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Low-Level Methicillin-Resistant Staphylococcus aureus (Low-Level MRSA)
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���������������MRSA�� b-��
�� !"�#��$%&�	
���� '(#)*
+,-./0 !"�12�34!"�#5�

�
��6�7(� ��4�8�

�9#:���;<
�1�=5�>3)� ��?�����1>���
�4, 5)�

MRSA�� �� S. aureus#�@�1A penicillin

binding protein 2a (PBP2a)�.
0��mecAB�
C����$D>6)� E4��4 gold standard�
polymerase chain reaction (PCR)#:�mecAB�
C4F��1�� �7�� 64:G1 C!"H#$
%�&AIF�%���FJ��$K&�$A�L'
�(13� �34M"FJ)���8�

�94N
����$A�� �8�

�9#�A$�� ���
�FJ*+OPQ RNational Committee for Clinical

Laboratory Standards; NCCLS, ? Clinical Labora-

tory Standards Institute; CLSIS ;,�%D:T��
U+�V�3W��$D>� �L'#DA$�E4X
Y%#-ZIFJ;[\]$A�� �7�� 1990�
./:>� mecAB�C����$A�544��[
\]�MPIPC#:��8�

�9��MRSA�
���^1A�� 0_;1Y']�:G#1>7`9)�
Low-level MRSA5�3� borderline MRSA��$
23']�:G#1ZI� E4a� NCCLS5MPIPC

#:�b456cd%4MRSA��#De�fg�
7�� 4hNaCl�i���MRSA 089� PBP2a

j!� D:TmecAB�C4F�12:;4k7�9
4<��=>��:G#1ZI10)� lI� ��MPIPC

#?\Z$mnopq/r 4�8��� cefoxitin

(CFX)�&AI�

�94�&
;1Y']�:G
#1>11)� 2004�4 NCCLS M-100-SI 4�� CFX

disk�&AI�

s�-
tr,%;<�']�
#@ZI12)� 64:G#'lul1MRSAF�%;
=>']$A�17� 1999�#�Minnesota� ve-

ry-Low-level MRSA#:�AB4����CvD#
:�wEF51Y']13)� MRSAF�%;xGy'
]�:G#1Z$^I14, 15)� ��� z;�#DA$5
����;������>� Hk7�IJ1MRSA

F�%�{K�LM#N(]$A�� �|}��� :
>OP4~AMRSA��%�{��6��3##�
�� 0_ S. aureus 153_��Q#MPIPCD:T
CFX�&AI�8�

�9� PBP 2 a4F��
MRSAs�-
tr,8912� ?@MRSA��#
&A(]��RFJ%4S�FT�[ZI�

�����
1. ���	
"_�OP�U&*+_ S. aureus ATCC29213D
:T 2004� 1�7( 2007� 2�4��#V��W
H�HXYZ[�D:TV��\�Q[�#$��D
��G 153V4�]�^7( 0']I S. aureus

153_ Rv� 88_� �/_� 45_�`a 15_� IVH

�&
&� 2_� �b
c 3_S ��Q��I�
2. 
��
���
�Ad�e�fP (minimum inhibitory concen-

tration; MIC)4,�� Clinical Laboratory Stan-

dards Institute (CLSI)XY%16)#+��� gh�i
�j%D:Tb456cd%#$,��[ZI� b4
56cd%�� oxacillin diskD:T cefoxitin disk

R�|�HS ��&�I�
3. mecA������
k"!lm 300 ml#.�t
;� ��n'��

15,000 rpm� 2 ��oa�pq� TritonX 100 ly-

sis bu#er (100 mM NaCl, 10 mM Tris�HCl (pH8.0),

1 mM EDTA, 1h TritonX 100) 100 ml#�n�I�
�r��� 100�� 10 ��ra� 4�, 15,000 rpm

� 1 ��o�� s(]Itu�v� DNA��$�
&�I� mecAB�CF�& primer� Forward pri-

mer 5�-GTGAAGATATACCAAGTGATT-3�D:T
Reverse primer 5�-ATGCGCTATAGATTGAA-

AGGAT-3��&AI�
PCRw �v� DNA 2 ml� PCRw � (20 mM

Tris�HCl (pH8.4), 50 mM KCl, 2.5 mM MgCl2, 0.2

mM dNTP mixture, 1.0 U Taq polymerase, primer

sets) 23 ml�¡x�� 94�¢5 �ra� 94��60y�
50��60y� 72��120y� 30�q��� 72��10 
4z£#$[ZI� s(]I�{j" (147 bp)� 0.5

mg/ml¤¥¦§�¨�pq0� 2h)©�
s Rt�
ªr¦
rS �&A$|«¬}�[A� ­®~��#
:>k7�I�

4. PBP2a���
PBP2a 4F��MRSA�LA ¯!|° R±r�!|S
�&AI�&��s²�w #$[ZI� v�b45
6#$³«#z£´���8��I" 2�µ� �
K��� ���� 1 50 ml#�n�I� "�n��
100�� 3 ��r�� 2 �4b�a� ���� 2

� 1� R� 50 mlS�´�� ¶��I� 15,000rpm� 1

 ��o�� s(]Itu 50 ml��·�&��s 1

� R� 25 mlS �s�q0²�w 6t#$w '��
²�4���k7�I�
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5. ��MRSA������	
��
�
����������	
 CHROM agar MRSA

���
������ MRSA I-A� MRSA I-CFX ����
�������� MDRS-K� MDRS-II �������
����� MRSA-screen agar �������� !"�
#��� MRSA-ID ���$%&'()���� *+ 7,
�*MRSA-�').�/	012
34 (Table

1)5
678��
9�:;�<=>*?�	���@�

4 1 colony1AB*MRSA-�').�/	09
C,3� ��D9E	 35F3GH 37I9�	�3
45��H 24JK� 48JK* 2LM	� 48JKN9
OP.)*�Q1�RSTU4F*1VWX345 �
@9LY�12
Z
4R� McF 0.59�[34\7
�� 1�5]108 cfu/ml)1 PBS (pH 7.4)9� 50,000�
^_3� \�1 1�5]102 cfu/ml9�[345 �@�
4`�ab 50 ml1678��
cdeA,-�')
.�/	09C,34N� 35F3GH 37I9�	�
3� 24JK� 48JKN* 2LOP.)f*+g1
MU45 LY�HA,-�').�/	0��@�4
OP.)fX678��
��@�4OP.)f*�
� (h)X3�ij3� kS
 2�K9g���4l*
�ml1n345 o4� 4 mg/ml CFXX 2h NaClp
�Mueller Hinton broth (enrichment broth)9d

q	�*�rW12
Z
4R� enrichment broth

9�?�	�34\1 PBS (pH 7.4)9� 1�5]102

cfu/ml9�[34F*9s	�F� 9LY�1t
R45

6. Western blotting

Yoshida@*!"1uvw#3MU42)5 Luria�
Bertani (LB) broth�?�	�34\71xyS LB

broth9z{|}� OD660 0.6~0.65o�	�3 8.5

ml$*\�1LY345 �@�4\�H Phosphate-

bu#ered saline (PBS, pH 7.4)9� 1L��N� lysis

bu#er (50 U/ml lysostaphin� 4 mg/ml DNase, 10

mM MgSO4, PBS (pH 7.4)) 200 ml9��3� 37I�
30$K��"(�)�3��9%\345 %\N�
15,000 rpm� 15$K� 4I���3� PBS (pH 7.4)9
� 2L��1M	�1h sodium dodecyl sulfate (SDS)

� PBS 50 ml9��3�&�$1�45 �@�4`�
ab*�����'(H DC Protein Assay Kit I

(BioLad)9�g�345
`�ab9 2]sample bu#er1��3� 10$K�

)N� 10h�'��'b����b1*	� 20 mV,

120$K SDS-polyacrylamide gel electrophoresis

1MU45 �+N� ������P!� �/��1
*	� 100 V, 50$K.�P�bP)-&����
(Applied Biosystems)�,�1MU4N� 3h-"�
�b���washing bu#er (50 mM Tris�bu#ered

saline)9�� � 1JK�P!� �/1MU45 &
����1washing bu#er� 3L��N� ?¡¢�
*¢ PBP2a£`¤¢�� ¢ PBP2£`¤¢��@9
2¡¢��¥
¢£`¤ IgG-peroxidase-¦§¤¢
� (MBL)9�� AB1JK¨s*.©1MU45 �ª
.©H 4-chloro-1-naphtholcde«¬
­®­%7
9�MU45

� �
1. mecA������ PBP2a���
/¯$0 S. aureus 153�*mecA°1±1 PCR

"9�2j34²³� mecA°1±2�� (MRSA)H
99�� mecA°1±32�� (MSSA)H 54��¥U
45
��!�-´µ"9d¶ PBP2a1·�34X¸
¹� MRSA 99�H��4W� MSSA54�H��VW
XS¶� PCR"*²³X��9?5345

2. ��MRSA������	
������
7,�*MRSA-�').�/	01*	4X¸

Table 1. MRSA screening medium

Medium Antimicrobial agents NaCl Carbohydrate

CHROM agar MRSA CFX 6.0 mg/ml 2.5h Not shown
MRSA-ID CFX Not shown Not shown
MRSAI-CFX CFX 4h Mannitol 1h
MDRS-K CFX 6.0 mg/ml 2h Mannitol 1h
MRSA-screen MPIPC 6.0 mg/ml 4h Starch 0.15h
MDRS-II MPIPC 4.0 mg/ml, CZX

12.5 mg/ml
3.6h Mannitol 1h

MRSAI-A CZX 25 mg/ml 4h Mannitol 1h

Abbreviations: ceftizoxime, CZX; cefoxitin, CFX; oxacillin, MPIPC.

��/¯6���º» Vol. 17 No. 3 2007.

Low-Level MRSA 2j"*7¼Low-Level MRSA 2j"*7¼

21

179



�� ������	MSSA 54
��
������
MRSA 99
���� 24��������
���
����

3. ��������	
MRSA��
 !"#$%&�'(MPIPC�MIC range��

MSSA�)0.125*2 mg/ml, MRSA� 1*+128 mg/

ml	,-�� MRSA99
�.	 susceptible��/
0�( 2 mg/ml12�MIC345��6�� 5

(5.17)89�� (Fig. 1A)� ��� CFX�MIC range

�MSSA� 2*8 mg/mlMRSA�MRSA� 8*+128

mg/ml	,-�� MRSA99
�.	 3
 (3.07)�
susceptible (�8 mg/ml)�� 10
 (10.17)� inter-

mediate (16 mg/ml):;<0�� (Fig. 1A)�
=>?@AB&�C���� MPIPC disk4D�;
<��EF� 99
. 86
 (86.97)�MRSA:;<
0���� 13
 (13.17)� 14*20 mm�GHI4
JK�� MSSA:L;<0��� ��� CFX disk4
D��EF� MSSA
:MRSA
�GHI�MN�
�OP�Q������ 99
. 96
 (97.07)�

MRSA:;<0���� 3
 (3.07)�L;<�R�
�� (Fig. 1B)� �C� �S��TU&C'VWX4D
��EF	6� MSSA4MRSA:L;<��
��
����Y-��

4. mecA
���������������
mecAZ[\�]^4_`:��� abMRSAT

c&�de4fg��� hijklmn&�'( PBP

2a�TcC'VabMRSAlkopqrs���
'(MRSA�Tcde� 1007	,-�� WXdt
uvw�C���� MPIPC4D�� !"#$%&
�de� 94.97� CFX	� 97.07	,-�� =>?
@AB&	�MPIPC disk4D�;<��EF��
86.97� CFX disk4D��EF�� 97.07:�x�
�S��y<&�C��6 CFX4D��z{�|}
�de�~��� (Table 2)�
����C��� mecAZ[\4�]���(�6
YY��S� MPIPCC'V CFX4D��WXdtu
vw��S�Y	MRSA:;<	��Y-�
��
����� ����
4 �Low-level MRSA� :<�

Fig. 1. Distributions of MICs of MPIPC and CFX for 153 S. aureus clinical isolates.
MICs of MPIPC and CFX for 153 clinical isolates of S. aureus were measured and the
susceptibilities were categorized into S, I, and R according to recommendations by CLSI. Panels:
A, Agar dilution method; B, Agar di#usion method. Open bars, MSSA isolates; solid bars, MRSA
isolates.
Abbreviations: MPIPC, oxacillin; CFX, cefoxitin; S, susceptible; I, intermediate; R, resistant.
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Table 2. Comparison of recommended methods for detection of MRSA.

Each method compared with mecA gene detection Sensitivity (�)a) Specificity (�)b)

Broth microdilution method
MPIPC 94.9 100
CFXc) 97.0 100

Disk di#usion method
MPIPC 86.9 100
CFXc) 97.0 100

PBP2a latex agglutination test 100 100
MRSA Screening Mediumd)

CHROMagar MRSA 100 100
MRSA-ID 100 100
MRSA I-CFX 100 100
MDRS-K 100 100
MRSA screen 100 100
MDRS-II 100 100
MRSA I-A 100 100

a) Percentage of the 99 mecA-positive isolates for which the test results were obtained as positive.
b) Percentage of the 54 mecA-negative isolates for which the test results were obtained as negative.
c) Results of “intermediate” were included as “resistant” category.
d) One colony of each isolate was inoculated onto MRSA screening medium, and those plates were

incubated for 24 h at 37�.

Table 3. Characteristics of the 15 low-level MRSA isolates that were misclassified by susceptibility
testing methods

Number of isolates

Broth microdilutiona)

(MIC, mg/ml)
Disk di#usionb)

(zone diameter, mm)

MPIPC CFX MPIPC CFX

1 1 3232 S (20) R (15)
2 2 16 S (17) S (20)
3 88 16 S (14) R (18)
4 44 16 S (15) R (18)
5 1 8 S (20) R (19)
6 44 16 S (14) R (18)
7 88 3232 S (16) R (14)
8 44 16 S (15) R (16)
9 2 8 S (20) S (20)

10 88 16 S (13) R (18)
11 88 16 R (10) R (17)
12 44 16 S (16) R (19)
13 2 8 S (15) S (20)
14 44 16 S (15) R (19)
15 44 16 R ( 8) R (14)

a) Underlined numbers indicate the MIC judged as “resistant” according to CLSI recommendation M100-S
15. The CLSI MIC beakpoints were used for the following drugs: MPIPC (susceptible, �2 mg/ml; and
resistant, �4 mg/ml) and CFX (susceptible, �8 mg/ml; intermediate, 16 mg/ml; and resistant, �32 mg/ml).

b) Zone diameter interpretive standard were used for the following drugs: MPIPC (susceptible, �13 mm;
intermediate, 11�12 mm; and resistant, �10 mm) and CFX (susceptible, �20 mm; and resistant, �19 mm).

Abbreviations: MPIPC, oxacillin; CFX, ceforxitin; S, susceptible; R, resistant.
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���� MRSA99����� 15� (15.2	)
�� �
�
�� 2� (No. 9, 13)�������������
���MSSA��������� (Table 3)�

5. Low-level MRSA���� PBP2a����
Low-level MRSA 15�� PBP 2 a� �!west-

ern blotting�"������#� �	� $%
�
&�� '('� ���������������
MSSA������� 2� (No. 9, 13)�)����
*���MRSA +mecA ,
-��� MPIPC.128

mg/ml, CFX.128 mg/ml/ ��'� �$��01
$
23�� (Fig. 2)� ��3�4�! 1/4 MIC�
CFX�56���'� ��!7
�� *���
MRSA����8� PBP2a�� �$�9'� 8�
MPIPC�MIC:��;� 2�8�<='��

6. Low-level MRSA�MRSA	
��
���
������

MRSA>?@ABCD���E�!�FFG'
MRSA!HI�&���!�'���� '('� E�
!�F� �JK��LMBA!FG��JK�NO
�� 4�$P��O3O��2� HI!$"#��Q

$�$
�� �� Low-level MRSA� PBP2a�� 
�$��01$
23���:
�� R�01$%&
SO�Q$�:TU3��� R��� � ���60
1$
23�� Low-level MRSA 2� (No. 9, 13)�
*��� +mecA ,
-��� MPIPC.128 mg/ml,

CFX.128 mg/ml/ !V'�MRSA 1�!&���
FG4� 100W500 cfu/ml��X�YMRSA>?
@ABCD���Z[!!H''���#� CFX\
����� 79W100	�(]OZ[!$)3���
MPIPC�"^ CZX\��������� Low-level

MRSA!HI'�S�01$
23��$� 4 mg/ml

CFX!\_ enrichment broth��;��!7
�
��"�� ������Z[!�`a$
23��
(Table 4)�

� �
bcdefg4�hi��X�jkl@C���m
%()n*OHI�� +oOp4�q,!7
�2
�� 8�r-��X�MRSA�s$�!.t���
2�:u/�
�� 0vw����� PCR�"�
mecA ,
-HI1! gold standard����� x
yz?>{|2}�"� PBP2aHI���� �N�
�~� 100	�
���01�3�1:�4�� 205
�-���!)���$�&�n*HI1�
�17)�
MSSA��MRSA�!�6���+O71�
��
�����
��������������� CFX!&���


$� ���$�O�01�
��� �� CFX disk

!&���89:��1��:MSSA�MRSA�
��$;<�
�� ��: 97.0	�(]�
��� �
������8��=�11, 14)�:P>'���� ��
���������� CFX disk�"��89:��
1$�:�4()m%OMRSAHI1�
���$
%
�&�� P7� ?��@��1!7
JK��
CFX��X� intermediate��y�@A$AB�O
�Q$�$;3(�O��� �Z�H'��� MRSA

99��
� 10� (10	)$���y�@A�5C�
��� ��3���� CLSI +� NCCLS/ ��116)�
LjC� �CFX$ intermediate������JK�
�� mecA,
-:'S� PBP2a�HI� CFX disk

O�D9!7
��� ��U�MRSA����&�
$� E�H ��X�H ¡¢£L>��¤¥!TF
���� %
���D9��&�¦��O���$G
8'�� �§� CFX!E�H ��H��¨��� d
©ª?«ªC��¬H'$I/�O�Q$�:V­�
���

Fig. 2. PBP2a expression of low-level MRSA
isolates.
Western blot analysis was determined for
the 2 of 15 Low-level MRSA isolates
(strains 9 and 13 shown in Table 3) and
one high-level MRSA isolate (MIC of
MPIPC, .128 mg/ml and MIC of CFX,
.128 mg/ml) as control. Soluble proteins
prepared from cells grown in antibiotic-
free medium to the mid-logarithmic
phase of growth were separated by
SDS-polyacrylamide gel electrophoresis.
Proteins were transferred onto nitro-
cellulose membranes and probed with
antibodies to PBP2a or antibodies to
PBP2. PBP2 expression served as inter-
nal positive control. The induction of
cefoxitin was performed by pre-culture
using broth including sub-MIC cefoxitin
for 3 isolates tested.
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�������� MPIPC �	
 CFX ���
��
������� MRSA ��������
� �Low-

level MRSA ! 15/153 � (9.8") #$%
& '(�
�)*+,	-� MRSA �,#$�.���� Ho-

sosaka /9)!0'1234567,89 oxacillin-

susceptible MRSA(OS-MRSA) ! 6/480 � (1.25")

#$%
�:;%��*& Hososaka /�<=>?@
AB�	* MPIPC , MIC 2 mg / ml CD� OS-

MRSA �%�EF%��G� HI/JKLMN@A
B�	* MPIPC ,89�/� 5 / 153 � (3.2") !
Low-level MRSA ��G� OPQR,ST�U�
&
+V/ Low-level MRSA 15 �,-W� ������
�XY�� MSSA �Z��[V
 2 ������
PBP2a ,\]L^DST!_`/V� +,+�!Z
��,ab�U*cd�!ef[V
14)& +,	-�

]$g"CD��U*!� '(� Low-level MRSA

!#$X*+�!h/���G� ij,k��lm�
no!pq�U*�rsV
&
tu� vw]x�� MRSA �	*y(�z, out-

break �{|��\}X*
`� MRSA ,iF�~
��%
ij��J��%��G� MRSA 7��2
�6���!��ij���[V*	-���
& ]
$� MPIPC, CZX, CFX ��,��������,�
�!��[V��*!� ���J CFX ����,�
���.�����,��I!:;%��*15, 18)&
MRSA 7��2�6�����,����,a.�
%�� ij���/ ¡ MRSA �iF��*+�!
¢£/V*& CFX �� MRSA 7��2�6���
�� PBP 2 a ,\]L^D!_`/V
 Low-level

MRSA �����J 80¤100"�¥�¦§¨�e

Table 4. Recovery of low-level MRSA isolates on each MRSA screening medium

Mediuma) Pre-cultureb) Incubation
period (h)

" numbers of colonies recovered

No. 9c) No. 13c) Controld)

C-MRSA
(CFX)

(©)
(ª)

24 83.8 98.4 98.4
48 100 100 100
24 100 100 100

MRSA-ID
(CFX)

(©)
(ª)

24 100 100 100
48 100 100 100
24 100 100 100

MRSA I-CFX
(CFX)

(©)
(ª)

24 100 100 100
48 100 100 100
24 100 100 100

MDRS-K
(CFX)

(©)
(ª)

24 79.6 82.9 100
48 100 100 100
24 100 100 100

MRSA-screen
(MPIPC)

(©)
(ª)

24 0 0 65.7
48 100 100 100
24 100 100 100

MDRS-II
(MPIPC, CZX)

(©)
(ª)

24 3.4 3.4 84.0
48 30.3 10.2 100
24 100 100 100

MRSA I-A
(CZX)

(©)
(ª)

24 35.8 20.9 86.8
48 100 100 100
24 100 100 100

a) The MRSA screening medium contains sodium chloride and antimicrobial agents as selective agents.
Parentheses indicate the antimicrobial agents. MPIPC, oxacillin; CFX, cefoxitin; CZX, ceftizoxime.

b) Bacteria were pr-cultured using enrichment broth containing 2" NaCl, 4 mg/ml CFX, and Mueller Hinton
broth at 18 h before plating on each screening agar medium.

c) Susceptibility profiles of three low-level MRSA isolates for MPIPC and CFX were shown in Table 2.
d) One high-level resistant MRSA isolate (MIC of MPIPC, «128 mg/ml; MIC of CFX, «128 mg/ml) was using

as control isolate.
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Evaluation of Three Techniques for Detection of

Low-Level Methicillin-Resistant Staphylococcus aureus (MRSA)
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Some of methicillin-resistant Staphylococcus aureus (MRSA) is often misdiagnosed as methicillin-
susceptible S. aureus (MSSA) by the susceptibility testing. Although, detection of the mecA gene by PCR
was considered to be the “gold standard,” the susceptibility tests have been performed in the clinical
laboratory. The aim of our study was to evaluate the performances of three methods for detection of
MRSA and find more accurate and sensitive methods for detection of MRSA isolates. The 153 clinical
isolates of S. aureus studied were divided into 99 MRSA (mecA-positive) and 54 MSSA (mecA-negative)
isolates by PCR. The sensitivity of both the PBP2a production by latex agglutination test and the MRSA
screening medium were 100�. The sensitivity of both broth microdilution method and the disk di#usion
method with CFX were 97.0�, and those were superior to the disk di#usion method with MPIPC for
recovery of MRSA. There were 15 isolates (low-level MRSA) that the results obtained by the susceptibility
testing with MPIPC or CFX were di#erent from those of PCR. The PBP2a expression of some low-level
MRSA isolates by western blot assay were reduced, but the PBP2a production by latex agglutination test
and the MRSA screening medium detected all 15 low-level MRSA isolates. Therefore, the results of our
experiment confirmed usefulness of the susceptibility testing with CFX, the PBP2a production by latex
agglutination test, and some sorts of the MRSA screening medium. We suggested that combination with
these methods is the best performing tests for routine detection of all MRSA including low-level MRSA
isolates.
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