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��������������������������!"��#�$%� E. coli &�! Salmonella  

��'&��	��

�������(�)���!#�*��� 

 

���
,��� 

�)?	
��
�����	���'��+,-(���
�����
��%��%'(
'�	(�7����!��B%&�	
�	%'(��%&�	���+�6���

+	��$�& ���(��B'��
(����!��!��B.	���%&�	
�	%'(��%&�	���+�6
'�	���6�	:����!
�����,�(	
��

$�&�+'	 integron �������	�-!���%B�)�����#�6,�(�@������$�����,-(��.	������!����� �����6���'�	

�(����6�	:����!
����!��B���!���!%&�	
�	%'(��)*�+��	� (Integron) �(��+,-(���
�����
�����

$�&�����%�#������ ���7����!��!6�	:#��7�'�����6�	:����!
����!��B���!���!%&�	
�	%'(��

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


@�����C�<�����6���+,-( E.coli �@�	�	 292 %����� Salmonella �@�	�	 267 %�� �����%�#������ 

�	�����������&(!.	F��#! 
@����%������!%&�	
�	%'(��%&�	���+�6 ceftiofur, chloraphenicol, 

enrofloxacin, erythromycin, gentamicin, oxacillin, trimethoprim-sulfamethoxazole and 

tetracycline �&����:� Disk diffusion ���%���7� Integrase gene (int1) �&��)*��������"��L'6(���!(

���  %���7� antibiotic resistance gene cassettes 
��(�"'.	�'�	�����(� integron element LC��

�'�		�-���)?	  variable region �(� integron element �%'��+	��
����!��@�	�	���+	���(���	�,-(��

$!'�7!,(	��	 %���7�����,	��	 resistance gene cassette �&�� Nucleotide sequencing , 

Western blot ��� Restriction endonuclease analysis (REA) 


����%���g�+,-( E.coli 292 %�� ����+,-( Salmonella 267 %�� 6��'��+,-( E.coli 80% !�

���!%&�	
�	%'(��!����'�+	������� (Multiresistance) ���!�����'�	�+,-(
��!����!%&�	
�	�"����

%'(�� erythromycin(89%) oxacillin(83%) sulfa-trimethoprim(72%) ��� tetracycline(65%) 

%�!�@���� ���6��'��+,-( E.coli 34% !� Integrase gene (int1) 
����%����+,-( Salmonella 6��'�

�+,-( 95% !����!%&�	
�	%'(��!����'�+	������� (Multiresistance) ���!�����'�	�+,-(
��!����!

%&�	
�	�"����%'(�� oxacillin(100%) erythromycin(98%) tetracycline(88%) and trimethoprim-

sulfamethoxazole(75%) %�!�@���� ���6��'��+,-( Salmonella 91% !� Integrase gene (int1)Gene 

casette  .	 Class 1 integron 
��6�.	 E.coli ��� Salmonella �'�	.7�'!��	��.��&�������	 (1.9 – 

2.0 kb) ����'�	.7�'!� gene dfrA12 ��� aadA2  Class 1 integron !����!��!6�	:#������

%&�	
�	%'(��!����'� 2 +	��(�'��!�	���@���� (p< 0.05)  �%' gene cassette 
��6�$!'�(���&(����

��
��%&�	
�	(�'��!�	���@����  

 ������)�+,-( E.coli ���  Salmonella 
����������%�#�����������������&(!.	F��#!!����

%&�	
�	%'(��%&�	���+�67���+	�����!����6�	:����!���,�(	
��
����!��B���!���!%&�	
�	%'(��

%&�	���+�6 �@�	�	!�� ���!� integron ��� resistance gene cassette !����<����&����C���	 ��%�#

������(���)?	�7�'��(��+,-(�,-(��
���@���� �%'���%&�	
�	%'(��+	��%'��V(��!���$�(,�	
��$!'6�

�	 integron 
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Mechanisms of antimicrobial resistance in Escherochia coli and Salmonella 

from food animals in Thailand. 

Abstract 

It has been shown that antimicrobial resistance can be commonly found in foodborne 

bacteria. Spreading of resistance genes via mobile genetic elements such as integrons may 

be an important mechanism. Our study was designed to investigate the presence of 

integrons and resistance gene cassettes, and determine the relationship between gene 

cassette and antimicrobial resistance in E. coli and Salmonella isolated from chickens and 

pigs in Thailand. Resistance to ceftiofur, chloraphenicol, enrofloxacin, erythromycin, 

gentamicin, oxacillin, trimethoprim-sulfamethoxazole and tetracycline were determined using 

disk diffusion technique. Detection of class I integrase genes (intI1), 3’conserved regions and 

other resistance gene cassettes was conducted using polymerase chain reaction and 

confirmed with restriction endonuclease analysis (REA) western blot and nucleotide 

sequencing. 

Of the 292 E. coli isolates, 95% were resistant to more than one antimicrobial agent. 

The proportion of E. coli with resistance to erythromycin, oxacillin, sulfa-trimethoprim, and 

tetracycline were 89%, 83%, 72%, and 65%, respectively. The intI1 gene was found in 34% 

of the E. coli. Of these E. coli, 88% were also multi-resistance. The most frequently found 

integron(38%) had variable regions size ranging from 600 – 2,000 bp. Of the 267 Salmonella 

isolates, 95% were resistant to more than one agent. The proportion of Salmonella with 

resistance to oxacillin, erythromycin, tetracycline, and trimethoprim-sulfamethoxazole were 

100%, 98%, 88%, and 75%, respectively.  The intI1 gene was found in 91% of the 

Salmonella tested (n=197). Of these Salmonella , 93% were also multiresistance. dfrA12-

aadA2 gene cassette were found on 46% of E.coli and 99% of Salmonella class 1 integron.  

Class 1 integron was significantly associated with multi-resistance(p< 0.05), however 

resistance to specific drug was not significantly correlated with the gene cassette found on 

the integron. 

 In conclusion, high level of antimicrobial resistance and class 1 integrons  was found 

in E.coli and Salmonella isolates from food animals in northern Thailand. Food animals may 

be an important carrier of mobile molecular mechanism of resistance to antimicrobial agents 

in northern Thailand. However, resistance to certain agent may require other mechanism not 

associated with class 1 integron. 
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%�(�����������'��C���%���<
��
'�	!�������<����%���+,-(���
����� 
@�$�&������.+&��

)*�+��	��)?	7����!&�'���!�����&	6��'��+,-(���
�������!��B6�]	����!%&�	
�	%'(��)*�+��	� 

LC��(���'�
�.7&������<�$!'$�&
� 
1
 .	����7���	�-$�&!�����C�<�6��+,-(
����!��B%&�	
�	%'(��

)*�+��	�7���+	�� 
�-��+,-(�'(���.	�	 �+,-(�'(���.	��%�# ���
���)?	)^�7��@�����,(�+,-(
��$!'�'(���

.	��%�#�%'(��%��%'(����'(���.	�	
��������(�7�������%�# 
2
 LC���'�	.7�'�)?	�+,-(���
��������!

���+'	 �+,-( E. coli, Salmonella 
3
 ��� Campylobacter 

4
 ������6������-����%�#�6,�(������.	

)^�����	
��!����.+&��)*�+��	��)?	�����'����������%���% (��
@�.7&�+,-(���
����������'��
��(�"'(����

%�!)�%�.	%����%�#���$!'�'(��� ��!��B6�]	����!��!��B.	���%&�	
�	%'(��)*�+��	� 
5
 �!,�(

�+,-(�����'��%��%'(!��"'
"&������ 
6
 (��
@�.7&�������%���+,-(.	
�����	(�7��
��$!'��!��B���<��&��

��)*�+��	� 
7, 8

 7�,(
@�.7&�������)_��
��!����!��	�����'��)?	��������	�	��'����%���+,-(
��$!'

��!��B%&�	
�	%'(��)*�+��	� 
9
 	(����	�-�+,-(
��%&�	
�	%'(��)*�+��	��7�'�	�- �!,�()	�)`j(	.	

��������&(!(��B'��
(����!��!��B.	���%&�	
�	%'(��)*�+��	�.7&�+,-((,�	
10

LC���)?	(�	%���%'(

�	�����%�#%'($) 

���!%&�	
�	%'(��)*�+��	�7!��BC����!��!��B������%���%�(��+,-(.	���6
��	'���B"�

�����-������)*�+��	� 
11

 
�-�	�-��$����%&�	
�	%'(��)*�+��	�
���@����.	�+,-(���
��������!�� 
12

 

$�&��' ��������((�����L� (Efflux pump) ����)����	�)��
���(��L��# (Outer membrane 

protein)�6,�(){(���	����&��"'�L��# ����)����	�)�����6�	:����!�6,�(.7&��$!'��!��B������

�){�7!��$�& (Target mutation) ��������&���(	$L!#7�,(�)�%�	�6,�(
@����7�,(
@�.7&��$!'��!��B

((�|
:�}$�& 
13

 LC�����6�	:����!
���@��)?	�@�7��������&���(	$L!#7�,(�)�%�	�����'��!��(�"'�	���

6�	:����!
�����,�(	
��$�& �+'	 Integron, transposon 7�,( R-plasmid 
14

 
�-�	�-.	�+,-(���
�����%�������

(��!���$����%&�	
�	%'(��)*�+��	�+	�������7�����$�
@�.7&��!��B%&�	
�	%'(��)*�+��	�.	

���!��&!�&	�"� 
12, 15

 7�,((��!�������!��	�,-(��7�����	
@�.7&��!��B%&�	
�	%'(��)*�+��	�$�&

7���+	�� 
16

 �������C�<��+,-( E. coli 
��6�.	�� 
17

�������
18

6��'�!�������!��	�,-(���	���

6�	:����!
�����,�(	
��$�& (Integron) LC��
@�.7&���!��!��B.	���%&�	
�	%'(��)*�+��	������(�"'

�!&�'���$!'!����.+&�������'�� ���!�����&	6�������!�(���	�,-(��.	�+,-( Salmonella 
�����$�&

���
"&)_��.	%'��)���
� 
19

 (�'��$��>%�!���$!'!������	���6�������!�(���	�,-(��.	�+,-( E. coli 

��� Salmonella 
�����$�&�����%�#.	)���
�$
� 

�������C�<���,-(�%&	�(��+,-(�'(���
�����$�&.	)���
�$
� 6��'��+,-(���
������'(���.	

(�7�� �+'	 �+,-( Salmonella ��!��B%&�	
�	%'(��)*�+��	�7���+	�� $�&��' Ampicillin, 

Tetracycline, Chloramphenicol 	(����	�-���6��'����%&�	
�	%'(��)*�+��	�.	���'! 

Fluoroquinolone �+'	 Ciprofloxacin !����!��!6�	:#������%&�	
�	%'(��)*�+��	�.	���'! 

Macrolide �+'	 Azithromycin 
20

 �����'�(��!�������!�(���	�,-(��.	�+,-(�����'��  
�-�	�-!�
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����C�<�6���$��(�����,-(���(��+,-( P. aeruginosa 
16, 21, 22

 ����+,-(.	���'! 

Enterobacteriaceae  
23-25

 �)?	���<��
���+,-(�7�'�	�-$�&����(� integron elements LC��
'�	��&�!��"'

�L��#�(��+,-(���
������7�'�	�-������	��� conjugation ��	
��$�&!�����&	6���&��'�!�(�"'.	�+,-(
��

���$�&������6�����.	)���
�$
�$�&��'��	
����&�� VEB-1/CEF-1, TEM, SHV, OXA ��� CTX-

M LC���)?	 ESBL 
��
@�.7&�+,-(�,-(%'(�� extended-spectrum cephalosporins 
24, 26

  	(����	�-���

6��'�!���	 aadA2, aadB, aph, sul1, qacE, cmlA, arr-2, blaOXA-10, blaPSE-1 LC��
@�.7&�+,-(�,-(%'(�� 

streptomycin, gentamicin, kanamycin, sulfonamides, ammonium compound antiseptics, 

chloramphenicol, rifampin, oxacillin ��� penicillin 
21

  %�!�@����  ����C�<��)�����
�����	�,-(��


�����$�&������)����%�#(��!����!�@����(�'������.	��'�(����!��!6�	:#�(��+,-(�����	�,-(��
��$�&

������)����%�#���
������6
�#�'�!����!�������&(���	7�,($!' 
27

 !����B'��
(��+,-(7�,(��	�,-(��

�����%�#!��"'�	7�,($!' !��(���
���+,-(���
��)����%�#���)?	�+,-(�'(���
���,-(��.	���%���+,-(��� 

community-acquired �"�!��	&(��6���.� 	(����	�-���(��	@�$)�"'����&	7���)*�+��	�.7!'
��

��!��B7�����������$����%&�	
�	%'(��)*�+��	��(��+,-(���
����������'��$�& 
28

 

 

��/����*0�1� 

�������	�
���
����� 

 
@�����6���+,-( E. coli ��� Salmonella 
����>�.	��7�'��)� 2000 – 2006 ���F��#!$�'���

����.	���7����+���.7!'����@�6"	 LC��
'�	���%����@��	�+	���(��+,-(!���&��	(�7�����-���+,-( 

(Nutrient agar) 
@����%����,	��	�+,-(��,-(�%&	 ����6���+,-(�	(�7�� Tripple sugar iron 
29

 ���


@�.7&�����
:�}�����,(�����	����������(�7�����-���+,-((Nutrient agar) �6,�(
@����
��(����!

%&�	
�	%'(��)*�+��	�%'($) �@�	�	�+,-(
��
@����
��(�+	���� 300 %��(�'�� ����!��B%���6� 

Integron �(�����,-(��$�&
����������!�+,�(!��	 100% �!,�(���!+���(� Integron �
'���� 1% �����

��!��B)��!�����!+���(� Integron �(�����,-(��$�&�&�����!�������,�(	$!'���	 1.5% �!,�(

���!+���(� Integron )��!�� 1% 
����������!�+,�(!��	 95% 
30

 �@�	�	�+,-(
��
@�����C�<�$�&
�

������	@�!�.+&.	����������7#�&(!"�$�&�)?	$)%�!%����
�� 1 

 

�
�������������������
������������������!��" 

 
@����
��(�����!��%�����,-(���&���
�	�� Disk diffusion %�!��:��(� US National 

Committee on Clinical Laboratory Standard 
31

 ���
@������,(����+,-(
��(�"'.	�����%���%(log 

phase).		-@����,( ��&��6���+,-(
��%&(����
��(��	 Mueller Hinton agar 6�&(!�
'	��)*�+��	�
��


������!��&!�&	 
@�����'!�+,-(.	���6
��!�(���� (��7�"!� 37 (����L��L����)?	���� 16-20 

+����!���&�
@����('�	
����������������
���+,-($!'��!��B�����$�&�(��
'	�� ��'����'!�+,-(
���,-(��

%�!!�%���	�(� US National Antimicrobial Resistance Monitoring System M31-A 
32

 .+&�+,-( E. 

coli ATCC 25922 ����+,-( S. aureus ATCC 25923 �)?	�+,-(�����!�����6���
��(� ��
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)*�+��	�
��
@����
��(�$�&��' Ceftiofur Chloramphenicol Enrofloxacin Erythromycin 

Gentamycin Oxacillin Trimethoprim-sulfamethoxazole ��� Tetracycline ���!�����#�����'��+,-(

�,-(��%�!%����
�� 2 

 

��
�
����������
�� integron element #�������
��!�$%���
#��  integrase gene &!' resistance 

gene cassettes %�����(� polymerase chain reaction (PCR). 


@����%���7� plasmid ��������(� plasmid �&��+�� Nucleospin plasmid extraction kit 

��&�	@�$) resuspend �&�� 50 micrliter �(� elution buffer  ���	�-		@�$)
@� gel electrophoresis 

.	 1% agarose gel .+& 1 kb DNA ladder �)?	 marker %�!
������.	�
	��6
�� 1 

%���7� integron integrase gene (intI) LC���)?	�'�	�@�����(� integron element 
��(�"'.	

�'�	�(� 5’ conserved sequence (5’CS) ���.+& primers 
���@��6��%'( class 1 integrase gene 

(Forward – AAG GAT CGG GCC TTG ATG TT, Reverse – CAG CGC ATC AAG CGG TGA 

GC) 
33

 $�&
�%�!
������.	�
	��6
�� 2 

%���7� antibiotic resistance gene cassettes 
��(�"'.	�'�	�����(� integron element LC��

�'�		�-���)?	  variable region �(� integron element �%'��+	��
����!��@�	�	���+	���(���	�,-(��

$!'�7!,(	��	 
34-37

 ���%���7� variable region 	�-��!��B.+& primers 
���@��6��%'(�'�	 5’CS ��� 

3’CS  (Forward primer – GGC ATC CAA GCA GCA AG, Reverse – AAG CAG ACT TGA 

CCT GA) $�&    PCR products %�!%��(�'��
������.	�
	��6
�� 3 ���	�-	
@����%����@�������

�(� PCR product ����'�	�6,�(7�+	���(� resistance gene cassette 
��	'���6� ��&�%����,	��	

+	���(� resistance gene cassette �&�� dot-blot hybridization 

 

��
�
��+� integron element &!'���%�������	�
���/%�����(�  Dot-blot hybridization 

�+,-(�,-(����B"�	@�!�����.7&$�& genomic DNA 7�,(�6�����-��.	 microtiter plate (96-well 

plate) ��&���B"�	@�$)7���)?	��� (dot blot) �	 positively-charged nylon membrane 7���V�
'	 

 
@�.7&�+,-(�%����)�'(���� DNA ((�!��	 membrane �6,�(
����	@�!�
@� hybridization �&�� 

probe 
���%���&�����.+&+�-	�'�	 DNA �(� integrase gene 7�,( resistance gene �����'��$�&

�&��%&	!�
@��)?	 hybridization probes �&�� chemiluminescent labeling kit (Roche fluorescein 

random priming kit) Probe 
��.+&$�&��' Integrase genes of integron elements (intI 1) �	�� 471 

bp 
33

 ���Integron cassettes $�&��' dfrA12-orf-aadA2 �	�� 1.9 kbp Probe 
��.+&��,(����

6������
����%����@��������(� PCR product �(� variable region $�&
��������.	�
	��6
�� 

4 
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��
����
�'+03���4!��5�6��� 

 
@�����@�	�����!+���(��+,-(
��%&�	
�	%'(��%&�	���+�6 !� integron ��� resistance 

gene cassette +	��%'��V������7���@�	�	�+,-(
��%���$�&
�����&���@�	�	�+,-(
�-�7!�
��%��� 

�+,-(
��%&�	
�	%'(��%&�	���+�6!����'� 2 +	���C-	$)��B"����.7&(�"'.	���'! Multi-resistance (MDR) 

���	�-	7�	���@�����(����!��!6�	:#��7�'�� �7�'�
��!�������%&�	
�	%'(��%&�	���+�6 ������!� 

integron ��� resistance gene cassette +	��%'��V �&�� Fisher’s exact test ��� Mantel-

Haenszel test for homogeneity of Odds ratio  

 

2����*0�1� 

��
������������������!��"��
�� Integron &!' resistance gene cassette 

 �+,-( E.coli(n=292) ��� Salmonella(n=267) 
�-�7!�
��
@�����C�<���!���B%&�	
�	%'(��

%&�	���+�6(�'��	&(� 1 +	�� �+,-( E.coli ��!��B%&�	
�	%'(��%&�	���+�6$�&�����BC� 7 +	�� �'�	

�+,-( Salmonella ��!��B%&�	
�	%'(��%&�	���+�6$�&�"���� 6 +	�� ���!+���(��+,-( E.coli ��� 

Salmonella 
��%&�	
�	%'(��%&�	���+�6+	��%'��V����$�&.	%����
�� 3 ���6����!%&�	
�	%'( 

Oxacillin ��� Erythromycin �"�
����� 2 �@�������.	�+,-(
�-� 2 +	�� 	(����	�-���6����!%&�	
�	

%'( tetracycline ��� sulfa-trimethoprim .	������"� ���%&�	
�	%'( enrofloxacin LC���)?	��.	���'! 

fluoroquinolone 	�-	6���6��.	�+,-( E.coli �
	��6
�� 5 ��������������(��+,-( E.coli ��� 

Salmonella %�!�@�	�	��
��%&�	
�	 �'�!�:���	�(��@�	�	��
���+,-( E.coli %&�	
�	$�&�
'���� 4 

.	���
��!�:���	�(��@�	�	��
���+,-( Salmonella %&�	
�	$�&�
'���� 5 ����'�	�(��+,-( E.coli ��� 

Salmonella .	���'! MDR �
'���� 80% ��� 91% %�!�@���� 

 ���+,-( E.coli(n=292) ��� Salmonella(n=197) 
�-�7!�
��
@����%��� integron ��� 

resistance gene cassette 6� class 1 integron .	�+,-( E.coli 35% ����+,-( Salmonella 95% ���

6� resistance gene cassette �������.	%����
�� 4 ���6� gene dfrA12 ��� aadA2 �'�!��	�)?	

����'�	!��
�����
�-�.	�+,-( E.coli (46%; n=35) ��� Salmonella(99%; n=197) 

 

�������"��(0
'+���5&+!�5��	��&!'��
������������������!��"�����
�� class 1 integron &!' 

resistacne gene cassette 

 ���!� class 1  integron !����!��!6�	:#������%&�	
�	%'(��%&�	���+�6!����'� 2 +	�� 

(MDR) (�'��!�	���@����
�-�.	�+,-( E.coli (p=0.014) ��� Salmonella(p=0.006) �������.	%����
�� 

5 
�-�	�- Serogroup ��� serotype �(��+,-( Salmonella $!'!�
�%'(���!��!6�	:#��7�'�� class 1 

integron ��� MDR �������.	%����
�� 6 (�'��$��>%�!�!,�(6���������!��!6�	:#��7�'�����

%&�	
�	%'( gentamycin ��� trimethoprim ������6� gene dfr ��� aad ��&�$!'6����!��!6�	:#

(�'��!�	���@���� %�!
������.	%����
�� 7  	(����	�-���!��!6�	:#��7�'�����!� class 1  integron 
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������%&�	
�	%'(��%&�	���+�6!����'� 2 +	�� (MDR)�(��+,-( E.coli ��� Salmonella ���

�7�'�
��!�%'��V $!'�%�%'����	(�'��!�	���@����%�!
������.	�
	��6
�� 6 ����
	��6
�� 7  

 

��	����&�!
�+� 

 ����C�<�	�-.+&�+,-( E.coli ��� Salmonella 
����>�$�&%�-��%')� 2000 – 2006 LC���+,-( E.coli ��� 

Salmonella 
��.+&$!'$�&!�����7�'��������	��!($) �C�$!'(���)�����
���
�����C�<���7�'���+,-( 

2 +	��	�-���%���%'(���)�����
����+,-(
����>�!����������>�
��%'����	�
	 (�'��$��>%�!
�

����C�<�$�&����.7&�7>	BC�����6�'�������(����!%&�	
�	%'(��%&�	���+�6 ������6�	:����!

���,�(	
�� (Class 1 integron) 
��(��!��
��
�@����.	����6�'���!%&�	
�	%'(��%&�	���+�6

�����'��  

���
�����C�<�6��'��+,-( E.coli ��� Salmonella ��!��B%&�	
�	%'(�� Erythromycin 

LC���)?	��.	���'! Macrolide 
���)?	���@�7������<����%���+,-(.	
�����	(�7��+	����	��� LC��(��
@�

.7&$!'��!��B���<�
"&
��%���+,-($�& 
�-�	�-!������	�'��+,-( non-typhoidal Salmonella 
��6�.	
"&)_��
��%��

�+,-(.	�������,(�.	)���
�$
�BC� 30% ��!��B%&�	
�	%'(��%&�	���+�6!����'� 2 +	��
38

 ���

6��+,-(.	���'!
����!��B��&�� Extended spectrum beta lactamase (ESBL) �@�	�	!��
39

 LC��7��

$!'��!��B.+& Cephalosporin .	������<�(��%&(�.+&��.	���'! Macrolide �
	 
�-�	�-��.	���'! 

Macrolide (Lincomycin) !����.+&
�!.	(�7���������$�'!��)?	����	�	 �C�(��!�������!�(�

�+,-(
����!��B%&�	
�	%'(��.	���'!	�-.	����������-���������$�' �@�7���.	������-��$�'	�-	!����.+&

��.	���'! Sulfa-trimethoprim (�'����&������ ���6��'��+,-( E.coli ��� Salmonella ��!��B

%&�	
�	%'(��.	���'!	�-�)?	����'�	
���"��+'	�������	 

�+,-( E.coli 
��
@�����C�<�.	���-�	�-��>�!��'(	7	&��+,-( Salmonella )��!�� 3 )��C�6�

���!+���(� class 1 integron %�@���'�
�����!������	.	)���
�$
�
�-�.	
"&)_��(51-99%)
24, 40

 ���

.	��%�#������(57-84%)
17, 41

 �'�	�+,-( Salmonella �����%�#������
����>�.	+'������7�������+,-( 

E.coli 
��
@�����C�<�!����!+���(� class 1 integron �"�BC� 95% LC���"���'�
�����!������	.	��%�#

������.	
��)����) (15 - 73%)42, 43 �(F���� (53%)
44

 (�!���� (0-20%)
45, 46

 ����+,-( Salmonella 


����>�����"!����(,�	.	)���
�$
� (26%)
47

 LC��(���)?	
�!�������<��������-��$�'��������6,�(

������.	����7	,(
���%�%'���������������-���6,�(�'�((�.	�"!����(,�	�(�)���
�$
�   

Class 1 integron �)?	7	'���(����6�	:����!
��)���(��&�� integrase ��� gene 

cassette 
����!��B���! resistance gene cassette ��� recombination
48

 ���B'��
(� gene 

cassette �����'��������	��� conjugation $)6�&(!��� plasmid
49

 ���!��!6�	:#��7�'�� class 1 

integron ��� MDR ���!������	!��'(	7	&�	�-
�-�.	�+,-( E.coli
17, 40, 41

 ��� Salmonella
43, 44, 50

 LC��

����.7&�7>	�
��
�@�����(����6�	:����!���,�(	
�� (Class 1 integron) 
��(��!�.	������! ���

�
��6�'���!%&�	
�	%'(��%&�	���+�6.	�+,-(���'!	�- 
�-�	�-!������	�'(	7	&�	�-�'�	(�����+,-(

���
��������!����&� �+,-(���
��������!����>(���)?	�7�'����!����
��6�'���!%&�	
�	%'(
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��%&�	���+�6.	��%�#�������+'	��	
51

 
�-�	�-7��!����.+&��%&�	���+�6��&��'�
�.7&!���������,(��+,-(
��

!����6�	:����!���,�(	
�� 

Resistance gene cassette 
��6�.	����C�<�	�- (dfr – aad) !������	���)���*.	�+,-( 

E.coli
17

 ��� Salmonella
43

 LC�� resistance gene cassette �����'����!��B
@�.7&�+,-(%&�	
�	%'(��

.	���'! trimethoprim ��� aminoglycoside �+'	 gentamycin %�!�@���� (�'��$��>%�!.	����C�<�

	�-$!'6����!��!6�	:#��7�'�� dfr-aad gene cassette ������%&�	
�	%'( trimethoprim ��� 

aminoglycoside 
�-�	�-(���)?	
�!�������!���$�(,�	.	���%&�	
�	%'(��%&�	���+�6�+'	 Efflux 

mechanism
52

 .	�+,-(
��$!'6� dfr-aad gene cassette LC��(��
@�.7&�+,-(��!��B%&�	
�	%'(��%&�	���

+�6$�&7���+	��6�&(!��	  

������)�+,-( E.coli ���  Salmonella 
����������%�#�����������������&(!.	F��#!!����

%&�	
�	%'(��%&�	���+�67���+	�����!����6�	:����!���,�(	
��
����!��B���!���!%&�	
�	%'(��

%&�	���+�6 �@�	�	!�� ���!� integron ��� resistance gene cassette !����<����&����C���	 ��%�#

������(���)?	�7�'��(��+,-(�,-(��
���@���� �%'���%&�	
�	%'(��+	��%'��V(��!���$�(,�	
��$!'6�

�	 integron 


�����C�<�	�-��!��B	@�$).+&)���(����)���!�	���!�������(����%���+,-(�,-(�������%�#

������ %�(��	�)?	�	�
��.	�����,(�.+&��)*�+��	�
�-�.	������<�
"&)_��
��%���+,-(�����%�# ���

������<���%�#������ ���
"&�����!��
	����C�<���������������6�'�������(��+,-(�,-(��.	

���	������-����%�#�6,�(������ ���$�&�������	���	�	������������7'�+�%�.	)� 2552 �����
@����

)���!�	���!�������(����%���+,-(�,-(�������%�#������ ����(�������	���	�	������.%'($) 
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 %����
�� 1 �@�	�	�+,-(
��
@�����6�����
��(� 

�7�'��(��+,-( �@�	�	 E.coli �@�	�	 Salmonella ��! 

���� 75 130 205 

$�' 185 0 185 

�	 6 0 6 

��������&(! 26 137 163 

��! 292 267 559 
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%����
�� 2 Zone size (mm) �(����
��(����!%&�	
�	%'(��%&�	���+�6�&����:� Disk diffusion 

Antimicrobial agents E. coli 

25922 

S. aureus 

25923 

Resistance Breakpoint 

(mm) 

Ceftiofur (30 μg) 26-31 27-31 �17 

Chloramphenicol (30 μg) 21-27 19-26 �12 

Enrofloxacin (5 μg) 32-40 27-31 �16 

Erythromycin (15 μg) - 22-30 �13 

Gentamicin (10 μg) 19-26 19-27 �12 

Oxacillin (1μg) - 18-24 �10 

Trimethoprim-sulfamethoxazole  15-23 24-34 �10 

Tetracycline (30 μg) 18-25 24-30 �14 
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%����
�� 3 
����
��(����!%&�	
�	%'(��%&�	���+�6 

Antimicrobial 

 

 

No.resistance 

E.coli 

 

% resistance 

E.coli 

(n=292) 

No.resistance 

Salmonella 

 

% resistance 

Salmonella 

(n=267) 

Ceftriaxone 4 1.4 0 0 

Chloramphenicol 87 29.8 112 55.8 

Enrofloxacin 109 37.3 0 0 

Erythromycin 259 88.7 195 98.1 

Gentamycin 15 5.1 29 13.1 

Oxacillin 243 83.2 196 100.0 

Sulfa-trimethoprim 210 71.9 157 75.3 

Tetracycline 190 65.1 175 87.6 
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%����
�� 4 
����%��� resistance gene cassette .	 class 1 integrons ����+,-( E.coli ��� 

Salmonella 

  E.coli (n=35) Salmonella(n=197) 

 n % n % 

aacA4, catB3, dfrA1 1 3 - - 

aadA2, Lnuf 2 6 - - 

aadA23 1 3 - - 

dfr17,aadA5 5 14 - - 

dfrA1, aadA1 5 14 - - 

dfrA12-aadA2 16 46 196 99 

dfrA17-aadA5 1 3 - - 

dfrV 2 6 - - 

sat-sch_054-aadA2 2 6 - - 

 



 

TRG4980001_finalreport 24/10/08  19 

%����
�� 5 ����'�	�+,-(
��!� class 1 integron ��� �)?	�+,-(
��%&�	
�	%'(��!����'� 2 +	�� (Multi-

resistance) 

 No. of 

E.coli 

% E.coli No. of 

Salmonella 

% Salmonella 

 

n 292 100.0 197 100.0 

Class 1 integron 100 34 180 91 

Multi-resistance 233 80 187 95 

Both* 88 30 174 88 

* Fisher’s exact test p < 0.05 
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%����
�� 6 Serogroup ��� Serovar �(��+,-(L���!�	���
��
@�����C�<� (MH test p-value = 0.877) 

    n % %with integrons %MDR 

Serogroup B 96 34 94 96 

 C 139 49 100 93 

 D 6 2 100 83 

  E 43 15 71 74 

Serovar Rissen 138 49 100 93 

 Typhimurium 54 19 97 100 

 Stanley 34 12 88 88 

  Others 55 20 40 100 
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%����
�� 7 ���!��!6�	:#��7�'�����%&�	
�	%'( gentamycin ��� trimethoprim ������6� gene 

dfr ��� aad 

Bacteria  Gene Agent % resistance bacteria 

with resistance gene 

p-value 

E.coli aad Gentamycin 6.25 0.844 

 dfr Trimethoprim 83.3 0.512 

Salmonella aad Gentamycin 15.2 0.222 

 dfr Trimethoprim 78.8 0.849 
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�� 4 Dot blot hybridization of Salmonella DNA using dfrA12-ORF-aadA2 probe 
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Abstract 

 

It has been shown that antimicrobial resistance can be commonly found in foodborne bacteria. 

Spreading of resistance genes via mobile genetic elements such as integrons may be an important 

mechanism. Our study was designed to investigate the presence of integrons and resistance gene 

cassettes, and determine the relationship between gene cassette and antimicrobial resistance in E. coli 

and Salmonella isolated from food animals and farm environment in northern Thailand. E.coli isolates were 

collected from broiler farms, fattenning pig farms and children with diarrhea. While Salmonella isolates 

were collected from pig farms only. Resistance to ceftiofur, chloraphenicol, enrofloxacin, erythromycin, 

gentamicin, oxacillin, trimethoprim-sulfamethoxazole and tetracycline were determined using disk diffusion 

technique. Detection of class I integrase genes (intI1), 3’conserved regions and other resistance gene 

cassettes was conducted using polymerase chain reaction and confirmed with restriction endonuclease 

analysis (REA) , Western blot and nucleotide sequencing. 

Resistance to Erythromycin, Oxacillin, Tetracycline and Sulfa-Trimethoprim were prevalent among 

E.coli and Salmonella. No Salmonella was found to have resistance to Enrofloxacin nor Ceftiofur. Upto 

80% of E.coli and 91% of Salmonella were resistance to more than 2 antimicrobial agents(MDR). Class 1 

Integron was identified in 34% of E.coli and 95% of Salmonella tested. Of 233 MDR E.coli 80% had 

integrons. While 97% of the 180 MDR Salmonella had integrons. Possesion of integrons was significantly 

associated with being resistance to more than 2 agents in both E.coli (p < 0.014) and Salmonella (p = 

0.006). The 2 kb conserved sequence (CS) was observed in 53%of E.coli. The most frequently found 

integron profile was dfrA12 – aadA2. Higher proportion of Salmonella isolated from the environment 

possess integron compared to those isolated from pigs, but MDR was found more frequently in pig. Again 

dfrA12-aadA2 integron profile was confirmed in 99% of Salmonella. 

 In conclusion, high level of antimicrobial resistance was found in E.coli and Salmonella isolates 

from food animals in northern Thailand. And the molecular mechanism for transferation of resistance was 

abundance particularly in Salmonella. Food animals may be an important carrier of mobile molecular 

mechanism of resistance to antimicrobial agents in northern Thailand. However, resistance to certain 

agent may require other mechanism not associated with class 1 integron. 



 

TRG4980001_finalreport 24/10/08  31 

INTRODUCTION 

 Salmonella and E.coli are important pathogen causing diarrhea in children age less than 

5 years old in Thailand1, 2. And food of animal origin was shown to be an important source of these 

bacteria3, 4. While rotavirus may be the most frequently found etiologic agent of diarrhea in children in 

Thailand and neighbouring countries2, 5, 6, Salmonella was a predominant etiologic agent for bacteraemia 

particularly in immuno-compromised patients7. Furthermore, some of these bacteria may be resistant to 

various antimicrobial agents as a result of sub-therapeutic use of these agents in livestock production8. 

Previous study in Thailand showed the clonal relationship between Salmonella found in human and food 

animals9. Furthermore, antimicrobial resistance is common in farming community in Thailand10, where they 

may be resistance to the newer generation of antimicrobial agents for treating severe diarrhea or 

gastroenteritis such as ciprofloxacin11 and azithromycin12. Therefore, infection by these resistant bacteria 

from food animals may be difficult to treat in patients who require antimicrobial treatment. Similar 

resistance to antimicrobial agents has also been observed in the neighbouring countries including 

Vietnam13, 

Nowaday, several bacteria may possess sophisticate antimicrobial resistance genes including 

the efflux pumps, alteration of membrane, regulation of porin and drug inactivation enzymes14. These 

resistance genes may accumulate on mobile genetic element such as integrons15, which may facilitate 

spreading of resistance genes to antimicrobialagents 16 or other antiseptic17 without antimicrobial pressure. 

Recent molecular epidemiological studies showed that these bacteria may be transmitted from food 

animals to humans through food processing procedures18, 19, and genes conferring antimicrobial resistance 

may be transmitted to humans and to other pathogenic bacteria via mobile genetic elements, presenting 

the potential to spread across the globe20. 

Class 1 integrons has been identified in E.coli and Salmonella isolated from food animals in 

Thailand21-23 and several other countries in Asia24, 25 Europe26 America27, 28 and Africa29. However, there 

was limited reports of resistant gene cassette found on the integrons in Thailand 21, 23 and Vietnam30.  In 

order to fully determine the contribution of mobile genetic element confering resistance in Thailand, our 

study was designed to investigate the presence of integrons and resistance gene cassettes, and 

determine the relationship between gene cassette and antimicrobial resistance in E. coli and Salmonella 

isolated from food animals and farm environment in northern Thailand. 

 

MATERIALS AND METHODS 

Bacterial isolates (isolation and identification) 

E.coli and Salmonella used in this study were collected from farming community in Chiangmai 

area during 2000 to 2006. Isolation and identification of the bacteria was done at the faculty of Veterinary 

Medicine, Chiangmai University using standard method.   

 

Antimicrobial susceptibility testing 
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 Antimicrobial susceptibility test was done using disk diffusion method31. USNARMS breakpoints 

were used to categorized the bacteria into resistance isolates32. Multidrug resistance (MDR) was defined 

as isolates being resistant to 3 or more different classes of antibiotics. E. coli ATCC 25922 and 

Staphylococcus aureus ATCC 29212 were used as control organisms. 

 

Detection and characterization of integron  

All isolates were screened for the presence of intI1 class 1 integrase gene using specific primers (5’-

AAGGATCGGGCCTTGATGTT-3’ and 5’-CAGCGCATCAAGCGGTGAGC-3’ ). Inserted gene cassette 

region of class 1 integrons were detected by CS-PCR using the 5´-CS and 3´-CS primer pair ( 5’-

GGCATCCAAGCAGCAAG-3’ and 5’-AAGCAGACTTGACCTGA-3’). The resulting DNA sequence data 

were compared to the GenBank Database using the Blast algorithm (www.ncbi.nlm.nih.gov).  

E.coli CS-PCR amplicons of the same size were analyzed by restricition fragment-length 

polymorphism (RFLP) analyses. The PCR products were restricted with at least two different restriction 

endonuclease enzymes including EcoRI, BamHI, XbaI, BglII, NcoI and DpnI and separated in a 1.5-2% 

agarose gel.  

Salmonella CS-PCR amplicon were subjected to dot-blot hybridization. The reaction was 

performed using Fluorescein random priming kit (Roche) with probe 1 (int) and 2 (dfrA12-orf-aadA2) as 

shown below. CSPD was used as substrate to develop black spot on X-ray film. 

 

 

 

 

 

 

 

RESULTS 

 Resistance to Erythromycin, Oxacillin, Tetracycline and Sulfa-Trimethoprim were prevalent among 

E.coli and Salmonella. No Salmonella was found to have resistance to Enrofloxacin nor Ceftiofur. 

Ressitance to aminoglycoside such as gentamycin was found at low level.  

Upto 80% of E.coli and 91% of Salmonella were resistance to more than 2 antimicrobial agents 

(Multidrug resistance - MDR). E.coli were most frequently resistance to 4 agents, while Salmonella were 

most frequently resistance to 5 agents. 

Integron was identified in 35% of E.coli and 95% of Salmonella. Of 233 MDR E.coli only 38% had 

integrons. While 97% of the 180 MDR Salmonella had integrons. 

Both integrons and MDR E.coli were commonly found in various source. Possesion of integrons 

was significantly associated(p = 0.014 ) with being resistance to more than 2 agents (MDR).  

Probe 1 Probe 2

intI 1              dfrA12              orf                 aadA2 3’ CS 
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The 2 kb conserved sequence (CS) was observed in 53%of E.coli. RFLP analysis of E.coli 

conserved sequence and nucleotide sequencing showed 9 integron profiles. The most frequently found 

profile was dfrA12 – aadA2. 

The majority of Salmonella in this study were S. Rissen or group C. Integrons and MDR were 

commonly found in all serovar examined. Higher proportion of Salmonella isolated from the 

environment possess integron compared to those isolated from pigs, but MDR was found more 

frequently in pig. Possesion of integrons was also significantly associated(p = 0.006) with being 

resistance to more than 2 agents (MDR). 

The 1.9 kb CS fragment was observed in 72% of Salmonella tested. Again dfrA12-aadA2 integron 

profile was confirmed in 97% of Salmonella using dot-blot hybridization. 

  

DISCUSSION AND CONCLUSION 

Integrons are genetic element capable of capture genes cassettes through recombination. These 

element comprise recombinase gene (int1), which is used for identifiation and typing15. The conserved 

sequence of integrons obtained from E.coli were sequenced, and specific integron profile were obtained. 

However, Similar procedures were not possible with several integrons obtained from Salmonella. 

Therefore, it is possible that not all resistance genes were identified.  

Previous study in E.coli isolated from calves in China also identify dfrA as the most prevalent 

gene cassette found in integrons33, which is similar to our finding. dfrA were commonly found in both E.coli 

and Salmonella, which may confer resistance to trimethoprim by production of dihydrofolate reductase34. 

aadA was also commonly found in E.coli and Salmonella. Unfortunately we did not test the susceptibility 

against streptomycin nor spectinomcin.  

There were several MDR E.coli which did not possess integrons, therefore there may be other 

method of resistance dissemination or accumulation. While integrons was common in Salmonella, which 

may facilitate the spread of resistance gene cassette harbour in either the food animal or farm 

environment35. Other mechanism of resistance apart from those residing on mobile genetic element should 

also be investigated along with further investigation of gene cassette may reveal the mechanism of 

dissemination or accumulation of resistance genes in these bacteria. 
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  
 







 





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Foodborne disease in Thailand

Incidence of foodborne disease in Thailand
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Bacterial diarrhea in Thailand

% all

Salmonella spp. 39.9

V. parahaemolyticus 33.1

E. coli 18.0

Shigella spp. 2.5

V. cholera 1.8

% Children

Rotavirus 28

E. coli 23

C. jejuni 23

Shigella 21

Salmonella 5

(Thepsuntoorn, 2005)
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Salmonella in meat (%) 

Pork Chicken meat

Thailand 29 57

Lao 66.1 -

Vietnam 70 43

Cambodia - -

(Padungtod, 2008)
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RC 2548Veterinary Drugs Directorate, Health Canada  (2002)
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Antimicrobial resistance 
mechanism

• Efflux pump
• Inactivation

– Beta lactamase

• Target alteration
– gyrA mutation

• Reduce permeability
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Transfer of resistance gene

• Transposons
• Integrons
• ISCR (Insertion

sequence common 
region)

(Alekshun and Levy, 2007)
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Resistance Plasmid

Resistance genes

Transposon

Integrons

Gene cassettes

R plasmid

(Carattoli 2003)
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Integron

(Bennett, 1999)
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Integron

Class 1 integron

Class 2 integron

Class 3 integron

intI 1

intI 2

intI 3


