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Assessment of Bacterial Contamination and Antibiotic Resistance Patterns
in Ready-To-Eat Side Dishes in Seoul Area, 2007
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Abstract — The purpose of this research was to investigate the microbiological quality and antimicrobial susceptibilities of
the ready-to-eat side dishes, which are were collected from the grocery stores, big markets, and department stores in Seoul
throughout November, 2007. Of total 124 samples, presence of staphylococci and enteric bacilli was observed in 38 samples
(31%) and 53 samples (43%), respectively. And 30 samples (24%) were shown to be of unsatisfactory quality for total bac-
terial count (>10°). Antimicrobial susceptibilities of the staphylococci isolated from the side dishes were tested for six dif-
ferent antimicrobial agents, which are in widespread clinical use in Korea, as well as four new antimicrobials, daptomycin,
linezolid, quinupristin/dalfopristin and tigecycline. As a result, the staphylococcal isolates were found to be resistant to
oxacillin (MICgy,, >128 pg/ml), teicoplanin (MICg,, >128 ng/mi), mupirocin (MICqy,, >128 pg/ml), linezolid (MIC,,, 128 pg/
m/) and quinupristin/dalfopristin (MICy,, 32 ng/mi). Especially, some of the staphylococcal isolates exhibited high level and
multi-drug resistance. Moreover, these bacteria were also resistant to new antimicrobials, except tigecycline.
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Table I - Sample sources

Markets  Cafeterias
19 (15.3%) 29 (23.4%)

Department stores
76 (61.3%)

Number of samples
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Table II - Bacterial traits by sources isolated from ready-to-eat side dish samples

No. of

Distribution of bacterial count (CFU*/g)

Samples (n=124)

isolates (%) 0 100~<10?  10%~<10°  10°~<10*  10*~<10° >10°
Total bacteria (%) 115 (92.7) 9 (7.3) 12 9.7) 19 (15.3) 30 (24.2) 24 (19.4) 30 (24.2)
Staphylococci (%) 38 (30.6) 86 (69.4) 6 (4.8) 7 (5.6) 12 9.7) 9 (7.3) 5 (4.0)
Enteric bacilli (%) 53 (42.7) 71 (57.3) 12 (9.7) 20 (16.1) 15 (12.1) 5 (4.03) 1 (0.8)
*Colony forming unit
(n)=number of total samples
(%)=percentage of samples unsatisfactory
Table III - Comparison of microbiological quality for department stores, markets and cafeterias
No. of Distribution of bacterial count (CFU*/g)
Samples (n=124) . : 1 B ) 3 3 1 4 5 5
isolates (%) 0 10'~<10?  10%~<10°  10°~<10'  10'~<10 >10
Department stores (n=76)
Total bacteria (%) 73 (96.0) 3 3.9 8 (10.5) 10 (13.1) 19 (25.0) 17 (22.4) 19 (25.0)
Staphylococci (%) 22 (28.9) 54 (71.1) 2 (2.6) 5 (6.6) 7 (9.2) 6 (7.9) 2 (2.6)
Enteric bacilli (%) 34 (46.0) 42 (55.3) 8 (10.5) 10 (13.1) 9 (11.8) 6 (7.9 1 (1.3)
Markets (n=19)
Total bacteria (%) 17 (89.5) 2 (10.5) 2 (10.5) 1 (5.3) 4 (21.1) 4 (21.1) 6 (31.6)
Staphylococci (%) 7 (36.8) 12 (63.2) 2 (10.5) 0 (0.0) 2 (10.5) 2 (10.5) 1 (5.3)
Enteric bacilli (%) 7 (36.8) 12 (63.2) 3 (15.8) 3 (15.8) 1 6.3 0 (0.0) 0 (0.0)
Cafeterias (n=29)
Total bacteria (%) 25 (86.2) 4 (13.8) 2 (6.9 8 (27.6) 7 (24.1) 3 (10.3) 5 (17.2)
Staphylococci (%) 9 (31.0) 20 (69.0) 2 (6.9 2 (6.9) 3 (10.3) 1 34 1 3.4
Enteric bacilli (%) 12 (41.4) 17 (58.6) 2 (6.9 8 (27.6) 2 (6.9 0 (0.0) 0 (0.0)
*Colony forming unit
(n)=number of total samples
(%)=percentage of samples unsatisfactory
Table IV — Comparison of microbiological quality for animal food and vegetable food
No. of Distribution of bacterial count (CFU*/g)
Samples (n=124) . T 5 > 3 3 i v = =
isolates (%) 0 10~<10?  10°~<10°  10°~<10*  10*~<10 >10
Animal food (n=61)
Total bacteria (%) 54 (88.5) 7 (11.5) 4 (6.6) 8 (13.1) 12 (19.7) 11 (18.0) 19 (31.1)
Staphylococcus (%) 19 31.1) 42 (68.9) 1 (1.6) 3 (4.9 5 (8.2) 7 (11.5) 3 (4.9)
Enteric bacilli (%) 31 (50.8) 30 (49.0) 5 (8.2) 12 (19.7) 10 (16.4) 4 (6.6) 0 (0)
Vegetable food (n=63)
Total bacteria (%) 61 (96.8) 2 (3.2) 8 (12.7) 11 (17.5) 18 (28.6) 13 (20.6) 11 (17.5)
Staphylococcus (%) 19 (30.2) 44 (69.8) 5 (7.9 4 (6.3) 7 (11.1) 2 (3.2 1 (1.6)
Enteric bacilli (%) 22 (34.9) 41 (65.0) 9 (14.3) 8 (12.7) 2 (3.2) 2 (3.2) 1 (1.6)
*Colony forming unit
(n)=number of total samples
(%)=percentage of samples unsatisfactory
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Table V - Standard of Clinical and Laboratory Standards Institute
(CLSI) for antibiotic resistance pattern

Antimicrobial agent Sensitive Intermediate  Resistance
(ng/ml) (ng/ml) (ng/ml)

Oxacillin <2 - >4
Vancomycin <4 8~16 >32
Teicoplanin <8 16 >32
Mupirocin - - >25
Gentamycin <4 8 >16
Ciprofloxacin <1 2 >4
Quinupristin/Dalfopristin <1 2 >4
Linezolid <4 - -
Daptomycin <1 - -
Tigecycline <0.5 - -

HACCP(Hazard Analysis Critical Control Point)?**¥-2- Etj =
ARFARI A S F=rdomm AFss od 4 rja
AZrE|o] A, AF5E 90% ol/de] EAS /ALYl 1]
F3Io R 2520 Fh7)e10) 94 we] ) Fesia gzEe] Aok,

£2|E Staphylococcus2| SHHH| ZiM bM

Clinical and Laboratory Standards Institute(CLSI)2] 7]5=o]
243} (Table V) /4 (Resistant), 5-7Hd (Intermediate), 7+
T (Sensitive) F=5 vfeta3ict. £ejd o] #(89%)°]

S VERIA AJARE - Al UdS vEeRE
TEE UAATHTable VII, VII).
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vancomycin resistant S. aureus(VRSA)H} vancomycin resistant
Eterococcus(VRE)oll & 217} Sl linezolid®l A1 %= MICy,©]
>128 png/m/= YEFHT). Gentamicin®} quinupristin/dalfopristin
4 MICy 32 pg/mi= YEFESH, vancomycin?} daptomycin

2 217} 16 pg/mi¥} 8 pg/miz YERSITE 12]3L ciprofloxacin}

AAYAIRL tigecycline®] MICy> 247} 2 pg/miv} 0.12 pg/mi=
o2 Aol nlste] EAdo] ZES)TH(Table VI). SFARE oxacillin

= X3 ofe] IS I WS Hole 4tr) vy
.01, °]5 broiled foodollA 218 Staphylococcus xylosus ¥
= vancomycin?} teicoplanin¥} 72 glycopeptideZ| 2] 344
A% =W (>128 pg/mlye B3lom, Altkrt Al
quinupristin/dalfopristin, linezolid®} daptomycin®]l &= 1 %=14d
(>128 pg/mlys RATH Table V). S. xylosus= HEH 02 2]
FARRIOlA HESE 913 starter® AREE o] FOow Akl
749,] 7]—03_0_ 0107] ] oJ—x]u]_ A].Té_oﬂ,q S. xylosus 141)\4&‘4 =13
K LH/H o xﬂ;q_ 722 3 LHM ] xﬂxl_‘i QA0 4
2 AL oA WWHY] ke ZafE S ok
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AW #FE T 100571 FHEFITh
olFellx 27FA] g8Alel Udol e 3o F 61 (15.8%)
Rl Zlo] 3
T5(7.9%), teicoplanin-mupirocin, oxacillin-mupirocin, 1% 37
gentamicin-mupirocin®] 212}t 147(2.6%)% LFEREO Y, TRS-S.
£ 67 Al WS vERE Zlo] F 2¢E oxacillin,
teicoplanin, mupirocin, synercid, linezolid 2! daptomycin®l| 1}/

=, mupirocin®} quinupristin/dalfopristin®l] 3=

S ¥<Ql Z3} oxacillin, vancomycin, teicoplanin, ciprofloxacin,
quinupristin/dalfopristin 2 linezolide]] W4d& B2l #lo] 247} 1
TH(2.6%)YR YERSTE B3t 7714 €A8A) (oxacillin, vancomycin,
quinupristin/dalfopristin,
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daptomycin)el] WS U= 5% = AT Table IX).
229 38709 staphylococci 5 1075°(26%)7} Staphylococcus
aureusT. ERE R0, o5 F 377} mupirocinel] WIS L+
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Table VI -MIC distributions for ten antimicrobial agents of staphylococci isolated from ready-to-eat side dish samples

Cumulative % inhibited at MIC (ug/ml)

0.5 1 2 4 8 16 32 64 128

Antibiotic MIC (gD

50% 90% 006 012 025
Oxacillin 1 >128 0 0 0
Vancomycin 2 16 0 0 0
Teicoplanin 4 >128 0 0 0
Mupirocin 16 >128 0 0 0
Gentamicin 0.06 32 68 68 71
Ciprofloxacin 1 2 0 0 3
Synercid 2 32 0 0 0
Linezolid 4 128 0 0 0
Daptomycin 2 8 0 0 0
Tigecycline 0.12 0.12 15 92 100

15 71 87 89 89 89 89 89 89
3 13 84 89 89 92 92 92 95
0 3 32 71 82 87 87 87 89
0 0 8 24 24 61 74 76 76

76 76 79 82 89 89 95 95 97

21 66 97 97 97 97 97 97 97
5 45 71 89 89 89 92 92 92
0 0 3 74 89 89 89 89 97

13 42 68 89 92 92 92 92 92

MIC=Minimum inhibitory concentration
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Table VII — Antibiotic resistance patterns of staphylococci isolated from ready-to-eat side dish samples

. MIC (ug/ml)
Sample Species
OXA VAN TEI MUP GEN CIP SYN [LNZ DAP TIG
Staphylococcus aureus 1 2 4 2 <0.06 1 1 8 1 0.12
Staphylococcus aureus 1 2 8 4 <0.06 2 2 4 2 0.25
Staphylococcus aureus 1 2 4 16 <0.06 2 4 4 2 0.25
. Staphylococcus aureus 1 2 4 16 32 2 1 4 0.5 0.12
Hard-boiled food Staphylococcus epidermidis 1 2 4 16 <0.06 0.5 1 4 1 0.25
Staphylococcus warneri 1 2 4 16 <0.06 0.25 1 4 4 0.12
Staphylococcus warneri 1 2 16 >128 0.25 1 2 4 4 0.5
Staphylococcus warneri 2 4 8 16 <0.06 1 2 8 2 0.25
Staphylococcus aureus 1 2 2 >128 0.5 1 32 4 1 0.25
Staphylococcus aureus 1 2 4 32 <0.06 1 2 4 1 0.5
Broiled food Staphylococcus epidermidis 2 2 8 16 <0.06 0.5 1 4 1 0.25
Staphylococcus saprophyticus 1 1 2 4 <0.06 1 1 8 0.5 0.25
Staphylococcus simulans 1 1 2 32 8 1 2 4 1 0.25
Staphylococcus xylosus 0.5 2 4 16 <0.06 2 2 4 2 0.25
Staphylococcus aureus 0.5 16 4 >128  <0.06 1 4 4 1 0.5
Staphylococcus eguorum 4 2 2 64 8 1 1 2 4 0.25
Staphylococcus gallinarum 2 2 4 16 <0.06 2 2 4 4 0.25
Staphylococcus warneri 1 2 2 32 <0.06 1 1 4 4 0.25
Salad Staphylococcus warneri 1 2 16 >128 128 0.5 0.5 4 4 0.25
Staphylococcus warneri 1 1 2 32 <0.06 2 2 8 2 0.25
Staphylococcus warneri 0.5 2 4 16 >128 0.5 1 4 2 0.25
Staphylococcus warneri 0.5 2 4 16 <0.06 0.5 1 4 2 0.25
Staphylococcus xylosus 1 2 2 16 <0.06 1 4 4 1 0.25
Staphylococcus aureus 1 2 4 2 <0.06 1 1 4 2 0.25
Staphylococcus aureus 1 2 2 4 8 0.5 1 8 0.5 0.25
Preserve Staphylococcus eguorum 1 2 1 4 0.5 1 2 4 8 0.25
with salt food Staphylococcus eguorum 2 2 8 2 <0.06 1 4 4 1 0.12
Staphylcoccus hominis 0.5 2 4 16 <0.06 1 0.5 4 4 0.25
Staphylococcus xylosus 2 0.5 2 >128 <0.06 2 4 4 1 0.25
Staphylococcus xylosus 1 2 2 32 <0.06 2 2 4 1 0.25
Fried Staphylococcus aureus 1 1 4 16 2 2 1 8 2 0.25
Staphylococcus eguorum 2 2 2 4 <0.06 1 1 4 0.5 0.12
Etc Staphylococcus warneri 0.5 4 >128 >128 <0.06 0.5 1 4 4 0.25
Staphylococcus xylosus 1 2 4 16 <0.06 2 4 4 0.5 0.25

OXA; oxacillin, VAN; vancomycin, TEI; teicoplanin, MUP; mupirocin, GEN; gentamicin, CIP; ciprofloxacin, SYN; synercid (quinupristin/

dalfopristin), LNZ; linezolid, DAP; daptomycin, TIG; tigecycline

Table VIII — Antibiotic resistance patterns of methicillin-resistant staphylococci (MRS) isolated from ready-to-eat side dish samples

. . MIC (ng/mi)
Strain Species
OXA VAN TEI MUP GEN CIP SYN LNZ DAP TIG
Hard-boiled food Coagulase-negative staphylococci (CNS) >128 2 >128 >128 <0.06 1 >128 128 >128 0.12
Broiled food Staphylococcus xylosus >128 >128 >128 >128 4 2 >128 128 >128 0.25
Staphylococcus xylosus >128 >128 >128 >128 32 2 >128 128 >128 0.25
Salad Staphylococcus cohnii >128 128 128 4 <0.06 >128 4 >128 2 0.25

OXA; oxacillin, VAN; vancomycin, TEI; teicoplanin, MUP; mupirocin, GEN; gentamicin, CIP; ciprofloxacin, SYN; synercid (quinupristin/

dalfopristin), LNZ; linezolid, DAP; daptomycin, TIG; tigecycline

System(NARMS), 7]1}t}+= Canadian Integrated Program for
Antimicrobial Resistance Surveillance(CIPARS), §ln}= o=
Danish Integrated Antimicrobial Resistance Monitoring and

Research Programn(DANMAP) 52 53l A W+ 7Y
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Table IX — Multiple resistance patterns of staphylococci

Multiplicity of resistance pattern No. of isolates (%) Total (%)

M-S 3 (7.9%)
T-M 1 (2.6%)
O-M 1@6% O 18P
G-M 1 (2.6%)
O-T-M-S-L-D 1 (2.6%)
OVT-C-SL 1 (2.6%) 2 53%)
OV T-M-S-L-D 2 (5.3%) 2 (5.3%)
O, oxacillin; V, vancomycin; T, teicoplanin; M, mupirocin; G,
gentamicin; C, ciprofloxacin; S, synercid (quinupristin/

dalfopristin); L, linezolid; D, daptomycin
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