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Abstract 

Objective: To study the stability of methamphetamine in urine samples stored at room temperature 

in prospective time. 

Materials and Methods: 32 urine samples positive for methamphetamine ranged from 0.89 ug/ml to 

19.89 ug/ml were recruited from forensic toxicology laboratory, Department of Forensic Medicine, 

Siriraj Hospital. Methamphetamine concentration in urine samples separately stored at 40C and 

room temperature was analyzed in prospective time; 3 hours, 6 hours, 24 hours, 3 days, 7 days and 

14 days by GC-NPD. 

Results: There was no significant change in methamphetamine concentration in urine samples 

stored at 40C and room temperature for 14 days. Methamphetamine concentration in the first seven 

days was not significantly different between urine samples stored at 40C and room temperature but 

it was significantly different on the 14th day. 

Conclusion: Methamphetamine concentration in urine sample is stable when stored at 40C and 

room temperature for up to 14 days. 
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���́�¥n° 

ª́��»�¦³­��r : Á¡ºÉ°«¹�¬µ�ªµ¤���ª́�°��ªµ¤Á�o¤�o��°�Á¤�Â°¤Á¢�µ¤̧�Ä��́­­µª³�̧ÉÁ�È��̧É°»�®£¼¤·®o°� 
Ä��nª�Áª¨µ�nµ�Ç 

ª́­�»Â¨³ª·�̧�µ¦«¹�¬µ: Á º̈°��́­­µª³�̧É�¼�­n�¤µ�¦ª��̧É®o°���·��́·�µ¦�·�·¡·¬ª·�¥µ £µ�ª·�µ�·�·Áª�«µ­�¦r 
��³Â¡�¥«µ­�¦r«·¦·¦µ�¡¥µ�µ¨ �Îµ�ª� 32 �ª́°¥nµ� �¹É�¤̧�ªµ¤Á�o¤�o��°�Á¤�Â°¤Á¢�µ¤̧�¦³®ªnµ� 0.89 

ug/ml �¹� 19.89 ug/ml ¤µÂ¥�Á�È�Åªo �̧É°»�®£¼¤· 4 °�«µÁ�¨Á�̧¥­ Â¨³°»�®£¼¤·®o°� Â¨³�¦ª�®µÁ¤�Â°¤Á¢
�µ¤̧��̧ÉÁª¨µ 3 �´ÉªÃ¤�, 6 �´ÉªÃ¤�, 24 �´ÉªÃ¤�, 3 ª�́, 7 ª�́ Â¨³ 14 ª�́ �oª¥ GC-NPD 

�¨�µ¦«¹�¬µ: ¦³��́�ªµ¤Á�o¤�o��°�Á¤�Â°¤Á¢�µ¤¸�Ä��́­­µª³�̧ÉÁ�È��̧É°»�®£¼¤· 4 °�«µÁ�¨Á�¸¥­ Â¨³�̧É
°»�®£¼¤·®o°�Å¤n¤̧�ªµ¤Â���nµ���́Ä��nª�¦³¥³Áª¨µ 14 ª�́ Â¨³¦³��́�ªµ¤Á�o¤�o��°�Á¤�Â°¤Á¢�µ¤̧�Ä�
�́­­µª³�̧ÉÁ�È��̧É°»�®£¼¤·®o°�Å¤n¤̧�ªµ¤Â���nµ���́��́¦³��́�ªµ¤Á�o¤�o��°�Á¤�Â°¤Á¢�µ¤̧�Ä��́­­µª³�̧É
°»�®£¼¤· 4 °�«µÁ�¨Á�¸¥­ Ä��nª� 7 ª�́ Â�n¤̧�ªµ¤Â���nµ���́°¥nµ�¤̧�¥́­Îµ��́�µ�­�·�·Ä�ª�́�̧É 14 

­¦»�: �nµ�ªµ¤Á�o¤�o��°�Á¤�Â°¤Á¢�µ¤̧�Ä��́­­µª³�̧ÉÁ�È��̧É°»�®£¼¤· 4 °�«µÁ�¨Á�¸¥­ Â¨³�̧É°»�®£¼¤·®o°� Å¤n
¤̧�µ¦Á�¨̧É¥�Â�¨�Ä��nª�Áª¨µ 14 ª�́ 

�Îµ­Îµ�́�: �ªµ¤���ª́, Á¤�Â°¤Á¢�µ¤̧�Ä��́­­µª³, °»�®£¼¤·®o°�, �ªµ¤Á�o¤�o�®¨�́�µ¥ 

 

���Îµ 
¤�Â°¤Á¢�µ¤̧�Á�È �­µ¦Á­¡�·��̧É¤̧�µ¦Â¡¦n¦³�µ�¤µ��̧É­»�Ä��¦³Á�«Å�¥ 1-4 Ã�¥­�·�·�Îµ�ª�Â¨³¦o °¥
¨³�°��¼o�n ª¥�̧ÉÁ�oµ¦́��µ¦�Îµ��́ �µ��µ¦Á­¡¥µ�oµ¤̧�Îµ�ª�¤µ��¹ Ê��»��̧ 2-4 �µ¦�¦ª�®µ­µ¦Á­¡�·�Á�È �
�´ Ê��°�®�¹É��°��µ¦�¦ª��´�­¼�¦«¡ Á¡ºÉ°�¦µ��¹�­µÁ®�»�µ¦�µ¥Â¨³¡§�·�µ¦�r�µ¥ �µ¤�¦³¤ª¨

��®¤µ¥ª·�̧¡·�µ¦�µ�ªµ¤°µ�µ £µ� 2 ¨�́¬�³ 2 ®¤ª� 2   �µ¦��́­¼�¦¡¨·�«¡ ¤µ�¦µ 148 �¹� ¤µ�¦µ 

156 5 ­µ¦Á¤�Â°¤Á¢�µ¤̧��̧É�¼��¦ª�¡�Ä�Á º̈°� �́­­µª³ Â¨³Á�º Ê°Á¥ºÉ°�nµ�Ç �³�nª¥ª·�·��¥́�¹�­µÁ®�»�µ¦�µ¥
Ã�¥�¦�®¦º°¤̧­nª�Á�̧É¥ª�o°���́¡§�·�µ¦�r�µ¦�µ¥�´ Ê�Ç ¦ª¤�´ Ê�¡§�·�¦¦¤�µ¦Ä�o®¦º°Á­¡ �¹É��́­­µª³�³Á�È �
�ª́°¥nµ�­n��¦ª��̧É­Îµ��́Ä��µ¦�¦ª���́�¦°�®µ­µ¦Á¤�Â°¤Á¢�µ¤̧� 

Ä��µ���·�´�· «¡�̧ÉÁ­̧¥�̧ª·��µ��µ¦�µ¥Ã�¥�·��¦¦¤�µ�· ¤´��³Å¤n�¼��´�­¼�¦�¦ª�«¡Ä���³�̧É
Á­̧¥�̧ª·���́�̧ Â¡�¥rÅ¤n°µ�­µ¤µ¦��̧É�³Á�È��́­­µª³�µ�«¡Å�o�´ Ê�Â�nÁª¨µ�̧É¤̧�µ¦Á­̧¥�̧ª·��¦·� Â�n�³Á�È�Å�oÄ�
¦³¥³Áª¨µ�nµ�Ç�´�£µ¥®¨´��µ¥ �¹É�­nª�¤µ�«¡�³�¼��· Ê�Åªo �̧É°»�®£¼¤·­£µ¡Âª� ö °¤ �¹É�¥n°¤¤̧�µ¦
Á�¨̧É¥�Â�¨��°�«¡Â¨³­µ¦�nµ�Ç �µ¤¦³¥³Áª¨µ�°��µ¦Á�nµ­¨µ¥£µ¥®¨�́�µ¥ 6-9 
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�µ¦Â�¨�¨�µ¦�¦ª�¡�­µ¦Á¤�Â°¤Á¢�µ¤̧�Ä��́­­µª³¤̧�ªµ¤­Îµ�´��n°�µ¦�ÎµÁ�·��µ¦�µ¤
�¦³�ª��µ¦¥»�·�¦¦¤ ��́�´ Ê��µ¦«¹�¬µ�µ¦Á�¨̧É¥�Â�¨�¦³��́�ªµ¤Á�o¤�o��°�Á¤�Â°¤Á¢�µ¤̧�Ä��́­­µª³Ä�
­£µ¡Âª� ö°¤�°��¦³Á�«Å�¥ �³�nª¥Á­¦·¤°��r�ªµ¤¦¼o ¡º Ê��µ��µ�ª·�µ�·�·Áª�«µ­�¦rÅ�¥ 

ª´­�»Â¨³ª·�̧�µ¦«¹�¬µ 
�Îµ�µ¦«¹�¬µ�µ��́­­µª³�̧É­n�¤µ�¦ª��̧É®o°���·��́·�µ¦�·�·¡·¬ª·�¥µ £µ�ª·�µ�·�·Áª�«µ­�¦r  ��³

Â¡�¥«µ­�¦r«·¦·¦µ�¡¥µ�µ¨ Ä�¦³®ªnµ��̧ 2552 Ã�¥�µ¦Á º̈°��ª́°¥nµ��̧É�¦ª�¡�ªnµ¤̧Á¤�Â°¤Á¢�µ¤̧� Â¨³
¦ª�¦ª¤Ä®oÅ�o �Îµ�ª� 32 �ª́°¥nµ� �ª́°¥nµ�¨³ 65 ¤·¨¨·̈ ·�¦ Â¨³Â�n��́­­µª³�ª́°¥nµ�Â�n̈ ³�ª́°¥nµ�°°�Á�È � 2 

�¨»n¤�º° 

1. �¨»n¤Â¦� Á�È�Åªo�̧É°»�®£¼¤·®o°� Â¨³�¦ª�®µ¦³��́�ªµ¤Á�o¤�o��°�Á¤�Â°¤Á¢�µ¤̧�Ä��́­­µª³�̧ÉÁª¨µ 

0, 3 �¤., 6 �¤., 24 �¤., 3 ª�́, 7 ª�́ Â¨³ 14 ª�́ 

2. �¨»n¤�̧É­°� Á�È�Åªo �̧É°»�®£¼¤· 40C Â¨³�¦ª�®µ¦³��́�ªµ¤Á�o¤�o��°�Á¤�Â°¤Á¢�µ¤̧�Ä��́­­µª³�̧É
Áª¨µ 0, 3 �¤., 6 �¤., 24 �¤., 3 ª�́, 7 ª�́ Â¨³ 14 ª�́ 

�µ¦�¦ª�®µ¦³�´��ªµ¤Á�o¤�o��°�Á¤�Â°¤Á¢�µ¤̧� Ã�¥­�´�­µ¦Á¤�Â°¤Á¢�µ¤̧�Ä��́­­µª³
�ª́°¥nµ��¦·¤µ� 4 ¤·¨¨·̈ ·�¦ �oª¥ Dichloromethane 20 ¤·¨¨·̈ ·�¦ Â¨³�¦ª�®µ¦³��́�ªµ¤Á�o¤�o��°�Á¤�Â°¤
Á¢�µ¤̧� �oª¥ª·�̧ GC-NPD 

ª·Á�¦µ³®rÂ¨³�¦³¤ª¨�¨�µ�­�·�·�oª¥Ã�¦Â�¦¤ SPSS version 13.0 Ã�¥¡¦¦��µ�o°¤¼̈ Á�·��¦·¤µ�
�oª¥�nµÁ�¨¸É¥Â¨³�nµÁ�̧É¥�Á��¤µ�¦�µ� ­nª�­�·�·�̧ÉÄ�o Ä��µ¦ª·Á�¦µ³®r�o°¤¼̈ ªnµ¤̧�ªµ¤­¤́¡�́�rÂ¨³�ªµ¤
Â���nµ���́®¦º°Å¤n °µ«¥́ª·�̧ Repeated Measurement ANOVA Â¨³ Paired-Samples T Test Ã�¥�º°�nµ
�¥́­Îµ��́�µ�­�·�·�̧É¦³��́ 0.05 

�¨�µ¦«¹�¬µ 
�́­­µª³�ª́°¥nµ��´ Ê�®¤��̧É«¹�¬µ¤̧�Îµ�ª� 32 �ª́°¥nµ� �nµ�ªµ¤Á�o¤�o�Á¦·É¤�o��°�Á¤�Â°¤Á¢�µ¤̧�¤̧

�nµ�´ Ê�Â�n 0.89 ug/ml �¹� 19.89 ug/ml �nµ�ªµ¤Á�o¤�o�Á¦·É¤�o�Á�¨̧É¥ 8.62±6.43 ug/ml 

�nµÁ�¨¸É¥�°��ªµ¤Á�o¤�o��°�Á¤�Â°¤Á¢�µ¤̧�Ä��́­­µª³�̧ÉÁ�È��̧É°»�®£¼¤· 40C Ä�Áª¨µ�̧É 3 �´ÉªÃ¤�, 6 

�´ÉªÃ¤�, 24 �´ÉªÃ¤�, 3 ª�́, 7 ª�́ Â¨³ 14 ª�́ ¤̧�nµ 7.52±6.60 ug/ml, 7.78±6.82 ug/ml, 8.20±6.71 ug/ml, 

8.48±7.64 ug/ml, 7.50±5.46 ug/ml, 8.07±6.16 ug/ml �µ¤ Î̈µ��́ 

�nµÁ�¨¸É¥�°��ªµ¤Á�o¤�o��°�Á¤�Â°¤Á¢�µ¤̧�Ä��́­­µª³�̧ÉÁ�È��̧É°»�®£¼¤·®o°� Ä�Áª¨µ�̧É 3 �´ÉªÃ¤�, 6 

�´ÉªÃ¤�, 24 �´ÉªÃ¤�, 3 ª�́, 7 ª�́ Â¨³ 14 ª�́ ¤̧�nµ 7.92±6.13 ug/ml, 8.29±6.67 ug/ml, 7.76±6.46 ug/ml, 

9.07±8.09 ug/ml, 7.15±5.69 ug/ml, 8.82±6.87 ug/ml �µ¤ Î̈µ��́ 
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�µ¦Á�¨̧É¥�Â�¨��°��ªµ¤Á�o¤�o��°�Á¤�Â°¤Á¢�µ¤̧�Ä��́­­µª³�̧ÉÁ�È��̧É°»�®£¼¤· 40C Â¨³�̧É
°»�®£¼¤·®o°� Ä��nª�¦³¥³Áª¨µ�nµ�Ç ��́Â­��Ä��¦µ¢�̧É 1 Â¨³Å¤n¡�ªnµ¤̧�µ¦Á�¨̧É¥�Â�¨��°��ªµ¤Á�o¤�o��°�
Á¤�Â°¤Á¢�µ¤̧�Ä��nª�¦³¥³Áª¨µ 14 ª�́�̧É�Îµ�µ¦«¹�¬µ �´ Ê�Ä��¨»n¤�́­­µª³�̧ÉÁ�È��̧É°»�®£¼¤· 40C Â¨³�̧É
°»�®£¼¤·®o°� 

Á¤ºÉ°Á�¦̧¥�Á�̧¥�¦³®ªnµ��ªµ¤Á�o¤�o��°�Á¤�Â°¤Á¢�µ¤̧�Ä��́­­µª³�̧ÉÁ�È��̧É°»�®£¼¤· 40C  Â¨³�̧É
°»�®£¼¤·®o°� Ä�Â�n̈ ³�nª�Áª¨µ ��́Â­��Ä��¦µ¢�̧É 1 Å¤n¡�ªnµ¤̧�ªµ¤Â���nµ���́Ä��nª� 7 ª�́Â¦� Â�n¤̧�ªµ¤
Â���nµ���́°¥nµ�¤̧�¥́­Îµ��́�µ�­�·�·Ä�ª�́�̧É 14 (p < 0.05) 

Á�ºÉ°��µ��nµ�ªµ¤Á�o¤�o��°�Á¤�Â°¤Á¢�µ¤̧�Ä��́­­µª³�̧É�Îµ�µ¦«¹�¬µ ¤̧�ªµ¤®¨µ�®¨µ¥ �¹��Îµ
�µ¦Â�¨��o°¤¼̈ Ä�¦¼��°�¦o °¥¨³�°��ªµ¤Á�o¤�o��´ Ê��o� ¡�ªnµ�nµÁ�¨̧É¥�°��ªµ¤Á�o¤�o��°�Á¤�Â°¤Á¢�µ¤̧�
Ä�¦¼�¦o °¥¨³ Ä��́­­µª³�̧ÉÁ�È��̧É°»�®£¼¤· 40C Ä�Áª¨µ�̧É 3 �´ÉªÃ¤�, 6 �´ÉªÃ¤�, 24 �´ÉªÃ¤�, 3 ª�́, 7 ª�́ Â¨³ 14 ª�́ 

¤̧�nµÁ�nµ��́ 83.51±41.05, 92.05±38.49, 103.12±39.96, 125.21±78.13, 110.36±58.74, 106.26±44.95 

�µ¤ Î̈µ��́ Â¨³ Ä��́­­µª³�̧ÉÁ�È��̧É°»�®£¼¤·®o°� Ä�Áª¨µ�̧É 3 �´ÉªÃ¤�, 6 �´ÉªÃ¤�, 24 �´ÉªÃ¤�, 3 ª�́, 7 ª�́ Â¨³ 14 

ª�́ ¤̧�nµÁ�nµ�´� 96.20±40.08, 107.09±54.62, 93.32±27.45, 121.34±60.87, 105.95±53.63, 

121.03±63.56 �µ¤ Î̈µ��́ 

�µ¦Á�¨̧É¥�Â�¨��°��ªµ¤Á�o¤�o��°�Á¤�Â°¤Á¢�µ¤̧�Ä�¦¼�¦o °¥¨³ Ä��́­­µª³�̧ÉÁ�È��̧É°»�®£¼¤· 40C 

Â¨³�̧É°»�®£¼¤·®o°� Ä��nª�¦³¥³Áª¨µ�nµ�Ç ��́Â­��Ä��¦µ¢�̧É 2 Â¨³Å¤n¡�ªnµ¤̧�µ¦Á�¨̧É¥�Â�¨��°��ªµ¤
Á�o¤�o��°�Á¤�Â°¤Á¢�µ¤̧�Ä��nª�¦³¥³Áª¨µ 14 ª�́�̧É�Îµ�µ¦«¹�¬µ �´ Ê�Ä��¨»n¤�́­­µª³�̧ÉÁ�È��̧É°»�®£¼¤· 40C 

Â¨³�̧É°»�®£¼¤·®o°� Â¨³Á¤ºÉ°Á�¦̧¥�Á�̧¥�¦³®ªnµ��ªµ¤Á�o¤�o��°�Á¤�Â°¤Á¢�µ¤̧�Ä�¦¼�¦o °¥¨³ Ä��́­­µª³�̧É
Á�È��̧É°»�®£¼¤· 40C Â¨³�̧É°»�®£¼¤·®o°� Ä�Â�n¨³�nª�Áª¨µ ��́Â­��Ä��¦µ¢�̧É 2 Å¤n¡�ªnµ¤̧�ªµ¤Â���nµ���́
Ä��nª�¦³¥³Áª¨µ 14 ª�́ 
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°£·�¦µ¥�¨�µ¦«¹�¬µ 
¥µ�oµÁ�È �­µ¦Á­¡�·��̧É¤̧�µ¦Â¡¦n¦³�µ�¤µ��̧É­»�Ä��¦³Á�«Å�¥ Ã�¥�´ÉªÅ�¥µ�oµ�³�¦³�°��oª¥­µ¦

Á¤�Â°¤Á¢�µ¤̧��¦³¤µ� 20-30% �µ¦Á­¡¥µ�oµ�ÎµÄ®o�¼o Á­¡Å�o ¦́��¨�¦³���´ Ê��µ�¦nµ��µ¥Â¨³�·�Ä� �¹É�
�¨�¦³���n°�¼o Á­¡�̧ Ê°µ�Á�È �­µÁ®�»®�¹É��°��µ¦Á­̧¥�̧ª·�®¦º°Á�È �Á®�»­n�Á­¦·¤�µ¦Á­̧¥�̧ª·��°���Á°�Â¨³�¼o°ºÉ� 

�µ¦�¦ª�®µÁ¤�Â°¤Á¢�µ¤̧��¹�¤̧�ªµ¤­Îµ�´�Ä��µ��·�·Áª�«µ­�¦r  �¹É��̧ªª´��»�̧É�·¥¤�¦ª��º°�́­­µª³ 

Á�ºÉ°��µ�Á�È ��̧ªª�́�»�̧ÉÁ�È�Å�o�nµ¥Â¨³ª·�̧�µ¦­��́­µ¦Å¤n¥»n�¥µ� 

�µ¦�¦ª�¡�Á¤�Â°¤Á¢�µ¤̧�Ä�¦nµ��µ¥¤̧�ªµ¤­Îµ��́Ä��oµ���®¤µ¥ ­µÁ®�»�µ¦�µ¥ ­µÁ®�»¦nª¤ 

Â¨³¡§�·�µ¦�r�µ¦�µ¥ Ä��µ���·�´�· «¡�̧É�µ¥Ã�¥�·��¦¦¤�µ�· ¤´��³Å¤n�¼��´�­¼�¦�¦ª�«¡Ä���³�̧É
Á­̧¥�̧ª·���́�̧ Â¡�¥rÅ¤n°µ�­µ¤µ¦��̧É�³Á�È��́­­µª³�µ�«¡Å�o�´ Ê�Â�nÁª¨µ�̧É¤̧�µ¦Á­̧¥�̧ª·��¦·� Â�n�³Á�È�Å�oÄ�
¦³¥³Áª¨µ�nµ�Ç�´�£µ¥®¨´��µ¥ �¹É�­nª�¤µ�«¡�³�¼��· Ê�Åªo �̧É°»�®£¼¤·­£µ¡Âª� ö °¤ �¹É�¥n°¤¤̧�µ¦
Á�¨̧É¥�Â�¨��°�«¡Â¨³­µ¦�nµ�Ç �µ¤¦³¥³Áª¨µ�°��µ¦Á�nµ­¨µ¥£µ¥®¨�́�µ¥ 6-9 

�µ��µ¦«¹�¬µÁ�̧É¥ª��́�ªµ¤���ª́�°��ªµ¤Á�o¤�o��°�Á¤�Â°¤Á¢�µ¤̧�Ä��́­­µª³Ä�°�̧�¡�ªnµ Å¤n
¤̧�ªµ¤Â���nµ���́�°�¦³��́Á¤�Â°¤Á¢�µ¤̧�°¥nµ�¤̧�¥́­Îµ��́ �¹É�­nª�Ä®�n�³�Îµ�µ¦«¹�¬µ�̧É°»�®£¼¤· -200C, 

40C Â¨³ 250C 10-12 �¹É�°»�®£¼¤·�̧É«¹�¬µ�´ Ê� Å¤n�¦���́­£µ¡Âª� ö°¤���·Ä��¦³Á�«Å�¥ Ã�¥Ä��nª� 5 �̧�̧É�nµ�
¤µ°»�®£¼¤·Á�¨̧É¥�¨°��´ Ê��̧�³°¥¼n�̧É�¦³¤µ�  27.0-27.50C 13 Â�nÄ��nª�§�¼¦o °�°»�®£¼¤·Á�¨̧É¥�³­¼��ªnµ�̧ Ê 
�°��µ��̧ Ê�µ�ª·�´¥�̧É�nµ�¤µ¥´�Å¤n¤̧�µ¦«¹�¬µ�ªµ¤���´ªÄ��nª�¦³¥³Áª¨µÁ�È ��´ÉªÃ¤�Â¨³ª´��n°Á�ºÉ°��´� 

°¥nµ�Å¦�È�µ¤ ¤̧¦µ¥�µ��µ¦ª·�¥́�̧É�Îµ�µ¦«¹�¬µ�̧É°»�®£¼¤· 370C Â�n¤̧�µ¦Ä­n­µ¦�´��¼�¨�Å�Ä��́­­µª³�̧É�Îµ
�µ¦��­°�Â¨³�Îµ�µ¦��­°�Â�n 2 �nª�Áª¨µÁ�nµ�´ Ê��º° �̧É 3 ª�́Â¨³ 7 ª�́ 12 �¹É��µ¦«¹�¬µ�ªµ¤���ª́�°�
�ªµ¤Á�o¤�o��°�Á¤�Â°¤Á¢�µ¤̧��̧ÉÅ�o¦µ¥�µ�¤µ�´ Ê� ¤�́�³�Îµ�µ¦«¹�¬µÃ�¥�µ¦Ä­n­µ¦Á¤�Â°¤Á¢�µ¤̧�¨�Å�
Ä��́­­µª³ ��³�̧É�µ¦ª·�´¥�̧ Ê¤»n�Á�o��Îµ�µ¦«¹�¬µÄ��́­­µª³�̧É�nµ��µ¦Á­¡­µ¦Á¤�Â°¤Á¢�µ¤̧��¦·� Â�n
Á�ºÉ°��µ�¤̧�o°�Îµ��́Ä��µ¦«¹�¬µÄ�«¡�¦·��̧ÉÅ¤n­µ¤µ¦��Îµ«¡¤µÁ�È�Åªo  �¼oª·�¥́�¹�°°�Â���µ¦��¨°�Ã�¥�µ¦
�Îµ�́­­µª³¤µÁ�È�ÅªoÄ�®¨°���¨°� �µ¤¦³¥³Áª¨µ�̧É�o°��µ¦ Ã�¥Å¤nÄ­n­µ¦��́�¼� 

�µ��µ¦«¹�¬µ�̧ Ê¡�ªnµ�nµ�ªµ¤Á�o¤�o��°�Á¤�Â°¤Á¢�µ¤̧�Ä��́­­­µª³�̧ÉÁ�È��̧É°»�®£¼¤· 40C Â¨³�̧É
°»�®£¼¤·®o°� (33-350C) Å¤n¤̧�ªµ¤Â���nµ�°¥nµ�¤̧�¥́­Îµ��́�µ�­�·�·Ä��nª�¦³¥³Áª¨µ 14 ª�́ �¹É��¨�µ¦«¹�¬µ
�̧É°»�®£¼¤· 40C Á�oµÅ�o��́�µ¦«¹�¬µ�°� Jimenez et al. 12 �̧É�Îµ�µ¦«¹�¬µÄ��́­­µª³�̧ÉÄ­n­µ¦��́�¼� Â¨³Å¤n¡�
�µ¦Á�¨̧É¥�Â�¨��°��ªµ¤Á�o¤�o��°�Á¤�Â°¤Á¢�µ¤̧�Ä��́­­µª³�̧É�nµ��µ¦�¦°� sterile Â¨³Å¤n�nµ��µ¦�¦°� 
sterile Á�È �¦³¥³Áª¨µ�µ� 6 Á�º°� Â¨³ 24 Á�º°� �µ¤ Î̈µ��́ �°��µ��̧ Ê�¨�µ¦«¹�¬µ¥�́­��́­�»��µ¦«¹�¬µ
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�°� Hughes et al. 11 �̧É�Îµ�µ¦«¹�¬µ�ªµ¤���ª́�°��ªµ¤Á�o¤�o��°�Á¤�Â°¤Á¢�µ¤̧�Ä��́­­µª³�̧ÉÅ¤nÄ­n­µ¦
��́�¼�Â¨³Á�È��̧É°»�®£¼¤· 40C Á�È �¦³¥³Áª¨µ�µ� 6 Á�º°� 

�¨�µ¦«¹�¬µ�̧É°»�®£¼¤·®o°� Ä� öÁ�̧¥���́�µ¦«¹�¬µ�°� Jimenez et al. 12 �̧É�Îµ�µ¦«¹�¬µÄ��́­­µª³�̧É
Ä­n­µ¦��́�¼� Â¨³Å¤n¡��µ¦Á�¨̧É¥�Â�¨��°��ªµ¤Á�o¤�o��°�Á¤�Â°¤Á¢�µ¤̧�Ä��́­­µª³�̧ÉÁ�È��̧É°»�®£¼¤· 
370C Ä��nª�Áª¨µ 7 ª�́ 

�nµ�ªµ¤Á�o¤�o��°�Á¤�Â°¤Á¢�µ¤̧�¦³®ªnµ��́­­µª³�̧ÉÁ�È��̧É°»�®£¼¤· 40C Â¨³�̧É°»�®£¼¤·®o°� (33-

350C) Ä��nª�Áª¨µ 7 ª�́ Å¤n¡�ªnµ¤̧�ªµ¤Â���nµ���́°¥nµ�¤̧�¥́­Îµ��́�µ�­�·�· Â�n¤̧�ªµ¤Â���nµ���́°¥nµ�¤̧
�¥́­Îµ��́�µ�­�·�·Ä�ª�́�̧É 14 Â�nÁ¤ºÉ°�Îµ�µ¦Á�¦̧¥�Á�̧¥��ªµ¤Á�o¤�o�Ä�¦¼��°�¦o °¥¨³Â öª ¡�ªnµÅ¤n¤̧�ªµ¤
Â���nµ���́Ä��»��nª�Áª¨µ�̧É�Îµ�µ¦«¹�¬µ 

Ã�¥�¨�°��µ¦«¹�¬µ�̧ Ê�nµ�³¤̧�¦³Ã¥��r�n°�µ¦Â�¨�¨�µ¦�¦ª�Á¤�Â°¤Á¢�µ¤¸�Ä��́­­µª³�̧ÉÁ�È�
�µ�«¡ �¦�̧�̧É«¡Á�È�¦́�¬µÅªoÄ��¼o Á�È�«¡�̧É¤̧°»�®£¼¤·�¦³¤µ� 40C �nµ�ªµ¤Á�o¤�o��°�Á¤�Â°¤Á¢�µ¤̧�Ä�
�́­­µª³�̧ÉÁ�È�¤µ�¦ª� Å¤n�nµ¤̧�ªµ¤Â���nµ���́�nµ�ªµ¤Á�o¤�o��n°��̧É�³¤̧�µ¦�Îµ«¡Á�È�¦́�¬µÅªoÄ��¼o Á�È�«¡ 

�¦�̧«¡�̧É¤̧�µ¦Á�¨̧É¥�Â�¨�£µ¥®¨�́�µ¥Â öª �oµ«¡Á­̧¥�̧ª·�¤µÂ öªÅ¤nÁ�·� 14 ª�́ Â¨³¥�́­µ¤µ¦�Á�È�
�́­­µª³�µ�«¡¤µ�¦ª�Å�o°¥¼n �nµ�ªµ¤Á�o¤�o��°�Á¤�Â°¤Á¢�µ¤̧�Ä��́­­µª³�̧É�¦ª�Å�o  Å¤n�nµ¤̧�ªµ¤
Â���nµ��µ��nµ�ªµ¤Á�o¤�o���³�̧É«¡Á­̧¥�̧ª·� Â�nÃ�¥���·Á¤ºÉ°«¡¤̧�µ¦Á�¨̧É¥�Â�¨�£µ¥®¨�́�µ¥�¦³¤µ� 3 

ª�́Â öª ¤�́�³Á�È��́­­µª³�µ�«¡Å¤nÅ�o  �o°�°µ«¥́�̧ªª�́�»°ºÉ��̧É¤̧�µ¦Á�nµ­¨µ¥�oµ�ªnµÄ��µ¦�¦ª�®µ­µ¦Á¤�
Â°¤Á¢�µ¤̧� Á�n� � öµ¤Á�º Ê°�o��µ ��́ ®¦º°Å��¦³�¼� �µ¦«¹�¬µ�̧ Ê�ÎµÁ¡ºÉ°�¼Â�ªÃ�o¤�µ¦Á�¨̧É¥�Â�¨��°��ªµ¤
Á�o¤�o��°�Á¤�Â°¤Á¢�µ¤̧�Á�nµ�´ Ê� �µ¦�Îµ¤µÄ�oÂ�¨�¨�¦·� �¹�°µ��Îµ¤µÄ�oÅ�oÂ�n�¦³¤µ�Ä��nª� 3 ª�́Â¦�
£µ¥®¨�́Á­̧¥�̧ª·� ­nª��µ¦Â�¨�¨�µ¦Á�¨̧É¥�Â�¨��°��ªµ¤Á�o¤�o��°�Á¤�Â°¤Á¢�µ¤̧�Ä�°ª¥́ª³°ºÉ�Ä�
­£µ¡Âª� ö°¤�°�Å�¥ �o°�°µ«¥́�µ¦«¹�¬µÁ¡·É¤Á�·¤�n°Å� �°��µ��̧ Ê�µ¦Á�È��́­­µª³�ª́°¥nµ�­n��¦ª� ¤µ
ª·Á�¦µ³®r®µ�nµ�ªµ¤Á�o¤�o��°�Á¤�Â°¤Á¢�µ¤̧��´ Ê� Ä��nª�¦³¥³Áª¨µ 7 ª�́Â¦���́Â�nÁª¨µ�̧ÉÁ�È� °µ�Å¤n
�ÎµÁ�È ��o °�Á�È��̧É°»�®£¼¤· 40C �¹É��³Á�È ��µ¦¨�£µ¦³�°��¼o ­n�¤µ�¦ª�Â¨³Á�È ��µ¦�¦³®¥´�Áª¨µÂ¨³
���¦³¤µ��oª¥ 

�µ¦«¹�¬µ�̧ Ê¤̧�o°�Îµ�´�Ä�Á¦ºÉ°��µ¦�Îµ¨°��µ¦Á�È��́­­µª³Ä�°»�®£¼¤·®o°�Á¨̧¥�Â��­£µª³�°�«¡
�¦·�Ç�´ Ê� �¼oª·�¥́Å¤n­µ¤µ¦��̧É�³�Îµ¨°�Å�oÁ®¤º°���́­£µ¡«¡�¦·��̧É�³¤̧�́��¥́°ºÉ�Ç¤µ�¤µ¥¤µÁ�̧É¥ª�o°���́�µ¦
Á�¨̧É¥�Â�¨�£µ¥®¨�́�µ¥ Â¨³°µ�¤̧�¨�n°�nµ�ªµ¤Á�o¤�o��°�Á¤�Â°¤Á¢�µ¤̧�Å�o  �°��µ��̧ Ê�¼oª·�¥́Å¤nÅ�o�Îµ
�µ¦ª�́�¦·¤µ��́­­µª³ �nµ�ªµ¤�nª��ÎµÁ¡µ³ ¦³��́�Î Êµ�µ¨ Â¨³�nµ�ªµ¤Á�È ��¦��nµ��°��́­­µª³ Ä�Â�n¨³
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�nª��̧É�Îµ�µ¦��­°��oª¥ �¹É�°µ��³Á�È ��́��¥́�̧É¤̧�¨�n°�µ¦Á�¨̧É¥�Â�¨��°��nµ�ªµ¤Á�o¤�o��°�Á¤�Â°¤Á¢�µ
¤̧�Á�n���́ °¥nµ�Å¦�È�µ¤�µ¦«¹�¬µ�̧ Ê���³Á�È ��¦³Ã¥��r�n°�¼o �̧É�³�Îµ�µ¦ª·�¥́�n°¥°��n°Å� 

­¦»� 

 �nµ�ªµ¤Á�o¤�o��°�Á¤�Â°¤Á¢�µ¤̧�Ä��́­­µª³�̧ÉÁ�È��̧É°»�®£¼¤· 40C Â¨³�̧É°»�®£¼¤·®o°� Å¤n¤̧�µ¦
Á�¨̧É¥�Â�¨�Ä��nª�Áª¨µ 14 ª�́ ��́�´ Ê��nµ�ªµ¤Á�o¤�o��°�Á¤�Â°¤Á¢�µ¤̧��̧Éª·Á�¦µ³®r¡�Ä��́­­µª³�̧ÉÁ�È�Å�o
�µ�«¡ �nµ�³Â­���¹��ªµ¤Á�o¤�o��°�Á¤�Â°¤Á¢�µ¤̧�Ä��́­­µª³��³�̧ÉÁ­̧¥�̧ª·� ®µ�«¡¤̧�µ¦Á�¨̧É¥�Â�¨�
£µ¥®¨�́�µ¥¤µ���Å¤n­µ¤µ¦�Á�È��́­­µª³Å�o �o°�°µ«¥́�µ¦ª·Á�¦µ³®r�µ��̧ªª�́�»°ºÉ� �¹É��µ¦Á�¨̧É¥�Â�¨��°�
�ªµ¤Á�o¤�o��°�Á¤�Â°¤Á¢�µ¤̧�Ä��̧ªª�́�»°ºÉ� Ä�­£µ¡Âª� ö°¤Å�¥ �o°�°µ«¥́�µ¦«¹�¬µÁ¡·É¤Á�·¤ 

�Îµ�°��»� 

 �µ¦«¹�¬µ�̧ ÊÅ�o ¦́��»�­��́­�»��µ���³Â¡�¥«µ­�¦r«·¦·¦µ�¡¥µ�µ¨ ¤®µª·�¥µ¨¥́¤®·�¨ 
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