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Ţƀţ��ŚƷƽŝ�ǀƃƺǀưǀŚƾƿ�ƭƺſźƯ��ºſř�Ŷºƃ�ƵŵŚƠŤ��Ƙţ�ǀºǀ�ſŚƀºů�Ʋǀ�Ţ
ŤƳōƾ��ŝǀţƺǀĪƾ���ŵ�ƁƹŹ�ƶŝ�ƿ�ŵ�ĨƀƿƠǀƱĥƺ��ŝźĩƾ�źŗŚŝ����Ŷºƃ�ƭŚŬƳř���
ŵƿĨƀ���ŚºƷƽ��ºŤƳōƾ��ŝ�ºǀţƺǀĪƾ���������Ţĩźºƃ�ƩƺƈºŰƯ�ƵŵŚƠŤºſř�ŵŹƺºƯ�

MASTƱŚŤƀººƬĮƳř��Ż�ŭźººƃ�ƶººŝ�ƹ�ººƿŶººƳŵƺŝ�ź��ƯōǀººſŚĪǀ�Ʋ� �
�ÐÍƯ�ǀƭźººĭƹźĪ���ƭŚººƳƺŗźţŻō���ÐÍƯ�ǀ�ƭźººĭƹźĪ���řƿ�ººưƾ���Ʈƴººě� �
�ÎÍƯ�ǀ�ƭźºĭƹźĪ�ŚƯŚŤƴū���ºƿƀǀ�Ʋ�ÎÍƯ�ǀ�ƭźºĭƹźĪ��ŻŚŤƠºſ��ƿŶƿƮ � �
�ÐÍƯ�ǀƭźºººººĭƹźĪ�ƀºººººĩŚţƺƠſ��ǀ�Ʈ�ÐÍƯ�ǀƭźºººººĭƹźĪ��ƹ�
ſǀſŚƀººĩƺƬƟƹźĜǀ�Ʋ�ÒƯ�ǀƭźººĭƹźĪ���ŵ�ƭŚººŬƳř�Żř�žººě�ººƿ�Ĩƀ
ŵƿƠººǀƶººƫŚƷ�źººƐƣ��Ʊĥƺ�ƽŵ�źººƷ�ƝřźººƏř�Źŵ�ŶººƃŹ�ƭŶººƗ�ººƿ�Ĩƀ

ƵŻřŶƳř��ĭ�ºǀźƽ���ŚºŤƳ�ƹ�ƿ���������ŚƷŵŹřŶƳŚŤºſř�ƶºŝ�ƶºūƺţ�Śºŝ�Ʊō�Ūƽ�CLSI�
ŝƶ������Ư�ƹ�ƭƹŚºƤƯ��ŽŚƀů�šŹƺƇǀ���ƶºƳŚ�Intermediat����ƁŹřżºĭ

ŵźĭƿŶ��Õ�����
��ºſŹźŝ�ŢºƸūƾ�ţƺºƴƟ�ǀĜƾř�ƿ�ƶºƫƹż��ŚºƷƽ�ŶººƫƺƯ�MBLS�ƁƹŹ�Żř�

ŵƿĩźţ�ĨƀǀŞƾ�(Combined Disk)�řŶƃ�ƵŵŚƠŤſ��řƿƶƫƹż�ŚƷƽ�
ř�ƶººŝ�ƭƹŚººƤƯƿººưƾ�ŵ�Żř�ƵŵŚƠŤººſř�Śººŝ�ƮƴººěººƿĨƀ�ŚººƷƽ�řƿººưƾ��Ʈƴººě� �

�ÎÍ�Ư�ǀƭźĭƹźĪ���ƹřƿưƾ��Ʈƴě��ţřǀƲƬ�ŵƽƯō�ǀ�Ťºſř�řźŤţ�Ʋǀ�ºſř�Ĩǀ�Ŷ
(EDTA)��ÎÍ���ƹ�ÐÍ�ƯǀƭźĭƹźĪ�������ŶºƴŤƟźĭ�Źřźºƣ�ƶƘƫŚƐƯ�ŵŹƺƯ��

ººſŚŝƺĪƳř�Żř�žººěǀ�šŶººƯ�ƶººŝ�ƱƺÏÑ�Źŵ�ŢƗŚººſ�ÐÔƶººūŹŵ��ƽ�
ŤƳŚſƾ���ƫƺţ��ŵřźĭǀ��ŶMBLS��źƏ�Żř�ƿ��řżºƟř�Ƣƿ�������ƭŶºƗ�ƶºƫŚƷ�źºƐƣ�Ƃ

��ƵŻřŶƳř�ƶŝ�ŶƃŹ��ƽ�Ô�Ư�ǀƬƾ����źŤƯƿ�ŝ�Śǀ���ŵ�ƝřźƏř�Źŵ�źŤƄƿ��Ĩƀřƿưƾ��Ʈƴě�
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��EDTA��ŚƤƯ�Źŵ�ƿ��ŵ�Śŝ�ƶƀƿ��Ĩƀřƿưƾ��Ʈƴě���ŵźĭ�ƆŴƄºƯ��ºƿŶ���Żř
ƺſƿƶ�ƽ��ŵŹřŶƳŚŤºſř��ĥƹźŗō�ŽŚƳƺƯƹŵƺºſƿ�řŻƺºƴ�ATCC ÏÔÕÒÐ�
ū��ƁƹŹ�ƩźŤƴĩ�ŢƸ��ŚƷƽ�ŤƳō�ƾ�ŝǀŵ�ƹ�ƭřźĭƺƿĩźţ�Ĩƀǀ�ºŞƾ��ƵŵŚƠŤºſř�
ƃŶ��ŚſŚƴƃ�ŹƺƔƴƯ�ƶŝƾƿƱĥ���ŚºƷƽ�blaIMP, blaSPM, blaSIM��

��řŶŤŝřDNAƽ�ưſǈě�ǀŶƽ�ƺſ�ƿƶ��ŚƷƽ���ŶƫƺƯ�MBL�����ƵŵŚƠŤºſř�Śºŝ��
ĩ�Żřǀ��ưºſǈě�ũřźŴŤºſř�Ţǀ�Ŷ�(Bioneer, Korea��ũřźŴŤºſř�
ŵźĭƿŶ��ƺſƿƶ�ŚƷƽƱĥ�ƪƯŚů���ŚºƷƽ�blaIMP, blaSPM, blaSIM�
�ƶŝ�ŢŞŨƯ�ƩźŤƴĩ�ƱřƺƴƗ�Ƹţǀ�Żř�ƵŶƃ�ƶ�ƂºŴŝ �śƹźºƨǀƯ �ƾºſŚƴƃ 

ƺŤǀŤƀººƳř ŹƺŤººſŚě Ʊřźººƿř��Ŷººƃ�ƵŵŚƠŤººſř��ƫřƺººţƾřźě�ƿŚººƷźưƽ�� �

��ŝ�ƵŵŚƠŤſř�ŵŹƺƯƶ����ƩƹŶū�šŹƺƇÎ�Ư�ƾ��ŶƃŚŝ��ÎÐ�����ƂƴĩřƹPCR�
�šŹƺººƇ�ƶººŝMultiplexŹŵ�ƹ��ŚººƸƳ�ƮººŬůƾƿ�ÐÍƯ�ǀƫƹźĪǀ�źººŤ

ƹŚººůƽ�lx�Ð źƟŚººŝxÎÍ��lxÒ�Î dNTP ÎººƬǀƯ�ƾ��ŹǇƺººƯ� �
lx�Õ�Í�źºººưƿřźě�ÎÍ��ƭřŶºººĩ�źºººƷ�Żř�ƩƺºººƯƺĪǀě�lxÏżºººƳō�ƿƮ� �

Taq DNA polymerase Îunit��lxÏ�DNA���Śºŝ�ƺºĮƫř�
�ŢººƔƬƛgx ÒÍººƏ�Źŵ�ƾ�ÐÍººſ�ǀ�ƳŚººƯŻ�ƶººƯŚƳźŝ�ŢººŰţ��ƪĪƾ�
�ŚºſƺƯźţƿ�źƬĪ�Gene Atlas ÐÏÏ system, (ASTEC, 

Japan��ŻƿŶƃ�ƭŚŬƳř�ź���

�ƩƹŶūÎ��ƫřƺţƾŚƷźưƿřźě�ƽƵŵŚƠŤſř�ŵŹƺƯ���ÎÐ� 

ƩƺƈŰƯ�ƵŻřŶƳř ƽŶǀţƺŘƬĩƺƳ�ƾƫřƺţ Ʊĥ 
5'-GGAATAGAGTGGCTTAATTCTC-3' blaIMP-F 

188 bp 
5'-CCAAACCACTACGTTATCT-3' blaIMP-R 

5'-AAAATCTGGGTACGCAAACG-3' blaSPM-F  
271 bp 

5'-ACATTATCCGCTGGTACAGG-3' blaSPM-R 
5'-TACAAGGGATTCGGCATCG-3' blaSIM-F  

570 bp 
5'-TAATGGCCTGTTCCCATGTG-3' blaSIM-R 

��
��

ººƬůźƯƶ�ƽ ƶººǀƫƹř ŻŚººſřŶūƽƹŵ� ƶŤººƃŹ �ŹŵÖÑƶººūŹŵ��ƽ�� �
ƾŤƳŚſ��ŵřźĭ�ƶŝ����šŶºƯê���ƶºƤǀƣŵ��ƶºƬůźƯ��ƽ��ŻŚºŝ��ƱŶºƃ�ƹŵ��ƶŤºƃŹ� �

(Denaturing Step)Źŵ��ÖÑƶūŹŵ��ƽƾŤƳŚſ��ŵřźĭ �ƶºŝ �šŶºƯ� �
ÐÍ�ƶǀƳŚŧ� ƶƬůźƯ�ƽ ƩŚƈţř ��ŚºƷźưƿřźě(Annealing Step)Źŵ��� �
ÒÏƶūŹŵ��ƽ ƾŤƳŚſ��ŵřźºĭ �ƶºŝ �šŶºƯÑÍ���ƶºƬůźƯ��ƶºǀƳŚŧ�ƽ �ƪºƿƺƏ � �

�ƱŶºƃ �ƶŤºƃŹ�ƽ ��ƝŶºƷ(Extension Step)�Źŵ�ÔÏ�ƶºūŹŵ��ƽ�
ƾŤƳŚſ�ŵřźĭ ƶŝ šŶƯ ÒÍ ƶǀƳŚŧ ƹ �ƶºƬůźƯ�ƽ �ƪºƿƺƏ ��ƾƿŚºƸƳ�ƱŶºƃ� �

(Final Extension Step)Źŵ��ŚƯŵƽ�ÔÏƶūŹŵ��ƽƾŤƳŚſ���ŵřźºĭ 

šŶƯ�ƶŝ�Õ ƶƤǀƣŵ .��
��ƭŚŬƳř�Żř�žěPCR�ŻŹŚĭō�Ʃĥ��Ò�Î���ŻŹƺºƟƹźŤĪƫř�ŢºƸū�ŶƇŹŵ�
�šǇƺƈººŰƯPCR��šŚººƘƐƣ�ƹ�ŢººƟźĭ�Źřźººƣ�ƵŵŚƠŤººſř�ŵŹƺººƯ��� �
ŹƺººƯ�ƾººƳĥ�źĩŹŚººƯ�Żř�ƵŵŚƠŤººſř�Śººŝ�źººƔƳ�ŵÎÍÍbp Ladder 

FermentaseŶƃ�ƾŝŚƿŻŹř����
��

ƿƶŤƟŚ�ŚƷ��
��

�������ŻřÎÏÍ�ř�ƿ��ƶƫƹż�ĥƹźŗō�ŽŚƳƺƯƹŵƺſƿřŻƺƴƽ�Ɩưū��Źƹōƽ���ƵŶºƃ�
ƶººƳƺưƳ�Żř�ŚººƷƽƫŚººŝ�ǀƴƾ��ÐÖ��Ò�ÐÏŶººƇŹŵ���řƿ�ƶººŝ�ƍƺººŝźƯ�ƶººƫƹż

ƶƳƺưƳ�ŚƷƽ����ŹřŹŵř�ÐÐ��Ò�ÏÔ�ŶƇŹŵ���řƿ��������Ʊƺºų�ƶºŝ�ƍƺºŝźƯ�ƶºƫƹż� �
ÏÎ��Ò�ÎÔŶººƇŹŵ���řƿ�ººŝźƯ�ƶººƫƹż�ƀººƠƴţ�šŚŰººƃźţ�ƶººŝ�ƍƺƾ�� �
ÎÍ��Ð�Õ�ŶƇŹŵ���řƿ�����ƹ�ƕƺƟŶƯ�ƶŝ�ƍƺŝźƯ�ƶƫƹżÎÔ��Ï�ÎÑ�ŶºƇŹŵ���
řƿ���ƶºŝ�ƍƺºŝźƯ�ƶºƫƹż���ƶºƃřźţ ���šŚŰºƃźţ�ƹ�ŢºƟŚŝ�Ɓƺºĭ�ŵƺºŝ����Żř

ƶƳƺưƳ��ŚƷƽ�ƫŚŝ�ǀƴƾ��ſŹźŝ�ŵŹƺƯ�ƾ���ÒÎ��Ò�ÑÏŶƇŹŵ����ƍƺŝźƯ�ƶƳƺưƳ
�����ƹ�źĩŸƯ�žƴū�ƶŝÓÖ��Ò�ÒÔ�ŶƇŹŵ�����������žƴºū�ƶºŝ�ƍƺºŝźƯ�ƶºƳƺưƳ

�ŶƳŵƺŝ�ŦƳƺƯ��ŚŤƳƿ���ř�Żř�ƪƇŚů�Ūƿ��ƲƤŰţǀ�ŝ��Ƣ�ºǀźŤƄƿ���źºŤưĩ�ƹ�Ʋƿ�Ʋ
Ưǀ����ţźţ�ƶŝ�řŹ�ŢƯƹŚƤƯ�Ʊřżǀ����ƶŝ�ƍƺŝźƯ�ŜƀĩŚţƺƠſǀ���Źŵ�ƮÒÏ�ř�ƿ�ƶƫƹż
�Ð�ÑÐ�ŶƇŹŵ����Ưō�ƹǀſŚĪǀ���Źŵ�ƲÏÓ�ř�ƿ��ƶƫƹż�Ó�ÏÎ�ŶƇŹŵ�����ƱŚƄºƳ

ŵřŵ��Ưǀ���Śſ�ƶŝ�ŢƯƹŚƤƯ�Ʊřżƿ�ŤƳō�źƾ��ŝǀţƺǀĨ������ŷ�ŭźºƃ�ƶŝ�ŚƷ�ºƿ��ŵƺºŝ�ƪ��� �
� �
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��ř�ƶŝ�ŢƯƹŚƤƯƿưƾ�����Źŵ�ƮƴěÐÒ�ř�ƿ��ƶƫƹż�Ï�ÏÖ�ŶƇŹŵ�������Źŵ�ƭŚƳƺŗźţŻō
ÑÒř�ƿ�ƶºººƫƹż�Ò�ÐÔŶºººƇŹŵ��ŚƯŚŤƴū��ºººƿƀǀ�Źŵ�ƲÑÒř�ƿ�ƶºººƫƹż� �
�Ò�ÐÔŶººƇŹŵ����ŻŚŤƠººſƿŶƿ�Źŵ�ƮÐÒř�ƿ�ƶººƫƹż�Ï�ÏÖŶººƇŹŵ����
ſǀſŚƀĩƺƬƟƹźĜǀ���Źŵ�ƲÐÖ�ř�ƿ���ƶºƫƹż�Ò�ÐÏ��ŶºƇŹŵ���������ŹřŵƺºưƳÎ���
ƯººǀŢººƯƹŚƤƯ�Ʊřż�ººŤƳō�ƶººŝƾ�ŝǀţƺººǀĨ�ŚººƷƽ�ƹ�ƭŚººŤĩǇŚŤŝ�ƵŵřƺƳŚººų�

ƯōǀƬĭƺƴǀŻƺĮƿ���Ư�ŹƺƏ�ƶŝ��ŶǀĮƳŚǀ��ƲÑ�ÐÑ�����ƹ�ŶºƇŹŵ�Ò�ÏÖ���ŶºƇŹŵ�
ŵƺººŝ��ÓÒř�ŶººƇŹŵ�ƿƶººƫƹż�����ƵŵřƺƳŚººų�ƶººſ�ƶººŝ�ŢŞƀººƳ�ŚººƷ�Żř��
ºººŤƳōƾ�ŝǀţƺºººǀĨ�ŚºººƷƽ�ƵŵŚƠŤºººſř�ŵŹƺºººƯ��ƹ�ŶºººƳŵƺŝ�ƭƹŚºººƤƯ�� �

ř�ƱřƺºººƴƗ�ƶºººŝƿƶºººƫƹż�ŚºººƷƾƿƹŹřŵ�Ŷºººƴģ�ŢºººƯƹŚƤƯ�Śºººŝ�ƾºººƿ� �
(Multi Drug Resistance)ŶƳŶƃ�ƶŤƟźĭ�źƔƳ�Źŵ���Ö�����

 

�ŹřŵƺưƳÎ��ŶƇŹŵ �ŢƯƹŚƤƯřƿƶƫƹż�ŚƷƽ ŽŚƳƺƯƹŵƺſ řŻƺƴƿĥƹźŗō ƶƳƺưƳ�Żř�ƵŶƃ�řŶū�ŚƷƽƫŚŝ�ǀƴƾ��
��

ŚººŤƳƿººſŹźŝ�ŪƾţƺººƴƟ�ǀĜƾŵ�ƁƹŹ�ƶººŝ�ººƿĩźţ�ĨƀǀººŞƾŵřŵ�ƱŚƄººƳ�� �
���Żř�ƶĩÎÏÍ�ř�ƿ��ƶƫƹż�ĥƹźŗō�ŽŚƳƺƯƹŵƺſƿřŻƺƴ���ÐÒ��Ï�ÏÖ��ŶºƇŹŵ���

řƿ��ŶººƳŵƺŝ�ŻŚººƯŚŤĩǇŚŤŝƺƫŚŤƯ�ŶººƫƺƯ�ƶººƫƹż��ººŝ�Źŵǀř�Ʋƿƶººƫƹż�ŚººƷƽ� �
����ŻŚƯŚŤĩǇŚŤŝƺƫŚŤƯ�ŶƫƺƯÐ�ÐÑ�����ƶºƳƺưƳ�ƶŝ�ƍƺŝźƯ�ŶƇŹŵ����ŚºƷƽ���ŹřŹŵř�

Ó�ÏÕ�ƶººƳƺưƳ�ƶººŝ�ƍƺººŝźƯ�ŶººƇŹŵ��ŚººƷƽ��Ʊƺººų�Î�ÎÔŶººƇŹŵ�� �
��ƶƳƺưƳ�ƶŝ�ƍƺŝźƯ��ŚƷƽ�ƀƠƴţ�ƾ���Ó�Õ�����ƶºƳƺưƳ�ƶŝ�ƍƺŝźƯ�ŶƇŹŵ����ŚºƷƽ�

�ƹ�ƕƺƟŶƯÑ�ÎÎ��ƶºŝ�ƍƺŝźƯ�ŶƇŹŵ���ƶºƃřźţ ��šŚŰºƃźţ�ƹ�ŢºƟŚŝ 

Ɓƺĭ�ŶƳŵƺŝ�����ŻřÐÒ�ř�ƿ���ƶºƫƹż��ĥƹźŗō�ŽŚƳƺƯƹŵƺºſƿ�řŻƺºƴƽ���ŶºƫƺƯ�

���ŻŚƯŚŤĩǇŚŤŝƺƫŚŤƯÏÕř�ƿ�ƶƫƹż�ÕÍŶƇŹŵ�����Ʊĥ�ƪºƯŚůblaIMP��ÏÍ�
řƿ��ƶƫƹż�Î�ÒÔ��ŶºƇŹŵ�������Ʊĥ�ƪºƯŚůblaSPM���Ò��Ð�ÎÑ��ŶºƇŹŵ���
řƿ����Ʊĥ�ƪƯŚů�ƶƫƹżblaSIM���ƹ�Î��Õ�Ï�ŶƇŹŵ���řƿ�����źºƷ�ƪºƯŚů�ƶƫƹż

�Ʊĥ�ƶſblaIMP, blaSPM, blaSIMŶƳŵƺŝ���ƴĤưƷǀ�ƲÎÏř�ƿƶƫƹż�
�Ð�ÐÑ�ŶººƇŹŵ���Ʊĥ�ƹŵ�ƪººƯŚůblaIMP, blaSPM��Ïř�ƿƶººƫƹż� �
�Õ�Ò�ŶººƇŹŵ��Ʊĥ�ƪººƯŚů�ŚººƷƽ�blaIMP, blaSIM�ƹ�Ïř�ƿ�ƶººƫƹż
�Õ�ÒŶººƇŹŵ���Ʊĥ�ƪººƯŚů�ŚººƷƽ�blaSPM, blaSIMŶººƳŵƺŝ� 
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��
��

�ƪĪƃÎ���šǇƺƈŰƯ�ŻŹƺƟƹźŤĪƫřPCRƶƿƺſ��Ʊĥ�ƪƯŚů�ŢŞŨƯ�ƩźŤƴĩ�ƽŚƷ��ƽŚƷblaIMP, blaSPM��ƹ� blaSIM�ŻŹŚĭō�Ʃĥ�ƽƹŹ�źŝ�Ò�ÎŶƇŹŵ��� �
M���ƾƫƺĪƫƺƯ�ƱŻƹ�źĩŚƯ�bp�ÎÍÍ��ĨƷŚģ��Î��ƶƳƺưƳ��ƽƱĥ�Ŷūřƹ�ŢŞŨƯ�ƩźŤƴĩ�blaIMP ���ĨƷŚģÏ��ƶƳƺưƳ��ƽƱĥ�Ŷūřƹ�ŢŞŨƯ�ƩźŤƴĩ�blaSPM ���ĨƷŚģ

Ð��ƶƳƺưƳ�ƽ��Ʊĥ�Ŷūřƹ�ŢŞŨƯ�ƩźŤƴĩ�� blaSIM���
��

��
 

�ƪĪƃÏ���ƩƺƈŰƯ�ŻŹƺƟƹźŤĪƫřMultiplex PCRƱĥ���ƽŚƷblaIMP, blaSPM�ƹ� blaSIM�ŻŹŚĭō�Ʃĥ�ƽƹŹ�źŝÒ�ÎŶƇŹŵ��M���ƾƫƺĪƫƺƯ�ƱŻƹ�źĩŚƯ
�bp�ÎÍÍ��ĨƷŚģ��Î��ƶƳƺưƳ��ƽƱĥ�Ŷūřƹ�ŢŞŨƯ�ƩźŤƴĩ���ƽŚƷblaIMP, blaSPM�ƹblaSIM ���ĨƷŚģÏ��ƶƳƺưƳ�ƽ�ƴǀƫŚŝ�Ʊĥ�Ŷūřƹ�ƾ��.blaIMP�� �

�ĨƷŚģÐ��ƶƳƺưƳ�ƽ�Ʊĥ�Ŷūřƹ�ƾƴǀƫŚŝ���ƽŚƷblaIMP��ƹblaSIM���ĨƷŚģÑ��ƶƳƺưƳ�ƽ�Ʊĥ�Ŷūřƹ�ƾƴǀƫŚŝ��ƽŚƷblaIMP, blaSPM �ƹ�blaSIM��� �
�ĨƷŚģÒ��ƶƳƺưƳ�ƽ�Ʊĥ�Ŷūřƹ�ƾƴǀƫŚŝ���blaSIM���ĨƷŚģÓ��ƶƳƺưƳ�ƽ�Ʊĥ�Ŷūřƹ�ƾƴǀƫŚŝ���blaSPM���ĨƷŚģÔ��ƶƳƺưƳ�ƽ�Ʊĥ�Ŷūřƹ�ƾƴǀƫŚŝ���ƽŚƷblaIMP�ƹ 

blaSPM���ĨƷŚģÕ��ƶƳƺưƳ��ƽƱĥ�Ŷūřƹ�ƾƴǀƫŚŝ���ƽŚƷblaSPM��ƹblaSIM� 
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ŦŰŝ��
�����ŚƷŻŚƯŚŤƧǇŚŤŝƺƫŚŤƯ ƶŝ�ƪǀƫŵ ŵŚŬƿř ŢƯƹŚƤƯ ƶŝ ƮƴěŚŝŹŚĩ�ŚƷ �ƶºƧ �Żř
ƯƺƲƿźţźŧ ƾŤƳō�Ʀǀţƺǀŝ�ƽŚƷ �ŵŹƺºƯ �ƵŵŚƠŤºſř �ƶºǀƬƗ �ŢºƳƺƠƗ���ƽŚºƷ

ƾſŚƳƺƯƹŵƺſ �ŶƴŤƀƷ ŹŚǀƀŝ ��ƶºūƺţ�ƪºŝŚƣ �ƾºƯ��ŶƴºƃŚŝ��řżºƟř�ƿƂ 
ƝźƈƯ ƽŚƷƹŹřŵ ŝƭŚŤĩǇŚŤ �ƽźŤƀºŝ�ƹ �ƳǇƺºƏƾ �šŶºƯ ŝǀ�ƱřŹŚºư��
ŦƗŚŝ ƽźŤĩŚŝ�ŹŚƄŤƳř�ƽŚƷ �ŶƫƺƯMBL�ŝǀƺſ�Ʋƿƶ��ŚºƷƽ��ƞºƬŤŴƯ�
źŤĩŚŝƽ�Ţſř�ƵŶƃ�ŚƷ��ƶŤĪƳ�ƽ ƶūƺţ�ƪŝŚƣ Źŵ ŵŹƺƯ ƕƺƳ �ƶºƳƺưƳ ƹ 
ƳřƹřźƟƾ Ʊĥ�ƽŚƷ ƶƘƫŚƐƯ�ŵŹƺƯř�Źŵ�ƿƤŰţ�Ʋ�ºǀƢ� ř�ºƿ��ƶºĩ�Ţºſř�Ʋ 

ƺſƿƶ�ƽŚƷ řŶū ƵŶƃ Żř ƶƳƺưƳ�ƽŚƷ �ŹřŹŵřƪƯŚůƱĥ��ŚƷƽŤƯƹŚƤƯ�ƾ 
ŝǀŤƄƽź ŶƳŵƺŝ�����ƮƿżºƳō�ƶºƨƴƿř�ƶºŝ�ƶūƺţ�Śŝ���ƽŚºƷMBL��ƪºųřŵ 
řƿƱƹźĮŤƴ Ɩƣřƹ ƹ�ƵŶƃ ŚƳřƺţƾƿ ƭŚƛŵř Źŵ ưſǈěǀŶ ƿŚ �ƭƹŻƺºƯƹźĩ 
řŹ řŸƫ��ŶƳŹřŵ ƬŝŚƣǀŢ ƩŚƤŤƳř ƶŝ Śſƿź ƱĥƺţŚě�ŚƷƽŹřŹŵř�ƽ Żř ƶƬưū�

źƃřƿƄǀƬĩŚƾ řŹ ŶƳŹřŵ���
ŪƿŚŤƳ��ºŤƳōƾ�ŝ�ºǀƭřźĭƺ �ºŝƶ��Ţºſŵ �ƵŶºƯō Żř���šŚºƘƫŚƐƯ�ºƬŞƣƾ��ƭŚºŬƳř�� �

ř�Źŵ�ƶŤƟźĭƿ�Ʊřź �ƾĩŚºů Żř �ƂƿřżºƟř �ŢºƯƹŚƤƯ �ƾºŤƳō��ƾĪǀţƺºǀŝ Źŵ�
ƩŚſ��ŚƷƽ�ųř�ǀ�Ư�źƾ��ŶƃŚŝ��Əƾ�ƶƘƫŚƐƯ���řƽ��ŹŵŚƇ�ƶĩ�ƽ����ƱřŹŚºĪưƷ�ƹ�

�ƩŚººſ�ŹŵÏÍÎÍ����ŢººƯƹŚƤƯ�ŶººƇŹŵ��ŶººƳŵřŵ�ƭŚººŬƳř�ƱřźººƸţ�Źŵ�
ŤƳōƾ��ŝǀţƺǀĪƾ���Ưō�ƶŝ�ŢŞƀƳ�ǀ�ºſŚĪǀ�ŚƯŚŤƴū��Ʋ�ºƿƀǀ��ŻŚŤƠºſ��ƲƿŶƿ��ƹ�Ʈ
ſǀſŚƀĩƺƬƟƹźĜǀ�ƶŝ�Ʋ�ţźţ�ºǀ��ŜÔÐ���ÕÓ���ÔÐ���ÒÒ��ŶºƇŹŵ����ƁŹřżºĭ�

ŵźĭººƿŶ��ƶººƘƫŚƐƯ�Źŵ�ƽƯ�ŚººƯ�ººǀ�ƶººŝ�ŢŞƀººƳ�ŢººƯƹŚƤƯ�Ʊřżř�ººƿ�Ʋ
ŤƳōƾ��ŝǀţƺǀĨ����ŚƷŚěƿǀ�����ƫŵ�ƶŝ�ǇŚưŤůř�ƶĩ�ŵƺŝ�Ʋǀ�Ơţ�ƪ���ƵƺºŰƳ�Źŵ�šƹŚ��ƽ�

��ŤƳō�ƹ�ƱŚƯŹŵƾ��ŝǀţƺǀĨ�ŚƷƽ�ƺŬţ�ƿ����ŶƃŚŝ�ƵŶƃ�ż�ÎÍ����ƶºƘƫŚƐƯ�Źŵ�ƽ�
ŵƿźĮƽ���ŵǇƺƟ�Ǝſƺţ�ƶĩ�ƽ����ƩŚſ�Źŵ�ÕÖ�������ŢºƟźĭ�ƭŚŬƳř�ƱřźƸţ�Źŵ�
Ưǀ����ºŤƳō�ƶŝ�ŢƯƹŚƤƯ�Ʊřżƾ��ŝǀţƺ�ºǀĨ���ŚºƷƽ�Ưō�ǀ�ºſŚĪǀ�Ơſ��Ʋ�ƀºĩŚţƺǀ��Ʈ

ŚƯŚŤƴūƿƀǀ�ſ��ƲǀſŚƀĩƺƬƟƹźĜǀ��ŻŚŤƠſ�ƹ�ƲƿŶƿ���ţźţ�ƶºŝ�Ʈ�ºǀ��ŜÑ�ÕÓ��
Ó�ÑÐ��Ò�ÏÒ��Ö�ÏÍ��Ö�ÏÍ��ŶººƇŹŵŵƺººŝ��ŚƤƯ�Źŵ�ƶººĩººƿ�Śººŝ�ƶƀ

ƶƘƫŚƐƯ�ƽ�ŚƯ���řźŝ�šƹŚƠţ�ƽ�Ťƴū�ƯŚǀƀǀ��ŻŚŤƠſ�ƹ�ƲƿŶƿ�����ƶºūƺţ�ƪºŝŚƣ�Ʈ
Ưƾ�ŶƃŚŝ��ÎÎ�����ŹŵƤŰţ�ºǀƢ��źºƋŚů��ÕÍ�����źŤĩŚºŝ�Żř�ŶºƇŹŵ�ƽ��ŚºƷƽ�

�ĥƹźŗō�ŽŚƳƺƯƹŵƺºſƿ�řŻƺºƴřŹřŵ�ƽƱĥ��blaIMP� Î�ÒÔ���Żř�ŶºƇŹŵ
źŤĩŚººŝƽ�řŹřŵ�ŚººƷƽ�Ʊĥ�blaSPM��Ð�ÎÑźŤĩŚººŝ�Żř�ŶººƇŹŵ�ƽ�ŚººƷƽ�

ĥƹźŗō�ŽŚƳƺƯƹŵƺººſƿřŻƺººƴřŹřŵ�ƽ�Ʊĥ�blaSIM�ŶººƳŵƺŝ���ƶººưƷ�ƽ�

źŤĩŚŝƽ�ŚƷƽ���ĥƹźŗō�ŽŚƳƺƯƹŵƺºſ�ƿ�řŻƺºƴ��ŻŚºſřŶūƽ������Żř�ƶºĩ�ƵŶºƃ�
�ţƺƴƟ�ƑŚŰƫǀĜƾ���ƽřŹřŵ�MBL���ŢŞŨƯ�ŵƺŝŶƳ����řŹřŵ�ƪƣřŶºů�ƽ��ºƿ�Ĩ

��ƱĥMBLƶƘƫŚƐƯ�ŵŹƺƯ���ųźŝ�ƹƾ�ŝ�ŵŹƺºƯ�Ʊĥ�ƶſ�źƷ��ºſŹźƾ�řŹ�
�ŶƳŵƺŝ�řŹřŵ���ƶƘƫŚƐƯ�Źŵ�řƾƿ�ƶĩ��żƯƺĭ���������ƩŚºſ�Źŵ�ƱřŹŚºĪưƷ�ƹ�ÏÍÎÍ�

řźŝƽ�ŚſŚƴƃ�ƾƿ���ŽŚƳƺƯƹŵƺſ�Źŵ�ŚƷŻŚƯŚŤĩǇŚŤŝƺƫŚŤƯ��ŚƷƽ����ƶºŝ�ƭƹŚƤƯ�
řƿ�ºưƾ���ƶººĩ�Ŷººƃ�Ƶŵřŵ�ƱŚƄºƳ��ŶººƳŵřŵ�ƭŚººŬƳř�ƮƴººěÒ�ÐÑ�Żř�ŶººƇŹŵ�

ƶƳƺưƳ�ŚƷƽ��ř�ƶŝ�ƭƹŚƤƯ�Ʊƺų�ƿưƾ���ŶºƳŵƺŝ�Ʈƴºě���ºŝ�Żřǀ�ƶºƳƺưƳ�Ʋ��ŚºƷƽ�
�żƳō�ŶūřƹƿƮ�ŚƷƽ�ŤĩǇŚŤŝƺƫŚŤƯ���ŻŚƯŚÕÎ������Ʊĥ�ƪºƯŚů�ŶƇŹŵ�blaSPM�

�����Ŷºƃ�ƁŹřżĭ��ƫŚºů�Źŵƾ���ř�ƶºĩ��ºƿ�Ư�Ʋ�ºǀ���ƶºƘƫŚƐƯ�Źŵ�Ʊřż��ƽ��źºƋŚů�� �
Î�ÒÔ�����ř�ƶŝ�ƶĩ��Ţſř�ŶƇŹŵ�ƿ�ţźţ�Ʋǀ��ƶŝ�ŢŞƀƳ�Ŝ�ƶƘƫŚƐƯ���ƽ�Żźŝ�ƿ�ƪ
Ö�ÏÐ���ŶƇŹŵ�źŤưĩ�Ţſř��ƫŵ��ǀ�ř�ƪƿ�šƹŚƠţ�Ʋ�Ưƾ������ƍŚºŞţŹř�Źŵ�ŶºƳřƺţ

�ƶƤƐƴƯ�Śŝ��ƽ��ƟřźƜū�ƅŚų�ǀŚƾƿ��ŶºƃŚŝ���ÎÏ����ºƏƾ��ƶºƘƫŚƐƯ���řƽ���ƶºĩ�
��ƎſƺţƱƺŤĮƴǀƫřŚĪưƷ�ƹ�ƹŹ�źŝ�ƱřŹƽ�ÓÍř�ƿƶƫƹż�ƽ���ŽŚƳƺƯƹŵƺºſ�
ƀººŞƬĩǀººſř�ƹ�ǈǀ��ŢººƟźĭ�ƭŚººŬƳř�źŤĩŚŝƺŤƴÎÎř�ƿ�Ʊĥ�ŶººƫƺƯ�ƶººƫƹż

blaIMPƫŚººů�Źŵ�ŶººƳŵƺŝ�ƾ�ƶººƘƫŚƐƯ�Źŵ�ƶººĩ�ƽųř�ººǀ�źÕÍ�ŶººƇŹŵ�
ƺººſƿƶ�ŚººƷƽ��Ʊĥ�ƪººƯŚů�ŻŚººƯŚŤĩǇŚŤŝƺƫŚŤƯ�ŶººƫƺƯ�blaIMPŵƺººŝ���

ººƴĤưƷǀƶººƘƫŚƐƯ�Źŵ�Ʋ�ƽ�Ʊō�ř�ŚººƷƿƶººƫƹż�řƽƶººĩ�Ʊĥ�ƪººƯŚů��ŚººƷƽ�
blaSPM�ƹ�blaSIM�ŶººƃŚŝ��ŚººſŚƴƃƾƿƄººƳ�Ŷ��Źŵ�ƫŚººůƾ��Źŵ�ƶººĩ
ƶƘƫŚƐƯ�ƽ��ƳřƹřźƟ�ŚƯ�ƾ�ř�ƿƱĥ�Ʋ�ţźţ�ƶŝ�ŚƷ�ºǀ�ŜÎ�ÒÔ�ƹ�Ð�ÎÑ��ŶºƇŹŵ�
ŵƺŝ�ř��ƿ�Ư�Ʋǀ�ƱŚƄƳ�Ʊřż�ƵŶƴƷŵ�ƽ�řżƟř�ƿ�ƳřƹřźƟ�Ƃƾ�ƶƳƺưƳ���ŚƷƽ�SPM�
��ƹSIM���ŢŞŨƯ��ƩŚſ�Źŵ��ŚƷƽ�ųř�ǀ���ź��Źŵřƿ���ƶƤƐƴƯ�ƲƯƾ��ŶƃŚŝ��ÎÐ���

�ƩŚººſ�ŹŵÏÍÍÕŚººţ�Źŵ�ƿƶººƘƫŚƐƯ�Ʊřƺ�řƽżººƳō�ŵŹƺººƯ�Źŵ�ƿƮ�ŚººƷƽ�
ǇŚŤŝƺƫŚŤƯŻŚƯŚŤƧŶººƃ�ƭŚººŬƳř�ŚººƷ �ƶººĩř�ŹŵººƿƱĥ�ƶººƘƫŚƐƯ�Ʋ�ŚººƷƽ� �

blaIMP ,blaVIM��blaSPM ,blaSIM�ƹ�blaGIM��ŵŹƺºººƯ
ſŹźŝƾ��������Ʊĥ�ƶºĩ�Ŷƃ�ƆŴƄƯ�ƹ�ŢƟźĭ�Źřźƣ����ŚºƷƽ�blaVIMÏ�Ð�ÎÎ�
Ư�Źŵǀř�ƱŚƿƶƫƹż�řŹřŵ�ŚƷƽŝ��ºǀźŤƄƿƯ�Ʋ�ºǀ�ºƯ�Ʊřżƾ��ŶƴºƃŚŝ��Ʊĥ��ŚºƷƽ 

blaSIM, blaSPM, blaGIM�ŶƴŤƃřŶƳ�ŵƺūƹ��ÎÑ����ºſŹźŝ�Źŵƾ�
����ƩŚſ�Źŵ�ƶĩÏÍÍÕ������Ŷƃ�ƭŚŬƳř�ŶƴƷ�Źŵ�Õ�ÏÍ���ř�Żř�ŶƇŹŵ�ƿƶƫƹż��ŚƷƽ�

�ĥƹźŗō�ŽŚƳƺƯƹŵƺſƿ��řŻƺƴ�ŶƫƺƯMBL��ŶƳŵƺŝ�ƶƘƫŚƐƯ�Śŝ�ƶĩ�ƽ��ŚºƯ�
�Ţƃřŵ�ŢƤŝŚƐƯ��ÎÒ�����ƶºƘƫŚƐƯ�Źŵ��ƽ��ŹŵŚºƇ����Ư�ƱřŹŚºĪưƷ�ƹ��ºǀ�Ʊřż

ººƃǀ�Ʊĥ�ƕƺblaSPM��Ó�ÒÒ��ƶŝŚƄººƯ�ƶººĩ�Ŷººƃ�ƁŹřżººĭ�ŶººƇŹŵ�
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ƶƘƫŚƐƯ�ƽ����Ư�ƹ�ŵƺŝ�ŚƯ�ǀ�ƃ�Ʊřżǀ��ƕƺblaIMP���Ð�Õ�����ƵŶƷŚƄºƯ�ŶºƇŹŵ�
ŵźĭƿŶ��ƹřźƟƳřƾ�IMP���Źŵ�ƶƘƫŚƐƯ�ƽ������ƶºƘƫŚƐƯ�ƶºŝ�ŢŞƀƳ�źƋŚů��ƽ�

Żźŝ�Źŵ�ƶŤƟźĭ�ƭŚŬƳřƿƀŝ�ƪǀ�ŵƺŝ�ǇŚŝ�ŹŚƲƿř� ƾſŹźŝ ƱŚƄƳ�ƵŶƴƷŵ�ƽ�
ƱřżǀƯ ƕƺǀƃ�ǇŚŝƽř�ƿƱĥ�Ʋ��ř�Źŵ�ºƿƲůŚƳ��ºǀƶ�ºƯ�ƾ��ŶºƃŚŝ��ÎÓ����Źŵ
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Background and Objective: Pseudomonas aeruginosa is an opportunistic pathogen and one of the most 

frequent pathogens in nosocomial infections. This bacterium shows high resistance to majority of antibiotics 

including â-lactams.�The aim of this study was to investigate the pattern of antimicrobial resistance and 

evaluation of IMP, SPM and SIM Metallo- Beta- Lactamase producing Pseudomonas aeruginosa, in clinical 

samples isolated from Zanjan hospitals, by phenotypic and PCR methods. 

Materials and Methods: In this cross-sectional study, 120 Pseudomonas aeruginosa isolates were collected 

from the various clinical specimens in Zanjan hospitals from 2013 to 2014. After identification of isolates 

using biochemical tests, the antibiotic susceptibility test (Kirby-Baur method) was done according to CLSI 

advice against 7 antibiotics. The Combined Disk method was then carried out for detection of MBLs and the 

blaIMP, blaSPM and blaSIM genes were determined by a PCR method. 

Results: In this study, Cefotaxime and Amikacin with 43.3% and 21.6% showed the highest and lowest 

resistance against isolates, respectively. From a total of 120 isolates, 35 (29.2%) strains were imipenem 

resistant and metallo- beta-lactamase producer. From 35 MBL producing isolates, 28 (80%) strains, 20 

(57.1%) strains and 5 (14.3%) strains carried blaIMP, blaSPM and blaSIM genes, respectively and 1 (2.8%) 

isolate carried all blaIMP, blaSPM and blaSIM genes. 

Conclusion: According to the results, high prevalence of resistance to aztreonam and imipenem can be a 

warning  against treatment process and distribution of resistance to other strains. 
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