥ƒ∑∏‘Ï°“√°àÕ‚√§·≈â«

©’¥°√–μÿâπ√à«¡°—∫μ—«‡ √‘¡™π‘¥ Freund's À√◊Õ Alum „π°√–μà“¬‡æ◊ËÕ √â“ß‚æ≈’‚§≈πÕ≈·Õπμ‘∫Õ¥’ ´÷Ëß “¡“√∂¬—∫¬—Èß°“√‡°“–°≈ÿà¡

¢Õß‡¡Á¥‡≈◊Õ¥·¥ß¥â«¬‡™◊ÈÕ‰«√— ‰¢âÀ«—¥π° “¬æ—π∏ÿå H5N1 ‰¥â ®“°°√–μà“¬∑’Ë‰¥â√—∫°“√°√–μÿâπ®“°‡™◊ÈÕ‰«√— ∑’Ë∑”„ÀâÀ¡¥ƒ∑∏‘Ï

°“√°àÕ‚√§¥â«¬«‘∏’øÕ√å¡“≈‘π√âÕ¬≈– 10 √à«¡°—∫μ—«‡ √‘¡™π‘¥ Freund's æ∫§à“°“√μÕ∫ πÕß∑“ß¿Ÿ¡‘§ÿâ¡°—π¡“°∑’Ë ÿ¥·≈–¡’

√–¥—∫¿Ÿ¡‘§ÿâ¡°—π Ÿß ÿ¥∑’Ë√–¥—∫ 1:320

§” ”§—≠ : ‚æ≈’‚§≈πÕ≈·Õπμ‘∫Õ¥’ ‰«√— ‰¢âÀ«—¥π° μ—«‡ √‘¡ À¡¥ƒ∑∏‘Ï°“√°àÕ‚√§
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∫∑π”

‚æ≈’‚§≈πÕ≈·Õπμ‘∫Õ¥’ª√–°Õ∫¥â«¬°≈ÿà¡‚¡‡≈°ÿ≈

¢Õß·Õπμ‘∫Õ¥’∑’Ë¡’§«“¡À≈“°À≈“¬„π°“√®—∫°—∫ à«πμà“ßÊ

¢Õß·Õπμ‘‡®π ‚¡‡≈°ÿ≈¢Õß‚æ≈’‚§≈πÕ≈·Õπμ‘∫Õ¥’·μà≈–

‚¡‡≈°ÿ≈¡’‚§√ß √â“ß∫√‘‡«≥∑’Ë “¡“√∂‡ª≈’Ë¬π·ª≈ß‰¥â (variable

region) ·μ°μà“ß°—π ®÷ß∑”„Àâ§«“¡‡©æ“–‡®“–®ß (specificity)

·≈–§«“¡ “¡“√∂„π°“√®—∫ (affinity) °—∫·Õπμ‘‡®π¥â«¬§«“¡

·√ß∑’Ë·μ°μà“ß°—π §«“¡·√ß„π°“√®—∫ Ÿß‡π◊ËÕß®“° “¡“√∂®—∫

°—∫‚¡‡≈°ÿ≈¢Õß·Õπμ‘‡®π‰¥âÀ≈“¬ à«π®÷ß¡’§«“¡‰« (sensitivity)

‡æ‘Ë¡¢÷Èπ ‚æ≈’‚§≈πÕ≈·Õπμ‘∫Õ¥’¡’§«“¡ ”§—≠„πß“π«‘®—¬

∑“ß«‘∑¬“»“ μ√å™’«¿“æÀ≈“¬¥â“π∑—Èß°“√«‘®—¬æ◊Èπ∞“π·≈–

°“√«‘®—¬ª√–¬ÿ°μå¥â“πμà“ß Ê ‰¥â·°à °“√»÷°…“°“√∑”ß“π

¢Õß¬’π ‚ª√μ’π À√◊Õ»÷°…“°≈‰°°“√∑”ß“π¢Õß‡´≈≈å·≈–

ß“πμ√«®«‘‡§√“–Àåμà“ß Ê ‡™àπ ‡∑§π‘§ western blot analysis

‡∑§π‘§ enzyme-linked immunoabsorbent assays (ELISA)

‡∑§π‘§‚§√¡“‚μ°√“ø·∫∫®Ì“‡æ“– (affinity chromatography)

°“√μ°μ–°Õπ‚ª√μ’π √«¡∑—Èß„™â„π°“√√—°…“ ‚¥¬°“√¬—∫¬—Èß

°“√°àÕ‚√§¢Õß‡™◊ÈÕ‚√§ À√◊Õ “√æ‘… (neutralization activity)

(Kendall , 2006) °“√º≈‘μ‚æ≈’‚§≈πÕ≈·Õπμ‘∫Õ¥’

π‘¬¡„™â°“√©’¥°√–μÿâπ„Àâ √â“ß·Õπμ‘∫Õ¥’„π —μ«å∑¥≈Õß

®”æ«°°√–μà“¬ ¡â“ «—« À√◊Õ·æ– ‚¥¬ à«π„À≠à‚æ≈’‚§≈πÕ≈

·Õπμ‘∫Õ¥’∑’Ëº≈‘μ‰¥â¡—°‡ªìπæ«°Õ‘¡¡Ÿ‚π‚°≈∫Ÿ≈‘π®’ (Immuno-

globulin G; IgG) ÷́Ëßæ∫‰¥â à«π„À≠à„π´’√—Ë¡ —μ«å ‚¥¬©’¥

·Õπμ‘‡®π√à«¡°—∫μ—«‡ √‘¡ (adjuvants) ™à«¬‡æ‘Ë¡°“√μÕ∫ πÕß

¢Õß√–∫∫¿Ÿ¡‘§ÿâ¡μàÕ·Õπμ‘‡®ππ—Èπ ´÷Ëßμ—«‡ √‘¡μâÕß‰¡à‡ªìπæ‘…

μàÕ —μ«å∑¥≈Õß ¡’§«“¡§ßμ—« ·≈– “¡“√∂°√–μÿâπ√–∫∫¿Ÿ¡‘

§ÿâ¡°—π‰¥âÀ≈“¬°≈‰° ‡π◊ËÕß®“°‡¡◊ËÕ·Õπμ‘‡®π‡¢â“ Ÿà√à“ß°“¬®–

∂Ÿ°μ√«®®—∫∫√‘‡«≥∑’Ë©’¥°√–μÿâπ ´÷Ëßμ—«‡ √‘¡®–∑”„Àâ·Õπμ‘‡®π

 “¡“√∂°√–μÿâπ°“√μÕ∫ πÕßμàÕ‡´≈≈å¢Õß√–∫∫¿Ÿ¡‘§ÿâ¡°—π

®÷ß‡æ‘Ë¡°“√μÕ∫ πÕß∑“ß¿Ÿ¡‘§ÿâ¡°—π‰¥â¥’°«à“ ·≈–¬—ß∑”„Àâ

·Õπμ‘‡®πÕ¬Ÿà„π√à“ß°“¬‰¥âπ“π¢÷Èπ (Beck et al., 2003; Harold

et al., 2005; Vogel and Hem et al., 2008)

‡™◊ÈÕ‰«√— ‰¢âÀ«—¥π° (Avian Influenza) ™π‘¥ H5N1

∂Ÿ°®—¥Õ¬Ÿà„π«ß»å Orthomyxoviridae °≈ÿà¡‡™◊ÈÕ‰¢âÀ«—¥„À≠à

(Influenza) ™π‘¥ A ‡π◊ËÕß®“°§ÿ≥ ¡∫—μ‘¢Õßπ‘«§≈’‚Õ‚ª√μ’π

(Nucleoprotein, NP) ‚ª√μ’π‡¡μ√‘°´å (Maxtric protein, M1)

´÷Ëß‡ªìπ‚ª√μ’π·Õπμ‘‡®π¿“¬„π (internal protein antigens)

·≈–‰°≈‚§‚ª√μ’π (glycoprotein) ™π‘¥Œ’·¡°°Ÿμ‘π‘π

(Hemagglutinin, HA) ™π‘¥ H5 ·≈–‡Õπ‰´¡åπ‘«√“¡‘π‘‡¥ 

(Neuraminidase, NA) ™π‘¥ N1 (¿“«æ—π∏å ·≈–ª√–‡ √‘∞,

2549)

‡™◊ÈÕ‰«√— ‰¢âÀ«—¥π°™π‘¥ H5N1 °àÕæ¬“∏‘ ¿“æ

√ÿπ·√ß ¡’Õ—μ√“°“√ªÉ«¬·≈–μ“¬ Ÿß μ‘¥μàÕ‰¥â∑—Èß„π —μ«å‡≈’È¬ß≈Ÿ°

¥â«¬π¡·≈– —μ«åªï° ∑—Èß¬—ß “¡“√∂·æ√à√–∫“¥‚√§¡“¬—ß¡πÿ…¬å

‰¥â „πªí®®ÿ∫—π·¡â«à“®–¡’∑—Èß‚¡‚π‚§≈πÕ≈·Õπμ‘∫Õ¥’·≈–

‚æ≈’‚§≈πÕ≈·Õπμ‘∫Õ¥’‡æ◊ËÕ®”Àπà“¬À≈“°À≈“¬∫√‘…—∑ ∑—Èß

∑’Ë®”‡æ“–μàÕ‡™◊ÈÕ‰«√— À√◊Õ®”‡æ“–μàÕ‚ª√μ’π¢Õß‡™◊ÈÕ‰«√— 

‰¢âÀ«—¥„À≠à·≈–‰¢âÀ«—¥π° Õ¬à“ß‰√°Áμ“¡§«“¡®”‡æ“–·≈–

§ÿ≥ ¡∫—μ‘¢Õß·Õπμ‘∫Õ¥’‡À≈à“π—ÈπÕ“®¡’§«“¡·μ°μà“ß®“°

·Õπμ‘∫Õ¥’∑’Ë‰¥â®“°‡™◊ÈÕ‰«√— ‰¢âÀ«—¥π°´÷Ëß·æ√à°√–®“¬

μ“¡ ¿“æ¿Ÿ¡‘»“ μ√å ¥—ßπ—Èπ°“√º≈‘μ‚æ≈’‚§≈πÕ≈·Õπμ‘∫Õ¥’

∑’Ë®”‡æ“–μàÕ‡™◊ÈÕ‰«√— ‰¢âÀ«—¥π°™π‘¥ H5N1 ∑’Ë√–∫“¥„π

ª√–‡∑» ÷́Ëß¡’§«“¡®”‡æ“–μàÕ‡™◊ÈÕ‰¢âÀ«—¥π°∑’Ë·æ√à√–∫“¥

ª√–®”∂‘Ëπ °“√»÷°…“π’È‡æ◊ËÕ∑¥ Õ∫ ¿“«–∑’Ë‡À¡“– ¡μàÕ°“√

∑”„Àâ‡™◊ÈÕ‰«√— ‰¢âÀ«—¥π°™π‘¥ H5N1 À¡¥ƒ∑∏‘Ï°“√°àÕ‚√§

·≈–»÷°…“§«“¡·μ°μà“ß¢Õßμ—«‡ √‘¡„π°“√°√–μÿâπ°“√ √â“ß

‚æ≈’‚§≈πÕ≈·Õπμ‘∫Õ¥’„π —μ«å∑¥≈Õß ·≈â«∑«π Õ∫

§ÿ≥ ¡∫—μ‘·≈–§«“¡®”‡æ“–¢Õß·Õπμ‘∫Õ¥’∑’Ëº≈‘μ‰¥â ‡æ◊ËÕ

„™â ”À√—∫°“√μ√«®À“‡™◊ÈÕ‰«√— ·≈–·Õπμ‘∫Õ¥’μàÕ‡™◊ÈÕ‰«√— 

‰¢âÀ«—¥π°™π‘¥ H5N1

«‘∏’°“√∑¥≈Õß

°“√‡μ√’¬¡‡™◊ÈÕ‰«√—  ‡™◊ÈÕ‰«√— ‰¢âÀ«—¥π°™π‘¥°àÕ‚√§

√ÿπ·√ß HPAI H5N1 clade 1 A/chicken/Thailand/vsmu-

3-BKK/2004 ∂Ÿ°π”¡“∑¥ Õ∫°“√∑”„ÀâÀ¡¥ƒ∑∏‘Ï°“√°àÕ

‚√§¥â«¬°“√‡μ‘¡øÕ√å¡“≈‘π√âÕ¬≈– 10 ·≈â«∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ 37

Õß»“‡´≈‡ ’́¬  π“π 30 π“∑’ À√◊Õ∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ 4 Õß»“‡´≈‡ ’́¬ 

√–¬–‡«≈“·μ°μà“ß°—π ‰¥â·°à 30,60,120 π“∑’, 6 ™—Ë«‚¡ß À√◊Õ

18 ™—Ë«‚¡ß ·≈–°“√∑”„ÀâÀ¡¥ƒ∑∏‘Ï°“√°àÕ‚√§¥â«¬°“√∫à¡∑’Ë

Õÿ≥À¿Ÿ¡‘ 56 Õß»“‡´≈‡ ’́¬  „™â√–¬–‡«≈“·μ°μà“ß°—π ‰¥â·°à
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30,45 À√◊Õ 60 π“∑’ ®“°π—Èπ∑¥ Õ∫§«“¡ “¡“√∂„π°“√

μ‘¥‡™◊ÈÕ (infectivity) „π‡´≈≈å‡æ“–‡≈’È¬ß™π‘¥ Madin-Darby

Canine Kidney Epithelial Cells (MDCK) ®“°π—Èπ —ß‡°μ

æ¬“∏‘ ¿“æ°—∫‡´≈≈å À√◊Õ Cytopathogenic effect (CPE)

·≈–§ÿ≥ ¡∫—μ‘¢Õß‚ª√μ’πŒ’·¡°°Ÿμ‘π‘π ‚¥¬°“√∑¥ Õ∫°“√

‡°“–°≈ÿà¡¢Õß‡¡Á¥‡≈◊Õ¥·¥ß (OIE, 2012; WHO, 2011)

¥—ßπ’È ‡®◊Õ®“ß‡™◊ÈÕ‰«√— ∑’Ë∂Ÿ°∑”„ÀâÀ¡¥ƒ∑∏‘Ï°“√°àÕ‚√§·∫∫ 2

‡∑à“ (two-fold serial dilution) ·≈â«‡μ‘¡‡¡Á¥‡≈◊Õ¥·¥ßÀà“π

‡¢â¡¢âπ√âÕ¬≈– 0.5 ®“°π—Èπ∫à¡∑’Ë 4 Õß»“‡´≈‡ ’́¬  π“π 60

π“∑’ Õà“π§à“§«“¡‡¢â¡¢âπ¢Õß‡™◊ÈÕ‰«√— ®“°À≈ÿ¡ ÿ¥∑â“¬

∑’Ë ‡°‘¥°“√‡°“–°≈ÿà¡¢Õß‡¡Á¥‡≈◊Õ¥·¥ßÀà“π Õà“π§à“‡ªìπ

Hemagglutinating Units (HAU)

°“√©’¥°√–μÿâπ„Àâ √â“ß¿Ÿ¡‘§ÿâ¡°—π„π°√–μà“¬ ‚¥¬„™â

°√–μà“¬æ—π∏ÿåπ‘« ’́·≈π¥å‰«∑å (New Zealand White) ‡æ»‡¡’¬

®”π«π 3 μ—« Õ“¬ÿª√–¡“≥ 3 ‡¥◊Õπ ®“°»Ÿπ¬å —μ«å∑¥≈Õß

·Ààß™“μ‘ π”¡“‡≈’È¬ß¿“¬„πÀâÕß —μ«å∑¥≈Õß §≥– —μ«·æ∑¬-

»“ μ√å ¡À“«‘∑¬“≈—¬¡À‘¥≈ ‡®◊Õ®“ß‡™◊ÈÕ‰«√— ∑’Ë§«“¡‡¢â¡¢âπ

16 HAU ®“°π—Èππ”‡™◊ÈÕ‰«√— ∑’Ë‰¥âº ¡°—∫μ—«‡ √‘¡™π‘¥

Freund's (Pierce, USA, Cat. 77140 and 77145) À√◊Õ

μ—«‡ √‘¡™π‘¥ Alum (Thermo Scientific, USA, Cat. 77161)

„πÕ—μ√“ à«πμ—«‡ √‘¡·≈–‡™◊ÈÕ‰«√—  1:1 ®÷ß©’¥°√–μÿâπ∑“ß

™—Èπ„μâº‘«Àπ—ß ®ÿ¥≈– 0.1 ¡≈. √«¡ 1.2 ¡≈. ®”π«π 3 §√—Èß

√–¬–‡«≈“Àà“ß°—π§√—Èß≈– 2  —ª¥“Àå (Greenfield, 2014)

‚¥¬„π°√–μà“¬μ—«∑’Ë 1 ·≈– 2 ©’¥°√–μÿâπ¥â«¬‡™◊ÈÕ‰«√— ∑’Ë

∂Ÿ°∑”„ÀâÀ¡¥ƒ∑∏‘Ï°“√°àÕ‚√§¥â«¬øÕ√å¡“≈‘π√à«¡°—∫μ—«

‡ √‘¡μà“ß™π‘¥°—π §◊Õ μ—«‡ √‘¡™π‘¥ Freund's À√◊Õμ—«‡ √‘¡™π‘¥

Alum μ“¡≈”¥—∫  à«π°√–μà“¬μ—«∑’Ë 3 ©’¥°√–μÿâπ¥â«¬‡™◊ÈÕ

‰«√— ∂Ÿ°∑”„ÀâÀ¡¥ƒ∑∏‘Ï°“√°àÕ‚√§¥â«¬°“√∫à¡∑’ËÕÿ≥À¿Ÿ¡‘

56 Õß»“‡´≈‡´’¬ √à«¡°—∫μ—«‡ √‘¡™π‘¥ Freund's ‡®“–‡≈◊Õ¥

°√–μà“¬ 0.3 ¡≈. π”‰ª∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ 37 Õß»“‡´≈‡´’¬ 

π“π 30 π“∑’ ®“°π—Èππ”‰ªªíòπμ°∑’Ë§«“¡‡√Á« 1,500 √Õ∫

π“π 10 π“∑’ ‡°Á∫´’√—Ë¡∑’ËÕÿ≥À¿Ÿ¡‘ 4 À√◊Õ -20 Õß»“‡´≈‡ ’́¬ 

‡æ◊ËÕ∑¥ Õ∫√–¥—∫¿Ÿ¡‘§ÿâ¡°—πμàÕ‡™◊ÈÕ‰«√— ∑ÿ° 2 Õ“∑‘μ¬å¥â«¬

ªØ‘°‘√‘¬“¬—∫¬—Èß°“√‡°“–°≈ÿà¡¢Õß‡¡Á¥‡≈◊Õ¥·¥ß (Hemagglutination

Inhibition Test, HI) μàÕ‡™◊ÈÕ‰«√— ‰¢âÀ«—¥π° ‡¡◊ËÕ√–¥—∫

·Õπμ‘∫Õ¥’ Ÿß®÷ß‡°Á∫´’√—Ë¡§√—Èß ÿ¥∑â“¬„πª√‘¡“≥¡“°∑’Ë ÿ¥

·≈–π”‰ª∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ 56 Õß»“‡´≈‡´’¬  π“π 30 π“∑’

‡æ◊ËÕ∑”≈“¬ “√§Õ¡æ≈’‡¡πμå (complement) μà“ßÊ„π´’√—Ë¡ ®“°

π—Èπ∑”„Àâ∫√‘ ÿ∑∏‘Ï‚¥¬„™â‡∑§π‘§‚§√¡“‚μ°√“ø·∫∫®Ì“‡æ“–

‚¥¬„™â HiTrapTM Protein A (Amersham phamacia biotech,

Sweden)

°“√∑¥ Õ∫√–¥—∫¿Ÿ¡‘§ÿâ¡°—π¥â«¬ªØ‘°‘√‘¬“¬—∫¬—Èß°“√

‡°“–°≈ÿà¡¢Õß‡¡Á¥‡≈◊Õ¥·¥ßμàÕ‡™◊ÈÕ‰«√— ‰¢âÀ«—¥„À≠à (OIE,

2012; WHO, 2011) ¡’¢—ÈπμÕπ ¥—ßπ’È ‡√‘Ë¡μâπ¥â«¬°”®—¥ “√

¬—∫¬—ÈßªØ‘°√‘¬“·∫∫‰¡à‡©æ“–‡®“–®ß (non-specific inhibitor)

¥â«¬ Receptor Destroying Enzyme (RDE) ®“°π—Èπ∑”„Àâ

À¡¥ƒ∑∏‘Ï¥â«¬Õÿ≥À¿Ÿ¡‘∑’Ë 56 Õß»“‡´≈‡ ’́¬  π“π 30 π“∑’

°”®—¥ “√‡°“–°≈ÿà¡·∫∫‰¡à‡©æ“–‡®“–®ß (non-specific

agglutinator) ¥â«¬‡¡Á¥‡≈◊Õ¥·¥ßÀà“π‡¢â¡¢âπ√âÕ¬≈– 50 ®“°

π—Èπ‡®◊Õ®“ß ’́√—Ë¡·∫∫ 2 ‡∑à“ (two-fold serial dilution) ·≈â«

‡μ‘¡‡™◊ÈÕ‰«√— ‰¢âÀ«—¥π°™π‘¥ H5N1 ∑’Ë§«“¡‡¢â¡¢âπ 4 HAU

·≈â«π”‰ª∫à¡∑’Ë 4 Õß»“‡´≈‡´’¬  π“π 60 π“∑’ ‡¡◊ËÕ§√∫

‡«≈“®÷ß‡μ‘¡‡¡Á¥‡≈◊Õ¥·¥ßÀà“π‡¢â¡¢âπ√âÕ¬≈– 0.5 ®“°π—Èπ∫à¡∑’Ë

4 Õß»“‡´≈‡ ’́¬  π“π 60 π“∑’  ÿ¥∑â“¬Õà“π§à“√–¥—∫·Õπμ‘∫Õ¥’

(antibody titer) ®“°À≈ÿ¡ ÿ¥∑â“¬¢Õß ’́√—Ë¡μ—«Õ¬à“ß∑¥ Õ∫∑’Ë

‡°‘¥°“√¬—∫¬—Èß°“√‡°“–°≈ÿà¡¢Õß‡¡Á¥‡≈◊Õ¥·¥ßÀà“π

º≈°“√∑¥≈Õß

°“√‡μ√’¬¡‡™◊ÈÕ‰«√—  ‡™◊ÈÕ‰«√— ‰¢âÀ«—¥π°™π‘¥ H5N1

∑’Ë§«“¡‡¢â¡¢âπ 256 HAU ∂Ÿ°∑”„ÀâÀ¡¥ƒ∑∏‘Ï°“√°àÕ‚√§¥â«¬

°“√‡μ‘¡øÕ√å¡“≈‘πÀ√◊Õ§«“¡√âÕπ∑’ËÕÿ≥À¿Ÿ¡‘ 56 Õß»“‡´≈‡ ’́¬ 

æ∫º≈°“√∑¥ Õ∫°“√μ‘¥‡™◊ÈÕ„π‡´≈≈å‡æ“–‡≈’È¬ß ‚¥¬ —ß‡°μ

æ¬“∏‘ ¿“æ°—∫‡´≈≈å ·≈–§ÿ≥ ¡∫—μ‘¢Õß°“√‡°“–°≈ÿà¡‡¡Á¥‡≈◊Õ¥

·¥ß¢Õß‰«√— ®“°§à“ HAU ¥—ßμ“√“ß∑’Ë 1

æ∫‡™◊ÈÕ‰«√— ∑’Ë∂Ÿ°∑”„ÀâÀ¡¥ƒ∑∏‘Ï°“√°àÕ‚√§¥â«¬°“√

‡μ‘¡øÕ√å¡“≈‘π√âÕ¬≈– 10 ∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ 4 Õß»“‡´≈‡´’¬ 

π“π 18 ™—Ë«‚¡ß ¡’§à“ HAU  Ÿß∑’Ë ÿ¥ ·≈–¬—ß‰¡àæ∫æ¬“∏‘

 ¿“æ°—∫‡´≈≈å‡¡◊ËÕ∑¥ Õ∫¥â«¬‡´≈≈å‡æ“–‡≈’È¬ß ·≈–‡™◊ÈÕ‰«√— 

∑’Ë∂Ÿ°∑”„ÀâÀ¡¥ƒ∑∏‘Ï°“√°àÕ‚√§¥â«¬§«“¡√âÕπ∑’ËÕÿ≥À¿Ÿ¡‘ 56

Õß»“‡´≈‡ ’́¬  π“π 30 π“∑’°Á‰¡àæ∫æ¬“∏‘ ¿“æ°—∫‡´≈≈å

‡™àπ°—π ·μà¡’§à“ HAU √Õß≈ß¡“
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º≈°“√©’¥°√–μÿâπ¿Ÿ¡‘§ÿâ¡°—π„π°√–μà“¬ ¿“¬À≈—ß®“°©’¥

‰ª 3 §√—Èß À√◊Õ 6  —ª¥“Àå æ∫√–¥—∫·Õπμ‘∫Õ¥’μàÕ‡™◊ÈÕ‰«√— 

‰¢âÀ«—¥π°™π‘¥ H5N1 ‡æ’¬ß 1:40 ∑—Èß„π‡™◊ÈÕ‰«√— ∑’Ë∂Ÿ°∑”

„ÀâÀ¡¥ƒ∑∏‘Ï°“√°àÕ‚√§¥â«¬°“√‡μ‘¡øÕ√å¡“≈‘π·≈–§«“¡√âÕπ

(¥—ß√Ÿª∑’Ë 1) ´÷Ëßº≈°“√©’¥°√–μÿâπ„Àâ √â“ß·Õπμ‘∫Õ¥’„π

°√–μà“¬Õ¬Ÿà„π√–¥—∫μË” ‚¥¬§à“√–¥—∫·Õπμ‘∫Õ¥’„π§√—Èß 1 ∂÷ß

§√—Èß∑’Ë 3 ‰¡à·μ°μà“ß°—π ¥—ß√Ÿª∑’Ë 1 ®÷ß‡æ‘Ë¡®”π«π§√—Èß¢Õß°“√

©’¥°√–μÿâπ√«¡©’¥°√–μÿâπ∑—Èß ‘Èπ 5 §√—Èß ‡¡◊ËÕ∑¥ Õ∫√–¥—∫

¿Ÿ¡‘§ÿâ¡°—π¥â«¬ªØ‘°‘√‘¬“¬—∫¬—Èß°“√‡°“–°≈ÿà¡¢Õß‡¡Á¥‡≈◊Õ¥·¥ß

μàÕ‡™◊ÈÕ‰«√—  æ∫√–¥—∫·Õπμ‘∫Õ¥’„π°√–μà“¬μ—«∑’Ë 1 ¡’§à“¡“°

∑’Ë ÿ¥ §◊Õ 1:320  à«π°√–μà“¬μ—«∑’Ë 2 ¡’§à“πâÕ¬°«à“‡æ’¬ß 1

√–¥—∫°“√‡®◊Õ®“ß ·μàæ∫√Õ¬·º≈‡ªìπμÿà¡ÀπÕßπâÕ¬°«à“  à«π

°√–μà“¬μ—«∑’Ë 3 æ∫«à“‰¡à¡’°“√‡æ‘Ë¡¢÷Èπ¢Õß√–¥—∫·Õπμ‘∫Õ¥’

´÷Ëß¬—ß§ß¡’§à“πâÕ¬∑’Ë ÿ¥ §◊Õ 1:40 ¥—ß√Ÿª∑’Ë 1

 ÿ¥∑â“¬®÷ß‡≈◊Õ°‡°Á∫´’√—Ë¡§√—Èß ÿ¥∑â“¬„π°√–μà“¬μ—«∑’Ë 1

·≈– 2 ·≈–∑”„Àâ∫√‘ ÿ∑∏‘Ï‚¥¬„™â HiTrapTM Protein A ®“°

π—Èππ”‰ªª√–¬ÿ°μå„™â ‡ªìπ™ÿ¥§«∫§ÿ¡∫«°„π°“√μ√«®À“

√–¥—∫¢Õß·Õπμ‘∫Õ¥’∑’Ë®”‡æ“–μàÕ‡™◊ÈÕ‰«√— ‰¢âÀ«—¥„À≠à

º≈°“√∑«π Õ∫√–¥—∫·Õπμ‘∫Õ¥’∑—Èß 3 §√—Èß ‰¡à¡’§«“¡

·μ°μà“ß°—π ‚¥¬¡’§à“§«“¡·ª√ª√«π‡∑à“°—∫ 0.00  à«π

‡∫’Ë¬ß‡∫π¡“μ√“∞“π‡∑à“°—∫ 0.00 §«“¡º‘¥æ≈“¥‡∑à“°—∫ 0.00

™à«ß§«“¡‡™◊ËÕ¡—Ëπ∑’Ë√âÕ¬≈– 95 ‡∑à“°—∫ 0.00 æ∫§à“√–¥—∫

·Õπμ‘∫Õ¥’‡∑à“°—∫ 1:320 ·≈– 1:160 „π°√–μà“¬μ—«∑’Ë 1

·≈–μ—«∑’Ë 2 μ“¡≈”¥—∫

°“√∑”„ÀâÀ¡¥ƒ∑∏‘Ï √–¬–‡«≈“°“√∫à¡ æ¬“∏‘ ¿“æ°—∫‡´≈≈å HAU*

øÕ√å¡“≈‘π√âÕ¬≈– 10 π“π 30 π“∑’ ‰¡àæ∫ 0

Õÿ≥À¿Ÿ¡‘ 37 Õß»“‡´≈‡ ’́¬ 

øÕ√å¡“≈‘π√âÕ¬≈– 10 π“π 30 π“∑’ æ∫ -

Õÿ≥À¿Ÿ¡‘ 4 Õß»“‡´≈‡ ’́¬  π“π 60 π“∑’ æ∫ -

π“π 120 π“∑’ æ∫ -

π“π 6 ™—Ë«‚¡ß æ∫ -

π“π 18 ™—Ë«‚¡ß ‰¡àæ∫ 32

Õÿ≥À¿Ÿ¡‘ 56 Õß»“‡´≈‡ ’́¬  π“π 30 π“∑’ ‰¡àæ∫ 16

π“π 45 π“∑’ ‰¡àæ∫ 4

π“π 60 π“∑’ ‰¡àæ∫ 0

*HAU §◊Õ Hemagglutinating Units

μ“√“ß∑’Ë 1 °“√∑¥ Õ∫°“√μ‘¥‡™◊ÈÕ„π‡´≈≈å‡æ“–‡≈’È¬ß·≈–§ÿ≥ ¡∫—μ‘¢Õß‚ª√μ’πŒ’·¡°°Ÿμ‘π‘π®“°‡™◊ÈÕ‰«√— ‰¢âÀ«—¥π° “¬æ—π∏ÿå H5N1

´÷Ëß∑”„ÀâÀ¡¥ƒ∑∏‘Ï°“√°àÕ‚√§¥â«¬°“√‡μ‘¡øÕ√å¡“≈‘πÀ√◊Õ§«“¡√âÕπ∑’ËÕÿ≥À¿Ÿ¡‘ 56 Õß»“‡´≈‡´’¬ „π√–¬–‡«≈“∑’Ë·μ°μà“ß

°—π
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«‘®“√≥åº≈°“√∑¥≈Õß

°“√∑”„Àâ‡™◊ÈÕ®ÿ≈‘π∑√’¬åÀ¡¥ƒ∑∏‘Ï°“√°àÕ‚√§æ∫„π

°√–∫«π°“√º≈‘μ«—μ´’πÀ≈“¬‚√§ ‡™àπ «—§´’πæ‘… ÿπ—¢∫â“ «—§´’π

‰«√— μ—∫Õ—°‡ ∫‡Õ «—§´’π‚√§‰¢â ¡ÕßÕ—°‡ ∫‡®Õ’ ·≈–«—§ ’́π

‰«√— ‰¢âÀ«—¥„À≠à °“√∑”„Àâ‡™◊ÈÕ®ÿ≈‘π∑√’¬åÀ¡¥ƒ∑∏‘Ï°“√°àÕ‚√§

¥â«¬§«“¡√âÕπæ∫„π°“√º≈‘μ«—§ ’́π‰«√— μ—∫Õ—°‡ ∫∫’ À√◊Õ

«—§´’π®“°‡™◊ÈÕ·∫§∑’‡√’¬ ‚¥¬„π°“√»÷°…“§√—Èßπ’È‡≈◊Õ°„™â§«“¡

√âÕπ∑’ËÕÿ≥À¿Ÿ¡‘ 56 Õß»“‡´≈‡´’¬  ·≈–‡≈◊Õ°„™âøÕ√å¡“≈‘π

´÷Ëß‡ªìπ “√‡§¡’√“§“∂Ÿ°·≈–æ∫„πÀâÕßªØ‘∫—μ‘°“√‚¥¬∑—Ë«‰ª

„π°“√»÷°…“‡™◊ÈÕ‰«√— ∂Ÿ°∑”„ÀâÀ¡¥ƒ∑∏‘Ï°“√°àÕ‚√§¥â«¬°“√

‡μ‘¡øÕ√å¡“≈‘πÀ√◊Õ§«“¡√âÕπ ‡¡◊ËÕ∑¥ Õ∫°“√μ‘¥‡™◊ÈÕ‰¡àæ∫

æ¬“∏‘ ¿“æ°—∫‡´≈≈å·≈–‰¡à “¡“√∂‡æ‘Ë¡®”π«π„π‡´≈≈å‡æ“–

‡≈’È¬ß ·μà¬—ß§ß§ÿ≥ ¡∫—μ‘¢Õß‚ª√μ’πŒ’·¡°°Ÿμ‘π‘π·≈– “¡“√∂

°√–μÿâπ„Àâ√à“ß°“¬ √â“ß¿Ÿ¡‘§ÿâ¡°—πμàÕ‡™◊ÈÕ‰«√— ‰¥â (Haredy et al.,

2013; Fan et al., 2015) ∂÷ß·¡â°“√∑”„Àâ‡™◊ÈÕ‰«√— À¡¥ƒ∑∏‘Ï

°“√°àÕ‚√§¥â«¬°“√‡μ‘¡øÕ√å¡“≈‘πÕ“®®–∑”„Àâ≈—°…≥–‚ª√μ’π

Œ’·¡°°Ÿμ‘π‘π´÷Ëß¡’§ÿ≥ ¡∫—μ‘∑”„Àâ‡¡Á¥‡≈◊Õ¥·¥ß‡°“–°≈ÿà¡‡ªìπ

√à“ß·À‡ ’¬ ¿“æ‰ª ·μà®“°°“√»÷°…“æ∫«à“‡¡◊ËÕ„™âøÕ√å¡“≈‘π

§«“¡‡¢â¡¢âπμË”·≈–∫à¡∑’ËÕÿ≥À¿Ÿ¡‘ 4 Õß»“‡´≈‡´’¬ ¬—ß§ß√—°…“

§ÿ≥ ¡∫—μ‘∑”„Àâ‡¡Á¥‡≈◊Õ¥·¥ß‡°“–°≈ÿà¡¢Õß‚ª√μ’πŒ’·¡°°Ÿμ‘π‘π

¢Õß‡™◊ÈÕ‰«√— ‰¥â¥’°«à“«‘∏’°“√„™â√–¥—∫§«“¡√âÕπ∑’Ë Ÿß°«à“

 Õ¥§≈âÕß°—∫°“√»÷°…“¢Õß Shin ·≈–§≥– (2007)

√Ÿª∑’Ë 1 √–¥—∫·Õπμ‘∫Õ¥’μàÕ‡™◊ÈÕ‰«√— ‰¢âÀ«—¥π°™π‘¥ H5N1 „π°√–μà“¬∑’Ë∂Ÿ°©’¥°√–μÿâπ°“√μÕ∫ πÕß¢Õß√–∫∫¿Ÿ¡‘§ÿâ¡°—π

„π·μà≈–§√—Èß
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 —μ«å∑¥≈Õß∑’Ë „™â ”À√—∫°“√º≈‘μ‚æ≈’‚§≈πÕ≈

·Õπμ‘∫Õ¥’¡’À≈“°À≈“¬™π‘¥ ·μà„π°“√»÷°…“§√—Èßπ’È‡≈◊Õ°„™â

°√–μà“¬‡π◊ËÕß®“°¡’¢π“¥‡À¡“– ¡‡æ◊ËÕ‰¥âª√‘¡“≥‡≈◊Õ¥‡æ’¬ßæÕ

μàÕ°“√π”‰ªª√–¬ÿ°μå„™âμàÕ‰ª ´÷Ëß‡¡◊ËÕ‡ª√’¬∫‡∑’¬∫°—∫ —μ«å

μ√–°Ÿ≈ÀπŸ∑’Ë “¡“√∂‡®“–‡°Á∫‡≈◊Õ¥‰¥âª√‘¡“≥πâÕ¬ ·≈–°“√„™â

°√–μà“¬ “¡“√∂¥Ÿ·≈®—¥°“√‰¥âßà“¬‡¡◊ËÕ‡∑’¬∫°—∫ —μ«å∑’Ë¡’

¢π“¥„À≠à®”æ«°·°–À√◊Õ ÿ°√ πÕ°®“°π’È¬—ß‰¥â√–¥—∫

·Õπμ‘∫Õ¥’·≈–§«“¡®”‡æ“–„π‡°≥±å Ÿß √«¡∑—Èß™π‘¥¢Õß

Õ‘¡¡Ÿ‚π‚°≈∫Ÿ≈‘π®’¢Õß°√–μà“¬¡’‡æ’¬ß™π‘¥‡¥’¬« ‰¡à¡’°≈ÿà¡¬àÕ¬

(subclass) ®÷ß –¥«°μàÕ°“√π”‰ª∑”„Àâ∫√‘ ÿ∑∏‘Ï (Hanly et al.,

1995)

μ— « ‡ √‘¡„π‡√‘Ë ¡·√°„™â™π‘¥ Freund's μàÕ¡“¡’

°“√æ—≤π“À≈“°À≈“¬™π‘¥ ‡™àπ  “√ª√–°Õ∫Õ–≈Ÿ¡‘‡π’¬¡

(Aluminum compound) °≈ÿà¡ Monophosphoryl lipid A

(MPL®)  “√ª√–°Õ∫®”æ«° lipopolysaccharide  “√

ª√–°Õ∫‡™‘ß´âÕπ´÷Ëß°√–μÿâπ¿Ÿ¡‘§ÿâ¡°—π (Immune-stimulating

Complexes; ISCOMs) ·≈– μ—«‡ √‘¡™π‘¥ TiterMax (Villarreal-

Ramos et al., 2000; Rajput et al., 2007; Õ—ß§≥“, 2008)

„π°“√»÷°…“§√—Èßπ’È‡≈◊Õ°„™âμ—«‡ √‘¡™π‘¥ Freund's ·≈–μ—«‡ √‘¡

™π‘¥ Alum ´÷Ëß„™â‚¥¬∑—Ë«‰ª·≈–¡’√“§“∂Ÿ° ‚¥¬μ—«‡ √‘¡™π‘¥

Freund's ‡ªìπ “√≈–≈“¬„π√Ÿª·∫∫Õ‘¡—≈™—π (emulsion) ™π‘¥

πÈ”¡—π„ππÈ” ‡°‘¥‡ªìπÕπÿ¿“§¢π“¥‡≈Á° (microparticle) ´÷Ëß‡¡◊ËÕ

©’¥®÷ß‡°‘¥‡ªìπ·Õàß (depot) ∑Ì“„Àâª≈¥ª≈àÕ¬·Õπμ‘‡®πÕÕ°¡“

Õ¬à“ß™â“ Ê ·≈–μàÕ‡π◊ËÕß ¡’ à«π™à«¬„Àâ·Õπμ‘‡®πÕ¬Ÿà„π√à“ß°“¬

‰¥âπ“π¢÷Èπ (persistence of antigen) ‚¥¬‰¡à∂Ÿ°∑”≈“¬‚¥¬‡´≈≈å

macrophage ‡æ‘Ë¡°“√μÕ∫ πÕß∑“ß¿Ÿ¡‘§ÿâ¡°—π‰¥â¥’°«à“°“√

„™â·Õπμ‘‡®π‡æ’¬ßÕ¬à“ß‡¥’¬« ™à«¬æ“·Õπμ‘‡®π‰ª¬—ß√–∫∫

πÈ”‡À≈◊Õß ÷́Ëß¡’°“√μÕ∫ πÕß¢Õß√–∫∫¿Ÿ¡‘§ÿâ¡°—π ·≈–¬—ß„™â

ª√‘¡“≥·Õπμ‘‡®π≈¥≈ß (MacLean et al., 2001) πÕ°®“°π’È

¡’ à«πª√–°Õ∫¢Õß‡™◊ÈÕ Mycobacterium tuberculosis ´÷Ëß

™à«¬°√–μÿâπ°“√∑”ß“π¢Õß√–∫∫¿Ÿ¡‘§ÿâ¡°—π ‚¥¬°“√°√–μÿâπ„Àâ

 √â“ßÕ‘π‡μÕ√å‡øï¬√Õπ™π‘¥·°√¡¡à“ (Interferon-gamma) ·≈–

°“√Õ—°‡ ∫ºà“π∑“ß‡´≈≈å (delayed-type hypersensitivity) ‚¥¬

®–°√–μÿâπ°“√μÕ∫ πÕß‡´≈≈å‡¡Á¥‡≈◊Õ¥¢“«™π‘¥ T helper 1

·≈– 2 (Th1 ·≈– Th2) ´÷Ëß‰ª°√–μÿâπ‡´≈≈å‡¡Á¥‡≈◊Õ¥¢“«™π‘¥

∑”≈“¬‡´≈≈å (cytotoxic-T lymphocyte) °“√ √â“ß·Õπμ‘∫Õ¥’

°“√π”‡ πÕ·Õπμ‘‡®πμàÕ°≈ÿà¡‡´≈≈å√Ÿª¥“« (dendritic cell)

·≈–°≈ÿà¡‡´≈≈å macrophage  à«πμ—«‡ √‘¡™π‘¥ Alum §◊Õ

 “√ª√–°Õ∫Õ–≈Ÿ¡‘‡π’¬¡ ª√–°Õ∫¥â«¬ Aluminum hydroxide;

Al(OH)
3
 ·≈– Magnesium hydroxide; Mg(OH)

2
 ´÷Ëß àß‡ √‘¡

°“√π”‡ πÕ·Õπμ‘‡®π·≈–™–≈Õ°“√ª≈¥ª≈àÕ¬·Õπμ‘‡®π

(depot mechanism) ∑”„Àâ‡°‘¥°“√Õ—°‡ ∫‡©æ“–∑’Ë·≈–°√–μÿâπ

°“√∑”ß“π¢Õß‡´≈≈å‡¡Á¥‡≈◊Õ¥¢“«™π‘¥ Th2 ‡∑à“π—Èπ ®÷ß°√–μÿâπ

°“√ √â“ß·Õπμ‘∫Õ¥’ ·μà‰¡à¡’º≈μàÕ°“√∑”ß“π¢Õß‡´≈≈å

‡¡Á¥‡≈◊Õ¥¢“«™π‘¥∑”≈“¬‡´≈≈å (Brewer et al., 1996; Ciarlet

et al., 1998; Gottwein et al., 2001; Tovey and Lallemand,

2010; Behr and Divangahi, 2015) ´÷Ëßº≈°“√»÷°…“°√–μà“¬

μ—«∑’Ë 2 ¡’√–¥—∫·Õπμ‘∫Õ¥’πâÕ¬°«à“°√–μà“¬μ—«∑’Ë 1 §≈â“¬§≈÷ß

°—∫°“√»÷°…“¢Õß Hui ·≈–§≥– (1991) Jiao ·≈–§≥– (2010)

·≈– Luo ·≈–§≥– (2012) ·≈–‡¡◊ËÕ ‡ª√’¬∫‡∑’¬∫

ª√– ‘∑∏‘¿“æ¢Õßμ—«‡ √‘¡ æ∫°“√„™âμ—«‡ √‘¡™π‘¥ Freund's

¡’°“√°√–μÿâπ¢Õß√–¥—∫·Õπμ‘∫Õ¥’‰¥â¥’°«à“‡¡◊ËÕ‡ª√’¬∫°—∫

μ—«‡ √‘¡™π‘¥ Alum ·μàÕ¬à“ß‰√°Áμ“¡μ—«‡ √‘¡™π‘¥ Freund's

∑”„Àâ‡°‘¥°“√Õ—°‡ ∫‡√◊ÈÕ√—ß (granuloma inflammation) ‡°‘¥

°“√μ“¬¢Õß‡´≈≈å·≈–‡π◊ÈÕ‡¬◊ËÕ (necrosis) ∑”„Àâ‡°‘¥§«“¡

‡®Á∫ª«¥·°à —μ«å (Broderson, 1989; Batista-Duharte et al.,

2011) ÷́Ëß„π°√–μà“¬∑’Ë‰¥â√—∫μ—«‡ √‘¡™π‘¥ Alum ‡°‘¥

√Õ¬·º≈‡ªìπμÿà¡ÀπÕßπâÕ¬°«à“°“√©’¥°√–μÿâπ‡¡◊ËÕ„™âμ—«‡ √‘¡

™π‘¥ Freund's

°“√º≈‘μ‚æ≈’‚§≈πÕ≈·Õπμ‘∫Õ¥’·¡â«à“®–¡’¢âÕ®”°—¥

À≈“¬¥â“π ‡™àπ °“√„™â —μ«å∑¥≈Õß„π°√–∫«π°“√º≈‘μ®÷ß
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‚æ≈’‚§≈πÕ≈·Õπμ‘∫Õ¥’∑’Ëº≈‘μ‰¥â “¡“√∂„™â‡ªìπ™ÿ¥§«∫§ÿ¡

∫«° ”À√—∫°“√μ√«®À“·Õπμ‘∫Õ¥’μàÕ‡™◊ÈÕ‰«√— ‰¢âÀ«—¥π°

·≈–°“√μ√«®√–∫ÿ™π‘¥ (typing) ‡™◊ÈÕ‰«√— ‰¢âÀ«—¥π°¥â«¬

ªØ‘°‘√‘¬“¬—∫¬—Èß°“√‡°“–°≈ÿà¡¢Õß‡¡Á¥‡≈◊Õ¥·¥ßμàÕ‡™◊ÈÕ‰«√— 

‰¢âÀ«—¥„À≠à ÷́Ëß “¡“√∂æ—≤π“‡ªìπ‡§√◊ËÕß¡◊Õ°“√μ√«®®”·π°

™π‘¥Œ’·¡°°Ÿμ‘π‘π™π‘¥ H5 ‡æ◊ËÕ‡æ‘Ë¡»—°¬¿“æ„π°“√»÷°…“«‘®—¬

‡™◊ÈÕ‰«√— ‰¢âÀ«—¥π°™π‘¥ H5N1 √«¡∑—Èßß“π∫√‘°“√«‘™“°“√

„πÕπ“§μμàÕ‰ª
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