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&7�" )289 b-lactamase-producing, amoxicil-
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5. FQ�������	
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FQ�������	
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Table 1������������ gyrA, gyrB, parC,

parE � ! � QRDR"#�$%&'( )* '
PCR+,�� QIA quick PCR purification kit� (Qia-

gen)�-./0� BigDye Terminator Cycle Se-

quencing kit version 3.1 (Applied Biosystems)��
�-1�234567�89'( DNA1�2345
�� Applied Biosystems 3130/3130:l Genetic

Analyzer (AppliedBiosystems)�;�&'(
6. PFGE��
�4<=34>?� PFGE���� @A18)�B�C
D&'( EFGH�IJKLMN 20OPLQ&'R
S?�� 2 ml� brothT� 107/ml�U�VW�XY
0� Z[\]?&� 1.2^JK_`a0 4bNc�&d
ef2�g/&'( h?67�89'0� ij-��

JKdef2�kl� m�N 30 U� SmaInopq
�- 30b� 16OP�pq67�8�� DNA�rs&
'( tuvw� CHEF MAPPER (Bio-Rad Labora-

tories)�;�&� 14b� 6 V/cm�xyN 20OP 18

z�tuvw�89'(

III� � �
1. ��������
{|}� JPO396}_ JPO397}��~�� ���

����?� ��1������ �������� ID

�5I HN��f���G�� “7105140”N�{�
� 83^, X��_ V������ h���� PCR�
V� p6�$% (�)� �V� PCR�V��� b	
�
�$% (�)N�9'�_�*�  ��¡��4<=3
4>?� �U�¢ NTHi_��&'(

2}�£¤¥¦�§¨�� H<©H45} Rd}�

Table 1. Primers used for DNA amplifications of fluoroquinolone-resistant genes in Haemophilus influenzae

Gene and primer Primer sequence Amplicon
size (bp) Reference

gyrA
Forward primer 5�-GGTTTAAAACCTGTTCACCG-3� 420 In this study
Reverse primer 5�-TGCCATCCCCACCGCAATAC-3�

gyrB
Forward primer 5�-GGAAAATCCTGCAGATGC-3� 445 Davies, et al.a)

Reverse primer 5�-AAGCAACGTACGGATGTG-3�
parC

Forward primer 5�-ATCATGGATCGTGCGTTGCC-3� 708 In this study
Reverse primer 5�-AGATTGATGTGGAAGCGCTG-3�

parE
Forward primer 5�-GAACGCTTATCATCACGCCA-3� 471 Davies, et al.a)

Reverse primer 5�-AGCATCCGCGAGAATACAGA-3�
a) Davies, T. A., et al. 2000. Antimicrob. Agents Chemother. 44: 633�639.22)

Table 2. MICs of 9 antibiotics for clinical isolates of Haemophilus influenzae and reference strain

Antimicrobial agent
MIC (mg/ml)�

JPO 396 JPO 397 ATCC 49766

Ampicillin ª64 ª64 0.25
Sulbactam/Ampicillin 1/2 1/2 ND
Amoxicillin ª64 ª64 0.25
Cefditoren 8 8 0.008
Cefotaxime 32 32 0.008
Ceftoriaxone 8 8 0.004
Meropenem 0.25 0.25 0.125
Ciprofloxacin 16 16 0.008
Levofloxacin 8 8 0.008

� MIC (mg/ml) interpretive standards for H. influenzae recommended by the CLSI as follows; Ampicillin �
1(S), 2(I), �4(R); Cefotaxime and Ceftoriaxone �2(S); Ciprofloxacin �1(S); Levofloxacin �2(S)
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������ Table 2���	 
����MEPM�
 0.25 mg/ml��������� ABPC� AMPC�
������ CDTR� ���� CTX� CTRX�
����� !"�#����MIC�$%� 1,000

&'()*MIC+��,������	
-�� FQ� LVFX� 8 mg/ml, CPFX� 16

mg/ml�MIC+�.� / 0/�1��$.2�
3 500&'()*MIC+�.� 4567,���8
9:;�	

3. PCR������� 	
����
Fig. 1�� �<=9�>*� p6�,�?@A�

PCRBC+��	 2���BC=D�����E�

JPO396�����F�.�	 p6� (G), blaTEM-1(G),

PBP3+HIJ�K ftsI(� Asn526LysL�MNO
PQR�ST�K���U� DNA+VW�K pbp3�
1�XKVW (G)� �7YZ� Asn526LysQR[E
5;76��	 .6.� BLNAR�VW:;K pbp3�
2� (G)�����E� ,�\�]�^_7 Ser385

ThrQR��K`�+[E�	
`� DNAVWabI�65� 2� TEMc b-d

ebfIghi�� 6j ftsIkl�mn�K PBP�
MNOPQR+o�K genotype(g)� gBLPACR-

II�89:;�	 ftsIpqrE2stuvwx+y
*� Ser385Thr�z{2,�\�|}�K`���

Fig. 1. Amplified DNA profiles of 4 genes in clinical isolate of Haemophilus influenzae (JPO396) by PCR

Table 3. Amino acid substitutions deduced from mutations in gyrA, gyrB, parC, and parE genes of
Haemophilus influenzae that decreased fluoroquinolone susceptibility

Strain
Amino acid substitutions:Amino acid substitutions: MIC (mg/ml)MIC (mg/ml)

GyrA GyrB ParC ParE Levofloxacin Ciprofloxacin

ATCC 49766a) � � � � 0.008 0.008
ARD450b) Ser84Leu � � � 0.125 0.06
ARD857c) Asp88Tyr � � � 0.125 0.06
ARD761d) Asp88Tyr � � � 0.25 0.06
ARD253e) Ser84Leu Ala404Val Asn138Ser Ser458Pro 0.5 0.5
JPO396 Ser84Phe and Asp88Asn � Glu88Lys Ala369Thr/Ser458Ala 8 16
JPO397 Ser84Phe and Asp88Asn � Glu88Lys Ala369Thr/Ser458Ala 8 16

a) Reference strain,b) ARD450: BLNAR,c) ARD857: BLNAS, d) ARD761: gBLPAR,e) ARD253: gBLNAS
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MIC���� Table 3�3�� �#� �4���
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�3��
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;��$!� LVFX MIC7 0.125 mg/ml�5�S
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1) a" 1 b71cdefS#g�hi!�$j 21%k
�)#P#� &['(lMmno#� p^qrsno
#7g�,#� FQo#�_
 ciprofloxacin!DO
M^tOuSvwx bv)*w%d �� 9%kg�,
#�� +yz{!� ,|-}� ./� (~�-���
�F� �05�)1�2�$jx� CTv����3>
43��5 ,#�	
� 21%k67x�,|-}�
��8,#�� $j��!9:1� Pseudomonas ae-

ruginosa7 3(�)vw,#�	�7� $j 10%x�
*w,#�9:��!�� ;�DOM^tOuS7
3(�), P. aeruginosa7 3(�), Enterobacter aerogenes

7 2(�)7vw,#�� 3� ��7�#�	�# 
S�_�� �!�������	�	�

2) a" 2 b73cdefS#g�hi!�$j 97%k
�)#P#� <��lMmno#� qO��D�O=
7g�,#� FQo#�_
 LVFX!DOM^tOu
Svw 3p�>� 5%k "g�,#�	�� ��
�!���a�?j�@j�	�T�A�����
�!����� $j 1p�>1���B����<

��7C���� +yz{!� �D� E��F�$
jx�  G XHv��3��5 � 3p� 67x�
5I�¡JK���L�8,#�� Ma"��	�
;�DOM^tOuS79:��NO,#� !� ¢
PQ>�_��7� SR! 3(�)�_��� M"��
£
DOM^tOuS vw!� a" 1 1¤kx�
_���

7� � !"#$% & '()*+), (ICT)�
-.
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Fig. 2. Pulsed-field gel electrophoresis (PFGE)
patterns of multidrug-resistant Haemo-
philus influenzae isolates (JPO396 and
JPO397)
M: lambda ladder marker.
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D���! Hitakata;8)� FQ"
D=�4H
��Id��JK*+e
b��fLMgN�h�!
CPFX
 16 mg/ml�MIC�$=e9� gyrA �
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Two strains of Haemophilus influenzae that show resistances to third generation b-lactam antibiotics
and fluoroquinolone (FQ) agents were isolated from two elderly inpatients with pneumonia within a short
term of hospitalization. We considered the possibility of hospital transmission of these multidrug resistant
strains for a reason that both patients received medical cares from the same nursing sta#s. To clarify the
matter, the following four analysis were performed to the agents; re-testing of antibiotic susceptibility,
identification of genotypic b-lactam resistance, sequence analysis for FQ resistance, and pulsed-field gel
electrophoresis (PFGE). Both strains were highly resistant to ampicillin (�64 mg/ml), sulbactam/ampicillin
(1/2 mg/ml), amoxicillin (�64 mg/ml), cefditoren (8 mg/ml), cefotaxime (32 mg/ml), ceftoriaxone (8 mg/ml),
ciprofloxacin (16 mg/ml), and levofloxacin (8 mg/ml), respectively. They were also characterized genotypi-
cally as b-lactamase-producing amoxicillin clavulanic acid resistance (BLPACR-II) resulting from the
presence of TEM-1 b-lactamase gene and amino acid substitutions of Ser385Thr and Arg517His in ftsI gene
encoding penicillin-binding protein 3 in the strains. In FQ resistance, amino acid substitutions of Ser84Phe
and Asp88Asn in GyrA encoded by a gyrA gene, Glu88Lys in ParC encoded by a parC, and Ala369Thr and
Ser458Ala in ParE encoded by a parE, were identified in these strains. PFGE profiles practiced for these
agents showed that they were clonally identical. Prompt interventions by the sta#s of infection control
team could prevent the spread of multidrug-resistant H. influenzae. It is also important to practice infection
control with consideration for invasion of resistant organisms from community into hospital.
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