
 
 

 

 

 

 

 

 

 

��������	
���
�
������ 

 

 

 

 

 ������� �������������������������� carbapenem !�"#��� Acinetobacter baumannii 
$%&������'��"#���!����(����� 

 

 

 

 

 

 

��� )�*#�����
'��	�������+($�� #�,��$�� '�%(�$-�
'�� 

 

 

 

 

 

 

 

 

 

"�������.�(
�-� (.�. 2551 



 2

��������	
� MRG4680064 

 

 

 

 

 

 

��������	
���
�
������ 

 

 

 

������� �������������������������� carbapenem !�"#��� Acinetobacter baumannii $%&���

���'��"#���!����(����� 

 

 

 

��0)�*��	
�     

��
� 

)�*#�����
'��	�������+($�� #�,��$�� '�%(�$-�
'�� ��
��������
���	�� 

��������
�����  
����	����!�"����������#��  

$����	�����$��%�

�����
'��	�������+($��"#���
���3 -%�0��'�  ��
��������
���	��

&�����"	
�'�(�)��
�����  
����	����!�"����������#��  

$����	�����$��%�

��
'��	����
�4�
� ����#
���	�'�    ��
����&�������!�" 

&�����"	
�'�(�)��
�����  
����	����!�"����������#��  

$����	�����$��%�

 

 

 

 

 


�
�
������
6��
�������$��
�
�
��������	
� 

(
��$��+�,��������
-�'.��&�/1������ ���.5$7�9��'.�!�&���+�%�����$&5') 



 3

Abstract (�$�
����) 

Project Code:  MRG4680064 

Project Title:  Study of mechanisms of carbapenem resistance in Acinetobacter baumannii 
causing nosocomial infections. 

Investigator:  Chanwit Tribuddharat, M.D., Ph.D. 

 Department of Microbiology, Faculty of Medicine Siriraj Hospital 

 Mahidol University 

E-mail Address: sictb@mahidol.ac.th  

Project Period: July 1, 2003-February 29, 2008 



 4

Abstract 

Objectives: 
 To identify carbapenem resistance mechanisms in Acinetobacter baumannii isolated in 
Thailand, to apply the knowledge gained from this study to other important nosocomial 
pathogens, to develop rapid and reliable molecular typing techniques for use in an outbreak 
investigation, and to improve the infection treatment through the evidence-based approaches 
using the analyzed genetic data from basic research. 
Materials and Methods:  
 One hundred clinical isolates of carbapenem resistant Acinetobacter baumannii were 
collected during the year 2002-2003. The production of metallo-beta-lactamase has been tested 
by 2-mercaptoproprionic acid (2-MP), as an inhibitor, and ceftazidime, as a reporter antibiotic. 
The presence of metallo-beta-lactamase was tested by Southern blot hybridization using probes 
specific for the blaIMP and blaVIM genes. Thirty isolates were tested for the production of 
carbapenemase activity by meropenem hydrolysis using UV spectrophotometry. The presence 
of the class D beta-lactamase capable of carbapenem hydrolysis was also tested by polymerase 
chain reaction (PCR) using primers specific for the blaOXA-23 and blaOXA-24 genes. The clonal 
relatedness among all isolates was also tested by three molecular typing methods, i.e. 16S 
ribotyping, randomly-amplified polymorphic DNA (RAPD), and pulsed-field gel electrophoresis 
(PFGE). Susceptibilities to other antibiotics have also been performed, i.e. susceptibilities to 
rifampin, polymyxins, and newly released tigecycline. 
Results: 
 Two third of isolates (77.8%) of carbapenem-resistant A. baumannii in this study were 
resistant to carbapenem by the production of class D OXA-23 beta-lactamase. There was no 
metallo-beta-lactamase genes of the blaIMP and blaVIM families detected. Clonal cluster analysis 
could not be correlated by molecular methods of ribotyping, RAPD, and PFGE. These isolates 
were all resistant to rifampin (with 38% carrying arr-2 gene), but susceptible in vitro to 
polymyxins and tigecycline. 
Discussion and conclusions: 
 Majority of carbapenem-resistant A. baumannii seemed to spread from a clonal expansion 
of OXA-23 producing strain. There was no metallo-beta-lactamase genes detected. Combination 
treatment using rifampin, as suggested in the literatures, would not be appropriate in Thailand. 
The use of polymyxins and tigecycline should be carefully clinically evaluated under stringent 
control and close monitoring for clinical use; otherwise these two last antibiotics may lose their 
curing properties too quickly. The better molecular typing standard techniques should be 
developed, such as those that can be a good library methods, e.g. multi-locus sequence typing 
(MLST) for inter-laboratory comparison and long term monitoring and surveillance. 

Keywords: Carbapenem resistance, OXA-23, molecular typing, arr-2. 
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 ��Z�&	9�����(�)�,��	��#[(���5����%Z-&�����7$ carbapenem �&���Z-& A. baumannii 	
����5%�

,�'���	�5	� /�����(�)�	
�5%����9�5'�17���'�����!"���	
��
���	9��������#��Z-&�7&��
	
��9�
�����%

&Z��\,�&��
! ��Z�&�9�
��$�1�5'��]���	
��
���!������%Z-&��	�� molecular (genotyping) 	
�	9�,��

	��#/���%��+�����$7��9���7���̂ 
%�-��%�$	
�,�����!���	�� phenotype ���/�����(�)���	9�,��$


��&$1�	
��'.�'������"!7&������)�/1�'_����
!�%��Z-&%Z-&��,�������#�� 

��-%$���� 

 ��Z-& Acinetobacter baumannii 	
�%Z-&��!�������
����7$ carbapenem �9���� 100 ������^�"5%�[1�

��+#���!��&�7��!����&�/1�'_��,�������#��,��7��' ̀ 2545-2546 $�	9�����(�)��������� metallo-

beta-lactamase %������,�� 2-mercaptoproprionic acid ��� ceftazidime ,�������!�����&� ���

	9�����Z����%������!��� Southern blot hybridization %��� specific probe �9����#�
� blaIMP ��� 

blaVIM 	9����!����������� carbapenemase �����Z-&�9���� 30 ������^�"�%����,�� meropenem 

���	%�&#���	9�������%����!���	�� spectrophotometry ���5%�!��������$
�
� blaOXA-23 ��� 

blaOXA-24 �%����	9� polymerase chain reaction (PCR)  $
���!���
��$,�����%	��������^�"�&���Z-&

%������!����%��	
��
 molecular typing 3 ��^

Z& ribotyping, randomly-amplified polymorphic 

DNA (RAPD), ��� pulsed-field gel electrophoresis (PFGE). $
����(�)�����$�!�$��
�����#
��$5�!7&

��!�������
�&Z��\ ��7� �� rifampin, polymyxins, ��� tigecycline ��Z�&'������"!7&������)�%�����

�##,�$7 

)����$���� 

 77.8 % �&���Z-& A. baumannii ����� class D OXA-23 beta-lactamase 	9�,����Z-&%Z-&��!������

�
����7$ carbapenem 5$7�#�7���Z-&����� metallo-beta-lactamase ,����7$ blaIMP ��� blaVIM ���!���

������^�"�%���^
 ribotyping, RAPD, ��� PFGE ,��/�	
�5$7��$���^"��� ��Z-&	�-��$%%Z-&!7&�� rifampin 

(38%�&���Z-&$
�
� arr-2) �!7	�-��$%5�!7&�� polymyxins ��� tigecycline 

��	����)����$����+�0
��; 

 ��Z-& A. baumannii %Z-&�� carbapenem 	
��9�$��(�)��7����'.���Z-&	
�$

��$,�����%	��������^�" 

�%��'.���Z-&���7$	
������ class D OXA-23 beta-lactamase 5$7�#�
�%Z-&��,����7$ blaIMP ��� blaVIM 

���,���� rifampin �7�$��#�����7$ carbapenem !�$
9�����9�,�#	
��$	
�$
���!
��$�" &��,��5$7

5%�/���#��Z-&	
����5%�,�'���	�5	� ��Z�&���� 38% �&���Z-& %Z-& rifampin ,���%�#�1�  ���,����,����7$ 

polymyxins ��� tigecycline 
��$
���
�#
�$���!�%!�$���,��&�7�����$��% ��Z�&������Z-&&������

���^�"����%Z-&!7&��5%����$
���,����$������5' 

�6�
6��
,: Carbapenem resistance, OXA-23, molecular typing, arr-2. 
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 '{���	
����%������!�%��Z-&,�������#�� (nosocomial infection) �'.�'{���	
�	�

��$������

�(-�$��,�'{���#�� ��Z�&�$����
���$#�!����%Z-&�����������&���Z-&�7&��
 ��Z-&	
��'.�'{���$��	
���%

,�����
- 
Z& Acinetobacter baumannii  ��Z-&��$��[�7&��
!�%��Z-&,�������#������#�7�&�!�����

!�%��Z-&%�����Z-&���%�
-����$�1��(-�&�7����%��+������� 10 '`	
�/7��$� [1] ����!�	
�$
���!�%��Z-&%Z-&������

��������$�(-�$���
-���5$7	��#��7��% ~(��&�����%5%���� 2 ���)���9�
�� 
Z& 1) '{������

���)����#��	
�$
 infection control ��Z�&���
�#
�$������7�������&���Z-&�7&��
	9�5%�5$7%
�& ���

��Z�&����#�
�����7��,��75$7����,�������7�������&���Z-&�#
	
��
��7&��
!�%��Z-&,�������#�� 	9�

,��5$7$
����Z#
���������
 (identification of reservoir) ������������!�%!�$ (active surveillance) 	9�

,�����%������7�������&���Z-&%Z-&��!�������
��������� 	
��'.�������^�"�%
�������Z&,�����%��� ���%

�����#�%	���������#�� 	���'���	� ��Z&�$����	���	�������%���Z-&���7$�%
����� &���'.��## 

monoclonal ��Z& oligoclonal spread ��Z& 2) $
���
�%��Z&�������^�"�&��#
	
��
�%Z-&��������,����

!�������
���������'��$��$��,��7�������%
����� 	9�,�����%���
�%��Z&�������^�"�&���Z-&%Z-&��

�����������	�����7�	
��'.�	
�&�17&�����&���Z-&�#
	
��
� �%�$
���,���
�%Z-&��!�������
��7�$���/7��

�#�����[7��	&%�
�%Z-&���## horizontal gene transfer  �����Z-&%Z-&�����7��
-���7&'{���������7

��#�%&�175%�����������^�",��7�������%
������'.��## polyclonal spread   

 ����(�)���5����%Z-&����	�
 carbapenem ���
����
��
�����)��
��$,�����%�&�������^�"

�&���Z-& Acinetobacter baumannii �7����9�5'�17
9�!&#	
���$��[�9�5',�����'{������!�%��Z-&	
�%Z-&!7&

��!�������
��������%5%� 	9�,����$��[�����$�!�������
�#
�$���������5�	
�[1�!�&�!�$����!�

���'�&��������1���
��#'��$��,�������)��'.��9����$��5%� 

 

��-%���$���� 

1.Bacterial isolates  
��Z-& Acinetobacter baumannii 	
�%Z-&��!�������
����7$ carbapenem �9���� 103 ������^�"5%�

[1���+#���!��&�7��!����&�/1�'_��,�������#��,��7��'` 2545-2546 �������������
����
���!"����  

�#�#����$���� 87 &�"!'�(	) ��

�
�#�"���&*�)
���!�") 16 &�"!'�(	) (��
���!"����
,���� 

�-����(��
����'��,
.) 

2. Antibiotic Susceptibility Test (AST) 

 ���	%�&# antibiotic susceptibility test ,���Z-& A. baumannii 	9�%�����^
 disk diffusion 

method �������'�/�
��$5�!�$$�!�����&�  the National Committee for Clinical Laboratory 

Standards (NCCLS) ('{���#���'�
����Z�&�'.� Clinical and Laboratory Standards Institute: CLSI) [2]  

,�� antibiotic disk �9���� 21 ���%,����	%�&#���/�
��$5��'.�%��!����	
� 1 
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3. ���������������������'*��	��#%(����� carbapenem ������4� carbapenemase genes 

+�0 antibiotic resistance-related genes "#�� class 1 integron integrase gene +�0 Extended-

spectrum beta-lactamase genes (ESBLs) 

3.1 ���$�
�����
�*��"���>��$%&
����9$6������ carbapenem ��* ������$6� meropenem 

hydrolysis �*����-% UV spectrophotometry 

 ��Z-& A. baumannii �9���� 30 ������^�"5%�[1��9�$����%,��5%� periplasmic proteins �%���̂ 
 

sonication ,��5%� crude extract 5',��,� meropenem hydrolysis measurement �'.����� 1-2 ��	
 

�%������%����'�
����'��
7� O.D. 	
� wavelength 300 nm �%��
�Z�&� UV spectrophotometer  

3.2 ���$�
�����
�*�� metallo-beta-lactamase ������!#* 2-mercaptopropionic acid (2-MP) 

inhibitor �����
� ceftazidime disk (double disk diffusion technique)  

���	%�&#�������� metallo-beta-lactamase �%����,�� 2-MP (5 μl *�� 1 blank disk) ��� 

ceftazidime disk (30 μg) �."��� disk �'��&����#.�� bacterial lawn �*��"
��
 bacterial 

suspension ���
�-��
2	�� 0.5 McFarland  �'.����!������## screening !�$��^
	
�5%�$
���!
��$�"5��

���� [3] 5%�	9����	%�&#��#��Z-&�9���� 100 ������^�" 

3.3 ���$�
�����
�*�� metallo-beta-lactamase �����-% Southern blot hybridization 

5%�$
���	9� Southern blot hybridization �%����,�� carbapenemase gene �&� blaIMP ��� 

blaVIM families $�	9��'.� probe �%�,�� primers %���
- 

- IMP forward  5’-CTTTGCCAGATTTAAAAAT-3’  

- IMP reverse  5’-ACCAGTTTTGCCTTACCATA-3’  

- BlaVIM_forward 5’-GTCTACCCGTCCAATGGTCTCA-3’  

- BlaVIM_Reverse   5’-AGCAAGTCTAGACCGCCCG-3’ 

,�� DNA template ,��������� probe ����
�	
����5%������Z-& Pseudomonas aeruginosa 
������^�" no. 52 	
�$
 blaIMP-14 gene (GenBank accession number AY553332) �����Z-& P. 
aeruginosa 	
�$
 blaVIM-2 gene (5%���#��Z-&�%�
��$&���
����"�&� Department of Microbiology and 

Infectious Diseases, University of Calgary, Alberta, Canada)   ���	9� Southern blot hybridization 

,����%!����&� AmershamPharmacia: Gene Images Random Prime Labeling Kit ��� CDP-Star™ 

detection module   ,�� stringent condition ,����	9� hybridization ��� probe washing !�$
17$Z&�&�

#��)�	   dot-blot membrane 	
��9�$�,��~-9���/7�����!�$,� alkaline solution ��Z�& strip probe &&� 

3.4 ���$�
��4��%�$%&���������
�*�� carbapenemase $%&����!� blaOXA gene family 

��Z-& A. baumannii %Z-&�����7$ carbapenem 	
��9�$��(�)�&������� beta-lactamase 	
� encode 

$���� blaOXA gene family 5%���7 blaOXA-23 [(� blaOXA-27 �(�5%�	9����	%�&#���
�,� family %����7��  

�%�,�� primers [4] %��!7&5'�
- 

OXA Group 1 - OXA10F  5' TCA ACA AAT CGC CAG AGA AG 3' (OXA-10 group) 187 bp   

  - OXA10R 5' TCC CAC ACC AGA AAA ACC AG 3'    
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OXA group 2 - OXA2F 5' AAG AAA CGC TAC TCG CCT GC 3' (OXA-2 group) 478  bp 

  - OXA2R 5' CCA CTC AAC CCA TCC TAC CC 3'    

OXA group 3 - OXA1F 5' TTT TCT GTT GTT TGG GTT TT 3' (OXA-1 group) 427  bp 

  - OXA1R 5' TTT CTT GGC TTT TAT GCT TG 3' 

  - OXA23F  5’-GAT GTG TCA TAG TAT TCG TCG-3’ (OXA-23 specific) 1065 bp 

  - OXA23R  5’-TCA CAA CAA CTA AAA GCA CTG-3’ 

  - OXA24F 5’-TTC CCC TAA CAT GAA TTT GT-3’ (OXA-24 specific) 1023 bp 

  - OXA24R 5’-GTA CTA ATC AAA GTT GTG AA-3’ 

4. )�������������

�(
�-��04����
��(
�-��@��"#��� A. baumannii $%&+����*	��)�*;C�����

���!#*"$����$�����#%���$��+��'���F 

4.1 ��������	�
���
��������������
���������������� A. baumannii �!"#��$%&'���(&)*��+%�
���,�&��
�-
����/(�!��-���#00 Ribotyping 

4.1.1 ���,�&��
�-
 Ribotyping #00�!" 1 (preliminary testing) 

��	9� Ribotyping �%�,�� 16S ribosomal RNA gene (���	9� preliminary testing ,�� DNA 

��� Leptospira sp. $��'.� template: ,�� EcoRI-digested A. baumannii chromosomal DNA $�	9� 

Southern blot hybridization %��� 16S gene probe 	
��!�
�$��� universal bacterial primers [5] 
4.1.2  ���$6� Ribotyping ������!#* agarose gel @���"�G�: �1'	
� 2 ��%����,�� 16S 

rRNA gene (,�� DNA �&� A. baumannii �'.� template ,��������� probe)  
4.1.3 ribotyping ���!#* DNA template 	�� A. baumannii �������	
�5%�	9� ribotyping �%�

,�� DNA template ��� A. baumannii  ,����%!����&� Roche Applied Science: DIG DNA Labeling 

and Detection Kit Random primed DNA labeling with digoxigenin-dUTP   

4.2 ���$6� typing ���!#*"$���� Randomly amplified polymorphic DNA (RAPD) PCR 

 �'.����,���	
��
	��&�1�
��$�����&
���̂ 
��(��	
�5%�[1��9�$�	%�&#��Z�&������$��[	9����

	%�&#��#��Z-&�9����$��5%�,�����&����-����$

7�,���7��
7&�����'�����%��7���^
 Ribotyping 	%�&�

,�� short primer (10-mer) �9���� 4 �## $�	9���� amplification �9�%�#�#��&� primer �'.�%���
- 

RAPD primers: 

 - R001 5’-GGACCCTTAC-3’  

 - R002 5’-TTCGAGCCAG-3’  

 - R003 5’-CCTTGACGCA-3’  

 - R004 5’-TCTGCCTGGA-3’  

 Amplification cycle: 94°C, 5 min, 1 cycle; 95°C, 1 min, 37°C, 2 min, 72°C 2 min, 5 

cycles; 94°C, 1 min, 37°C, 1 min, 72°C 1 min, 35 cycles ; extension, 72°C, 5 min.   
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4.3 ���$6� Pulsed-field gel electrophoresis (PFGE) "(�&�$6���� typing 

 �$� PFGE �%�,�� whole-cell DNA ��� A. baumannii 	
�[1�!�%%��� ApaI restriction enzyme 

���$
Z�	
� 25°C  ���,���
�Z�&�$Z& GenePath (BioRad) �"
&�" DNA .=�" 1% agarose gel �� 0.5X 

Tris-borate-EDTA buffer. 
��*'��-��
���"
 DNA �$�.'����  ��= temperature controlled pump -��-	


�	>,?@
#��� 14°C; *'�� voltage ��� 6 V/cm �������
���"
 DNA ��� 120° ��� linear switch ramp, 

initial 5 seconds, final 20 seconds �������� 20 �'���
�  ��
�'��"=�
.@ DNA bands .=�" ethidium 

bromide ��=�K��"�@�.=�" Geldoc system  L�
���.&��&�
��K��=
��
��.@ banding patterns �!���

��=�"
����&�"!'�(	)��#.*���Q 

5. ����������������� rifampin !�"#��� A. baumannii 
5.1 Rifampin disk diffusion test: �$�
���.&������� A. baumannii �'�� 100 &�"!'�(	) ������������.���

"� rifampin �."�#(�
�� disk diffusion test ��= rifampin disk 5 (μg) (BBL) ����'. inhibition zone 

��� rifampin disk 
�����L���= standard inhibition zone 2�� Staphylococcus aureus ��
�����

L� ��������
 NCCLS W
�
� standard zone size &$�,�'� A. baumannii (susceptible size &$�,�'� S. 
aureus and Streptococcus pneumoniae ����
'� >20 mm ��� >19 mm *�
�$�.'� 

5.2 ���8��'�� rpoB gene mutation +%��-�! PCR amplification #�� specific primers #��
����9� DNA sequencing 

Forward primer: rpoBF2 5’-AGCGTTTAAGCCAAGCAGAA-3’ 

Reverse primer: rpoBR2 5’-AATCGTTGGCTTTTGCGTAT-3’ 

rpoB-inverse1  5’-TTCTGCTTGGCTTAAACGCT-3’ 

rpoB-inverse2  5’-ATACGCAAAAGCCAACGATT-3’ 

6. ���$�
�� polymyxins +�0 tigecycline susceptibility 
 L�
��*���-��
W�2������� A. baumannii *��"� polymyxins ���*��"���#.�,
� -�� 

tigecycline 2����#�'� Wyeth Research 
���.&��W.=�$��'�������= disk ���
�"� tigecycline �� disk 

(15 μg) ������ Etest (Etest strip, AB BIODISK, Sweden) ��= Mueller Hinton agar ��
���.&��

*�
 guidelines 2�� NCCLS 
�����L�-��
W�*�� polymyxins ��=*�
 standard 2�� NCCLS &���


�����L�-��
W�*��"� tigecycline ��=�
>`)2����#�'� Wyeth Research ��� inhibition zone >19 

mm ����
'�W�*��"� tigecycline  ����$�
���.&����� minimal inhibitory concentration .=�" �."

��=��-�#- microbroth dilution 
'�"�������� standard powder 2����#�'� ��= breakpoint ��� <2 μg/ml) 

 

������%��� 

1. Antibiotic Susceptibility Test (AST) 

 /����	%�&# AST 
'�"�*=���	���!�$���� 21 ��#. /����	%�&#
��$5���%�5��,�!����

	
� 1 
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!����	
� 1. ��%�/����	%�&# Susceptibility test ,���Z-& A. baumannii  !�������%���&��� (%) �&�

��Z-&	
�5�!7&��, �9����,�����+# = �9����	
�	9����	%�&#  

AMP AUG CFZ GEN SXT FTX CRO CAZ CIP AMS AMK 

0(103) 0(103) 0(103) 2(103) 1(102) 0(102) 0(103) 2(103) 0(102) 8 (96) 6(103) 

           

NET PIR FEP PTA IMP MER CFS RIF POL TIG  

25(52) 0 (67) 0 (70) 0(103) 0(103) 1(103) 11(100) 0(100) 100(100) 100(100)  

AMP= ampicillin, AUG= amoxycillin+clavulanate, CFZ= cefazolin, GEN= gentamicin, SXT= 

sulfonamide/trimethoprim, FTX= cefotaxime, CRO= ceftriaxone, CAZ= ceftazidime, CIP= 

ciprofloxacin, AMS= Ampicillin+sulbactam, AMK= amikacin, NET= netilmicin, PIR= cefpirome, 

FEP= cefepime, PTA= piperacillin+tazobactam, IMP= imipenem, MER= meropenem, CFS= 

cefoperazone+sulbactam, RIF= rifampin, POL=polymyxin, TIG=tigecycline 

 

2. ���������������������'*��	��#%(����� carbapenem ������4� carbapenemase genes 

+�0 antibiotic resistance-related genes "#�� class 1 integron integrase gene +�0 Extended-

spectrum beta-lactamase genes (ESBLs) 

2.1 ���$�
�����
�*��"���>��$%&
����9$6������ carbapenem ��* ������$6� meropenem 

hydrolysis �*����-% UV spectrophotometry 

 /����	%�&#�������� carbapenem hydrolyzing enzyme(s) �#�7���Z-& 27 !�� ��� 30 !�� 

��$��[������&�5~$"	
�	9���� meropenem 5%� 

2.2 ���$�
�����
�*�� metallo-beta-lactamase ������!#* 2-mercaptopropionic acid (2-MP) 

inhibitor �����
� ceftazidime disk (double disk diffusion technique)  

���	%�&#�������� metallo-beta-lactamase 	
�5%�	9���#��Z-&�9���� 100 ������^�" /�'�����7���Z-&	
�

%Z-&!7& ceftazidime 	��������^�"5$7�#���$
 synergistic inhibition ����7�� ceftazidime disk ��� 2-

MP  

 �9����#���
	
���Z-&#��������^�"	
�5�!7&�� ceftazidime ��$
 inhibition zone �&# ceftazidime 

disk  ����'�/�&��$
�&���/�%���%5%���Z�&���� inhibition zone 	
���+� ��%1
������#���$
 

synergistic inhibition 5%�  	9�,��&���'�/��'.� positive 5%� (=false positive)  	9�,��!�&�!����Z����

%�����̂ 
&Z�� ��7� ���!������
�	
�
�#
�$�������� metallo-beta-lactamase �%���^
 Southern blot 

hybridization 

2.3 ���$�
�����
�*�� metallo-beta-lactamase �����-% Southern blot hybridization 

5%�$
���	9� Southern blot hybridization �%����,�� carbapenemase gene �&� blaIMP family 

$�	9��'.� probe ����	9� colony dot-blot hybridization /�'�����7�5$7�# positive signal %���1'	
� 1
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�1'��� 1. ��%� Dot-blot hybridization �%�,�� blaIMP gene �'.� probe (over-exposure time of 24 hrs) 

 

 5%�$
��� strip probe ��� reuse dot-blot �����-� hybridize &
�
��-��%�,��  blaVIM gene �'.� 

probe  (5$75%�,�� true positive control)  �#�7�5$7$
 hybridized signal ��7����  [(��$��� exposed X-

ray film ���[(� 72 hrs. %���1'	
� 2 

 
�1'	
� 2. ��%� ���	9� Dot-blot hybridization �%�,�� blaVIM gene �'.� probe (exposure time = 72 hrs) 

 

�%����'�&����	9� Dot-blot hybridization 5$7�#���$
 metallo-beta-lactamase gene ,� 

family blaIMP ��Z& blaVIM �����Z-& 100 ������^�"	
�5%�	9����	%�&# 

2.4 ���$�
��4��%�$%&���������
�*�� carbapenemase $%&����!� blaOXA gene family 

$
���������!7��'���	��7��#��Z-& A. baumannii 	
���$��[����� beta-lactamase 	
� encode 

$���� blaOXA gene family 5%���7 blaOXA-23 [(� blaOXA-27 �(�5%�	9����	%�&#�������$
 gene ,� 

blaOXA family �%���^
 PCR �#�7���Z-& 35 ������^�"��� 45 ������^�" (77.8%) $
�
� blaOXA-23 gene  %��

�1'	
� 3 
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�1'	
� 3. ��%�/� positive PCR amplification �&� blaOXA-23 gene 

 

�&����Z&���/� positive �&� blaOXA-23 gene ����  ��Z-&#��������^�"���,��/�#��,����	9� PCR �%�

,�� primers 	
��9�������# blaOXA-10 gene 	
��'.��7����(���&� integron element 	
��#5%�#7&�,���Z-&���7$ 

gram-negative bacilli  ~(����Z-&���7$%����7�����#$
 blaVEB-1 gene &�17%���   blaVEB-1 �'.� ESBL gene 	
�

��%5%��7��'.� genetic marker 	
��#5%�,� nosocomial pathogens �&�'���	�5	� [6-9]  ������

'��$����&$1�	�-��$%��%�,����+��7�$
����	
���
��5%��7���Z-&���7$�
-�'.� endemic strains 

3. )�������������

�(
�-��04����
��(
�-��@��"#��� A. baumannii $%&+����*	��)�*;C�����

���!#*"$����$�����#%���$��+��'���F 

3.1 ��������	�
���
��������������
���������������� A. baumannii �!"#��$%&'���(&)*��+%�
���,�&��
�-
����/(�!��-���#00 Ribotyping 
3.1.1 ���,�&��
�-
 Ribotyping #00�!" 1 (preliminary testing) 


��	9� Ribotyping �%�,�� 16S ribosomal RNA gene: �1'	
� 4 ��%����,�� EcoRI-

digested chromosomal DNA $�	9� Southern blot hybridization %��� 16S gene probe 	
��!�
�$��� 

universal primers (���	9� preliminary 
��-��
-,�� DNA ��� Leptospira sp. $��'.� template)  /�	
�5%�

��%�[(�
��$�'.�5'5%�	
���,�� 16S rRNA gene �7�$��#���,�� EcoRI enzyme $�,��,����	9� 

ribotyping �&� A. baumannii strains 
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�1'	
� 4. ��%�/����	%�&#
��$,�����%�&�������^�"�%����	9� ribotyping �&� A. baumannii 
�9���� 10 ������^�"	
����5%�����&&��#�� ��.������� 

 

 
 
3.1.2  ���$6� Ribotyping ������!#* agarose gel @���"�G�: �1'	
� 5 ��%����,�� 16S rRNA 

gene (,�� DNA �&� A. baumannii �'.� template ,��������� probe) /�	
�5%��#�7� agarose ���%

��+�,����� digested bands 5%�5$7%
��� &��	9�,�����%
��$����9�#��,������� type �&���Z-&	
�$



��$,����

�����$��\ 

 

 
�1'	
� 5. ��%����	9� ribotyping �&� A. baumannii �9���� 22 ������^�"	
����5%���� ��.������� �%�

,�� minigel 

 

3.1.3 ribotyping ���!#* DNA template 	�� A. baumannii �������	
�5%�	9� ribotyping �%�,�� DNA 

template ��� A. baumannii '�����7�	��#��)�	 Amersham Pharmacia 5%����������/��!��% 

GeneImage kit 	
�,�� fluorescein-conjugated dUTP ,��������� probe �%�5$7��$��[���#�������

	%�&�,��%9�����!7&5'�%�,����% kit �%�$���#��������5%�  	9�,�����7$/1������!�&�����% kit &Z�����	��
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#��)�	$�	%�&�,�� 5%���7��% Direct alkaline phosphatase labeling kit �#�7�5$7��$��[	%�	����5%�  

�(�!�&��'�
���#��)�	���,����% digoxygenin labeling kit ���#��)�	 Roche �	�  �1'	
� 6 ��%�/����

	9� Ribotyping �%�,����% labeling kit ,�$7  ~(��5%�/�5$7
7&��'.�	
��7��&,���� 

 
�1'	
� 6. ��%� Ribotyping pattern �%����,�� digoxygenin kit ������^�"	
�,���9���� 20 ������^�"�'.�

��Z-&	
�5%���#
��$&���
����"$������$��	�����!�"�����	�"~(���'.���Z-&������^�"���������#���7��

�1$���
 

  

 &�7��5��+!�$ /����	9� Ribotyping �&���Z-&�����$��	�����!�"�����	�"�#�7���Z-&	
��9�$�

	%�&#�7���$

��$��$Z&���Z&,����

�����$���	
�#��#��Z-&	
����5%����/1�'_����.�������   

 5%�	9� ribotyping ����$�!�$&
�����
��-���#��Z-&	
����Z&&�17 �!7���%'{��� restriction 

endonuclease enzyme �&�����#��)�	$

�����5$7
7&�%
 	9�,�����!�%��� DNA 5$7%
�	7�	
�
�� $



��$�����$,����	9�~-9� �'�
�������
$
!7��#��)�	 ��� condition !7��\ �����&�9���%%���

�#'��$�� 	9�,��/����	%�&#&&�$�5$7
�# 100 ������^�"!�$	
�5%�!�-��'���&�5�� /����	%�&#

%����7����%�,��1'	
� 7 
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             �##	
�            3 3              2    3  3 3  3 3  3        2 1  3  

 

 

 

 

 

 

           �##	
�     3 1  3  1       1 1              3  1        1 2 

 

 

 

 

 

 

   �##	
�        3  2 2 2  2  2  2    1  3  2 1  2 

 

 

 

 

 

 

         �##	
�   3   4   3  2  3   3   3   2   1   2   3  5            3  3   4       3   3   3 

�1'	
� 7.   ��%�/����!��� ribotyping �&���Z-& A. baumannii 
 


