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3.2 ������ typing ��	
��
����� Randomly amplified polymorphic DNA (RAPD) PCR 

 ������ primer R004 �	
���
����
����������������
��
������ band ����
�
�� ����������

�����������!�
�"�������
���#
��$���
�%��&!��������
�'��(������
����&��������
�'�)'��(*�������

���%���������)�
)*�+�,�
�-�����-���-��.�����,��)���-���#
 Ribotyping �!���� 8 ����	
������ RAPD  

  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

�!��
� 8.  +
�������/��� RAPD .����(*� A. baumannii ������ 101 
��	)�#�2  +'-����-���(*�%������ 

14 +'' 
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(A)         (B) 

   0.323 18845

0 014

   0.000

   0.309 3245   0.004

   0.309 18945   0.004

   0.305 5446   0.002

   0.301 7346   0.056

   0.300 17046   0.014

   0.300 15446  -0.057

   0.300 15046  -0.012

   0.300 12545  -0.070

   0.300 6945  -0.042

   0.300 15746  -0.058

   0.300 17703   0.037

   0.167 15346   0.117

   0.167 14446   0.002

   0.167 17946   0.042

   0.167 12846   0.038

   0.208 14246   0.036

   0.214 8546   0.027

   0.214 6346   0.003

   0.241 13346  -0.002

   0 .100 3045   0.149

   0 .100 3146  -0.026

   0.249 3346  -0.015

   0.222 6445   0.006

   0.210 8446   0.028

   0.204 4245  -0.022

   0.100 12945   0.108

   0.100 6946   0.006

   0.208 17706  -0.039

   0.100 14545   0.115

   0.100 5245   0.002

   0.198 10445   0.005

   0.196 6545   0.002

   0.191 20845  -0.002

   0.188 8046   0.007

   0.056 16446   0.135

   0.056 6846   0 .005

   0.184 2945   0 .040

   0.167 16346   0 .013

   0.167 6446   0.003

   0.071 11246   0.044

   0.071 11146   0 .024

   0.115 17724   0.000

   0.100 4145   0.036

   0.100 2545  -0.000

   0.136 6745  -0.000

   0.136 3345  -0.000

   0.137 6045   0.004

   0.137 19545   0.006

   0.000 5945   0.000

   0.000 17790   0.000

   0.000 16946   0.133

   0.000 16846   0.000

   0.000 5646   0.005

   0.127 6345  -0.006

   0.100 8346   0.022

   0.100 4746   0 .128

   0.000 8646   0.100

   0.000 17714   0.050

   0.000 5146   0.100

   0.000 3246  -0.015

   0.000 6145   0.000

   0.000 6146   0.150

   0.000 6245  -0.015

   0.000 7546   0.100

   0.000 17723   0.000

   0.100 17707   0.035

   0.100 7646   0.020

   0.000 20445   0.000

   0.000 19745   0.000

   0.000 6645   0.000

   0.000 4345   0.000

   0.000 5846   0.120

   0.000 11746   0.000

   0.000 17792   0.000

   0.000 6246   0.000

   0.000 5046   0.002

   0.141 9246  -0.006

   0.000 16646   0.000

   0.000 16546   0.100

   0.000 12246   0.000

   0.000 5746  -0.003

   0.100 14846   0.045

   0.097 16246  -0.006

   0.000 5246   0.100

   0.000 17730   0.000

   0.100 17728   0.036

   0.100 17246   0.000

   0.100 2946   0.008

   0.100 2846   0.022

   0.108 7746  -0.003

   0.000 12646   0.100

   0.000 8846   0.000

   0.100 20045   0.030

   0.100 12346   0.000

   0.000 8946   0 .000

   0.000 5946   0.000

   0 .000 12746   0.000

   0 .000 5546

   0.000 19845

   0.000 19445

Group 4

Group 3

Group 2 

Group 1 

 
��
��� 9.   (A) Dendogram ������������������������������������ A. baumannii (101 ���������) ���

!�"	
#������$ RAPD-PCR (B) ��!�"!�#���%���& cluster analysis ���!�" parameter ������: 

match type, match all tracks to all tracks; match basis, MW; % tolerance, 1.00; similarity 

measure, Dice; linkage method, UPGMC. 	
#���%���&����!*"�*+�/�"�2� ��3�$2������ A. 
baumannii ������ carbapenem /�"�
4� 4 #
�2�*
�# 

 

3.3 ������ Pulsed-field gel electrophoresis (PFGE) 
���������� typing 

 %���
�����
�'������������ PFGE �������� typing �'(*��/��	'�-�������#
����
��
 

discriminating power �
���  +/-���,�,�
���
�'�-��+�� �)�%�-�
 standard technique �$�%���������� 

restriction enzyme ����/-��3��-� SpeI +�, SmaI ����/��  �!��
� 10 �����������
�'"����� SmaI 

enzyme �����/)� chromosomal DNA .����(*��
�+��%������	.8������ 
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�!��
� 10. ���������� PFGE "����� SmaI-digested DNA .����(*� A. baumannii   Type A – G 

���� preliminary pulsotypes .����(*������� 14 
��	)�#�2�
�%���)'�����
�' 

 
        M    111/45 188/45  123/45  70/45   117/45   68/45   43/45   52/46   125/45  65/45   31/45   28/46    73/45   150/45 
  A 

 

 

 

 

 

 

 

 

                  
     90/45   53/45  112/45  179/45 145/45 83/46  56/46   50/46   57/46   59/46  117/45 52/46   127/45  169/45   M 

  B 
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 M     168/45  128/45  127/45 169/45  142/45  194/45  170/45 189/45 195/45  204/45  193/45  29/45   41/425  56/45 
  C 

 

 

 

 

 

 

 

 

  

    
   M    84/45  133/45  59/45  198/45  31/46   55/45  77/45  75/45  19/45  57/45  190/45  88/46   92/46  33/45 

  D 

 

 

 

 

 

 

 

 

 

 

      
                M     63/45   84/46   52/46  61/46  58/46   129/45 42/45  86/45   29/46  25/45  67/45 89/45    200/45 34/46 
  E 
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    60/45 63/45  66/45  163/45 166/45 31/46  52/46  85/46  108/46 110/46 122/46 123/46 125/46 126/46   M 

 

  F 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

M        70/45  80/45   54/46  126/45 144/45 92/45 122/45 148/45   51/45  30/45  64/45  125/46  85/45     M  

 

  G 

 

 

 

 

 

 

 

 
           162/45 172/45 197/45  52/45   62/45  66/45  33/46  51/46   70/46   74/46     M     83/46  89/46   76/46   53/46 

 

  H 

 

 

 

 

 

 

 

 

�!��
� 11. +
���������� pulsed field gel electrophoresis ����(*� A. baumannii 
������ 98 
��	)�#�2 "�������� ApaI enzyme 
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Isolate no. Date collected Ribotype RAPD Pulsotype 
123/45 24/8/2002 1 6 E 
29/45 30/3/2002 1 13 C 
42/45 11/4/2002 1 4 A 
43/45 14/4/2002 1 5 B1 
125/45 20/8/2002 2 2 B1 
129/45 27/8/2002 2 5 F 
133/45 30/8/2002 2 9 C 
142/45 11/9/2002 2 5 C 
148/45 9/9/2002 2 5 D 
189/45 22/10/2002 2 4 C 
111/45 27/7/2002 3 6 A 
128/45 25/8/2002 3 5 C 
168/45 1/10/2002 3 2 B2 
169/45 1/10/2002 3 2 B1 
195/45 2/11/2002 3 2 B2 
198/45 3/11/2002 3 2 D 
200/45 1/11/2002 3 5 C1 
25/45 2/9/2003 3 4 C1 
30/45 29/3/2002 3 4 F 
52/46 24/10/2003 3 2 C3 

6������� 2. ����	
#��3%���# molecular typing �������� A. baumannii  $���2������%���6��3����<��

���62��#�� 3 �<�� �$�2�/�2��������������!��62
>�<���������$ 

 

4. ���������������	� rifampin 
�
���� A. baumannii 
����� A. baumannii ���� 100 ��������� !*"	
#������$�2��
4������������ rifampin ������������� 

38 ������������/�2�$ inhibition zone ��$? rifampin disk �
� �����2�������!��>��$�����#  /�"�%�#��

�<��3��*���������� rifampin ��������������!������ P. aeruginosa !�
�>��@/�� ��� arr-2 gene [9] 

����<�� PCR �
>!�" specific primers !�#��6��3  �$�2����������������$$/�2�� inhibition zone  ��#���

�������
4���������!*"	
$�#!� PCR test �2������ arr-2 	
#���%� PCR ����/�"!���
��� 12    ��2��/�#+

6�������6��3*�
%���$�$�����������
4� target ����� (rpoB gene) !���������!*"	

$!�#��6��3*� 

arr-2 �$�2� �����/�2�������6#62�����
%���$�$� ���������$#�$�����������/�62��� (��
��� 13 �
> 14) 

�������#������ rifampin  !�#
�2����6��3/�2�$ arr-2 gene ��6"����#
/#����?��#���3>�%�!*"�������������<�

��� 
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        M     89/46   92/46  100/46 101/46102/46103/46 104/46 105/46  106/46107/46108/46109/46 110/446 pCTF202 
 

 

 

 

 

 

 

    

��
��� 12. ����	
#��6��3*� arr-2 gene ����<�� PCR  M, marker; pCTF202, positive control 

plasmid [8] 

 

 

 

 

 

 

 

 

 

 

��
��� 13. #��6��3 DNA sequence ����������
4��
K�*�������� rifampin !��2������
4� hot spot ���

#��!�" predicted primers !�#����<��3%���������� rpoB    
�#@�����6%��*�2���� DNA sequence 

���L�# translated �
4� binding site (hotspot) ��� rifampin 
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>gi|50083579|ref|YP_045089.1|  DNA-directed RNA polymerase beta chain (Transcriptase beta 
chain)
            (RNA polymerase beta subunit) [Acinetobacter sp. ADP1] 
 gi|49529555|emb|CAG67267.1|  DNA-directed RNA polymerase beta chain (Transcriptase beta 
chain)
            (RNA polymerase beta subunit) [Acinetobacter sp. ADP1] 
          Length=1362 
 Score =  173 bits (439),  Expect = 1e-42 
 Identities = 83/83 (100%), Positives = 83/83 (100%), Gaps = 0/83 (0%) 
 Frame = +1 
         RpoB mutation hotspot (no mutation found) 

Ab128/45      4    EFFGSSQLSQFMDQNNPLSEITHKRRVSALGPGGLTRERAGFEVRDVHQTHYGRVCPIET  183 
                   EFFGSSQLSQFMDQNNPLSEITHKRRVSALGPGGLTRERAGFEVRDVHQTHYGRVCPIET
Other         513  EFFGSSQLSQFMDQNNPLSEITHKRRVSALGPGGLTRERAGFEVRDVHQTHYGRVCPIET  572 

Ab128/45      184  PEGPNIGLINSLSVYAKANDFGF  252 
                   PEGPNIGLINSLSVYAKANDFGF 
Other         573  PEGPNIGLINSLSVYAKANDFGF  595 

�!��
� 14. +
�������������
��
��
�������(���)�"��"��+��� BLASTX analysis �
�
����&���%����� 

NCBI homepage (http://www.ncbi.nlm.nih.gov/BLAST) Best matched sequence ��3�#����� 

Acinetobacter ADP1 (�&>���������!*�2�
4� A. baylyi) [10] 

 

5. �������� polymyxins ��� tigecycline susceptibility 
 #������$����/��������� A. baumannii 62��� polymyxins �$�2��������#���������/�62��� 

#
�2���� [11]  

#������$�� tigecycline ���#��!�"�<�� disk diffusion �
> Etest �$�2�	
#������$��#��

/�26��#�� �%�!*"#���

	
��3������/�2��2���/�" ���*6���3�#<�3�#��!� disk �
> Etest strip !*"

6������#���
"�/�2�����L��#V��<XY2������/�" $�<Z����>�%�!*"�%�#������$�$$!*�2���#���%� broth 

dilution technique ��2����� \̂��	
#��6��3����/��������� A. baumannii 62�����<�!*�2 ��� 

tigecycline �$�2��������#6��������/�62�����<���� [12, 13] ����� MIC50 �
> MIC90 = 2 �
> 4 μg/ml 

6��
%���$ �
>3�#	
#����
������%�/�"�2�3>��#���

�����

� inhibition zone breakpoint �%�*��$

����� A. baumannii /
�
4� >13 mm = susceptible ���#��!�"�2� >19 mm �%�*��$�����#
�2� 

Enterobacteriaceae [12] 

 

�����!"#��������$�����%& 

 ��(*� A. baumannii �
�+��%������!��@�� ������(*��
��(*���/�������
	����.��� +���-��,��J'��(*�

%�����-���K	.8. 2545 ��,��� 5 �K��)�����
��
����������-���(*��
�+��%����"��	��'���
����%�/-�

�����-� carbapenem &$� 100% ����(*��
�+��%������K 	.8. 2539-2540 [14] 
����)'����(*���/���

����
	���-� carbapenem �)*�  	'�-���(*��)*���������8$�O��
*%�-%��
���� metallo-beta-lactamase (U$��

�������%U�2�
���������(*��(*���%�����,�)'
!����) ��-���
��
��������/-����,��8 [15] /�2�$�2�����������

!�#
�2� blaIMP family *��� blaVIM family �62�$�2�����������L��"�� beta-lactamase ����%�
���� 

meropenem /�" !�
�<��&6�%�?  #������$62���#+�$�2�������2��!*{2����������"�� beta-lactamase ���

�%�
�� carbapenem /�" \̂��������3�����2!� blaOXA family      
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 OXA-23 beta-lactamase �
4����/\������%�
�� carbapenem /�" [16]  �
>#��!�" specific 

primer ���3%����>62� blaOXA-23 (primer L�#��#�$$!*" anneal ������ DNA �2����#��� open reading 

frame) �
4�*
�#~������"���2���������!*"	
$�#!�#���%� PCR �%�*��$ blaOXA-23 �2�3>�
4������������2

�>$����3�#62��
�>��@ L"����������������
4���������L�#���������������!�
�>��@/����� �2�3>��#��

#
�����������
%���$�$� 3�#�>���� primers /�2�����L3�$/�"  

 	
#��6��3����!#
"�<����������������#���%� PFGE, ribotyping, �
> RAPD !*"	
��#��

/�2�2��6��#�� (6������� 2)  ��� ribotyping �� ���������L!�#����#��<�/�"�"��������  RAPD ��

���������L��#���������/�"
��#
�� �2�� PFGE �����������L!�#����#���������/�"����# �62

�����!�"!��2�������#����$������2�>$��!��2����
�/�2�#<� 7 ���L^� 1 �����  *�#�#<�#�2������3�$�2�

����������#/�"3�#	�"
����������6#62����������������#�#<�#�2�3>3���
4������#
�2���<�  �
"���3�%�!*"��

#�����
	
#����$���#���>$���2�/�2�#<�#���>$�� �62�����
4�3�<�/�"�#<�#�����2#�>3����������

��2�����������/�2/�"��$#���#"/�  ��2��/�#+6���"���
���/�"���/�2��#������$������!*"/�"����3��2�

��������������*
�#*
����� pulsotype ����
4�������������!#
"�<�#�� 3�#�2�3>��#������$�"���<�� 

Multi-locus sequence typing \̂���
4�����<����L�#��������������$*�����!#
"�<������������� 

�
�������
�'"����#
 PFGE �
�	��,��������
�'��
�'�)'���
���������������/� 

���8$�O���)*��
*	'�-���(*��
�+��%������!��@���
�����������
��	)�#�2��
���)�+	�-�,'��/�����!��@��

.���	.8������  U$�������Z\�����+	�-��,���.����(*��-�"���
��(*��� (clonal spread)  ��(�����
�'��
�'

.���!���� Journal of Clinical Microbiology �
�%��/
	��	2'�����"�����-��)����)�.�� Dr. Patrice 

Nordmann +
�������� ApaI restriction enzyme �����/)� chromosomal DNA �	(��8$�O�

����
)�	)�#2.����(*� A. baumannii [17] U$��	'�-�%�����
   +��������� PFGE .����(*��
�+��%�����


�>��@/��/�"!�" ApaI enzyme ��2������#��  �$�2���������������!�62��
�>��@�����2�3>���2#�>3��

/
3�#
�>��@/�� 	
#������$��<���6<�����/�"!���
��� 11 �
> 15  �
>#���%� PFGE %���������

�-��.����������� +���-��,�$ repetitive patterns ��!-��� ���	�
��������/���+�,���+����

���%�� 2 +'' �(� 

1) ��(*��
������������.�� pulsotype �����-��
��������2%�� /-���)' repetitive patterns .�� 

ribotypes +
���-���(*��
 dynamic change .�� genome 
!� +�,/��(� PFGE �
 power of 

discrimination 
!�����%�  ������ PFGE �)'��(*��)*� 100 
��	)�#�2���%�-����,�
��,�������,���� 

cluster ��(� evolution .����(*�%��  �)��)*����/��� PFGE .����(*� A. baumannii �$�����,
��)'���


('
������,'�� (outbreak) ���-������
)*�3 �����-��
��,�����8$�O���(*��
���J'������-�������
�

/-���)����  

2) ��(*� A. baumannii �
���+	�-�,'��������
�%�� (�
��������%�%��
!��-���(*�+	�-��,������

��,��8%��%�
!-��,��8_�)���8
)  �)��!��
� 15. 
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�!��
� 15. �� PFGE ��,��8_�)���8
 (lane 0-7) ��
�'�)'.��%�� (lane 7 ����!��
� 11 E) [17]

  

#��@^#Z���&��$�6<#�������� rifampin �$�2�����������#/�"!�
�>��@/�� ����62��� rifampin 

��#��������� �
>�
4�������������!��>��$���L^��"��
> 38 ���6��3�$�2����������� arr-2 �����"�����/\�� 

rifampin ribosyltransferase  �2����������6��3/�2�$�2��� arr-2 gene #+���������/�"!��>��$��� #��6��3 

mutation hotspot ��� ��� rpoB #+/�2�$�2���#��#
���������
4���<������/�2�����L3�$/�" ����������6"��

��#��@^#Z�62�������L�̂#
/##�������� rifampin !������#
�2����62�/
  

#�������������6��<���!�62��
�>��@!*"!�"�� rifampin �2����#Z���"�/
�"��#�$����<�����? [18-

20] ��3!�"/�2/�"	
 *��������!*"������<3������
<�<# (clinical trial) ������������2������L!�" rifampin 

combination /�"*���/�2 

�� polymyxins �
4�#
�2����#2����/�2/�"�%���!�"����
<�<#������
"� �62����������LY2������ A. 
baumannii /�"��  3̂���#���%�#
�$��!�"��# �62�����6"���>���	
�"�������62�/6���	�"
���  ����<����3̂����

���"�3%�#��!�#��!�"���2 

 �� tigecycline \̂���
4�����<�!*�2
2���������#���%���!�"!�
�>��@/�� ��3�%�/
!�"��#Z�	�"
���

/�"�� ���/�2�$�2������������  ��2��/�#+6�� #��!�"������*
���
4�6������"��!�#����#Z� ��36"����#��

��$���#��!�"��2�����2����� /�2��2������������3L�#����
��#�*
���62��������#
���
4������������/�"����2�� 

 

��%& 

 ���8$�O���%�����(*���/�������
	���-� carbapenem .����(*� A. baumannii �
�+��%����

�	.8������+�,��(*������������8�
/�2���+	��2 (�	.���������8�
#������) 
��	)�#�2�
�%���)'���

��
�' RAPD, ribotyping ��(� PFGE: cluster analysis 	'�-���(*�
-����$��������(*��
��
����������
��

�)�.��
��	)�#�2+	�-�,'�������!��@������3+�-� �)*���"��	��'����
���)�  /-��"��	��'����

��,��8  ��(�'��
��	)�#�2	'�-��
���+	�-�,'��.�����,��8  ������
����&
���%����-��3�-� 

��/���������'���"��/����(*���"��	��'���
���
�� infection control �)�/���%���)'���+��%.��-��
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ABSTRACT

One hundred clinical isolates of Pseudomonas aeruginosa and 100 clinical isolates of Acineto-

bacter baumannii resistant to cephalosporins, carbapenems, beta-lactams plus beta-lactamase inhibitors, 
aminoglycosides, fluoroquinolones were tested for susceptibility to polymyxin B and polymyxin E by disk 
diffusion.  All isolates were susceptible to polymyxin B and polymyxin E. Polymyxins should be considered 
for therapy of patients infected with multi-drug resistant A. baumannii or P. aeruginosa in Thailand.  (J Infect 
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INTRODUCTION

Hospital acquired infections in Thailand are 
usually caused by gram-negative bacilli.1  Pseudo-

monas aeruginosa and Acinetobacter spp. caused 
infections in 14 percent and 8 percent of hospitalized 
patients.  Infections caused by gram-negative bacteria 
resistant to all available antibiotics in Thailand were 
not uncommon.2  In 2002, 57 percent of A. baumannii 
isolated from infected hospitalized patients in Siriraj 
Hospital were multi-drug resistant and the mortality 
rate of such patients was higher than 50 percent.2  
Carbapenem-resistant A. baumannii was found to 

produce the OXA-23, OXA-40, IMP-4, IMP-5, or 
VIM-2 enzymes.3-7  Over the past few years, there have 
been reports on treating patients infected with multi-
drug resistant P. aeruginosa and A. baumannii with 
polymyxin E (colistin) or polymyxin B with a response 
rate of 57- 88 percent, and 12-27 percent of the patients 
developed nephrotoxicity.8-11  Since polymyxin E 
(colistin) and polymyxin B are not currently available in 
Thailand, it is reasonable to investigate whether multi-
drug resistant P. aeruginosa and A. baumannii isolated 
from Thai patients are susceptible to polymyxins 
before recommending them for 
therapy in Thailand.
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The objective of the study was to determine the 
in vitro activity of polymyxin B and polymyxin E 
against multi-drug resistant P. aeruginosa and A. 

baumannii isolated from hospitalized patients in Siriraj 
Hospital.

MATERIALS AND METHODS

1. Bacterial isolates:

P. aeruginosa (100 strains) and A. baumannii (100 
strains) isolated from different hospitalized patients in 
Siriraj Hospital, Bangkok, Thailand, from September 
2001 to December 2003 were studied.  All strains were 
resistant to cephalosporins, carbapenems, beta-lactams 
plus beta-lactamase inhibitors, aminoglycosides and 
fluoroquinolones.
2. In vitro susceptibility test:

Polymyxin B and E susceptibility tests were 
performed by standard disk diffusion technique12 using 
a 300 IU polymyxin B and a 10 μg polymyxin E disks 
(BD Biosciences, Sparks, Md.).  The bacterial strains 
were considered susceptible if the inhibition zone was 
12 mm or greater for polymyxin B and 11 mm or greater 
for polymyxin E.

RESULTS

All strains of multi-drug resistant P. aeruginosa 
and A. baumannii were susceptible to polymyxin B 
and polymyxin E, with inhibition zones of greater than 
14 mm.

DISCUSSION

Polymyxins, cationic detergent compounds, 
are active against most of aerobic gram-negative 
bacteria except Proteus spp., Burkholderia cepacia, 
Neisseria spp., Serratia marcescens, Stenotrophomonas 

maltophilia, Providencia spp.13  The mechanism of 
action of polymyxins is to disrupt outer and cytoplasmic 
membranes of the sensitive organisms.  Only polymyxin 
B and polymyxin E are used for therapy of infections.  
Resistance to polymyxins is difficult to develop.  
Polymyxin B and polymyxin E show near-complete 
cross-resistance.  Two types of resistance to polymyxin 
B have been observed in P. aeruginosa: low level 

transmissible mutation and high-level stepwise 
resistance.  Nephrotoxicity due to polymyxins was 
found to be common in early days.  Therefore, the use 
of polymyxins has been unpopular over the past several 
decades when other safer anti-gram-negatives have 
been available including cephalosporins, carbapenems, 
beta-lactams plus beta-lactamase inhibitors, amino-
glycosides and fluoroquinolones. 

Emergence of hospital-acquired infections caused 
by gram-negative bacteria especially A. baumannii 

and P. aeruginosa resistant to all aforementioned 
antibiotics has been more and more prevalent over 
the past decade.14  Most of multi-drug resistant A. 

baumannii and P.aeruginosa isolates were usually 
sensitive to polymyxins and polymyxins were found 
to be effective and rather safe in patients infected with 
these organisms.8-11  All isolates of A. baumannii and 

P. aeruginosa from Thai patients in this study were 
susceptible to polymyxins.  Therefore, polymyxins 
should be considered for therapy of patients infected 
with multi-drug resistant A. baumannii and P. 

aeruginosa in Thailand. 
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ABSTRACT

Objective: To determine the epidemiology of A.baumannii infections in Siriraj Hospital in 2002.

Methods: From January to December 2002, we prospectively studied hospitalized patients in Siriraj Hospital who had

A.baumannii isolated from their clinical specimens.

Results: During the study period, A.baumannii was isolated from clinical specimens of 208 cases. Eighty-six patients (41.3%)

had A.baumannii infections whereas 122 patients (58.7%) had A.baumannii colonization.  Of the 86 patients with A.baumannii
infections, 54.7% were males and 45.3% were females. The mean age of patients was 56.1 years. Ninety-eight percent of the

infections were hospital-acquired. The patients developed infection after an average of 26 days of hospitalization. Fifty-two

percent of the patients were in the general wards, whereas 48% of them were in ICU. The common sites of infection were

respiratory tract and skin and soft tissues. Factors associated with A.baumannii infection were identified in 98.8% of the patients.

The most common factors were prior use of antibiotics especially ceftazidime and indwelling medical devices. The susceptibility

of A.baumannii to carbapenems, aminoglycosides, beta-lactam/ beta-lactamase inhibitors, co-trimoxazole, fluoroquinolone, 4
th

generation cephalosporins and 3
rd
 generation cephalosporins was 32%, 16%, 12 %, 9%, 7%, 4% and 3%, respectively. Fifty-

seven percent of A.baumannii isolates were resistant to all antimicrobials currently available in Thailand.  The overall mortality

rate of the patients infected with A.baumannii was 54.7%.

Conclusion: Most A.baumannii infections in Siriraj were hospital-acquired. The most common site of infection was the

respiratory tract. The majority of A.baumannii isolates was multi-drug resistant. The mortality rate of A.baumannii infections
was high.

Keywords: Acinetobacter baumannii infections; Epidemiology

Siriraj Med J 2006; 58: 951-954

E-journal: http://www.sirirajmedj.com

A

Correspondence to: Visanu Thamlikitkul

E-mail: sivth@mahidol.ac.th

cinetobacter spp. is aerobic gram negative bacilli.

Healthy individuals can harbor this organism on

their skin especially over the moist areas. Skin

colonization rate of in hospitalized patients was signifi-

cantly more than that in healthy individuals.
1,2
 This obser-

vation implies that the patients should acquire the orga-

nism while hospitalization. Acinetobacter spp. is also com-

monly found in hospital environments and it can be trans-

mitted to the patients via hospital personnel and contami-

nated instruments or devices.
1,2
 Acinetobacter baumannii

is the most common species of Acinetobacter causing

infections in human. Over the past decade, there have

been many reports on Acinetobacter spp. as a common

causative pathogen in intensive care unit patients and the

infection was associated with indwelling medical devices,

e.g., ventilator-associated pneumonia, catheter-associated

urinary tract infection, blood stream infection associated

with intravascular devices.
1,2
 Acinetobacter spp. is usually

resistant to many antibiotics including cephalosporins,

aminoglycosides and fluoroquinolones due to various

resistance mechanisms.
3
 Acinetobacter spp. is one of the

most common causes of hospital acquired infections in

Thailand.
4
 To our knowledge there has been no report on

epidemiology of Acinetobacter baumannii infections in
Thailand. Therefore, this study attempted to determine the

clinical features, risk factors, clinical course and outcomes

of patients infected with A.baumannii in Siriraj Hospital

in 2002.

MATERIALS AND METHODS

This is a prospective study conducted in Siriraj Hos-

pital, a tertiary care university hospital, from January to

December 2002. The hospitalized patients who had A.
baumannii isolated from their clinical specimens submit-
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Factors N (%)*

Antibiotics 85 (98.8)

Peripheral intravascular devices 82 (95.3)

Urinary catheter 73 (84.9)

Nasogastric tube 69 (80.2)

Endotracheal tube 62 (72.1)

Ventilator 62 (72.1)

Surgery 39 (45.3)

Central intravascular devices 38 (44.2)

Immunosuppressives 9 (10.5)

Chemotherapy 5 (5.8)

Parenteral nutritution 5 (5.8)

Others 27 (31.4)

* The patient could have more than one factor.

TABLE 2. The factors associated with A.baumannii infections
in 86 patients.

TABLE 3. The sites of A.baumannii infections in 86 patients.
Sites of infection N (%)*

Respiratory tract 59 (68.6)

Skin and soft tissues 17 (19.8)

Bacteremia 6 (7.0)

Urinary tract 4 (4.7)

Nervous system 3 (3.5)

Gastrointestinal tract 3 (3.5)

Others 1 (1.2)

* The patient could have more than one site of infection.

Antibiotics N (%)*

Ceftazidime 28 (32.6)

Meropenem 21 (24.4)

Ceftriaxone 18 (20.9)

Amikacin 14 (16.3)

Vancomycin 14 (16.3)

Imipenem 11 (12.8)

Metronidazole 11 (12.8)

Cefoperazone/sulbactam 10 (11.6)

Ciprofloxacin 9 (10.5)

Cefotaxime 7 (8.1)

Netilmicin 7 (8.1)

Clindamycin 6 (7.0)

Cefepime 5 (5.8)

Amphotericin B 5 (5.8)

Fluconazole 1 (1.2)

Others 23 (26.7)

* The patient could have more than one antibiotic.

TABLE 4. Antibiotics given to the patients prior to developing

A.baumannii infections in 86 patients.

Diseases N (%)*

Cerebrovascular disease 27 (31.4)

Hypertension 24 (27.9)

Diabetes mellitus 23 (26.7)

Cancer 14 (16.3)

Chronic renal failure 14 (16.3)

Ischemic heart disease 10 (11.6)

Chronic obstructive pulmonary disease 9 (10.5)

Neutropenia 4 (4.7)

Cirrhosis 1 (1.2)

Others 23 (26.7)

* The patient could have more than one disease.

TABLE 1. Underlying diseases of 86 patients with A.baumannii
infections.

ted to Microbiology Laboratory were notified to the

investigators. Then clinical information and microbiologi-

cal information of the patients were collected, and the

patients were followed until they left the hospital or died.

The collected information was analyzed by descriptive

statistics.

RESULTS

A. baumannii was isolated from clinical specimens of

208 patients during the study period. Eighty-six patients

(41.3%) were infected, i.e. the patients who had clinical

features of infection at the site where A. baumannii was

isolated, whereas 122 (58.7%) were colonization, i.e., the

patients who did not have clinical features of infection at

the site where A. baumannii was isolated or the patients

who had clinical features of infection at the site where the

organism was isolated but the infection was caused by

other organisms. Patients with A. baumannii infections
were males in 54.7% and the mean age was 56.1 years

with a range from 6 days to 91 years.  Ninety percent of

A. baumannii infected patients had underlying diseases as
shown in Table 1. The common underlying diseases were

cerebrovascular diseases, hypertension and diabetes melli-

tus. Forty-eight percent of the patients were hospitalized

in general wards whereas 52% were in intensive care

units. The patients were admitted to medical, surgical and

pediatrics department in 61%, 23% and 9%, respectively.

Almost all infections (97.7%) were hospital-acquired: which

were those occurred in patients after hospitalization for

longer than 48 hours. Almost all patients (98.8%) had

factors that might be associated with A. baumannii in-

fections as shown in Table 2. The most common factors

were prior use of antibiotics especially ceftazidime and

indwelling medical devices. The patients developed infec-

tions after an average of 26 days of hospitalization. The

sites of A. baumannii infections are shown in Table 3.

The common sites were respiratory tract and skin and soft

tissues. Seventy-one percent of the patients had A. bau-
mannii as a single pathogen, whereas 29% had mixed

infections with others such as Pseudomonas aeruginosa
and Staphylococcus aureus. Patients with respiratory tract

infections tended to have mixed infections more often

than infections in other sites. Almost all patients (98.8%)

received various antibiotics prior to having A. baumannii
infections as shown in Table 4. Ceftazidime was an anti-

biotic commonly given to the patients. The susceptibility

of A. baumannii to carbapenems, aminoglycosides, beta-

lactam/ beta-lactamase inhibitors, co-trimoxazole, fluoro-

quinolone, 4
th
 generation cephalosporins and 3

rd
 genera-

tion cephalosporins was 32%, 16%, 12 %, 9%, 7%, 4%

and 3%, respectively. A. baumannii was resistant to all

antimicrobials currently available in Thailand in 57% of

the isolates. The patients with A. baumannii infections
were usually treated with meropenem, imipenem and

cefoperazone/sulbactam as shown in Table 5. The overall

mortality rate of patients infected with A. baumannii was

54.7% and most of them died of multi-drug resistant A.
baumannii infections. The mortality rate in those patients

infected with pan-drug resistant A. baumannii was higher

than those infected with sensitive strains.

DISCUSSION

      Our study found that less than 50% of the patients

whose A. baumannii was present in their clinical speci-
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Antibiotics N (%)*

Meropenem 23 (26.7)

Imipenem 14 (16.3)

Cefoperazone/sulbactam 9 (10.5)

Amikacin 8 (9.3)

Netilmicin 5 (5.8)

Ciprofloxacin 4 (4.7)

Ceftazidime 3 (3.5)

Others 29 (33.7)

* The patient could have more than one antibiotic.

TABLE 5. Antibiotics for treating A.baumannii infections in 86
patients.

mens were infections, whereas the majority were coloni-

zation. Therefore, healthcare providers should be aware of

this observation and should avoid antibiotic treatment of

patients with A. baumannii colonization. Acinetobacter
spp. has been recognized as an important nosocomial

pathogen over the past decade. It is usually resistant to

many antibiotics empirically used for infections caused

by other aerobic gram negative bacilli such as cepha-

losporins. As a result, the mortality of patient infected

with Acinetobacter spp. is rather high. A report in Thai-

land revealed that Acinetobacter spp. was the most com-

mon cause of ventilatory associated pneumonia in a uni-

versity hospital.
5
 Our study observed that A. baumannii

infections are more common in middle-age males. How-

ever, the patients could be babies and the elderly as seen

in other studies.
6-10

 This study also confirmed the observa-

tions made by others that almost all patients infected with

A. baumannii were hospitalized longer than 48 hours.

The other two patients who developed A. baumannii in-
fections within 48 hours of hospitalization were those

who were transferred to Siriraj Hospital from other hospi-

tals. However, our study revealed that A. baumannii in-
fections were similarly distributed in general wards and

intensive care units (ICU) that was different from other

studies.
11
 This discrepancy could be explained by the fact

that many patients in general wards in Siriraj Hospital

were seriously ill but they were unable to be transferred

to ICU due to a limited number of ICU beds. The average

duration of hospitalization until developing A. baumannii
infections in our study was 26 days that was longer than

10 to 14 days found in other studies.
8,12,14

  However, is

has been found that a long duration of hospitalization was

associated with A. baumannii infections.6,14 Although A.
baumannii can cause infections in any organs, the com-

mon sites of infections seen in our study were respiratory

tract and skin and soft tissues similar to other studies.
14,15

Factors found to be associated with A. baumannii infec-
tions were, namely: cancer, indwelling medical devices,

antibiotics, parenteral nutrition, surgery, severe underlying

diseases and duration of hospitalization.
12-15

 Our study also

observed that antibiotics, especially ceftazidime, and

indwelling medical devices were common in patients in-

fected with A. baumannii. In vitro susceptibility of A.
baumannii revealed that the pathogen was usually resis-

tant to antibiotics active for other aerobic gram negative

bacilli and more than 50% of the isolates were resistant to

all antibiotics currently available in Thailand. Therefore,

antibiotics to be used for treating A. baumannii infections
were limited.  These included carbapenems, aminoglycosides

and beta-lactam/ beta-lactamase inhibitors. An overall

mortality of patients with A. baumannii infections was

54.7% and most of them died of multi-drug resistant A.
baumannii infections. Polymyxins were found to be safe

and effective for treatment of multi-drug resistant A.
baumannii infections.16 In vitro studies of polymyxins against

A.baumannii resistant to all antibiotics currently available
in Thailand revealed that all isolates were susceptible to

polymyxins.
17
 Polymyxin E has just been available in

Thailand since January 2005 and the clinical trial on

safety and efficacy of polymyxin E for treatment of

A.baumannii infections is being conducted in Siriraj

Hospital. New antibiotics such as glycylcycline were found

to be active against multi-drug resistant A.baumannii and
these antibiotics should have a role in treatment of

A.baumannii infections in the near future.
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√–∫“¥«‘∑¬“¢Õß°“√μ‘¥‡™◊ÈÕ Acinetobacter baumannii „π‚√ßæ¬“∫“≈»‘√‘√“™ æ.». 2545

Õπÿ«—≤πå °’√– ÿπ∑√æß…å æ.∫.*, ™“μ‘™“¬  “¡—§§’π‘™¬å æ.∫.*, ™“≠«‘∑¬å μ√’æÿ∑∏√—μπå æ.∫.**, «‘…≥ÿ ∏√√¡≈‘¢‘μ°ÿ≈ æ.∫.*
*¿“§«‘™“Õ“¬ÿ√»“ μ√å, **¿“§«‘™“®ÿ≈™’««‘∑¬“, §≥–·æ∑¬»“ μ√å»‘√‘√“™æ¬“∫“≈, ¡À“«‘∑¬“≈—¬¡À‘¥≈, °∑¡. 10700, ª√–‡∑»‰∑¬.

«—μ∂ÿª√– ß§å: ‡æ◊ËÕ∑√“∫√–∫“¥«‘∑¬“°“√μ‘¥‡™◊ÈÕ A.baumannii „πºŸâªÉ«¬∑’Ë√—∫‰«â√—°…“„π‚√ßæ¬“∫“≈»‘√‘√“™„πªï æ.». 2545

«‘∏’°“√: ‡ΩÑ“√–«—ß°“√μ√«®æ∫‡™◊ÈÕ A.baumannii  ∑’ËÀâÕßªØ‘∫—μ‘°“√®ÿ≈™’««‘∑¬“®“°μ—«Õ¬à“ßμ√«®∑’Ë‡°Á∫®“°ºŸâªÉ«¬∑’Ë√—∫‰«â√—°…“‚√ßæ¬“∫“≈»‘√‘√“™μ—Èß·μà«—π∑’Ë 1

¡°√“§¡ ∂÷ß 31 ∏—π«“§¡ 2545 ·≈â«μ‘¥μ“¡ºŸâªÉ«¬∑’Ë¡’°“√μ‘¥‡™◊ÈÕ¥—ß°≈à“«‚¥¬‡°Á∫¢âÕ¡Ÿ≈μà“ß Ê ∑’Ë‡°’Ë¬«¢âÕß‡æ◊ËÕπ”¡“«‘‡§√“–Àå

º≈°“√»÷°…“: ¡’ºŸâªÉ«¬∑’Ë·¬°‰¥â‡™◊ÈÕ A.baumannii ®“° ‘Ëß àßμ√«®®”π«π 208 √“¬ „π®”π«ππ’È‡ªìπ°“√μ‘¥‡™◊ÈÕ®”π«π 86 √“¬ (√âÕ¬≈– 41.3)  à«πÕ’° 122 √“¬

(√âÕ¬≈– 58.7) ‡ªìπ colonization, ºŸâªÉ«¬∑’Ëμ‘¥‡™◊ÈÕ 86 √“¬‡ªìπ™“¬√âÕ¬≈– 54.7 ·≈–À≠‘ß√âÕ¬≈– 45.3, ºŸâªÉ«¬¡’Õ“¬ÿ‡©≈’Ë¬ 56.1 ªï, °“√μ‘¥‡™◊ÈÕ√âÕ¬≈– 98 ‡ªìπ°“√

μ‘¥‡™◊ÈÕ„π‚√ßæ¬“∫“≈, √–¬–‡«≈“‡©≈’Ë¬¢Õß°“√Õ¬Ÿà„π‚√ßæ¬“∫“≈°àÕπ¡’°“√μ‘¥‡™◊ÈÕ 26 «—π, ºŸâªÉ«¬√âÕ¬≈– 52 Õ¬Ÿà∑’ËÀÕºŸâªÉ«¬ “¡—≠·≈–ºŸâªÉ«¬√âÕ¬≈– 48 Õ¬Ÿà∑’Ë

ÀÕÕ¿‘∫“≈, μ”·Àπàß∑’Ë¡’°“√μ‘¥‡™◊ÈÕ∫àÕ¬§◊Õ√–∫∫°“√À“¬„®·≈–∫“¥·º≈, ºŸâªÉ«¬√âÕ¬≈– 98.8 ¡’ªí®®—¬∑’Ë —¡æ—π∏å°—∫°“√μ‘¥‡™◊ÈÕ‚¥¬ªí®®—¬∑’Ëæ∫∫àÕ¬§◊Õ°“√‰¥â

√—∫¬“μâ“π®ÿ≈™’æ‚¥¬‡©æ“–Õ¬à“ß¬‘Ëß ceftazidime ·≈–°“√¡’ “¬‡¢â“ Ÿà√à“ß°“¬, Õ—μ√“°“√¥◊ÈÕ¬“¢Õß‡™◊ÈÕ A.baumannii μàÕ carbapenems, aminoglycosides, beta-

lactam/beta-lactamase inhibitors, co-trimoxazole, fluoroquinolone, 4
th
 generation cephalosporins ·≈– 3

rd
 generation cephalosporins ‡ªìπ√âÕ¬≈–  32, 16,

12, 9, 7, 4 ·≈– 3 μ“¡≈”¥—∫ ‡™◊ÈÕ A.baumannii √âÕ¬≈– 57 ¥◊ÈÕμàÕ¬“μâ“π®ÿ≈™’æ∑ÿ°¢π“π∑’Ë¡’„πª√–‡∑»‰∑¬ ·≈–ºŸâªÉ«¬∑’Ëμ‘¥‡™◊ÈÕ A.baumannii ‡ ’¬™’«‘μ√âÕ¬≈–
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In vitro activity of tigecycline against 148 strains of Acinetobacter baumannii isolated from different

patients hospitalized at Siriraj Hospital, Bangkok, Thailand during 2002 to 2005 was conducted. These

isolates were resistant to beta-lactams, aminoglycosides and fluoroquinolones. In vitro susceptibilities were

determined by Kirby-Bauer disk diffusion, E-test and broth microdilution methods. The MIC
50

 and MIC
90

values of tigecycline against A. baumannii determined by the broth microdilution method were 0.5 and 1 mg/

L respectively. The MICs of tigecycline determined by E-test were 4-fold higher than those from the broth

microdilution method. An inhibition zone of >13 mm was well correlated with a tigecycline MIC of < 2 mg/L

and had a sensitivity of 99% and a specificity of 100%. The study results indicated that 97.3% of MDR A.

baumannii strains isolated from the patients hospitalized at Siriraj Hospital were susceptible to tigecycline.

Tigecycline may prove to be an important antibiotic for treatment of multidrug-resistant A. baumannii infec-

tions in Thailand in the near future.
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Acinetobacter baumannii has emerged as a

worldwide problem in causing infections in

hospitalized patients(1-3). A. baumannii is one of the

most common causative pathogens in nosocomial

pneumonia, bacteraemia, urinary tract infections, and

skin and soft tissue infections, and the mortality asso-

ciated with these infections is high. The incidence of

infections caused by multidrug-resistant (MDR)

pathogens, particularly Acinetobacter baumannii and

Pseudomonas aeruginosa, in Thailand has dramati-

cally increased(4). A prospective study of 208 clinical

isolates of A. baumannii recovered from patients in

Siriraj Hospital from January to December 2002 revealed

that 86 strains (41.3%) were isolated from infected

patients and the remaining 58.7% were colonizers(5). In

this study, 57% of A. baumannii isolates were resis-

tant to all antimicrobial agents available in Thailand

including beta-lactams, aminoglycosides and fluoro-

quinolones, and the overall mortality rate of the

patients infected with pandrug-resistant A. baumannii

was 79%(5). The study of 104 clinical isolates of A.

baumannii from 100 hospitalized patients at Maharaj

Nakorn Chiang Mai Hospital, Thailand also observed

that 46% of the isolates were pandrug-resistant and

the overall mortality was 52%(6). The only available

antibiotic effective for treating infections caused by

A. baumannii resistant to all beta-lactams,aminoglyco-

sides and fluoroquinolones is colistin(7), hence a search

for new agents effective against MDR A. baumannii is

needed.

Tigecycline is a glycylcycline antibiotic that

shows promising activity against a wide range of

organisms including multi-drug resistant gram posi-

tive cocci and gram negative bacilli(8). The objective of

the study was to determine in vitro activity of tigecyc-

line against clinical isolates of MDR A. baumannii in
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Siriraj Hospital, Thailand.

Material and Method

One hundred and forty-eight strains of A.

baumannii isolated from different infected patients

hospitalized at Siriraj Hospital, Bangkok, Thailand

during 2002 to 2005 were included. These isolates were

resistant to all beta-lactams, aminoglycosides, and

fluoroquinolones. In vitro susceptibilities of MDR A.

baumannii to tigecycline were determined by Kirby-

Bauer disk diffusion, E-test, and broth microdilution

methods. Paper disc containing tigecycline 15 μg per

disk (Becton Dickinson, USA), E-test strips (AB

BIODISK, Sweden) and gram negative MicroScan MIC

panels (Dade Behring Inc., USA) were provided by

Wyeth Research. The methodology for susceptibility

testing was done by direct colony suspension accord-

ing to guidelines suggested by CLSI (9). Quality con-

trol was performed by testing the susceptibility of E.

coli ATCC 25922 as recommended by Wyeth Research.

Results

A distribution of inhibition zone diameters of

tigecycline against A. baumannii is shown in Table 1.

The MIC
50

 and MIC
90 

values of tigecycline against A.

baumannii determined by E-test were 2 and 4 mg/L

respectively. The MIC
50

 and MIC
90 

values of tigecycline

against A. baumannii determined by the broth

microdilution method were 0.5 and 1 mg/L respectively.

There was a significant correlation between inhibition

zone diameters and MICs determined by the broth

microdilution method (p<0.001, r = -0.8), and between

MICs of tigecycline determined by E-test and MICs

determined by the broth microdilution method (p<0.001,

r=0.9). The accuracy of the inhibition zone diameter of

>13 mm in predicting susceptibility of A.baumannii to

tigecycline is shown in Table 2. If the MIC of tigecycline

at <2 mg/L was considered as a breakpoint for

tigecycline susceptibility, the inhibition zone diameter

of >13 mm had a sensitivity of 99% and a specificity of

100% in predicting the susceptibility of A.baumannii

to tigecycline and 97.3% of MDR A.baumannii were

susceptible to tigecycline.

Discussion

The previous studies on the in vitro activity

of tigecycline against A.baumannii by the broth

microdilution method revealed that the MIC
50

 and the

MIC
90

 for tigecycline were 0.5-1 and 2 mg/L respec-

tively, and more than 90% of these isolates had MICs

<2 mg/L and were considered susceptible to

tigecycline(10, 11).. Carbapenem-resistant A. baumannii

isolates were still susceptible to tigecycline with

comparable MICs to the aforementioned values(12, 13).

However, in vitro activity of tigecycline against A.

baumannii by the agar dilution method observed that

the MIC
50

 and the MIC
90

 for tigecycline against

A.baumannii were 8 and 8 mg/L respectively(14). These

findings implied that the different methods of in vitro

susceptibility testing of tigecycline against A.

baumannii might yield different results. The

breakpoints for the inhibition zone diameter and MIC

of tigecycline against A.baumannii are not available.

The US FDA-approved breakpoints of tigecycline

against Enterobacteriaceae to be used by the local

laboratory were inhibition zone diameter >19 mm and a

MIC<2 mg/L(9). The previous studies on in vitro

activity of tigecycline against A. baumannii used such

a MIC breakpoint(10-14). It is not known if the testing

methods used in general microbiology laboratories, disk

diffusion and E-tests, are accurate in predicting the

MICs of tigecycline against A. baumannii.

The MIC
50

 and the MIC
90

 of tigecycline

against A. baumannii determined by the broth

microdilution method observed in our study were

similar to those reported in the literature(10-13)and 97.3%

of MDR A. baumannii isolated from the hospitalized

patients at Siriraj Hospital were susceptible to

tigecycline. However, our findings indicated that there

was a discrepancy in the susceptibility results of

tigecycline against A. baumannii for the different

Inhibition Zone Diameter

(mm)

  11

  12

  13

  15

  16

  17

  18

  19

  20

  21

  22

  23

  26

       Number of Isolates

    (%)

  1 (0.7)

  4 (2.7)

  4 (2.7)

  8 (5.4)

11 (7.4)

20 (13.5)

34 (23.0)

21 (14.2)

17 (11.5)

16 (10.8)

  8 (5.4)

  3 (2.0)

  1 (0.7)

Table 1. Distribution of the inhibition zone diameter of
tigecycline against 148 isolates of MDR A.
baumannii
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methods of testing. The MICs determined by E-test

were usually 4-fold higher than those determined by

the broth microdilution method and E-test might not be

an accurate method for in vitro susceptibility testing of

tigecycline against A. baumannii. Moreover, our study

also observed that the US FDA-approved breakpoint

of tigecycline against Enterobacteriaceae, to be used

by the local laboratory, of an inhibition zone diameter

>19 mm, was not applicable to tigecycline against A.

baumannii. The breakpoint for an inhibition zone

diameter >13 mm was more accurate in predicting

susceptibility of A.baumannii to tigecycline with a

sensitivity of 99% and a specificity of 100%. Our

findings of good in vitro activity of tigecycline against

MDR A. baumannii warrant a clinical study to prove

its efficacy and to determine whether such

proposed breakpoint and testing methods are valid.
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