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spectrum b-lactamase (ESBL)�	�Z[UH\ ]�^_: 13I` levofloxacin (LVFX)�)
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TMP/SMX�a7|�.8JCBH\ 9'(�Qc: ������� E. coliZ`: CTX-M-
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Extended-spectrum b-lactamase (ESBL)`: class

A b-
�����BJ: C 3�D3l�ou��4
�QR�q����S'�i��EZ[�1�3)\ ESBL

`�~��A��m�t 7TEM-, SHV-, CTX-M	;
�'FFGC�c1�3): 1990!DGjZ`: �HS�
�� TEM-	�QR SHV-	 ESBLS�	i� Es-

cherichia coli� Klebsiella sp.Y'(FGCBHY:
2000!�� CTX-M	Y��o��S���'(F

IE3JK� (�461�8673) �!"/L 
¡L 1�1�20
�!"
#%#��6#)�12*+)#
�,
���� 
TEL: 052�719�3116
FAX: 052�719�1506
E-mail: kumiko@met.nagoya-u.ac.jp

G�Q^��UH1, 2)\ �<Za: CTX-M-15S�	
J: multilocus sequence typing (MLST) 131, k2
	 O25 : H4�B^�#�¢�S0i� E. coliY:
������kM���£�/���S¤¥¦eJC
�c: 
¥�§¨NO��UCB�2)\ e�©ª`
“CTX-M pandemic”�«¬GC�c: 2006!� In-

fectious Diseases Society of America�PLZ`:
JB®�*�dQYR¯�SA�FG�+���
�°~�: 9�Y�u±²�tFGCB�4)\
©³: ��o��S����´JCB� CTX-M-15

	 b-lactamase`: CTX-M- 1�m�t�Bi�
blaCTX-M-3� 240TU�²vqµYV� (Aps¶Gly)

JHe��Qc	NH b-lactamaseZ: ]�f. `
·t�¸4	 IncFII�¹
t
uvw�Qc.8J
CB�5, 6)\ e� CTX-M-15	 b-lactamaseS�	i
� E. coli`: ]�t
uvwº� TEM-1, OXA-1�
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����� b-lactamase���	
������
����������� ���� qnr�������
���	 !������	
��"#$%&5, 6)� �
�	
���'� (�)(��*� +,- �	 
!'�����.��/0���1�/02�3 4
�5�� �6��78��9����:� ;<��
=�>��2?� @!��A�B�C�������
�D07&7)� �6��EF��G�H�#�&��
I�����5J�23
4K�#"L� ��5� CTX-M-15M� E. coli�

���N#O� P�D02�2?� Q!�.RS
�T�U@�!�VWX���"Y P Z2007[
2008!\8) 5�� ESBLM� E. coli��.��]�^
_��`�a?^�D07&� b�#c?d$�D0
2�3 ef� A�4%�78��.�� ESBLM�9
�#c#gh�&i��jk��� �l'�.RS
�(m�"Y##$�� n)�D�9o�*��p2
0$q+��"#?,-5%�3 b"5� �VW5�
ESBLM� E. coli����.?r2/0R1234
o��5�� ESBLM�9�6so�nt��u�
ESBLM�9#+,- �	 !��#�vw�7�
C���"#�8'#/0� ESBLM����7�u
�������	 !������	
�x�"Y�
�##$�� y��9�p20����z�9�7�
ubD�������	
���������:�p
20$q+�s{j3

�����
1. ��	

9o�� 2007! 12|C� 2008! 2|� 3}|~

��;�� 7B��720/0R12��C���
�Dj E. coli 312o��</j Z=�� 151, �4�
161,>�� 99,?�� 213,@�!A 60.4�\3 9o�
9B 104 CFU/ml�C�^/j/34 E. coli5� 9
����p209�R1�����5�,��D80
�E/j3 .RS����FG9o#/0�� E.

coli ATCC 29522 Z�����!�\ ��</� ESBL

M����	
o7�u�������	 !���
��	
o�nt�78�H��!( �,o��I
R12VWJC��K�Dj$��<2j3 �j� L
��M���SN9#/0� E. coli CSH-2�� <,�
+��,��,O��(��!( �,o#/0 E.

coli MC4100��u� Salmonella H9812��</
j3

2. ��������� ESBL������
.RS����� Clinical and Laboratory Stan-

dards Institute (CLSI)�PP9)�� 2j¡Q@R
ghP�0s2� cefotaxime (CTX), ceftazidime

(CAZ), trimethoprim/sulfamethoxazole (TMP/

SMX), gentamicin (GM), imipenem (IPM), levo-

floxacin (LVFX), fosfomycin (FOM) ZKB`��¢�
£V]¤\ ����RS��"=j3 �j� ESBLM
���¥S�� CLSI�PP9) �G�j double-disk

synergy test7�u Etest ZESBL CT/CTL, ESBL

TZ/TZL, �);¢�¦§-)�¨�\ �0s{j3
3. ESBL������������ 
ESBLM�����nt7�uzT�� Shibata10)

7�u Yagi�11) �UP��& PCR�0�5V©
ZCTX-M-1, CTX-M-2, CTX-M-8, CTX-M-9, SHV-7
�u TEM-\ �#W�s{j�ª� #WMX��¢
�!�q+�s{j3 ESBLM�����n)��<
/j��@«�� Table 1 �^�3
Yz DNA�Wizard Genomic DNA Purification

Kit (Promega)�<20Z)/� [."\f�</
j3 PCR]¬�Yz DNA 1 ml (20 ng)# PCR]¬
(1.0 U Taq polymerase, 0.2 mM dNTP mixture, 20

mM Tris�HCl (pH 8.4), 50 mM KCl, 2.5 mM MgCl2

(TaKaRa), 0.3 mM primer set) 24 ml�®^/� 95¯ 5

�~c_f� _`� 95¯ 30a� �°��!
]¬�
y��@«�±;(���².5 30a� bc]¬
72¯ 30a� 30T@¢,� ³dbc]¬ 72¯ 5��
e´�0s{j3 ]¬dff� EtBrc 2µ �¶ �
��,�0O��(�s2� #WMX�
g#T@·
�¥S/jf� QIAquick Gel Extraction Kit (QIA-

GEN)�0#WMX�hi/� �¢�!�]¬�Y
z#/j3
�¢�!�]¬� BigDye Terminator v1.1 Cy-

cle Sequencing Kit (Applied Biosystems)�<20�
95¯ 5�~c_f� 95¯ 30a� 50¯ 10a� 60¯ 4

�� 30T@¢,�e´�0s2���DjMX�hi
f ABI PRISMTM 310 Genetic Analyzer (Applied

Biosystems)�0q+/j3 �7� j9��q+��
BLAST program (DDBJ, Shizuoka, Japan)�<20
s{j3

4. !"#$%�&'()*�������
�������	 !�����5%� qnrA,

qnrB7�u qnrS �p20�� Cattoir��UP12) ,

aac(6¸)-Ib-cr�p20� Park��UP13) , qepA�p
20� Yamane��UP14)�� J� y¹PCR��
�n)�s{j3 PCR]¬�� kl� ºESBLM��
���n)» #9m�s2� �°��!
]¬�².
� Table 1 �^/j��².5s{j3
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5. �������	
�����������
������������ !�"#

�������	 
O�� H��� � ����
���������� 
������ ���� �!
"# $%&'()%*+%,-./ (PFGE)� Bar-

rett0�1�15) ���23�45!"6 XbaI��
789:;<! 6 V/cm, 2.2=54.2 s�>?@ 19A
B 
CHEF-DRIIIC&DE BIO-RAD� ,-./�
FG"# HI6J0K" PFGEL�M��� Finger-

printing II (BIO RAD)����NO&P)QR�

FG"#
6. $%�&'(
���&)*�+,
STUVWX� YZ�[!� ESBL\]^� _
`�[!� E. coli CSH-2^���" Broth Mating

�16)��ab!"# Luria�Bertani (LB) broth��c
def!"�g�hij LB broth�klmn op
qrs (OD660: 0.5=0.8)�jtu@ 37v��w[x
ef!"# opqrs�V!"YZ�[_`�� 1.5

mly�z{|�*%'}~)��@ 1 : 4��T

100 ml[ 400 ml� ���! 10,000 rpm 1�B��

Table 1. Primers used in this study for PCR and nucleotide sequencing

PCR primers
Annealing

temperature
(v)

Size of PCR
product

(bp)
References

CTX-M-1-F 5�-GCT GTT GTT AGG AAG TGT GC-3�
56.5 516 10)CTX-M-1-R 5�-CCA TTG CCC GAG GTG AAG-3�

CTX-M-2-F 5�-ACG CTA CCC CTG CTA TTT-3�
53.5 779 10)CTX-M-2-R 5�-CCT TTC CGC CTT CTG CTC-3�

CTX-M-8-F 5�-CGG ATG ATG CTA ATG ACA AC-3�
55.0 569 10)CTX-M-8-R 5�-GTC AGA TTG CGA AGC GTC-3�

CTX-M-9-F 5�-GCA GAT AAT ACG CAG GTG-3�
53.5 393 10)CTX-M-9-R 5�-CGG CGT GGT GGT GTC TCT-3�

TEM-specific-F (T1)a 5�-CCG TGT CGC CCT TAT TCC-3�
56.0 824 11)TEM-specific-R (T2)a 5�-AGG CAC CTA TCT CAG CGA-3�

SHV-specific-F (S1)a 5�-ATT TGT CGC TTC TTT ACT CGC-3�
55.0 1051 11)SHV-specific-R (S2)a 5�-TTT ATG GCG TTA CCT TTG ACC-3�

QnrA-F 5�-AGA GGA TTT CTC ACG CCA GG-3�
54.0 580 12)QnrA-R 5�-TGC CAG GCA CAG ATC TTG AC-3�

QnrB-F 5�-GGA ATA GAA ATT CGC CAC TG-3�
54.0 264 12)QnrB-R 5�-TTT GCT GTT CGC CAG TCG AA-3�

QnrS-F 5�-GCA AGT TCA TTG AAC AGG GT-3�
54.0 428 12)QnrS-R 5�-TCT AAA CCG TCG AGT TCG GCG-3�

Aac(6�)-Ib-cr-F 5�-TTG CGA TGC TCT ATG AGT GGC TA-3�
55.0 482 13)Aac(6�)-Ib-cr-R 5�-CTC GAA TGC CTG GCG TGT TT-3�

QeqA-F 5�-GCA GGT CCA GCA GCG GGT AG-3�
60.0 199 14)QepA-R 5�-CTT CCT GCC CGA GTA TCG TG-3�

Sequencing primer for TEM and SHVb

T3 5�-CAG TCA CAG AAA AGC AT-3�

11)
T4 5�-CTG GCG AAC TAC TTA CTC-3�
T5 5�-TAG GCG GAG GTA GGT CAG-3�
T6 5�-TAC GAA AAG ACA CTG ACC-3�
S3 5�-GCG GGT GGA TGC CGG TG-3�

11)
S4 5�-CGG CGG GCT GGT TTA TCG-3�
S5 5�-TAA ATC ACC ACA ATG CCC-3�
S6 5�-GTC GGC AAG GTG TTT TTC-3�

a To determine the genotype of ESBL, PCR was performed using the TEM- and SHV-specific primers (T1
and T2 for TEM. S1 and S2 for SHV).

b For nucleotide sequencing, the several sequencing primers (T3, T4, T5 and T6 for TEM; S3, S4, S5 and
S6 for SHV) were used.
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���� 37���	
����� 20������
�	
��� �����	
����������
�� ����� 100 ml� 20 mg/ml CTX !" 50

mg/ml rifampicin�#$� LB%����&'��
(	�)	*�+,	�
-./��� 37�+���
�� 48���� %��0��12�(�3	�&4
���5�� 67�89�:;��
<=>� PFGE�!-� &4���� ?��5@�

��A�BCD	���E�� �12�&4���F
@���� E. coli+GHI5�J���� K�� &4
����L)MNB DNA� QIAprep spin plasmid

kit (QIAGEN)���O�� P�L)MNB���Q
�J���� ESBL�RS������TU�<
double-disk synergy test !" Etest��� TMP/

SMX5 CPFX�V@Q��W�TU�< Disk��
��X��
Y � &4����L)MNB�Z�[<� �O�

�L)MNB DNA�\]^_ Pst I+` �����
12�A�B�Z�[a1bc��� d�� ��e!
�fO<� 0ghi� jH@���(�3	k�"
��l#�� &4��(�3	k /@���(�3	
k5��fO���

� �
$%Vmn�� E. coli 312o�&pH'qV@Q
rs�tu��vw� 7'q�&pH(Q!<�
LVFX (15.7x), TMP/SMX (9.6x), GM (9.3x), CTX

(4.8x)�y�z{� CAZ| FOM�(Q�}po<
1x67� d�� IPM�&��(Q�}po< 1o~
�>12Ya;�� I21(Q!�)� !"���
���*+�EpH5� LVFX� U�� �����
�o���F||zU��F�>12�~��� ��
��'q+<+������Y�<�>12Ya;�
(Table 2)� I21 312o���� CTX disk����

F 27 mm67~�{< CAZ��2F 22 mm67
�}��o �ESBL�� < 40oG-� ���� dou-

ble-disk synergy test !" Etest+ ESBL��o
5,#�2�o< 15/312o (4.8x)+G;�� I2
1 15o���-�� Table 3�}p� &�5��
312.���/0F 60.4�+GH��&�� 15.�
��/0< 72.8�+G-� ESBL���<z0�a
1�{12�2H��F�>12�� Q*+<� 3Q
4/99 (4.04x), �Q 11/213 (5.16x)5��Y�<�
>12Ya;�F� )�����F 8o� �����
�F 7o5��"k12�2� -� �4Vmn� 
jH ESBL�� E. coli��#��F51a5Y;��

LVFX�&�(Q�}�� 49o���� PCR�!
H��+L)MNBQ����(Q�� �6�FJ
��2�o<� qnrS 7Q� 1o�¡+� I�o<
ESBL8���+G;�� ,9� ESBL���+<�
15o4 13oF LVFX�&�(Q+G-� �1��
I21 LVFX(Q 13o���� 7o< TMP/SMX

�&��~(Q�¢��� -� ESBL���� j
H�q(QW��F�>12� (Table 3)�

ESBL�� 15o��� S*�:;�vw�
blaCTX-M-1 !" blaCTX-M-26�oF£ 1o� CTX-M-

9¤¥	L� blaCTX-M6�oF 12o �blaCTX-M-14;

4o� blaCTX-M-27; 8o�� blaTEM-16�oF 3o�
blaSHV-126�oF 1o+G-� blaCTX-M-146�o��
� 3oF blaTEM-1~6���U�� �� S*5'q
V@Q���¦H5� CTX-M-9¤¥	L� 12o<
pX� LVFX(Q+G-� b-)�D§¨©�'�T
U�<� blaCTX-M-146�o!-~ blaCTX-M-276�o�
��F CAZ�&�� !-:V@Q�}��U�
(Table 3)�
ª«S*+<¬®¯�}�,#;<�~�F 6

oG;�F� CTX-M-9¤¥	L+<ª«S O25 : H4

F�{�>12� (Table 3)� PFGE�!H�� S
*+<� u° A+ 3o (No. 41, 45, 79),u° C+< 4

o (No. 22, 70, 179, 186)+=±QF�>12�~�
�� �o��²U³>Q<�>12Ya;�� I21
7o�ª«S5���¦H5� �o No. 225 41�´
{ 5oFª«S O25 : H4+G-� u° A� 3o4 2

o (No. 45, 79)5� u° C� 4o4 3o (No. 22, 179,

186)F������o+G;� (Table 3, Fig. 1)�
ESBL�� 15o�TU�� Broth Mating���&

4��rs�tu��5Iµ� CTX-M-9¤¥	L�
��� 4o (No. 70, 79, 179, 239)� U�&4��Q
FJ��2� �21L)MNBZ�[<? 40¶50

kbp, &4��e!<? 3.4·10¸5 cells/recipient+

Table 2. Antimicrobial susceptibility of 312
Escherichia coli stains

Antimicrobial
agents

Number of resistant isolates

Total Inpatient Outpatient

CTX 15 ( 4.8x) 8 (2.6x) 7 (2.2x)
CAZ 2 ( 0.6x) 0 (0.0x) 2 (0.6x)
IPM 0 ( 0.0x) 0 (0.0x) 0 (0.0x)
LVFX 49 (15.7x) 19 (6.1x) 30 (9.6x)
GM 29 ( 9.3x) 13 (4.2x) 16 (5.1x)
TMP/SMX 30 ( 9.6x) 12 (3.8x) 18 (5.8x)
FOM 1 ( 0.3x) 1 (0.3x) 0 (0.0x)
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��� (Fig. 2)� �����	
�� 4�����
������ ��� E. coli CSH-2 LVFX���
GM��������� �!� CTX"#$��%
��&�$��'� double-disk synergy test()
ESBL*+���,���� ��"� �	
�� 3�
� TMP/SMX"#$�-.����/0%��1
$� ��

� �
23� E. coli�45��6�7�89��	�:;

<=>?��$�� @ABCDEFGHIJK�
�� CLMENOEIJK��� TMP/SMXP
!
QR��� �17)� $S$T!�� E. coli� 15U
20V! TMP/SMX"#$� � 10U25V!CLME
NOEIJK��"#$%��&�$� ���W
-�'18, 19)� �	�:;X"�Y�@ABCDEF
GHIJK��Z�![\']]��� ^=�
_� `�abcbd��efTghijk"�Y�l
m�nopqrIF"�'� E. colia K. pneumoniae

Tgs�t�u�v"�Y� ESBL*+�7w
Txyz{!��S�T'6, 20)� �|2}"�Y�K
��P
"l~T�����SY� �� ����
_P
$� 2007U2008�� ���� 7��_���
���	�:;�� E. coli"�Y� ESBL*+�

�	 �4.8V, 15/312�� �� 2006� Yamaguchi

��W �4.3V, 6/140��21)a 2009����
�W �6.3V, 13/205��8)����/0_�'� `�
_�W��� ��g7wTxy�����TS�
�� $S$TS�� ESBL*+ 15���� 86.7V
�13/15�� ! LVFX"#$� 40.0V �6/15�� !
LVFX��� TMP/SMX"#$�%��&�$��
'� `����� ESBL*+�!��%��$� �
��!��S�T��� \�� ������� ESBL

*+ls�"] ��� ������ [!�S��
������z{���\_�W2)���_���
!� ��������"������!������
����'� ESBL*+ E. coli!� �:;45�
�$����T']]��2¡�#¢Y�()�T�
�� � ESBL*+���%��z{�����"
�Y�xyz{�� �	�:;"�Y�@A�X�
£$"6�¤%��1¥$��'&'����

CTX-M¦ ESBL*+�"�Y�CLMENOEI
%�� §¨¦T��"©oª«IF¬q �(" ST

131� ®"�� =,¯)�!�������W
!��5, 22)� �����"�Y�CLMENOEI%
����� NOEI%�°,*f (QRDR)±+²
"�',���� �!� rF³´�NOEI%�
µ
¶�-.6��-�]S�� �5, 22)� ��·¸

Table 3. Genetic and phenotypic traits of ESBL-producing Escherichia coli strains

Strain
number

Age
Sex

(M/F)a

Inpatient/
Outpatient

ESBL genotypeb MIC (mg/ml)c

CTX CAZ
Resistance phenotype

to non-b-lactamd Serotypee Hospi-
tal

10 86 F Inpatient CTX-M-2 16¹ 0.75 O125 : H4 B
22 90 M Outpatient CTX-M-27 16¹ 4 LVFX, TMP/SMX OUT : H4 C
23 64 F Outpatient CTX-M-27 16¹ 8 LVFX, TMP/SMX OUT : H4 C
25 70 F Inpatient CTX-M-27 16¹ 4 LVFX O25 : H4 C
41 85 F Inpatient CTX-M14, TEM-1 16¹ 1 LVFX OUT : H4 A
45 79 M Outpatient CTX-M-1 16¹ 32¹ LVFX O25 : H4 A
70 79 M Inpatient CTX-M-27 16¹ 2 LVFX, TMP/SMX O25 : H4 C
79 94 M Outpatient CTX-M-14, TEM-1 16¹ 0.5º LVFX O25 : H4 A
81 23 F Inpatient CTX-M-14 16¹ 0.5º LVFX, TMP/SMX, GM O169 : HUT E

147 43 F Outpatient SHV-12 16¹ 0.5 OUT : HUT B
179 70 F Outpatient CTX-M-27 16¹ 1 LVFX, TMP/SMX O25 : H4 C
186 61 F Outpatient CTX-M-27 16¹ 2 LVFX, TMP/SMX O25 : H4 C
211 70 F Inpatient CTX-M14, TEM-1 16¹ 0.5 LVFX OUT : H4 D
239 84 F Inpatient CTX-M-27 16¹ 2 LVFX, TMP/SMX OUT : H4 B
242 94 F Inpatient CTX-M-27 16¹ 2 LVFX O25 : H4 B

a M, male; F, female
b b-lactamase genes were determined by PCR and by sequencing.
c MICs were deterimined using E test “ESBL CT/CTL” and “ESBL TZ/TZL.”
d LVFX, levofloxacin; TMP/SMX, trimethoprim/sulfamethoxazole; GM, gentamicin
e OUT, O-antigen untypeable; HUT, H-antigen untypeable
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Fig. 2. Dendrogram generated by Pulse-field
gel electrophoresis
For molecular typing, the chromosomal
DNA of fifteen ESBL-producing isolates
was obtained for comparison by
Pulse-field gel electrophoresis (PFGE)
using a CHEF-DRIII (BIO-RAD, Tokyo,
Japan). The running parameters were
as follows: initial pulse 2.2 s, final pulse
54.2 s, at 6 V/cm for 19 h at 14°. The
gel was stained with ethidium bromide
and scanned. Both E. coli MC4100
and Salmonella H9812 were used as a
DNA reference standard. The DNA
pattern obtained by PFGE was analyz-
ed with Fingerprinting II (BIO RAD).
The unweighted pair group method
(UPGMA) was used to generate a
dendrogram with the position tole-
rances set at 1.0�, and the Dice
coe$cients were used for band simila-
rity measurements to determine DNA
relatedness. Isolates were considered to
be clonally related if the Dice
coe$cient correlation was over 80�,
which corresponds to the “possibly
related” category according to the
criteria suggested by Tenover et al.26)

OUT, outpatient; IN, inpatient.
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Multidrug-Resistant Phenotype and Prevalence of CTX-M-27 in Extended-

Spectrum b-Lactamase-Producing Uropathogenic Escherichia coli

Tatsuya Hattori,1) Kunihiko Nakane,1, 2) Kumiko Kawamura1, 3)

1) Department of Pathophysiological Laboratory Science, Nagoya University Graduate
School of Medicine

2) City of Okazaki Reseach Center, Hygiene Testing Group
3) Department of Medical Technology, Nagoya University School of Health Science

The susceptibilities against 312 uropathogenic Escherichia coli strains isolated from clinical specimens
were investigated, and 15 were extended-spectrum b-lactamase (ESBL)-producing isolates. Among the 15
ESBL-producing isolates, 13 were resistant to levofloxacin (LVFX) and 6 were resistant to both LVFX and
trimethoprim/sulfamethoxazole (TMP/SMX), suggesting that ESBL-producing isolates tend to become
multidrug-resistant (MDR) phenotypes. The genotypes of ESBL were determined by PCR and sequencing.
Four isolates were CTX-M-14 producers and 8 isolates harbored blaCTX-M-27, which harbor the Asp240Gly
substitution, have greater catalytic e$ciencies against ceftazidime than parental enzymes. None of these
isolates harbored plasmid-mediated quinolone resistance genes, but 6 were serotype O25 : H4 among 13
ESBL-producing and LVFX-resistant isolates, suggesting fluoroquinolone-resistant phenotypes are associ-
ated with serotype O25. The CTX-M encoding plasmid was successfully transferred to recipient E. coli
CSH-2 at a frequency of 3.4�10�5 cells per recipient by conjugation in vitro, suggesting the easy
dissemination of blaCTX-M-harboring plasmids. Moreover, the transconjugants obtained showed both
ESBL-producing and TMP/SMX-resistant phenotypes. Among uropathogenic E. coli, the serotype O25 : H4
isolates harboring CTX-M-27 blaCTX-M have become prevalent strains, so due care should be taken in
monitoring the epidemiology of ESBL-producing isolates.
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