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To characterize genotypic and phenotypic traits of Staphylococcus aureus isolates (n = 86) from lettuces and raw
milk, major virulence-associated genes and antibiotic susceptibility were detected using PCR-based methods and
disk diffusion method, respectively. All isolates possessed coagulase gene and showed five polymorphism types
[500 bp (2.4%), 580 bp (17.4%), 660 bp (61.6%), 740 bp (17.4%), and 820 bp (1.2%)] due to variable numbers
of tandem repeats present within the gene. Two or three different loci of hemolysin gene family were dominant
in isolates, 47 of which (55%) possessed combination of hla / hld / hlg-2 genes as the most prevalent types. Among
enterotoxin-encoding genes, sea was detected from 32 isolates (37%), sed from 1 isolate (1%), and sea and sed
genes were co-detected from 4 isolates (5%), whereas seb, sec, and tsst-1 genes were not detected. All isolates
were susceptible to ciprofloxacin, trimethoprim/sulfamethoxazole, oxacillin,and vancomycin, 85 isolates (99%) to
penicillin G, 54 isolates (63%) to chloramphenicol, 51 isolates (59%) to erythromycin, and 7 isolates (8%) to
clindamycin. Among resistant isolates, seven displayed multiantibiotic-resistance against two different antibiotics.

Key words: Staphylococcus aureus, coagulase, hemolysin, enterotoxin, antimicrobial susceptibility.

� �

Staphylococcus aureus� ��, �� �� �� ����, �
� ���, ����� �� ��� ��� ���� �� �
�, ����� ����� �� ���� ���� ����

� �� ��� ���� ���� ��. �� ��� �� �
��� S. aureus� �� ��� �� ��� ���� �� �
� ��� ��, 2003�� �� ��� �� ��� ��� S.

aureus� �� ���� 9.62%� ������, Salmonella spp.
� �� � ��� �� ���� ���	 ���� ���

�� ��� ��(1-5).
S. aureus� ��� ��
�	 ���� ��� �����

��� ��� ��� �� �	�� extracellular enzyme�
coagulase
 exotoxin� hemolysin(����), ���� ���

�� enterotoxin(����), ��� toxic shock syndrome	 �
��� toxic shock syndrome toxin 1(TSST-1, ����)� ��

� ����� ���� ��� ��� ��(3,6).
�� ���� � staphylococcal enterotoxin� S. aureus� �

� ��� ���� ���� ��� ��� Clostridium botu-
linum ���� ����� enterotoxin	 ������ ���

� ���� ��� ��� 
�����(7,8), 1 µg ��� �
��� ����� ���	 ���� � ��. S. aureus� �
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�� � ��� enterotoxin�� ������ �� A, B, C1,
C2, C3, D, E, G, H, I, J� 11��� ����, S. aureus� �
� ���� � �� �� � ��� ��� ��� ����

��� ��� ��. �� A��� D�� �� ��� ���

�� ��� ���� ��, �� enterotoxin B� �� � �
� �� �	�	 �� ��� ��� ��(9,10).
��, S. aureus� ������ ��� �� ��� ���

�� �� ����� ��. ��� ��� �� ������

�� ��� ��� �� ��� ����� 	��� ���,
�� ���� �� ��� ����� �� �� �� ��

�� �� ��� ���� �� ���	 ���� �� �
� �� ���	 ��� ���. �� 1960���� ����

methicillin-resistant S. aureus(MRSA)� ��� ���� �
�

�� ���� �� S. aureus ��� MRSA� ����� �
� ���� �� ����(11,12). ��� �� ����� 

���� MRSA� ���� ������ ��(13)� �	�

�� �� ��� � ����� MRSA� �� �� �� �
�� ���� �	 ��� 
��� MRSA ��� �� �
���� ���� 	� vancomycin-resistant S. aureus(VRSA)
� ���� � ���� �� ��� �� ����.
��� � �����, �� �
 � ���� ��	 ���

� S. aureus� ��� ���� ����� ��� ���(14)
��� ���� ���� ��� 
������ ��
 �


��� S. aureus� �����. �� ��� S. aureus ���

���� � �� ���� ��� �� ��� ��� coagulase

 hemolysin, enterotoxin, TSST-1(toxic shock syndrome toxin)

��� PCR ��	 ���� �����. ��� ��
��

�� ��� ��� �� ��� ����� vancomycin	 �
�� 8�� ���� �� ��� 
�� ���� S. aureus �
���� ���� ��	 	���� ���.

�� � ��

Staphylococcus aureus �� � ��

2003� 7�� 9�, ��� ��� ��� ��
 �� ��

� ��� ���� ��� ��
 �� �� ��� 
��

�� �
� �
� �� 25 g �� 25 mL
 ����� ��

� 225 mL� 0.1% phosphate buffer� �� stomacher(Casta
Brava, Spain)� ���� 2�� ��� �� � ��� �
1 mL	 brain heart infusion(BHI, Difco Laboratories, MI,
USA) broth� ���� 37oC�� 24�� 	����. 	��

1 mL	 �� 10% sodium chloride� �
� tryptic soy broth
(TSB, Difco Laboratories, MI, USA)� ���� 37oC�� 24
�� �� 	����. ��� ��	 Baird Parker plate(BPP,
Difco Laboratories, MI, USA)� 	� 	��� 37oC�� 24�
� 	�� � 
� 	�� clear zone� ��� 	�� �� �
� ��	 �����.

S. aureus� �� ��� �
 �� �� 	�� �� 	�

�� 	�� ��� ��� �� �����. ���	 ���

� ���� gram staining, catalase test, gelatinase production,
egg-yolk reaction, mannitol� glucose fermenting test ���

Maduux
 Koehne(15)� ��� �� API-Ident System(API
Staph, Bio-merieux, France)	 �����. �� 
��	 ��

�� ���� S. aureus� ��� femA 
��(16), nucA 
�

�(17) ��� S. aureus� ���� Sa442 
��(18)� 
�

�� PCR	 �	���, methicillin-resistant S. aureus(MRSA)
�� ��� ���� �� mecA 
��(19)� 
��� PCR
� �	�� �����.

PCR� ��� coagulase, hemolysin, enterotoxin ���

��

����: � ��� staphylococcal enterotoxin type
� 4�
� S. aureus �
���� ������, SEA�� KN556,
SEB�� H288a, SEC�� ATCC 19095, ��� SED� 1634/
93� �� �����.

Total DNA ��: S. aureus �� ��� Luria-Bertani(LB)
broth 2 mL� ��� � 37oC�� 180 rpm�� �� 	���

�. �� 	��	 ELISA reader(Molecular Devices, CA,
USA)� 600 nm�� ���� ���� O.D. 
	 0.5� ��

	�� � �� 1 mL
 ��� 15,000 rpm�� 5�� ���

����. 	������ ���	 ��� �� pellet	 4%
Chelex 100(Bio-Rad Laboratories, CA, USA) 400 µL� ��

��	 �����. ��� ���	 95oC water bath�� 15
�� �� � �� 15,000 rpm�� 5�� ������ ���

	 ��� ����� ��� �� PCR ��	 �� template
DNA� �����.

PCR �� � ��: PCR �� 

�� 5 µL� 10� reac-
tion Buffer(�� ��-400 mM KCl, 15 mM MgCl2, 100 mM
Tris-HCl, pH 9.0), 5 µL� dNTP, 1 U� Taq DNA polymerase
(Bioneer, Daejeon, Korea), 25 pmol � primer 1 µL � DNA
template 20 µL� 

�� ���� �� 50 µL� ��� �
��� PTC-100(MJ Research, Inc., MA, USA)�� �����.
� ��� ��� primers� Table 1� ������, PCR �
�� 1.5% agarose(1�TAE) gel�� 120V� 1�� �����

� ethidium bromide(5 µg/mL)� ��� � transilluminator�
�����. ��� ��� 100 bp Plus DNA Ladder(Bioneer,
Daejeon, Korea)� ���� �����.

Coagulase ��� ��: Hookey �(20)� �� ��� coag-
ulase 
�� 
�� primer� �����, � � ��� PCR
� ��� �� 	�� ��� ��. 94oC�� 4�� �	�

�, denaturation� 94oC�� 1�, annealing� 55oC�� 1�, �
�� extension� 72oC 1��� 30 cycle �����, ��
�

72oC�� 10�� � �����.

Hemolysin ��� ��: Jarraud �(21)� ��� α-hemolysin
(hla), β-hemolysin (hlb), γ-hemolysin (hlg-2), δ-hemolysin (hld)

��� 
�� � �� PCR	 �� hemolysin type	 ��

���. Hemolysin 
�� 
�	 �� PCR 	�� 95oC��

pre-denaturation	 5�� � denaturation	 94oC�� 1�,
annealing	 55oC�� 1� � extension	 72oC�� 1�	 30
cycle ������ 72oC�� �� extension	 10��� ��

���.

Staphylococcal enterotoxin ��� ��: Staphylococcal
enterotoxin	 A-D��� ��� � �� Rosec �(22)� ��

� primers� ��� PCR	 �����, PCR 	�� ���

��. 94oC�� pre-denaturation 3�� � 94oC denaturation 30
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�, 40oC annealing 30� � 72oC extension 1�	 30 cycle �
����� ��
� 72oC�� extension	 2��� �����.

Toxin shock syndrome toxin 1 (tsst-1) ��� ��: Moore
�(23)� ��� primer� ���� PCR	 �����, PCR
	�� 94oC�� pre-denaturation 3�� � 94oC denaturation
30�, 40oC annealing 30� � 72oC extension 1�	 30 cycle
������ 72oC�� �� extension	 2��� �����.

��� ��� ��

Bauer �(24)� disc diffusion method� ��� ��� 8��

��� ��� ��	 �����. �� ��� Muller-Hinton
broth(MHB, Difco Laboratories, MI, USA)� ���� 37oC�
� 24�� 	����. 	��	 ELISA reader(Molecular
Devices, CA, USA)� 600 nm�� ���� ���� O.D. 

	 0.5� ���� 	�� � 15� ��� ��� ��	 �
��� 4 mm ��� 
�� Muller-Hinton Agar(MHA, Difco
Laboratories, MI, USA) plate� ���� �����. �� �
5�� ��	�� �	�� �� ��� �	�� ��� �
�� ��� 
�� ���(Fluka, MO, USA)� 20 mm ��

��� 
���� ��	� �� �����. Disk� ���

��	�� 37oC 	���� 24�� 	�� � �� ��
�

��	 �����. �� ��
 ��� �� ��� National
Committee for Clinical Laboratory Standardization(NCCLS)�

�� ��� ��� �����(25).

�� � ��

S. aureus �� � ��

����� S. aureus� gram staining� catalase test� ��

�� gelatin	 ���� ��� � �� egg-yolk� �� ��

� ���� 	�� ��� 	��� glucose
 mannitol	 �
��� � ���� ��� ��� ��. �

 ���� �
�	�� ���� �� ��� 124	
 100	� �����

��� ���� ��� �� S. aureus �� ��	 � ��

� Table 2��
 �� Gram staining� 142��(63.4%)�� �
���	 ���, catalase test� 90��(40.2%), gelatinase ��

� 131��(58.5%), Egg-Yolk reaction	 ���	� � ���

� ��� 208��(92.9%), ��� glucose
 mannitol	 ��

�� ����� ��� 162��(72.3%)��. ��� ����

�� 6��� S. aureus �� ��� ����� ��	
��

�, � �
� ����� ������ ���� PCR	 ��

� ��� ��� ���� ���� �

 ���� ���

����� ���� S. aureus� ��� femA(16), nucA(17),
mecA 
��(19) ��� S. aureus� ���� Sa442 
��

(18)� ��� PCR	 �����. � �� S. aureus� target

��� Sa442� �� 86��(38.4%)�� �����, femA
�� 86��(38.4%)�� ������, nucA� 144��(64.3%)
�� �����. � ����� Sa442, femA, nucA 
���

�� ���� S. aureus� �
���	 � 86��(38.4%)�
S. aureus�� �����. ��� MRSA� ��� mecA 
�

Table 1. Sequences of the primers used in this study and sizes of their amplicons

Genes Primer names Primer sequences Amplicon sizes (bp) References

femA
femA-1 5'-CTTACTTACTGGCTGTACCTG

686 16
femA-2 5'-ATGTCGCTTGTTATGTGC

nucA
nucA-1 5'-GCGATTGATGGTGATACGGTT

280 17
nucA-2 5'-AGCCAAGCCTTCACGAACTAAAGC

Sa442
Sa442-1 5'-AATCTTTGTCGGTACACGATATTCTTCACG

108 18
Sa442-2 5'-CGTAATGAGATTTCAGTAGATAATACAACA

mecA
mec1 5'-AAAATCGATGGTAAAGGTTGGC

533 19
mec2 5'-AGTTCTGCAGTACCGGATTTGC

coa
coa-1 5'-ATAGAGATGCTGGTACAGG

size polymorphisms 20
coa-2 5'-GCTTCCGATTGTTCGATGC

hla
hla-1 5'-CTGATTACTATCCAAGAAATTCGATTG

209

21

hla-2 5'-CTTTCCAGCCTACTTTTTTATCAGT

hlb
hlb-1 5'-GTGCACTTACTGACAATAGTGC

309
hlb-2-2 5'-GTTGATGAGTAGCTACCTTCAGT

hld
hld-1 5'-AAGAATTTTTATCTTAATTAAGGAAGGAGTG

111
hld-2 5'-TTAGTGAATTTGTTCACTGTGTCGA

hlg-2
mphlg-1 5'-GACATAGAGTCCATAATGCATTYGT

390
mphlg-2 5'-ATAGTCATTAGGATTAGGTTTCACAAAG

seu SE-f 5'-TGTATGTATGGAGGTGTAAC -

22
sea sea-r 5'-ATTAACCGAAGGTTCTGT 270
seb seb-r 5'-ATAGTGACGAGTTAGGTA 165
sec sec-r 5'-AATTGTGTTTCTTTTATTTTCATAA 102
sed sed-r 5'-TTCGGGAAAATCACCCTTAA 306

tsst-1
tst-1 5'-ATCGTAAGCCCTTTGTTG

578 23
tst-2 5'-GTGGATCCGTCATTCATTG
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�� 
��� PCR��� �� ����� �� 
��� 

��� 	� � ���� ��
 �
��� ��� S. aureus
��� �� MSSA� ��� �����. �� ��� ���

PCR ���� ��� ��� �� 86	� ����� ���

API staph kit� ���� S. aureus�	 ��� ��, ���

�� ��� S. aureus (P = 97.8%)�� �����. �����

� ����� �
��� 49	 ��(39.5%)
 ����� 37
	 ��(37.0%)� S. aureus� ������, ��� �� ��

��� 38.4%���. �� Kang �(2)� 

�
��� ��

24.6%�� �� ������.

Coagulase ��� ��

Coagulase� �	�� extracellular enzyme��� ��� �
���� ��� ��� ��� �� ��� ��
�	 ��

�� ����� 
���. ��� staphylococci� ����	

�� 
�� ��� coagulase test�� ���	�� ����

� ��. ��� ���	�� ��� �� ����� ���

�� ���, ����� 
� �� ��	 ��� �� ��,
����� �� ��� ��� ��. ���� �� ����

�� ���� ��� � �� coagulase 
��� 
���

PCR�� ������, � ����� Hookey �(19)� ��

� coagulase 
�� 
�� PCR primer� ��� coagulase
test� �	���.

coa(coagulase) 
��� 81 bp short tandem repeat sequence
� ��� ��� ���� ���� ��� ���� ���

�� amplicon size� ���� ���� ����(26). ���

��� �� ��� Scherrer �(27)� ��
 �� �
���

��� S. aureus� coa 
��� �� amplicon size� 500 bp

(2.7%), 580 bp(15.4%), 660 bp(32.4%), 740 bp(23.2%) � 820 bp
(23.5%)� ���� 
����� ���	� ��� � ��.
� ���� ��
 �
��� ��� 86	� S. aureus ��

��� ��� coa 
�� 
� test� ��� ��� ���

Table 3��
 �� �� ������ coa 
��� ����

	 �����. ��� �� PCR ��� amplicon size�
500 bp(2.4%), 580 bp(17.4%), 660 bp(61.6%), 740 bp(17.4%) �
820 bp(1.2%)� �
 ��� 
����.

Hemolysin ��� ��

S. aureus� ��� �� �� ���� exotoxin� hemolysin
(����)� ��. S. aureus� hemolysin type� 5%� sheep
blood� �
� blood agar plate(BAP)�� ���� ����

��� �� 3�
�� ����	 α-hemolysin� ���� �
�	 ���� ���� �� β-hemolysin� ��� ��	 �
��� clear hemolysis zone	 ���� γ-hemolysin� ���

� ��� ���� ��� 	��. ��� ��� 3�
��

� ���
� ��� ���� 	�� ��� ��� �� �
��	 ����. ��� ��	 ����� ���� �
�

� 	� PCR	 ���� hemolysin 
��� 
��� ���

�� �� ������ ��. � ���� 86	� S. aureus
����� �� hemolysin 
�� 
� ��� 	�� ���

Table 4
 �� �� ���� hemolysin 
��� 
����.
�� �
��� ��� 4	� ��(hld 
�� �
��)� �
�� �� ����� hemolysin� ��� 2� �� �� ��

� multiple gene	 �
���, � � 47	 ��(54.7%)� hla /
hld / hlg-2 
��� �� �
� ���� �� �� ���

�����. �� Kang �(15)� �
�� ��� S. aureus �

Table 2. Numbers of bacterial isolates from lettuces and raw milk showing various phenotypic and genotypic characteristics

Typing methods
No. of isolates (%)

Lettuces Raw milk Total

Selective media 100(100.0) 124(100.0) 224(100.0)
Gram staining 63(63.0) 79(63.7) 142(63.4)
Catalase test 39(39.0) 51(41.1) 90(40.2)
Gelatinase production 59(59.0) 72(58.1) 131(58.5)
Egg-Yolk reaction 88(88.0) 120(96.8) 208(92.9)
glucose and mannitol fermentation 73(73.0) 89(71.8) 162(72.3)

API-kit 37(37.0) 49(39.5) 86(38.4)

nucA gene 85(85.0) 59(47.6) 144(64.3)
Sa442 gene 37(37.0) 49(39.5) 86(38.4)
femA gene 37(37.0) 49(39.5) 86(38.4)
mecA gene 0(0.0) 0(0.0) 0(0.0)

Table 3. Results of PCR detections on coa gene of S. aureus isolates from lettuces and raw milk

Amplicon sizes
No. of S. aureus isolates (%)

Lettuces (n=37) Raw milk (n=49) Total (n=86)

500 bp 1 (2.7) 1 (2.0) 2 (2.4)
580 bp 0 15 (30.6) 15 (17.4)
660 bp 36 (97.3) 17 (34.7) 53 (61.6)
740 bp 0 15 (30.6) 15 (17.4)
820 bp 0 1 (2.0) 1 (1.2)

Total 37 (100.0) 49 (100.0) 86 (100.0)
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��� � multiple hemolysin gene �
��� 55.6%��� �
�
 Salasia �(28)� ������ central Java��� �
�

� ��� S. aureus ���� � multiple hemolysin gene �


��� 27.8%� ���� � �� �� ����	 ����

�� ��� ��
 
����.

Enterotoxin, TSST-1 ��� ��

Staphylococcal enterotoxin� ���� gastroenteric syndrome
	 ����� toxic shock	 ��� � �� extracellular pro-
tein��. S. aureus� ��� � ��� enterotoxin� ����

�� �� SEA, SEB, SEC1, SEC2, SEC3, SED, SEE, SEG,
SEH, SEI � SEJ� 11�� ���� ���� ���, SEF(�
� TSST-1)� 1���� ���� ��. �� ��� Orwin �
(29)� superantigenicity, pyrogenicity, enterotoxin� �����

����� ���� ����� ��� SEK� ������

�����.
Staphylococcal enterotoxin� in vivo �� in vitro�� ���

� ��� �� 
�� � ���� ��� ��� ����

latex agglutination� �� 
� ��� ����� �� ���

� ��. ��� post-genome ��� ���� ��� ���

staphylococcal enterotoxin 
��� ���	� 	��� ��

	 ��� PCR���� ��� ���� ������ ��

�� ��.
� ��� ��� ��
 �
��� ��� S. aureus� PCR

��	 ���� staphylococcal enterotoxin 
��� 
�� �
�, Table 5��
 �� 86	� S. aureus ���� � 37��

(43.0%)� enterotoxin 
��� �
���. 
��
� ��

sea 
��� 32��(37.2%)�� ����� �����, sed

��� 1��(1.1%), sea
 sed 
��� �� 
�� ���

�� 4��(4.6%)��. �� Lim �(30)� ��� �
���

��� S. aureus ��� � sea 
��� �
� ��� 19.3%
� �� �� ����� ��
 �����. �� �� ��

����� ��� enterotoxin 
��� 
��� � �� �
�� � 
����� �
�� enterotoxin� ���� ���

��� ����(31), PCR	 ��� �� � ��� ��� �
���� ���� ��� ��� enterotoxin type A� ��



��� ��� �
� ������ ����� � � �
�. Casman �(32)� ��� 	���� �
�� ��� ��

������� �� �� ��	 � �� enterotoxin type A

 �� type� 

�� 50% ��	 ���� �
���

enterotoxin type A
 D� ��� 35%� ������, �� �
���� ����� �� 96%� enterotoxin type A
 ��

type� 

���� �����. �, Sokari �(33)� ����

� ������ enterotoxin type A, B, D � C� ��� �
� 57%, 15%, 6% � 5%�� ����� ����� ���



�� ��� S. aureus ��� �� enterotoxin	 ���

��� ��� enterotoxin type A� 42.5%� �� �� ��

� � ���� sea 
��� �� ��� 
�� ��
 �
����(5).
��, � ����� seb
 sec � tsst-1 
��� 
���

	��	, �� ������ sec � sed 
��� �� 
�

��� ��� ��
� �����. Hazariwala �(34)� ��

� 
� S. aureus ����� ��� enterotoxin 
�� 
�

��	 � ��� ��� sea, seb, sec � sed 
��� ��

12.2%, 2.4%, 22%
 24.4%� �� 
��� sec � sed 
�

�� 
� ��� ���. ��� Salasia �(28)� ��� Hesse
�� �
�� ��� S. aureus ���� sec
 sed 
���

�� 57.9%
 15.8%
 �
�� ��� �����. ��

Sharma �(35)� ��� �
���� ��� S. aureus ���

���� sea 
��� 3.0%, sec 
��� 61.2% ��� sea

 sec 
��� 9.0%
 �� 
����, ����� ���

S. aureus ������� sed 
��� 50.0% 
����� �
����. �� Klotz �(36)� ���� ��� S. aureus ��

����� sea, seb, sec � sed 
��� 
� ��� 12.9%,

Table 4. Results of PCR detections on hla, hlb, hld, and hlg-2 genes of S. aureus isolates from lettuces and raw milk

Hemolysin genes
No. of positive S. aureus isolates (%)

Lettuces (n=37) Raw milk (n=49) Total (n=86)

hld 0 4(8.2) 4 (4.7)
hla and d 17 (45.9) 14 (28.6) 31 (36.0)
hld and g-2 1 (2.7) 0 1 (1.2)
hla, d and g-2 19 (51.4) 28 (57.1) 47 (54.7)
hlb, d and g-2 0 3 (6.1) 3 (3.5)

Total 37 (100.0) 49 (100.0) 86 (100.0)

Table 5. Results of PCR detections on sea, seb, sec, sed, and tsst-1 genes of S. aureus isolates from lettuces and raw milk

Enterotoxin genes
No. of positive S. aureus isolates (%)

Lettuces (n=37) Raw milk (n=49) Total (n=86)

sea 11 (29.7) 21 (42.9) 32 (37.2)
seb 0 0 0
sec 0 0 0
sed 0 1 (2.0) 1 (1.1)

sea and sed 0 4 (8.2) 4 (4.6)
tsst-1 0 0 0

Total 11 (29.7) 26 (53.1) 37 (43.0)
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9.7%, 21.5% ��� 14.0%� ��� sec
 sed 
��� 
�

��� ����� ��� �����.
�	��� � ���� ��
 �
��� ��� S. aureus

����� enterotoxin 
�� 
� ���� sea 
��� �
� �� ��� 
�� ��� Lim �(30)� ��
 ����

��, ���
 �
 
�� ��� ���� ��� S. aureus
������ sec
 sed 
��� �� 
����� Hazariwala
�(34), Salasia �(28), Sharma �(35) ��� Klotz �(36)�
��
� �����. ��� ���� ��� ���� ��

��� enterotoxin type A� �� ����� �� �� ��

(5,32,33)�� ��. ���� �� ��� enterotoxin type	 �
��� S. aureus� �� ��
� �� ������ �� 	
�� � � ��� �	��� � ��� ����.

��� ��� ��

S. aureus� β-lactamase� ����� β-lactamase� ���

������ ���� �� ��� �� ��� �� β-
lactamase ��� ���� �� plasmid(R-plasmid)� 	
�

�� �� ����. ��� β-lactamase �� S. aureus� ��

�� ��� ��� � ��� ���� 	� methicillin ��

��� ���� 	��� penicillin ����� ��� ���

��� ��� methicillin	 ��� ��� ���� �� �
���� ���� S. aureus ��� ��� �� ���	 �
� �� ����. �� Jones �(13)� �� ����� 
�

��� MRSA� ��	� ����
 coleslaw�� ����

�� ��� ��� �	� �� �� ��� � �����

MRSA� �� ���� ��� ���� �	 ��� 
��

�, � ����� �� ��� ����� ��� ��� �
�	 ���.
�

 ���� ��� S. aureus 86	 ��� chlorampheni-

col, ciprofloxacin, penicillin G, oxacillin, erythromycin, trime-
thoprim/sulfamethoxazole, vancomycin � clindamycin� 8��

���� �� ��� ��	 ��� ��� ��� Table 6�
�� �� ��� ciprofloxacin, oxacillin, vancomycin � trime-
thoprim/sulfamethoxazole� �� ���	 ����� penicillin
G(98.8%)� �� �� ���	 ���� chloramphenicol(63%),
erythromycin(59%)� �� ���� ���. �� chlorampheni-
col� erythromycin� �� �� ��� ��	 ��
 ���

�� 32.6%
 26.7%���. Chloramphenicol, clindamycin,
erythromycin � penicillin G� ���� �� 4.7%, 82.6%,
14.0% � 1.2%� ��� ��	 ��� ���, ��� S.
aureus 86�� ��� 81��(94.2%)� ��� � �����

��� ��	 �����. 2�� ����� ��� ��	

��
 ��� 7��(8.1%)� �� � 4��(4.7%)� chloram-
phenicol� clindamycin� ������, 3�(3.5%)� clindamy-
cin� erythromycin� ��� ��	 ������ 3�� ��

� ����� ��	 ��� ��� ���� 	��. ��

Speller �(37)� ��� ����� ��� ������ methi-
cillin ��� 1989-1991���� 1.5%���� 1995���

13.2%� ��� ������, ��� erythromycin, clindamy-

Table 6. Results of antibiotic susceptibility tests on S. aureus isolates from lettuces and raw milk

Antibiotics Sources
No. of isolates (%)

susceptible intermediate resistant

Chloramphenicol
Lettuce (n=37) 23 (62.0) 13 (35.0) 1 (3.0)
Raw milk (n=49) 31 (63.0) 15 (31.0) 3 (6.0)
Subtotal 54 (62.8) 28 (32.6) 4 (4.7)

Ciprofloxacin
Lettuce (n=37) 37 (100.0) 0 0
Raw milk (n=49) 49 (100.0) 0 0
Subtotal 86 (100.0) 0 0

Clindamycin
Lettuce (n=37) 3 (8.0) 2 (5.0) 32 (87.0)
Raw milk (n=49) 4 (8.0) 6 (12.0) 39 (80.0)
Subtotal 7 (8.1) 8 (9.3) 71 (82.6)

Erythromycin
Lettuce (n=37) 23 (62.0) 12 (32.0) 2 (6.0)
Raw milk (n=49) 28 (57.0) 11 (22.0) 10 (21.0)
Subtotal 51 (59.3) 23 (26.7) 12 (14.0)

Oxacillin
Lettuce (n=37) 37 (100.0) 0 0
Raw milk (n=49) 49 (100.0) 0 0
Subtotal 86 (100.0) 0 0

Penicillin G
Lettuce (n=37) 37 (100.0) 0 0
Raw milk (n=49) 48 (98.0) 0 1 (2.0)
Subtotal 85 (98.8) 0 1 (1.2)

Trimethoprim+
sulfamethoxazole

Lettuce (n=37) 37 (100.0) 0 0
Raw milk (n=49) 49 (100.0) 0 0
Subtotal 86 (100.0) 0 0

Vancomycin
Lettuce (n=37) 37 (100.0) 0 0
Raw milk (n=49) 49 (100.0) 0 0
Subtotal 86 (100.0) 0 0
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cin, ciprofloxacin, gentamicin, trimethoprim, rifampicin� ��

��� ������ ��� �� Baiocchi �(38)� oxacillin
��� 1980�� 39%�� 1990�� 69%� ������,
ciprofloxacin, clindamycin, rifampicin� �� ��� �����

� ��� ��� 
�� ����.
��, ��� S. aureus��� MRSA�� ��� ��� �

��� �� mecA 
��� ��� PCR	 ��� �� ��

��� methicillin-susceptible S. aureus(MSSA)� ����, �
�� �� �� � ��� vancomycin� oxacillin� ���	

���� ���� ���� VRSA� MRSA� 
� ���

�� �� ��� ����. ���, Ha �(9)� ���� �
��
 ���� ��, 	� ���� �, ���, 	�� ��

� ��� S. aureus ��� �� ��� ampicillin� penicillin
� ��	 ���, �� ���� ����� ��� S. aureus
��� ��� oxacillin� ��	 ��� MRSA ��� ��

� ����� ��� � � ��� ���� �� ��� �
�� ������ ��� ��
��� �� ��
����

�� ��� ��	 �� ��� ��� �� ��� �� �
��� �� ����� ���� ��� ���� ��.

� �

S. aureus� ���� �� ��� ��� �� ��� ��

Salmonella spp.� �� ��� ���� �� ���� ���

� ����� ��� ��. ��� � ����� ��
 �

��� ��� S. aureus(n = 86)� ��� � 
�� ��	

��� ���� coagulase, hemolysin, enterotoxin � toxic
shock syndrome toxin 1 �� �� 
��� ���� PCR �
�	 ���� typing����, �� 8�� ���� ��� �
�� ��� ��	 �	�� �� ������ ��� ��

��� �����. ��
 �
��� ��� S. aureus ��

� �� coagulase 
��� �
�� ���, �� PCR ��

� amplicon size� 500 bp(2.4%), 580 bp(17.4%), 660 bp(61.6%),
740 bp(17.4%) � 820 bp(1.2%)� �
 ��� 
����.
Hemolysin 
��� ��� �
��� ��� 4	� hld 
�

� �
��� ���� �� ������ multiple hemolysin
gene	 �
����, � � 47	 ��(54.7%)� hla / hld / hlg-
2 
��� �� �
� ���� �� �� ��� ����

�. ��, enterotoxin 
��� �
� S. aureus ����� 37
��(43.0%)�� � � 32��(37.2%)�� sea 
��� 
�

���, 1��(1.1%)�� sed 
��, ��� 4��(4.6%)��

sea
 sed 
��� �� 
�����, seb, sec �� tsst-1 

��� 
��� 	��. ��� ��� ��� �� ����

� �� ��� ciprofloxacin, oxacillin, vancomycin ��� tri-
methoprim/sulfamethoxazole� ��� ���	 ����� pen-
icillin G(98.8%)� �� ���	 ���� chloramphenicol
(63%)� erythromycin(59%)� ���� ���, chloramphenicol,
clindamycin, erythromycin � penicillin G� ���� ��

4.7%, 82.6%, 14.0% � 1.2%� ��� ��	 ��� ���.
�� ��� ���� ��	 ��� ��� ��� ��� 8
��� ����� � 2�� ����� ��� ��	 ��


 ��� 7	(8.1%)��, 3� ��� ����� ��� ��

��	 ��� ��� ���� 	��.

��� �

� ��� ����� ����������� ��� ��

� �	����, �� ��	���(03-PJ1-PG1-CH11-0003).
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