
�� ��

��������� Haemophilus influenzae�����	
���� �������

�����1)��	��1)����
1)��� �1)� �!"2)

1) #$%&'&��() *+�
2) #$%&'&� �,*+'&-.

/�0 171 92 2634�� �0 181 72 2534�5

������ 66�	789�:� ;:7<=>?��@A�B��CD*EFG� H. in-

fluenzae���H�,IJ&K7<= DNA��LMH�89��N�O ;PQRST9 b

Q� U�QR IQV 56�� IVQV 16�WXY�O�Z[4�*+7<= PCR�	<\�Z
������*]WR� "^�6���:CD b-lactamase non-producing ampicillin

(ABPC) resistant strain (BLNAR)7<= b-lactamase producing clavulanic acid/amoxicil-

lin (CVA/AMPC) resistant strainW TEM-1_ BLNAR resistant genes (BLPACR-II)���
2`�Va	*EFG�V� Pulsed Field Gel Electrophoresis (PFGE)WR"b��WX
\c_VdFG�O
e�f� 56�R b-lactamase non-producing ABPC susceptible strain (BLNAS) 16��

TEM-1 type b-lactamase producing ABPC resistant strain (BLPAR) 26�� b-lactamase

producing CVA/AMPC resistant strain possessing TEM-1 and low-BLNAR resistant

genes (BLPACR-I) 16�� BLNAR 16�WXY�O
66�CD*EFG� H. influenzae 18b	^89 PFGEHgY�_ch� 6�iWRj@
\klmnoHdN�V� "6���B��CD*EFG�bRST9"�mnoVpD
G�O c�c_CD� ������6�WR�:� ;:7<=qrs*t	"�JbH��N
97u� ������	7v\wlx� ;:HyN�z�{|}�V~�FG�O

Key words: ������� H. influenzae type b (Hib), TEM-1 type b-lactamase, PBP�j�
pulsed field gel electrophoresis (PFGE)

Haemophilus influenzae R 1 �������CD
���	*EFG\��[���J�"^W� Strep-

tococcus pneumoniae_ 	������@A��
��6[�6H���cSc_V�DG98\1)O !
J	<\�6[�6�"�K�#	R ampicillin

(ABPC)_ cefotaxime (CTX)�$�#�V�	@F
G9��V1), 2)� 19741	 b-lactamZ%����W
X\ TEM-1 type b-lactamase H�US\ TEM-1

type b-lactamase producing ABPC resistant strain

(BLPAR)V&�FG�1)O ��� 19801	RI'(

�0��WX\ penicillin-binding protein (pbp) 3

H���S\ ftsI���	�jHU�� b-lactamase

non-producing ABPC resistant strain (BLNAR)V
E�N1)�  �� ABPC¡CTX�$�#��#WR¢
)@£¤V¥¦W�@8c_V§*FG�O b-

lactamase+�U� ABPC��JR b-lactamase+
�U pbp 3-1 	�j�X\ ABPC ¨���J (low-

BLNAR)_� b-lactamase+�U pbp 3-1_ pbp 3-2

	�j�X\ ABPC��J (BLNAR)� 2`�	)
vDG\3)O FD	�©WR� TEM-1 type b-lacta-

mase �U pbp 3-1 	�j�X\ clavulanic acid/

amoxicillin (CVA/AMPC) ��J (BLPACR-I) _�
TEM-1 type b-lactamase �U pbp 3-1_ pbp 3-2	
�j�X\ CVA/AMPC��J (BLPACR-II)ª&�
FG98\4)O cGD��Z���__ª	� «1,
CD�¬�®@A� ¯°±²���	<Y9 H. in-

³�-.´µ (¶693�8501) #$·E¸�¹/º 89�1
#$%&'&��() *+�
�����
TEL: 0853�20�2420
FAX: 0853�20�2423
E-mail: akikoi@med.shimane-u.ac.jp
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fluenzae�����������������	
 �
����������	������2)�
�
�� H. influenzae ������� �!
 
�!
 b-lactamase"�#�$�%&'�(�)*
��������� BLNAR��%&'�(�+,-
.�� ABPC�MIC��������
 ABPC��
.�MIC�+ National Committee for Clinical

Laboratory Standards (NCCLS)��/0 4 mg/ml

1�+���.��5) BLNAR +�	2(3�4)�
���������4)� ��5�
 PCR����67
89:7;<��%��=�>�(3�������
��4)�
��(��#��
 ������)*�&���

� ?@A��B!
 C"D#E#�$ F)*�$
%�(&��
 &�'� ?�<G� HI�(3�
����+	J	JKL.�� ?(
 M)�����
��
���*+N<�,)-O!�/P2<Q� 
�R.(��S
 5�
 PFGE��������6)�
T��/A��
 ��U�+�������01
Q
�V�	
 H. influenzae����������#��
 ?�0�$%W2��(3��� H. influenzae �
X��*+N<�,#�$ DNAY3Z[+���

T�4 �+(5	��

I. �����
2001� 7\�� 2004� 10\�]� H. influen-

zae�(3����������0 70+KL	��
��^_ 1�0� F67�`�� H. influenzae �
(3��
 *+�8�a�������9:����
T�;� 6�0� ?�0�$%W2�� 18Q�
H. influenzae�(3��
 ��� 18Q�4 ��X
��(5	��
�������0 70� 6b\�� 3c���<

d�
 ��^_ 50��F�efg�=�efgh�
>?<�ij��
 20� Slidex meningite-kit 5

k@Almnopqr � H. influenzaest�(3��
�� )#
 B0�u=�)2vw	����
C3���(&�D F kxyr #�$z{|}q
~�E6F kxyr � 35�
 ?GH���67
 �9
�9��q�I6F (BBL)� 35�
 ?G�B67	
�� ���
 JK�F�#����9�f HK-RS k�
Lr � 35�
 48H]�B67#�$�9�f HKM
NO k�Lr � 35�
 �<67	��  F67�
BacT/ALERT3D k@Almnopqr � F67P
+��	��
�0 2��F���?G67u
 z{|}q~�E

6F���Q,)RS��)�|��q�ij���
�� 3GT�|��q+U<	(�+V��� T�;
�(&� ?(&��W�	�$%|��q��Q,
)RS� ?��������(�XY� ?���
���	?X�|��q+U<	Z-���� ��

�0 6� 2004� 10\ 6@
 [ 7@�������
F�� 2����aA<�(3����
����|��q� ,efg�=�efgh�>?

<�ij��
 XV�>\���] �+ XV��~
�~o�� (BBL)#�$^ F�E6F k@_r �
35�
 ?GH���67u�(3	 H. influenzae�
 �	��  �!�6789:7;<`�!.�a�
 � k�7byr +��
 z{|}q~�E6F�
�W�	� H. influenzae �6789:7;<`�s
t b!��f6� ¡bV+¢� ¡+c£,�¤
d	�� )#
 H. influenzae����������e
2� b!����¥4¦������ b! ���
`bV+¢��� �!� Juni�(�7)�0§ In-

dole "�
 Urease"�
 OrnithinefH��+
(3	�� ¨©��g(<+hG	�
 35�
 4H]
u�?H��
 ��� 24H]u�ª«���	�=
��i�+c£,���	
 T��!+ I¬VIII!
�jT	�� b-lactamase"�¤d��~��8
7��¢��� �%&'�(�� NCCLS��0®	
��kF&¯°��MICroFAST Panel Type 4J

(DADE BEHRING)+���z{|}q~�E6F�
�±67<+ #0.5 McFarland�<F�	� 100 ml

S
 35�
 18H]�B67u�g(<�ª>W�
l ² m n + � � �� ABPC� � . �MIC� �
NCCLS��/0³4 mg / ml+���	
 �X b-

lactamase�h��g(<+ BLNAR���	�� �
��%� ABPC, CVA/AMPC, Sulbactam/Ampicil-

lin (SBT/ABPC), CCL (Cefaclor), CTM (Cefotiam),

CTX, CZOP (Cefozopran), LVFX (Levofloxacin),

CPFX (Ciprofloxacin), Meropenem (MEPM)+��
��
j>��,Y3� PCR����%��=�>�

(3#�$ PFGE���´oµY3+¢��� g(
<+6789:7;<=�>(3©� kp¶q�r �
PCR·�¸��hG	
 94� 15r
 54� 30r

72� 15r� 35 cycle� Gene Amp PCR System

9600-R (TaKaRa)+��	��s	�� �s"� 10

ml+ 1.5¹-Agarose gel� 20 mintBºOu Ethi-

dium bromide�=	
 PCR·�¸� A� 196 bp�
H. influenzae R�=�> P6�¤d#�$ 458 bp�
TEM! b-lactamase=�>��u
 PCR·�¸� B

������@A� Haemophilus influenzae1
W2.�`�4 �
 ��=�>Y3������@A� Haemophilus influenzae1
W2.�`�4 �
 ��=�>Y3
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� 551 bp� pbp 3-1����� PCR���	 C�
451 bp � pbp 3-2 �������
�� .���
pbp 3-1 ��������� Low-BLNAR, pbp 3-1

��� pbp 3-2���������� pbp 3-2���
������ BLNAR����� DNA�����
�� 100 bp DNA Ladder (Roche)�!���

PFGE "#$%�&'(�)� 35*� +�,-
.	���	
/�01234	�5678& 9:
;< �=>� Brain Heart Infusion Broth 9
?<
�@A� 35*� 4BC� D�E��F� GHIJ�
/K�L�� Embedding Agarose (Bio-Rad)�>M
N.O�	5PQ�RS�� Lysozyme / Lyso-

staphin (Bio-Rad), Proteinase K (Bio-Rad)T�F
TE Bu#er�IJ�� UVWX SmaI 10 U/ml (Roche)

� 30*�+�YZ�� 1[-PFGE Agarose�\��
8545PQ���� 0.5]TBE bu#er� 14*
�^_�`abcMitsudad���8)�ef� g4	
h�i 5j20�� 7BC� 5j80�� 14BC� kl
5.1 V/cm� CHEF-DRIIIm	ni (Bio-Rad)�!�
�okpq��� ������� Lambda Lad-

der (Bio-Rad)��f� kpq�F� Ethidium bro-

mide rs� UVP85t�u8vgh�8�wx�
� bd�� y4u8vgh�8z{|2& (Bio-

Rad)�!��o}~�z{��

II. � �
1) 6������	
� 18������ ��
�� ���� �������� b-lactamase��
��� PCR!�"��#�$%&����

H. influenzae 18��������� ���� ��
���
���� b-lactamase������ PCR�
����������
������ 9� 1<� ��
� ��o b��� ��� I�� 5��� IV�� 1

������ NCCLS������5)�����

������ b-lactamase����d BLNAS 6��
low-BLNAR 2�� BLPAR 10��
�b�� \�
d��� PCR����������
�����
����������

2) PCR!�"��#�$%&����
PCR���	 A, B, C��d������kpq

� �d�� 1� 3� BLNAS���� 9¡ 1<�
��������� �� 2¢K-1����� 6 
PCR���	 A� 458 bp����� £�� PCR

���	 B� 551 bp����� ��� PCR���
	 C� 451 bp����� ��� BLNAR, �� 2

¢K-2, ¢K-3, ¤��� �¥¦ K PCR���	

A� 458 bp����� ��� PCR���	 B�
551 bp����� ��� PCR���	 C� 451

bp����� ��� BLPACR-II, �� 3 PCR

���	 A� 458 bp����� ��� PCR��
�	 B� 551 bp����� £�� PCR���	 C

� 451 bp����� £�� BLPACR-I, �� 4�
���� 5 PCR���	 A� 458 bp�����
 ��� PCR���	 B� 551 bp����� �
�� PCR���	 C� 451 bp����� £��
BLPAR���� ��� ��o��� PCR���	
A� 196 bp����� ������ §¨�d�
BLNAS 3�� BLNAR 5�� BLPAR 4�� BLPACR-

I2�� BLPACR-II4��
�b�� �����
��
���� b-lactamase����d������ 6

��© 3������of�
�� 2 !ª¢K�d«¬"®���� 3A#

�$O¯��wxb�� �����
������ b-

lactamase����d low-BLNAR��� 2A#�
BLPAR������ PCR����d BLNAR

��� 2A#� BLPACR-II����� �� 3 �
����
������ b-lactamase����d
BLPAR������ PCR����d BLPACR-

I����� �� 6 ���������� b-

lactamase����d BLNAS��� low-BLNAR

��+���d
�b��� PCR����d �
�o BLNAR�����

3) PFGE'(
6���d
�b� H. influenzae 18��kpq

��°± 400 kbp�d$ 48.5 kbp�C�u8v�

¡ 1. PCR�����������
�°±
M) marker, 1) ��$8&O�4� 2) �� 1
¢K� 3) �� 1%² K� 4) �� 1³&

Z'�¢(´µ¶� Haemophilus influenzae)*��+�·¸��� �����z{Z'�¢(´µ¶� Haemophilus influenzae)*��+�·¸��� �����z{
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���� �� 2�� Tenover	
���9)�����
�������������� !��"#$%&
	� '�()
*+�, 80-./�01#2��*'
�
345�6&	����#7,89: 100-*+
"#;

III. � �
<��,� BLNAR,=>?@A"BC H. influen-

zae
 1DEFGHI5 BLPARG,5&?JK 2L
3D2 BLNAR)�M��:N510); OP� �Q"#
R�ST�U 6'�
VW 2'�,	XYSZ[\

�]&	 b-lactamase^_?AK PBP?
3
0
5 BLPACR-I��� BLPACR-II2����#; `a
	1), 1997� 7b.c 3�d?Te&	����#
H. influenzae ?fN: BLNAS 29-� BLNAR

29-� BLPAR 42-)�M" BLPACR-I��� BLP-

ACR-II,����:N4&1#g)&	� �h	2
�Q"# 2001� 7b&	 2004� 10bdi�? b-

lactamase^_7?�N:j PBP

3?�5	X
YSR2kl�N5g)2V&2K#;

H. influenzae ?�5R�ST�U
m)ln2
���
 H. influenzae type b (Hib)?�1:opq
g��5g)2r	�:N511); �Q"# 6'�,T
esC�4t� ue� vw4n�xy���7GzI

# 187
u{|j89: b|����7�0}�
<��,� g
 Hib?�5R�ST�U
�'�F,
�~@A��?052� ��<�, Hib��|���
�
��?�} Hib?�5���'��',��"
:N51), 12); _�|, I|2 5'�� IV|2 1'�
�� ����6��7��N II, III|��
�
 VL
VIII|,����4&1#; OP
$%,Mitsuda

	
�M8)
 I| 73.3-� II| 20.0-� IV| 6.7-

�V? I|2�t����#2� II|,����4
&1#; a�13)
����y����_�|����
?�5)Te���ue&	
��7, I|?��
"� �� ¡�S
 TEM-1 type b-lactamase^_7
, I|��� II|?¢£85��?05)��:N
5; .�
u{|� _�|
$%&	R�ST�U'
�&	����# H. influenzae
�¤,���

Hib� TEM-1 type b-lactamase^_72 6'�£ 4

'�&	����� _�|, I|?¢£85��2
01#;

PBP
37?�N:� �
	XYSG	X�¥S�
¦$%sC���85g),�"Ng)2r	��
PCR�
	XYSZ[\
��2� )453), 4); O
P
'� 2,'� 3,'� 6?fN:j ABPC05N,
CVA/AMPC
	X�¥S$%&	 PBP
37�0
5 BLNAR, BLPACR-I��� BLPACR-IIG���

� 2. 6'��}����# H. influenzae
 PFGE���§
L) l-ladder, 1) '� 1Te� 2) '� 1!¨"e� 3) '� 1©#� L) l-ladder, 4) '� 2Te-1, 5) '� 2
Te-2, 6) '� 2Te-3, 7) '� 2ª$u� 8) '� 2%«w"e� 9) '� 3ª$u� 10) '� 3Te� 11)
'� 4ª$u� 12) '� 4Te� 13) '� 5Te� 14) '� 5«¬"e� 15) '� 6Te-1, 16) '� 6 T
e-2, 17) '� 6«¬"e� 18) '� 6ue� L) l-ladder

&'®\¯°(±²¯°³´)¯µ¶ ·¯¸¶¹*&'®\¯°(±²¯°³´)¯µ¶ ·¯¸¶¹*

*+��,_�º»¼ Vol. 16 No. 3 2006.12

138



�� PCR� ftsI�������	
��� ���
�� ����������������������
������
 �� fluoroquinolone�	 H. influenzae�
!�
�� ���	"#�$���%%�&�14)� '(�
LVFX�)* CPFX+�	,-����
.� 2�/-0����������12�

3456789����+� :��� H. influenzae

�5;<7+�=>���?����5;<7�
BLNAR1� �@���������	�A�5;
<7� BLPACR-II�	
��� BLNAR+���
- ftsI�����+)?B� C�D!E"+��
F&1��& pbp 3-1 1 pbp 3-2 ���GH�#$
��>���?����5;<7�E"I&21�%
����&15) .� 2�)�+/�J�&B�K'
��(L)�MNB�	
��&21-����&
���� Chaves�16)-O*	+P.���Q,R
����� 2L)� S. pneumoniae�	
�� PFGE

$���-(,S.+)&T�����21�
!�
��& 2�21��� /�J��/��+���
T-(MNB+)&S.TU0��5;<7�)�V
W�� X�	YZ1[21��2��&
O*	+P�34-BL+\]��5+67�M
NB�89:^1��&�_;�+��Q<+89�
�=Q.�>4+�??@A�`��a+89��
.I&1����& �2�� /��	
���M
NB1Ub��& H. influenzae 1� B:.���_
;�)*Q/�J�-(�	C��	
��� H. in-

fluenzae�B:,�J��$���cd� e.��-
(	C��	
��� H. influenzae -I=�5+6
7� Hib�DERTI=�B:���� .� 2f
g- PCR+)&Fh�	����67TB:�"G
����� PFGE�-.�i�-����jHk
l7m�n���� B:.��IJ���&-(	C
��	
���,-I=�B:jHkl7m�n�
� I�Fo� O*	+P.��-/� Q/�)
*�_;IJ	C+B:� Hib�67���?��_
;�J��+pK+LM�� H. influenzae ��o5
+67� Hib�qr�stu7��&�+NO�P
?QvQ/��RS/Z189��.��wT�U
V���17)
��� .� 2�/��BC+	
��� BLNAR

1 BLPACR-II- PFGE+)&xWy$���-B
:,IJ1XY��� ���� 5;<7E4� Fh
Sz		Y"G�)* TEM-1 type b-lactamase{D
Z-������ BLNAR1 BLPACR-II-1T+

PBP���D|��?� ��}�- TEM-1 type b-

lactamase{DZ��& H. influenzae �{DI&
TEM-1 type b-lactamase-~����	��&21
�%��18)� Escherichia coli +���-~����
67-B���[\+]^�+_�21�
!���
�&19) :`� PFGE�-~����	 DNA�$�
ab1�����21��� TEM-1 type b-lactama-

se{DZ�7&- PFGE�sm�kl7m+}��
�����1Ub�� BLNAR1 BLPACR-II-B:
,IJ1XY��&

� �
1) �c�`�d���e� A�f��g� 2001. hi
+�v& 1997� 7�f� 3�i�>�O*	
+P�H�� S..��� 75: 931�939.

2) D`��� 2001.�m���m�B	+P+�
v&MNB��j��	O1��#$� Infection
Agents Surveillance Report 23: 36�37.�kS.
.���S..l
�ml7�

3) D`���mn�o�� >pq��g� 2002. hi
+��� 1998��� 2000��i+�/���
Haemophilus influenzae�����$��rP�
Bs+)& tS..��¡¢£,��1¤��
uhO�vw�¡�� 50: 794�804.

4) ¥dx¦� 2004. >��	t§P.��y¨a�
�	
��� Haemophilus influenzae ����
���	z� uOv¡� 52: 163�168.

5) National Committee for Clinical Laboratory
Standards: Performance standards for antimi-
crobial susceptibility testing; eighth informa-
tional supplement. NCCLS document M 100-
S8, 1998.

6) {|�©� 2002. S.aª��¤�����9:
�k���«7��¬�}_jHw�t�+� p.
12�29. ®«¯
~� �°�

7) Juni, B. A. 1982. Rapid biotyping of Haemo-
philus influenzae and Haemophilus parainfluen-
zae with Patho Tec strips and spot biochemical
test. J. Clin. Microbiol. 15: 976�978.

8) Mitsuda, T., H. Kuroki, N. Ishikawa, et al. 1999.
Molecular epidemiological study of Haemophi-
lus influenzae serotype b strains obtained from
children with meningitis in Japan. J. Clin. Mi-
crobiol. 37: 2548�2552.

9) Tenover, F. C., R. D. Arbeit, R. V. Goering, et al.
1995. Interpreting chromosomal DNA restric-
tion patterns produced by pulsed-field gel elec-
trophoresis: criteria for bacterial strain typing.
J. Clin. Microbiol. 33: 2233�2239.

10) �� ±� 2001. ²m³´tm�	�m���m
�B� �µ	Y 45: 821�826.

11) t� ���c�¶� ·�¸��g� 1989. hi+
�v&+P�¹1I&��S..IJ�m��

O*	+Pº»� Haemophilus influenzaeIJK'�+¼��B	� �	���$�O*	+Pº»� Haemophilus influenzaeIJK'�+¼��B	� �	���$�

uh�µ�DE��� Vol. 16 No. 3 2006. 13

139



��������	
�� ���������
93: 890�897.

12) � � � � � � 2001� � 2001. Infection
Agents Surveillance Report. 23: 31�32. ���
 !"#$� !%&'�()

13) *+,- 1996. ./01 Haemophilus influen-
zae.2345./ 23: 738�741.

14) Xinying, L., M. Noriel, J. J. Rahal, et al. 2004.
Quinolone-resistant Haemophilus influenzae: de-
termination of mutant selection window for
ciprofloxacin, garenoxacin, levofloxacin, and
moxifloxacin. Antimicrob. Agents Chemother.
48: 4460�4462.

15) .6789 :;<=89 >?@89 A 1999. BC
D�EFGHIJ b-KL(M)NOP.Q�RS
T�D�U�VW���� (BLNAR)�XY �
�235./��� 9: 22�29.

16) Chaves, F., C. Campelo, F. Sanz, et al. 2003.

Meningitis due to mixed infection with penicil-
lin-resistant and penicillin-susceptible of Strep-
tococcus pneumoniae. J. Clin. Microbiol. 41: 512�
513.

17) Ecevit, I. Z., K. W. McCrea, M. M. Pettigrew, et
al. 2004. Prevalence of the hifBC, hmw1A, hmw
2A, hmwC, and hia genes in Haemophilus influe-
nzae isolates. J. Clin. Microbiol. 42: 3065�3072.

18) Hindler, F. J., M. J. Swenson. 2003. Susceptibil-
ity test methods; Fastidious bacteria. Manual
of Clinical Microbiology 8th Edition: 1128�
1140. Washington, D.C.

19) Oscar, T.P., K. Dulal, D. Boucaud. 2006. Trans-
formation of Escherichia coli K-12 with a high-
copy plasmid encoding the green fluorescent
protein reduces growth: implications for pre-
dictive microbiology. J. Food Prot. 69: 276�281.

Phylogenetic and Drug Resistant Gene Analysis of Haemophilus influenzae

from Bacterial Meningitis �Same Original or Di#erent Specimen
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We report phenotypic and genetic relationship of Haemophilus influenzae strains derived from cerebro-
spinal fluid (CSF), blood, and the nasopharynx in each patient of the 6 children with meningitis. We
analyzed these isolates by serotyping, biotyping, antimicrobial susceptibility testing and PCR to identify
resistant genes in H. influenzae. Case 2 had b-lactamase non-producing ABPC-resistant strain (BLNAR) and
b-lactamase producing CVA/AMPC-resistant strain possessing TEM-1 and BLNAR-resistant genes (BLP-
ACR-II) in the nasopharynx. The two strains exhibited same PFGE profiles. One patient had b-lactamase
non-producing ampicillin (ABPC) susceptible strains (BLNAS), 2 patients had TEM-1 type b-lactamase
producing ABPC resistant strains (BLPAR), 1 patient had b-lactamase producing clavulanic acid/amoxicil-
lin (CVA/AMPC) resistant strains possessing TEM-1 and low-BLNAR resistant genes (BLPACR-I), and 1
patient had BLNAR. PFGE showed the same patterns among isolates from individual patients. Our results
suggest that the same clone of H. influenzae could systematically expand casing bacterial meningitis.
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