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Abstract

More than 75% of emerging infectious diseases are zoonosis. Therefore, comprehension on mechanisms

of disease transmission within animal and human populations and among these populations is vitally

important. Mathematical models have been developed to simulate how infectious diseases occur and spread as

well as effectiveness of related control measures. Compartmental model is one of the most common infectious

disease models, for example, SIR (Susceptible-Infectious-Recovered) model. The model is adjustable to the

interested factors and dynamics of disease spread. Thus, fundamental data on the occurrence and propagation of

disease directly affect model accuracy. To control model complexity, compartmental model is, however, based

on multiple basic assumptions. In Thailand, zoonotic models were constructed for some diseases such as avian

influenza and leptospirosis. Nevertheless, these models were limitedly developed and lack of policy application.

Model translation and communication are crucial to let the model guide interventions for disease control

and prevention.
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∫∑§—¥¬àÕ

‚√§μ‘¥‡™◊ÈÕÕÿ∫—μ‘„À¡à∑’Ë‡°‘¥¢÷ÈπÕ¬à“ßμàÕ‡π◊ËÕß„πªí®®ÿ∫—π°«à“ 75% ‡ªìπ‚√§ —μ«å Ÿà§π ¥—ßπ—Èπ °“√∑”§«“¡‡¢â“„®∂÷ß°≈‰°°“√

·æ√à°√–®“¬¢Õß‚√§¿“¬„πª√–™“°√ —μ«å ª√–™“°√§π √«¡∑—Èß√–À«à“ßª√–™“°√ —μ«å·≈–§π ®÷ß¡’§«“¡ ”§—≠‡ªìπÕ¬à“ß¡“°

·∫∫®”≈Õß∑“ß§≥‘μ»“ μ√å∂Ÿ°æ—≤π“¢÷Èπ‡æ◊ËÕ®”≈Õß°“√‡°‘¥·≈–°“√·æ√à°√–®“¬¢Õß‚√§μ‘¥‡™◊ÈÕ √«¡∑—Èßª√– ‘∑∏‘¿“æ¢Õß¡“μ√°“√

μà“ßÊ ∑’Ë‡°’Ë¬«¢âÕß ·∫∫®”≈Õß·∫∫·∫àß à«π‡ªìπ·∫∫®”≈Õß‚√§μ‘¥‡™◊ÈÕ·∫∫Àπ÷Ëß∑’Ë„™â°—π¡“°∑’Ë ÿ¥ μ—«Õ¬à“ß‡™àπ ·∫∫®”≈Õß SIR

(Susceptible-Infectious-Recovered) ·∫∫®”≈Õßπ’È “¡“√∂ª√—∫‡ª≈’Ë¬π‰¥âμ“¡ªí®®—¬∑’Ë π„®·≈–æ≈«—μ¢Õß°“√·æ√à‡™◊ÈÕ ¥—ßπ—Èπ

¢âÕ¡Ÿ≈æ◊Èπ∞“π‡°’Ë¬«°—∫°≈‰°°“√‡°‘¥·≈–°“√·æ√à°√–®“¬¢Õß‚√§®÷ß¡’º≈‚¥¬μ√ßμàÕ§«“¡·¡àπ¬”¢Õß·∫∫®”≈Õß Õ¬à“ß‰√°Áμ“¡

·∫∫®”≈Õß·∫∫·∫àß à«π¬—ßÕ¬Ÿà∫πæ◊Èπ∞“π¢Õß¢âÕμ°≈ß‡∫◊ÈÕßμâπÀ≈“¬ª√–°“√∑’Ë°”Àπ¥¢÷Èπ‡æ◊ËÕ„Àâ·∫∫®”≈Õß‰¡à´—∫´âÕπ®π

‡°‘π‰ª „πª√–‡∑»‰∑¬ ¡’π—°«‘®—¬ √â“ß·∫∫®”≈Õß¢Õß‚√§ —μ«å Ÿà§πÕ¬Ÿà∫â“ß ¥—ß®–‡ÀÁπ‰¥â®“°μ—«Õ¬à“ß¢Õß‚√§‰¢âÀ«—¥π°·≈–‚√§

‡≈ª‚μ ‰ª‚√´‘  Õ¬à“ß‰√°Áμ“¡ °“√ √â“ß·∫∫®”≈Õß‡À≈à“π’È¬—ßÕ¬Ÿà„π«ß®”°—¥·≈–¢“¥°“√π”‰ª„™â®√‘ß„π‡™‘ßπ‚¬∫“¬ °“√·ª≈º≈

·≈–°“√ ◊ËÕ “√·∫∫®”≈Õß‰ª Ÿà·π«∑“ß°“√ √â“ß¡“μ√°“√ªÑÕß°—π·≈–§«∫§ÿ¡‚√§®÷ß‡ªìπ‡√◊ËÕß∑’Ë ”§—≠¬‘Ëß

§” ”§—≠ : ·∫∫®”≈Õß∑“ß§≥‘μ»“ μ√å, ª√–‡∑»‰∑¬, ‚√§ —μ«å Ÿà§π, «‘∑¬“°“√√–∫“¥
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∫∑π”

„πªí®®ÿ∫—π ¡’‚√§μ‘¥‡™◊ÈÕÕÿ∫—μ‘„À¡à·≈–Õÿ∫—μ‘´È”‡°‘¥

¢÷ÈπÕ¬à“ßμàÕ‡π◊ËÕß μ—«Õ¬à“ß‡™àπ ‚√§‰¢âÀ«—¥π° ‚√§´“√å 

‚√§‰«√— Õ’‚∫≈“ ‚√§‡¡Õ√å  ·≈–≈à“ ÿ¥ ‚√§‰«√— ´‘°“ °“√

√–∫“¥¢Õß‚√§‡À≈à“π’È àßº≈°√–∑∫Õ¬à“ß¡“°μàÕ°“√¥”‡π‘π

™’«‘μ¢ÕßºŸâ§π·≈– àßº≈‡ ’¬¡À“»“≈μàÕ√–∫∫‡»√…∞°‘®

‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß„πª√–‡∑»∑’Ë‡°‘¥°“√√–∫“¥„π«ß°«â“ß ‡ªìπ

∑’Ëπà“ —ß‡°μ«à“ °«à“ 60% ¢Õß‚√§μ‘¥‡™◊ÈÕ∑’Ë‡°‘¥¢÷Èπ„π§π À√◊Õ

ª√–¡“≥ 75% ¢Õß‚√§μ‘¥‡™◊ÈÕÕÿ∫—μ‘„À¡à‡ªìπ‚√§ —μ«å Ÿà§π

(zoonotic diseases) (Taylor et al., 2001; Woolhouse and

Gowtage-Sequeria 2005) °“√μ‘¥μàÕ·≈–°“√√–∫“¥¢Õß‚√§

‡À≈à“π’È¡—°¡’§«“¡ —́∫ ấÕπ ‡π◊ËÕß®“°¡’∑—Èß§π·≈– —μ«å‡¢â“¡“

‡°’Ë¬«¢âÕß °“√‡¢â“„®∂÷ß°≈‰°¢Õß°“√·æ√à°√–®“¬¢Õß‡™◊ÈÕ ®–™à«¬

„Àâ°“√§«∫§ÿ¡·≈–ªÑÕß°—π‚√§‡ªìπ‰ª‰¥âÕ¬à“ß¡’ª√– ‘∑∏‘¿“æ

·∫∫®”≈Õß∑“ß§≥‘μ»“ μ√å‡ªìπ‡§√◊ËÕß¡◊Õ∑’Ë„™â„π°“√

Õ∏‘∫“¬æ≈«—μ°“√√–∫“¥¢Õß‚√§μ‘¥‡™◊ÈÕ∑—Èß„π§π·≈– —μ«å

√«¡∑—Èßæ¬“°√≥å°“√√–∫“¥¢Õß‚√§·≈–®”≈Õß·π«∑“ß‡æ◊ËÕ

„ÀâºŸâ¡’Õ”π“®μ—¥ ‘π„® (policy maker) ‡≈◊Õ°π‚¬∫“¬∑’Ë

‡À¡“– ¡„π°“√ªÑÕß°—π·≈–§«∫§ÿ¡°“√√–∫“¥¢Õß‚√§∑’Ë‡°‘¥

¢÷Èπ‰¥â (Siettos and Russo 2013) ¥â«¬æ—≤π“°“√∑’Ë√«¥‡√Á«

¢Õß«ß°“√§Õ¡æ‘«‡μÕ√å §Õ¡æ‘«‡μÕ√å„πªí®®ÿ∫—π®÷ß¡’§«“¡

 “¡“√∂„π°“√ª√–¡«≈º≈¢âÕ¡Ÿ≈¢π“¥„À≠à‰¥â¿“¬„π

√–¬–‡«≈“Õ—π —Èπ  “¡“√∂√Õß√—∫°“√ √â“ß·∫∫®”≈Õß∑’Ë¡’

§«“¡´—∫´âÕπ‰¥â ‡ªìπº≈„Àâß“π∑“ß¥â“π·∫∫®”≈Õß∑“ß

§≥‘μ»“ μ√åæ—≤π“‰ªÕ¬à“ß√«¥‡√Á«‡™àπ°—π

°“√∑∫∑«π«√√≥°√√¡§√—Èßπ’È ®÷ß¡’®ÿ¥ª√– ß§å∑’Ë®–

Õ∏‘∫“¬∂÷ßæ—≤π“°“√¢Õß°“√ √â“ß·∫∫®”≈Õß∑“ß§≥‘μ»“ μ√å

¥â“π«‘∑¬“°“√√–∫“¥ À≈—°°“√æ◊Èπ∞“π·≈–°“√ª√–¬ÿ°μå„™â°—∫

‚√§ —μ«å Ÿà§π∑’Ë‡°‘¥¢÷Èπ„πª√–‡∑»‰∑¬ ‡æ◊ËÕ„Àâ‡¢â“„®°“√»÷°…“

„π≈—°…≥–π’È  “¡“√∂π”‰ªμàÕ¬Õ¥ß“π«‘®—¬ ·≈–π”‰ª Ÿà°“√

 √â“ßπ‚¬∫“¬∑’Ë‡°’Ë¬«¢âÕß‰¥â

æ—≤π“°“√¢Õß·∫∫®”≈Õß∑“ß§≥‘μ»“ μ√å

„π∑“ß«‘∑¬“°“√√–∫“¥ ·∫∫®”≈Õß∑“ß

§≥‘μ»“ μ√å‡ªìπ°√–∫«π°“√√«∫√«¡¢âÕ¡Ÿ≈·≈– ¡¡μ‘∞“π

∑’Ë ‡°’Ë¬«¢âÕß°—∫°“√·æ√à°√–®“¬¢Õß‚√§μ‘¥‡™◊ÈÕÕ¬à“ß‡ªìπ

√–∫∫ ·≈â«π”‰ª„™â§“¥°“√≥å°“√√–∫“¥¢Õß‚√§„π‡™‘ß

ª√‘¡“≥ ‚¥¬Õ¬Ÿà∫π°Æ·≈–æ◊Èπ∞“π∑“ß§≥‘μ»“ μ√å (Wu and

Cowling 2011) °“√ª√–¬ÿ°μå„™â·∫∫®”≈Õß∑“ß§≥‘μ»“ μ√å

„π°“√»÷°…“‡°’Ë¬«°—∫°“√√–∫“¥¢Õß‚√§‰¡à„™à‡√◊ËÕß„À¡à·μà

Õ¬à“ß„¥ ß“π∑’Ë∂◊Õ‰¥â«à“‡ªìπ¬ÿ§∫ÿ°‡∫‘°¢Õß°“√»÷°…“¥â“ππ’È§◊Õ

°“√»÷°…“¢Õß Bernoulli (1766) ÷́Ëß √â“ß·∫∫®”≈Õß∑“ß

§≥‘μ»“ μ√å ‡æ◊ËÕ«‘ ‡§√“–Àåº≈¢Õß°“√ª≈Ÿ°ΩïªÑÕß°—π‚√§

‰¢â∑√æ‘…·∫∫‚∫√“≥‚¥¬„™â‡™◊ÈÕ®“°ÀπÕßΩïÀ√◊Õ –‡°Á¥Ωï

(variolation) ∑’Ë¡’μàÕ°“√§“¥À¡“¬§ß™’æ (life expectancy)

¢Õß§π∑’ËÕ“»—¬Õ¬Ÿà„π À√“™Õ“≥“®—°√ μàÕ¡“ Lambert (1772)

‰¥â»÷°…“μàÕ¬Õ¥®“°ß“π¢Õß Bernoulli ‚¥¬π”æ“√“¡‘‡μÕ√å

‡°’Ë¬«°—∫Õ“¬ÿ¡“„™â„π°“√«‘‡§√“–Àå‡æ‘Ë¡‡μ‘¡

Õ¬à“ß‰√°Áμ“¡ °“√»÷°…“°“√√–∫“¥¢Õß‚√§μ‘¥‡™◊ÈÕ‚¥¬

„™â·∫∫®”≈Õß∑“ß§≥‘μ»“ μ√å„π√–¬–·√°π—Èπ ¬—ß§ßæ—≤π“

Õ¬à“ß‰¡à‡ªìπ√–∫∫ ®π°√–∑—Ëß Sir Ronald Ross ‰¥â √â“ß™ÿ¥

 ¡°“√‡æ◊ËÕÕ∏‘∫“¬æ≈«—μ°“√μ‘¥μàÕ¢Õß‡™◊ÈÕ¡“≈“‡√’¬√–À«à“ß

§π·≈–¬ÿß (Ross 1911) π—∫«à“‡ªìπ®ÿ¥‡√‘Ë¡μâπ¢Õß·∫∫®”≈Õß

∑“ß§≥‘μ»“ μ√å¥â“π«‘∑¬“°“√√–∫“¥¬ÿ§„À¡à ®“°π—Èπ Kermack

·≈– McKendrick (1927, 1932, 1933) ‰¥âμàÕ¬Õ¥

·π«§‘¥¢Õß Ross ‚¥¬ √â“ß·∫∫®”≈Õß·∫∫·∫àß à«π∫π

æ◊Èπ∞“π¢Õß°ØÕ—μ√“ (law of mass action) ·≈– Macdonald

(1952) ‰¥âÕ∏‘∫“¬°“√·æ√à°√–®“¬¢Õß‡™◊ÈÕ¡“≈“‡√’¬„π‡™‘ß≈÷°

·≈–‡ πÕ«‘∏’°“√°”®—¥‚√§Õ¬à“ß‡ªìπ√Ÿª∏√√¡ ∑”„Àâ·∫∫®”≈Õß

∑’ËÕ∏‘∫“¬∂÷ßæ≈«—μ¢Õß°“√√–∫“¥·≈–°“√§«∫§ÿ¡‚√§μ‘¥‡™◊ÈÕ

∑’Ëπ”‚¥¬¬ÿß ∂Ÿ°‡√’¬°«à“ ·∫∫®”≈Õß Ross-Macdonald

(Smith et al., 2012) μàÕ¡“ Reed ·≈– Frost ‰¥â‡ πÕ·∫∫

®”≈Õß·∫∫≈Ÿ°‚´à∑«‘π“¡ (chain binomial model) (Frost

1976) ·≈– Enko (1989) ‰¥âæ—≤π“·∫∫®”≈Õß§«“¡πà“®–

‡ªìπ (probabilistic model) ‡æ◊ËÕÕ∏‘∫“¬°“√√–∫“¥¢Õß‚√§À—¥

´÷Ëß‡ªìπæ◊Èπ∞“ππ”‰ª Ÿà°“√æ—≤π“·∫∫®”≈Õß™—Èπ Ÿß„π‡«≈“

μàÕ¡“ ‚¥¬≈”¥—∫‡«≈“¢Õß°“√æ—≤π“·∫∫®”≈Õß∑“ß

§≥‘μ»“ μ√å¥â“π«‘∑¬“°“√√–∫“¥  “¡“√∂ √ÿª‰¥â¥—ßμ“√“ß

∑’Ë 1

ªí®®ÿ∫—π ¡’ºŸâæ—≤π“·∫∫®”≈Õß∑“ß§≥‘μ»“ μ√å‡æ◊ËÕ

»÷°…“°“√√–∫“¥¢Õß‚√§μ‘¥‡™◊ÈÕ„πÀ≈“¬√Ÿª·∫∫ Õ¬à“ß‰√°Áμ“¡

·∫∫®”≈Õß·∫∫·∫àß à«π (compartmental model) ¬—ß‡ªìπ

·∫∫®”≈Õß∑’Ë‰¥â√—∫§«“¡π‘¬¡Õ¬à“ßμàÕ‡π◊ËÕß ®“°≈—°…≥–¢Õß

·∫∫®”≈Õß∑’Ë¡’§«“¡™—¥‡®π  “¡“√∂Õ∏‘∫“¬æ≈«—μ¢Õß°“√

√–∫“¥‰¥âßà“¬ ´÷ËßºŸâ‡¢’¬π®–¢¬“¬§«“¡„π≈”¥—∫∂—¥‰ª
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·∫∫®”≈Õß·∫∫·∫àß à«π

·∫∫®”≈Õß·∫∫·∫àß à«π‰¥â·∫àßª√–™“°√∑’Ë π„®μ“¡

 ∂“π– ÿ¢¿“æ (health status) ·≈–√Ÿª·∫∫°“√μÕ∫ πÕß

∑“ß«‘∑¬“¿Ÿ¡‘§ÿâ¡°—π¢Õß‚√§∑’Ë»÷°…“ ‚¥¬ “¡“√∂·∫àß‰¥âÀ≈“¬

·∫∫ ‡™àπ SI (Susceptible-Infectious), SIS (Susceptible-

Infectious-Susceptible), SIR (Susceptible-Infectious-

Recovered), SEIR (Susceptible-Exposed-Infectious-

Recovered), SEIRS (Susceptible-Exposed-Infectious-

Recovered-Susceptible), MSEIR (Maternal-Susceptible-

Exposed-Infectious-Recovered), MSEIRS (Maternal-

Susceptible-Exposed-Infectious-Recovered-Susceptible)

‡ªìπμâπ „π∑’Ëπ’È®–¢ÕÕ∏‘∫“¬∂÷ß·∫∫®”≈Õß SIR ‡æ◊ËÕ √â“ß

§«“¡‡¢â“„®∂÷ß√Ÿª·∫∫¢Õß·∫∫®”≈Õß·∫∫·∫àß à«π¥—ßπ’È

·∫∫®”≈Õß SIR ·∫àßª√–™“°√‡ªìπ 3 °≈ÿà¡ §◊Õ °≈ÿà¡

‰«μàÕ°“√μ‘¥‡™◊ÈÕ (Susceptible) °≈ÿà¡∑’Ëμ‘¥·≈– “¡“√∂·æ√à‡™◊ÈÕ

‰¥â (Infectious) ·≈–°≈ÿà¡∑’ËÀ“¬®“°°“√μ‘¥‡™◊ÈÕ·≈–¡’§ÿâ¡°—π

μàÕ‡™◊ÈÕ (Recovered) ¥—ß· ¥ß„π√Ÿª∑’Ë 1

ªï æ.». °“√»÷°…“‡°’Ë¬«°—∫·∫∫®”≈Õß∑“ß§≥‘μ»“ μ√å¥â“π«‘∑¬“°“√√–∫“¥ Õâ“ßÕ‘ß

2309 Bernoulli  √â“ß·∫∫®”≈Õß‡æ◊ËÕ«‘‡§√“–Àåº≈¢Õß°“√∑” Variolation ∑’Ë¡’μàÕÕ“¬ÿ Bernoulli (1766)

§“¥‡©≈’Ë¬¢Õß§π„π À√“™Õ“≥“®—°√

2315 Lambert μàÕ¬Õ¥°“√»÷°…“¢Õß Bernoulli ‚¥¬‡æ‘Ë¡æ“√“¡‘‡μÕ√å‡°’Ë¬«°—∫Õ“¬ÿ Lambert (1772)

2454 Ross  √â“ß·∫∫®”≈Õß‡æ◊ËÕÕ∏‘∫“¬°“√μ‘¥μàÕ¢Õß‡™◊ÈÕ¡“≈“‡√’¬√–À«à“ß§π·≈–¬ÿß Ross (1911)

‡ªìπ®ÿ¥‡√‘Ë¡μâπ¢Õß·∫∫®”≈Õß∑“ß§≥‘μ»“ μ√å¥â“π«‘∑¬“°“√√–∫“¥¬ÿ§„À¡à

2470-2476 Kermack ·≈– McKendrick  √â“ß·∫∫®”≈ÕßÕ—π‡ªìπ®ÿ¥‡√‘Ë¡μâπ¢Õß·∫∫®”≈Õß SIR Kermack and

McKendrick

(1927, 1932, 1933)

2495 Macdonald æ—≤π“·∫∫®”≈Õß¢Õß Ross ‰ª Ÿà·∫∫®”≈Õß‡™‘ßªØ‘∫—μ‘°“√ ®π°≈“¬‡ªìπ Macdonald (1952)

·∫∫®”≈Õß Ross-Macdonald

2519 Reed ·≈– Frost ‡ πÕ·∫∫®”≈Õß≈Ÿ°‚´à∑«‘π“¡ Frost (1976)

2532 Enko  √â“ß·∫∫®”≈Õß§«“¡πà“®–‡ªìπ ‡æ◊ËÕÕ∏‘∫“¬°“√√–∫“¥¢Õß‚√§À—¥ Enko (1989)

´÷Ëß‡ªìπæ◊Èπ∞“π¢Õß·∫∫®”≈Õß™—Èπ Ÿß

μ“√“ß∑’Ë 1 æ—≤π“°“√¢Õß·∫∫®”≈Õß∑“ß§≥‘μ»“ μ√å¥â“π«‘∑¬“°“√√–∫“¥
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®”≈Õß °”Àπ¥„Àâ‰°à 1 μ—«μ‘¥‡™◊ÈÕ ¥â«¬Õ—μ√“°“√·æ√à‡™◊ÈÕ

‡∑à“°—∫ 1.5 º≈ª√“°Ø«à“ ®”π«π‰°à∑’Ë‰«μàÕ°“√μ‘¥‡™◊ÈÕ≈¥≈ß

Õ¬à“ß√«¥‡√Á« ·≈–‰°à∑—Èß 1,000 μ—« μ‘¥‡™◊ÈÕ∑—ÈßÀ¡¥¿“¬„π

√–¬–‡«≈“ 10 «—π „π¢≥–‡¥’¬«°—π ‰°à∑’Ëμ‘¥‡™◊ÈÕ‰¥â∑–¬Õ¬μ“¬

¥â«¬Õ—μ√“°“√μ“¬ 0.15 ®πμ“¬À¡¥‡¡◊ËÕ‡«≈“ºà“π‰ª 47 «—π

·∫∫®”≈Õßπ’È √â“ß¢÷Èπ∫π¢âÕμ°≈ß‡∫◊ÈÕßμâπ (basic assumption)

∑’Ë«à“ ‰°à∑ÿ°μ—«¡’‚Õ°“  —¡º— ·≈–μ‘¥‡™◊ÈÕ°—π‰¥â (homogenous

mixing) ·≈–‰¡à¡’°“√§«∫§ÿ¡°“√μ‘¥‡™◊ÈÕ

®–‡ÀÁπ‰¥â«à“ ·∫∫®”≈Õß·∫∫·∫àß à«ππ’È¬—ßÕ¬Ÿà∫π

æ◊Èπ∞“π¢Õß¢âÕμ°≈ß‡∫◊ÈÕßμâπÀ≈“¬¢âÕ ‚¥¬∑—Ë«‰ª ·∫∫®”≈Õß

·∫∫·∫àß à«π¡’¢âÕμ°≈ß‡∫◊ÈÕßμâπ (Johnson and Mcquarrie

2009) ¥—ßμàÕ‰ªπ’È

1. ª√–™“°√„π·∫∫®”≈Õß‰¡à¡’°“√‡ª≈’Ë¬π·ª≈ß

μ≈Õ¥™à«ß‡«≈“∑’Ë π„®

2. ∑“ß ‡¥’ ¬«∑’Ë ª√–™“°√∑’Ë ‰«μàÕ°“√μ‘¥ ‡™◊È Õ®–

‡ª≈’Ë¬π ∂“π–‰¥â§◊Õ°“√μ‘¥‡™◊ÈÕ‡∑à“π—Èπ

3. ∑“ß‡¥’¬«∑’Ëª√–™“°√∑’Ëμ‘¥‡™◊ÈÕ®–‡ª≈’Ë¬π ∂“π–

‰¥â§◊Õ°“√μ“¬À√◊ÕÀ“¬®“°°“√μ‘¥‡™◊ÈÕ·≈–¡’¿Ÿ¡‘§ÿâ¡°—πμàÕ‡™◊ÈÕ

‡∑à“π—Èπ

4. Õ“¬ÿ ‡æ» æ—π∏ÿå ‡™◊ÈÕ™“μ‘ ‰¡à¡’º≈μàÕ‚Õ°“ „π

°“√μ‘¥‡™◊ÈÕ

√Ÿª∑’Ë 1 ·∫∫®”≈Õß∑“ß§≥‘μ»“ μ√å SIR ‚¥¬∑’Ë S ·∑π°≈ÿà¡ª√–™“°√∑’Ë‰«μàÕ°“√μ‘¥‡™◊ÈÕ (Susceptible) I ·∑π°≈ÿà¡∑’Ëμ‘¥·≈–
 “¡“√∂·æ√à‡™◊ÈÕ‰¥â (Infectious) ·≈– R ·∑πª√–™“°√∑’ËÀ“¬®“°°“√μ‘¥‡™◊ÈÕ·≈–¡’§ÿâ¡°—πμàÕ‡™◊ÈÕ (Recovered) β ·∑πÕ—μ√“°“√·æ√à‡™◊ÈÕ
(Transmission rate) ·≈– γ ·∑πÕ—μ√“°“√À“¬®“°°“√μ‘¥‡™◊ÈÕ (Recovery rate)

ª√–™“°√„π·μà≈– ∂“π–®–¡’°“√‡ª≈’Ë¬πºà“π ∂“π–

‡¡◊ËÕ‡«≈“ºà“π‰ª ¥—ß· ¥ß„π ¡°“√‡™‘ßÕπÿæ—π∏å¢Õß Kermack

and McKendrick (1927) μàÕ‰ªπ’È

(1)

(2)

(3)

‡æ◊ËÕ„Àâ‡°‘¥§«“¡‡¢â“„®∂÷ß°≈‰°°“√‡ª≈’Ë¬π ∂“π–¢Õß

ª√–™“°√ ¢Õ¬°μ—«Õ¬à“ß°“√»÷°…“¢Õß Wiratsudakul (2014)

´÷Ëß‰¥â √â“ß·∫∫®”≈Õß SIR ‡æ◊ËÕ»÷°…“°“√·æ√à°√–®“¬¢Õß‡™◊ÈÕ

‰¢âÀ«—¥π°  “¬æ—π∏ÿå H5N1 „π‰°àæ◊Èπ‡¡◊Õß„π®—ßÀ«—¥æ‘…≥ÿ‚≈°

‚¥¬‡√‘Ë¡®“°°“√°”Àπ¥„Àâ‰°à∑ÿ°μ—«Õ¬Ÿà„π ∂“π–‰«μàÕ°“√

μ‘¥‡™◊ÈÕ (S) ®“°π—Èπ ®÷ß®”≈Õß°“√‡°‘¥‚√§‚¥¬°”Àπ¥„Àâ‰°à 1

μ—«μ‘¥‡™◊ÈÕ (I) ·≈–„Àâ‡™◊ÈÕ·æ√à°√–®“¬ÕÕ°‰ª¥â«¬Õ—μ√“°“√

·æ√à‡™◊ÈÕ (β) §à“Àπ÷Ëß ·≈–‰°à∑’Ëμ‘¥‡™◊ÈÕ®–μ“¬®“°°“√μ‘¥‡™◊ÈÕ (R)

¥â«¬Õ—μ√“°“√μ“¬Õ’°§à“Àπ÷Ëß (γ) „π√Ÿª∑’Ë 2 °”Àπ¥„Àâ®”π«π

‰°à∑’Ë‰«μàÕ°“√μ‘¥‡™◊ÈÕ¡’ 1,000 μ—« ·≈–„π«—π·√°¢Õß°“√

dS
-
dt

βSI
-
N

=  -

dI
-
dt

βSI
-
N

=         - γI

dR
-
dt

=  γI
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5. ¿Ÿ¡‘§ÿâ¡°—π®“°·¡à Ÿà≈Ÿ°‰¡à∂Ÿ°π”¡“æ‘®“√≥“„π

·∫∫®”≈Õß

6. ª√–™“°√∑’Ë π„®∑—ÈßÀ¡¥¡’‚Õ°“  —¡º— ·≈–

μ‘¥‡™◊ÈÕ°—π‰¥â

Õ¬à“ß‰√°Áμ“¡ ºŸâ √â“ß·∫∫®”≈Õß¡—°ª√—∫¢âÕμ°≈ß

‡∫◊ÈÕßμâπ‡À≈à“π’È ‡æ◊ËÕ„Àâ·∫∫®”≈Õß¡’§«“¡„°≈â‡§’¬ß°—∫§«“¡

‡ªìπ®√‘ß¡“°¢÷Èπ

·∫∫®”≈Õß·∫∫·∫àß à«π°—∫«‘∑¬“°“√√–∫“¥‚√§ —μ«å Ÿà§π

„πª√–‡∑»‰∑¬

®“°°“√√–∫“¥¢Õß‚√§‰¢âÀ«—¥π°  “¬æ—π∏ÿå H5N1 „π

ª√–‡∑»‰∑¬ √–À«à“ßªï æ.». 2547-2551 (Chantong and

Kaneene 2011) ·∫∫®”≈Õß·∫∫·∫àß à«π‰¥â∂Ÿ°π”¡“Õ∏‘∫“¬

°“√√–∫“¥¥—ß°≈à“«„πÀ≈“¬√Ÿª·∫∫ μ—«Õ¬à“ß‡™àπ Tiensin

et al. (2007) „™â·∫∫®”≈Õß SIR √–¥—∫¿“¬„πΩŸß„π°“√

ª√–¡“≥§à“Õ—μ√“°“√·æ√à‡™◊ÈÕ·≈–§à“ Basic reproduction

number ¢Õß°“√√–∫“¥∑’Ë‡°‘¥¢÷Èπ„πªï æ.». 2547 μàÕ¡“ ·∫∫

®”≈Õß SIR ‰¥â∂Ÿ°π”¡“„™âª√–¡“≥§à“ Reproduction number

„π°“√√–∫“¥√–¥—∫μ”∫≈¢Õß‚√§‰¢âÀ«—¥π° √–À«à“ßªï æ.».

2547-2548 °“√»÷°…“π’È‰¥âπ”»“ μ√å¥â“π«‘∑¬“°“√√–∫“¥

‡™‘ßæ◊Èπ∑’Ë¡“√à«¡„π°“√«‘‡§√“–Àå ·≈–æ∫«à“°“√·æ√à°√–®“¬

¢Õß‡™◊ÈÕ à«π„À≠à‡°‘¥¢÷Èπ„π√—»¡’‰¡à‡°‘π 32 °‘‚≈‡¡μ√ ®“°®ÿ¥

‡°‘¥‚√§ (Marquetoux et al., 2012) ®“°π—Èπ Wiratsudakul

(2014) ‰¥â √â“ß·∫∫®”≈Õßæ≈«—μ (dynamic model) ‡æ◊ËÕ

Õ∏‘∫“¬√Ÿª·∫∫°“√§â“‰°à∫π‡§√◊Õ¢à“¬¢ÕßºŸâ§â“‰°àæ◊Èπ‡¡◊Õß

„π®—ßÀ«—¥æ‘…≥ÿ‚≈° ·≈–„™â·∫∫®”≈Õß SIR Õ∏‘∫“¬°“√

·æ√à°√–®“¬¢Õß‡™◊ÈÕ‰¢âÀ«—¥π°∫π‡§√◊Õ¢à“¬¥—ß°≈à“« ·≈â«®÷ß

 √â“ß·∫∫®”≈Õß‡™‘ßπ‚¬∫“¬ (intervention model) ‡æ◊ËÕ

ª√–‡¡‘πº≈¢Õß¡“μ√“°“√∑’Ë§«√„™â„π°“√§«∫§ÿ¡°“√√–∫“¥

¢Õß‚√§‰¢âÀ«—¥π°„π®—ßÀ«—¥æ‘…≥ÿ‚≈° Õ¬à“ß‰√°Áμ“¡ ¬—ß¡’

ºŸâ √â“ß·∫∫®”≈Õß∑“ß§≥‘μ»“ μ√å√Ÿª·∫∫Õ◊Ëπ ‡æ◊ËÕÕ∏‘∫“¬

°“√√–∫“¥¢Õß‚√§‰¢âÀ«—¥π°„πª√–‡∑»‰∑¬ μ—«Õ¬à“ß‡™àπ

·∫∫®”≈Õß Individual-based (Wilasang et al., 2016)

‡ªìπμâπ

√Ÿª∑’Ë 2 °“√‡ª≈’Ë¬πºà“π ∂“π–„π·∫∫®”≈Õß SIR ¢Õß°“√μ‘¥‡™◊ÈÕ‰¢âÀ«—¥π°  “¬æ—π∏ÿå H5N1 „π‰°àæ◊Èπ‡¡◊Õß„π®—ßÀ«—¥æ‘…≥ÿ‚≈°

(Wiratsudakul 2014) ‚¥¬‡√‘Ë¡®“°‰°à∑’Ë‰«μàÕ°“√μ‘¥‡™◊ÈÕ®”π«π 1,000 μ—« (β = 1.5 ·≈– γ = 0.15)
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‚√§‡≈ª‚μ ‰ª‚√ ‘́ ‡ªìπ‚√§ —μ«å Ÿà§πÕ’°‚√§Àπ÷Ëß

∑’Ë¡’§«“¡ ”§—≠¡“°„π∑“ß “∏“√≥ ÿ¢ ‚√§π’È∂Ÿ°√“¬ß“π

§√—Èß·√°„πª√–‡∑»‰∑¬ ‡¡◊ËÕªï æ.». 2485 (Tangkanakul

et al., 2005) ·¡â‡«≈“®–ºà“π‰ª°«à“ 70 ªï °“√√–∫“¥¢Õß

‚√§π’È¬—ß§ßæ∫‰¥âÕ¬à“ßμàÕ‡π◊ËÕß ‡æ◊ËÕ„Àâ‡°‘¥§«“¡‡¢â“„®„π

æ≈«—μ°“√√–∫“¥¢Õß‚√§ π—°«‘®—¬‰¥âπ”·∫∫®”≈Õß·∫∫·∫àß

 à«π¡“„™â„π°“√Õ∏‘∫“¬°“√·æ√à°√–®“¬¢Õß‡™◊ÈÕ∑—Èß¿“¬„π

ª√–™“°√§π ª√–™“°√ —μ«å √«¡∑—Èß√–À«à“ß§π·≈– —μ«å

Triampo et al. (2006) ‰¥â √â“ß·∫∫®”≈ÕßÕ¬à“ßßà“¬ ‚¥¬

·∫àßª√–™“°√ÕÕ°‡ªìπ Õß à«π§◊Õ ÀπŸ·≈–§π „πÀπŸ

π—°«‘®—¬‰¥â √â“ß·∫∫®”≈Õß SI ¢÷Èπ  à«π„π§π π—°«‘®—¬‰¥â„™â

·∫∫®”≈Õß SIR „π°“√Õ∏‘∫“¬°“√·æ√à°√–®“¬¢Õß‡™◊ÈÕ º≈

∑’Ë‰¥â®“°·∫∫®”≈Õß¡’§«“¡ Õ¥§≈âÕß°—∫¢âÕ¡Ÿ≈‡™‘ßª√–®—°…å

®“°π—Èπ ¡’π—°«‘®—¬‡ πÕ·∫∫®”≈Õß∑’Ë´—∫´âÕπ¬‘Ëß¢÷Èπ‚¥¬π”

ªí®®—¬¥â“πÕ“¬ÿ¢Õß§π‡¢â“¡“‡°’Ë¬«¢âÕß ‚¥¬Õâ“ßÕ‘ß®“°¢âÕ —ß‡°μ

∑’Ë«à“ ‚√§‡≈ª‚μ ‰ª‚√ ‘́ æ∫„πºŸâ„À≠à¡“°°«à“‡¥Á° π—°«‘®—¬

∑à“ππ’È®÷ß·¬°ª√–™“°√§πÕÕ°‡ªìπ Õß°≈ÿà¡ §◊Õ ºŸâ„À≠à

·≈–‡¥Á°Õ“¬ÿ‰¡à‡°‘π 15 ªï ®“°π—Èπ®÷ß √â“ß·∫∫®”≈Õß¢Õß

ª√–™“°√∑—Èß Õß°≈ÿà¡π’È·¬°°—π  à«π„πÀπŸ ¬—ß§ß„™â·∫∫

®”≈Õß SI ‡À¡◊Õπ‡¥‘¡ (Pongsumpun 2012) πÕ°®“°ªí®®—¬

¥â“πÕ“¬ÿ·≈â« ‡æ»‡ªìπÕ’°ªí®®—¬Àπ÷Ëß∑’Ë “¡“√∂π”¡“·∫àß à«π

·∫∫®”≈Õß‰¥â ¥—ß®–‡ÀÁπ‰¥â®“°°“√»÷°…“¢Õß Pongsumpun

(2014) ∑’Ë·∫àß·∫∫®”≈Õß SIR „π à«π¢Õß§π‡ªìπ‡æ»À≠‘ß

·≈–™“¬ ‡π◊ËÕß®“°‚√§‡≈ª‚μ ‰ª‚√ ‘́ æ∫‰¥â„π‡æ»™“¬

¡“°°«à“‡æ»À≠‘ß ®–‡ÀÁπ‰¥â«à“ ·∫∫®”≈Õß∑“ß§≥‘μ»“ μ√å

 “¡“√∂ª√—∫‡ª≈’Ë¬π‰¥âμ“¡ªí®®—¬∑’Ë π„®»÷°…“ ∑—Èßπ’È‡æ◊ËÕ

„Àâ ‡¢â“„®∂÷ßº≈¢Õßªí®®—¬¥—ß°≈à“«·≈–π”‰ª Ÿà°“√ √â“ß

¡“μ√°“√„π°“√ªÑÕß°—π·≈–§«∫§ÿ¡‚√§∑’Ë¡’ª√– ‘∑∏‘¿“æ

μàÕ‰ª

Õ¬à“ß‰√°Áμ“¡ °“√ √â“ß·∫∫®”≈Õß∑“ß§≥‘μ»“ μ√å

¢Õß‚√§ —μ«å Ÿà§π„πª√–‡∑»‰∑¬¬—ß¡’¢âÕ®”°—¥Õ¬Ÿà∫â“ß ¢âÕ

®”°—¥∑’Ë‡ªìπÕÿª √√§¡“°∑’Ë ÿ¥§◊Õ ¢âÕ¡Ÿ≈„π¿“§ π“¡∑—Èß

‡™‘ßª√‘¡“≥·≈–§ÿ≥¿“æ ‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß„π‚√§ —μ«å Ÿà§π ́ ÷Ëß

μâÕß„™â¢âÕ¡Ÿ≈∑—Èß à«π¢Õß§π·≈– —μ«å ‡¡◊ËÕ‡°‘¥°“√√–∫“¥

¢Õß‚√§¢÷Èπ °“√ √â“ß‡ âπ‚§âß°“√√–∫“¥ (epidemic curve) ¡’

§«“¡ ”§—≠¡“°„π°“√Õ∏‘∫“¬æ≈«—μ¢Õß°“√√–∫“¥·≈–

π”‰ª Ÿà°“√ √â“ß·∫∫®”≈Õß∑’Ë ¡®√‘ß ∑«à“ À“°‰¥â¢âÕ¡Ÿ≈∑’Ë‰¡à

§√∫∂â«π ‡™àπ „π‡™‘ßª√‘¡“≥ ‰¡à “¡“√∂μ‘¥μ“¡®”π«π

§πÀ√◊Õ —μ«åªÉ«¬‰¥â§√∫ À√◊Õ„π‡™‘ß§ÿ≥¿“æ π‘¬“¡ºŸâªÉ«¬À√◊Õ

 —μ«åªÉ«¬ (case definition) ¡’§«“¡‰«·≈–§«“¡®”‡æ“–∑’Ë

‰¡à‡À¡“– ¡ Õ“®∑”„Àâ‰¡à “¡“√∂ √â“ß·∫∫®”≈Õß∑’Ë –∑âÕπ

°“√√–∫“¥§√—Èßπ—Èπ‰¥â

¢âÕ®”°—¥∑’Ë ”§—≠Õ’°ª√–°“√Àπ÷Ëß§◊Õ μ—«·∫∫®”≈Õß

∑“ß§≥‘μ»“ μ√å‡Õß∑’Ë √â“ßÕ¬Ÿà∫πæ◊Èπ∞“π¢Õß À “¢“«‘™“

°≈à“«§◊Õ μâÕß„™â§«“¡√Ÿâ∑“ß§≥‘μ»“ μ√å„π°“√ √â“ß ·μà°≈‰°

¿“¬„π‡ªìπ‰ªμ“¡À≈—°°“√∑“ß™’«°“√·æ∑¬å ¥—ßπ—Èπ ®÷ß∑”„Àâ

¬“°·°à°“√·ª≈º≈·≈–°“√ ◊Ë Õ “√º≈¢Õß·∫∫®”≈Õß

Õ’°∑—Èß·∫∫®”≈Õß∑“ß§≥‘μ»“ μ√å¬—ß √â“ß‚¥¬¡’¢âÕμ°≈ß

æ◊Èπ∞“πÀ≈“¬ª√–°“√ ¥—ß∑’Ë°≈à“«‰«â„π¢â“ßμâπ ∑—Èßπ’È‡π◊ËÕß®“°

°“√√–∫“¥∑’Ë ‡°‘¥¢÷Èπ®√‘ ß¡’§«“¡ —́∫´âÕπ·≈–¡’ªí®®— ¬∑’Ë

‡°’Ë¬«¢âÕß¡“°‡°‘π°«à“∑’Ë®–π”¡“®”≈Õßæ√âÕ¡°—π∑—ÈßÀ¡¥‰¥â

π—°«‘®—¬®÷ß®”‡ªìπμâÕß„™â¢âÕμ°≈ßæ◊Èπ∞“π‡À≈à“π’È¡“√à«¡„π

°“√ √â“ß·∫∫®”≈Õß πÕ°®“°π—Èπ æ≈«—μ¢Õß°“√√–∫“¥¢Õß

‚√§¬—ß‡°‘¥¢÷ÈπÕ¬à“ß√«¥‡√Á« ·≈–‡¡◊ËÕ‡°‘¥°“√√–∫“¥ Àπà«¬ß“π

∑’Ë‡°’Ë¬«¢âÕß®”‡ªìπμâÕß √â“ß¡“μ√°“√‡æ◊ËÕ√—∫¡◊Õ°“√√–∫“¥π—Èπ

‚¥¬‡√Á« ∑”„Àâ ‘Ëß∑’Ë§“¥°“√≥å„π·∫∫®”≈Õß´÷ËßÕ“® √â“ß∫π

æ◊Èπ∞“π¢Õß‡Àμÿ°“√≥å∑’Ë‡≈«√â“¬∑’Ë ÿ¥ (worst-case scenario)

‰¡àμ√ß°—∫§«“¡‡ªìπ®√‘ß∑’Ë‡°‘¥¢÷Èπ ‡ªìπº≈„Àâ‡°‘¥§«“¡‰¡à¡—Ëπ„®

„π§«“¡·¡àπ¬”¢Õß·∫∫®”≈Õß ‡™àπ °√≥’μ—«Õ¬à“ß¢Õß

§«“¡‰¡à¡—Ëπ„®·≈–°“√«‘æ“°…å«‘®“√≥å∑’Ë‡°‘¥°—∫·∫∫®”≈Õß
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°“√√–∫“¥¢Õß‚√§‰«√— Õ’‚∫≈“ (Butler 2014) ‚√§‰¢âÀ«—¥„À≠à

(Nougairede et al., 2011) ·≈–‚√§´“√ å (Glasser et al.,

2011) °“√ ◊ËÕ “√·∫∫®”≈Õß„Àâ —ß§¡‡¢â“„® ®÷ß‡ªìπ ‘Ëß∑’Ë

π—°«‘®—¬¥â“π·∫∫®”≈Õß®”‡ªìπμâÕß‡√’¬π√Ÿâ·≈–ªØ‘∫—μ‘„Àâ‰¥â

¥â«¬¢âÕ®”°—¥∑’Ë°≈à“«‰«â„π¢â“ßμâπ ∑”„Àâ°“√ √â“ß·∫∫

®”≈Õß∑“ß§≥‘μ»“ μ√å¢Õß‚√§μ‘¥‡™◊ÈÕ ‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß‚√§

 —μ«å Ÿà§π ¬—ß§ßÕ¬Ÿà„π«ß®”°—¥ ·≈–°“√π”·∫∫®”≈Õß‰ª„™â„π

°“√°”Àπ¥π‚¬∫“¬‡æ◊ËÕ√—∫¡◊Õ°—∫°“√√–∫“¥¬—ß‰¡à‡°‘¥¢÷Èπ

Õ¬à“ß‡ªìπ√Ÿª∏√√¡ ¥—ßπ—Èπ π—°«‘®—¬∑’Ë¡’§«“¡ π„®„πß“π¥â“π

·∫∫®”≈Õß∑“ß§≥‘μ»“ μ√å¢Õß‚√§μ‘¥‡™◊ÈÕ®”‡ªìπ®–μâÕß

‡¢â“„®∂÷ß¢âÕ®”°—¥·≈–æ¬“¬“¡ ◊ËÕ “√º≈¢Õß √â“ß·∫∫®”≈Õß

°—∫ºŸâ°”Àπ¥π‚¬∫“¬ ‡æ◊ËÕ„Àâ‡°‘¥π”‰ª„™â®√‘ß„π°“√ªÑÕß°—π

·≈–§«∫§ÿ¡‚√§ ·≈–‡°‘¥°“√æ—≤π“μàÕ¬Õ¥‡ªìπ·∫∫®”≈Õß∑’Ë¡’

∂Ÿ°μâÕß·¡àπ¬”¡“°¢÷ÈπμàÕ‰ª  ”À√—∫ºŸâ∑’Ë π„®„π»“ μ√å¥â“ππ’È

·μà¬—ß‰¡à¡’§«“¡√Ÿâæ◊Èπ∞“π„π°“√ √â“ß·∫∫®”≈Õß∑“ß§≥‘μ»“ μ√å

§«√‡√‘Ë¡μâπ¥â«¬°“√∑”§«“¡‡¢â“„®‡°’Ë¬«°—∫æ≈«—μ°“√√–∫“¥

¢Õß‚√§μ‘¥‡™◊ÈÕ·≈–æ◊Èπ∞“π°“√ √â“ß·∫∫®”≈Õß‡∫◊ÈÕßμâπ

®“°π—Èπ ®÷ß‡≈◊Õ°‚√§∑’Ë π„®À√◊Õ¡’§«“¡∂π—¥ ‡æ◊ËÕ„™â‡ªìπ

μ—«Õ¬à“ß„π°“√ √â“ß·∫∫®”≈Õß ·≈–„πªí®®ÿ∫—π ¡’‚ª√·°√¡

§Õ¡æ‘«‡μÕ√åÀ≈“¬‚ª√·°√¡∑’Ë “¡“√∂π”¡“„™â„π°“√ √â“ß

·∫∫®”≈Õß‰¥âÕ¬à“ß¡’ª√– ‘∑∏‘¿“æ μ—«Õ¬à“ß‡™àπ MathLab

(MathWorks, MA, USA) ·≈– ‚ª√·°√¡ R (R development

core team, Vienna, Austria) ÷́Ëß®”‡ªìπμâÕß∑”§«“¡‡¢â“„®

·≈–Ωñ°„™âß“π®π‡°‘¥§«“¡™”π“≠ ·≈–π”‰ª„™â„π°“√ √â“ß

·∫∫®”≈Õß∑“ß§≥‘μ»“ μ√å¢Õß‚√§μ‘¥‡™◊ÈÕ‰¥â

 √ÿª

·∫∫®”≈Õß∑“ß§≥‘μ»“ μ√å∂Ÿ°æ—≤π“¢÷Èπ·≈–π”

¡“„™â„π∑“ß«‘∑¬“°“√√–∫“¥¡“·≈â«‰¡àμË”°«à“ 250 ªï ¥—ßπ—Èπ

»“ μ√åπ’È®÷ß‰¡à„™à‡√◊ËÕß„À¡à·μàÕ¬à“ß„¥ ·∫∫®”≈Õß·∫∫·∫àß

 à«π‰¥â‡√‘Ë¡„™â§√—Èß·√°„π°“√Õ∏‘∫“¬°“√√–∫“¥¢Õß‡™◊ÈÕ
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·∫∫®”≈Õß¡—°Õ‘ßμ“¡°≈‰°°“√·æ√à°√–®“¬¢Õß‡™◊ÈÕ·μà≈–

™π‘¥ ¥—ßπ—Èπ ¢âÕ¡Ÿ≈æ◊Èπ∞“π¢Õß°“√‡°‘¥·≈–·æ√à°√–®“¬¢Õß
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