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ABSTRACT

Objectives: This study was undertaken to analyze Saphylococcus aureus from cultivation environments for
agricultural products and to confirm antibiotic resistance and enterotoxin genes for the isolated S aureus.

Methods: A total of 648 samples were collected from apple, peach, ginseng and balloon flower farms. S aureus
was isolated from soil, agricultural water, persona hygiene dements (hands, gloves and clothes) and work

utensils (boxes).

Results: S aureus was detected in atotal of 25 samples and 72 strains were isolated. The resistance rate of the
isolated S aureus strains was confirmed at 33.3%, with 24 resistant strains among the total of 72. Fourteen
different patterns types were found, and three pattern types (NV, OX, VA) were confirmed most frequently. As
result of the detection of enterotoxin gene type, four gene types (sea: 1, sed: 4, seg: dl isolated S aureus, sai:
al isolated S aureus) were anayzed among a total of nine types.

Conclusions: This study demonstrates that personal hygiene techniques should be properly managed, such as
washing and sterilization before or after work, because agriculturd contamination by S aureus frequently

developed through improper management.

Keywords: Staphylococcus aureus, antibiotic resistance, enterotoxin, cultivation environments
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Table 1. The kinds and number of samples collected for microbia assessment

Farms
Sources Type of samples - Tota
Apple Peach Bdloon flower  Ginseng

. Sail 36 36 48 36 156
Environments .

Agricultural water 36 36 48 36 156

Clothes 24 24 32 24 104

Persond hygiene Gloves 24 24 32 24 104

Hands 24 24 32 24 104

Work utensils Box 12 12 NS NS 24

Tota 156 156 192 144 648

9 NS : Not sampled
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Ingtitute(CLSI) 7hol=2el™®ol] wa} A5t or,
S aureus®] A WL AFel ol AHgEE=
IJAA F amoxicillin-clavulanic acid, ampicillin,
ciprofloxacin, erythromycin, gentamicin, neomyci,
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10%52] JAAE e ste] ARSI

HA A4 E2]E S aureus TE tryptic soy
broth (Difco)ll ¥i(37°C, 18 )3+ th2- d Az
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scde 0.5-FFEE)E st HEAAE FHIsH
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Table 2. Oligonucleotides used to detect the enterotoxin genes of isolated S aureus strains

Enterotoxin Target gene Primer Oligonucleotide sequences(5' to 3) Amplification size(bp)
SEA wa SEA-1 ACGATCAATTTTTACAGC 544
SEA-2 TGCATGITTTCAGAGTTAATC
SEB b SEB-1 GAATGATATTAATTCGCATC 416
SEB-2 TCTTTGTCGTAAGATAAACTTC
SEC e SEC-1 GACATAAAAGCTAGGAATTT o7
SEC-2 AAATCGGATTAACATTATCCA
SED < SED-1 TTACTAGTTTGGTAATATCTCCTT -
SED-2 CCACCATAACAATTAATGC
SEE SEE-1 ATAGATAAAGTTAAAACAAGCAA
e SEE-2 TAACTTACCGTGGACCC 170
SEG g SEG-1 ACGTCTCCACCTGITGAAGG 400
SEG-2 TGAGCCAGTGICTTGCTTTG
SEH SEH-1 TCACATCATATGCGAAAGCAG
sen SEH-2 TAGCACCAATCACCCTTTCC 7
SEI i SEl-1 TGGAACAGGACAAGCTGAAA
s SEI-2 TAAAGTGGCCCCTCCATACA a7
SEJ . SN CAGCGATAGCAAAAATGAAACA 46
SE}2 TCTAGCGGAACAACAGITCTGA
Table 3. Detection of S aureus from different cultivation environments for agricultural products
Detection rate (%)
Samples Apple farms Peach farms Ballcglnzlsower Ginseng farms Totd
Soil 0/36(0) 0/36(0) 0/48(0) 0/36(0) 0/156(0)
Irrigation water 0/36(0) 0/36(0) 0/48(0) 0/36(0) 0/156(0)
Clothes 2/24(8.3) 1/24(4.2) 2/32(6.2) 0/24(0) 5/104(4.8)
Gloves 3/24(12.5) 1/24(4.2) 1/32(3.1) 0/24(0) 5/104(4.8)
Hands 9/24(37.5) 1/24(4.2) 5/32(15.6) 0/24(0) 15/104(14.4)
Box 0/12(0) 0/12(0) 0/0(0) 0/0(0) 0/24(0)
Tota 14/156(9.0) 3/156(1.9) 8/192(4.2) 0/244(0) 25/648(3.9)
denaturation 13-(94°C), primer annealing 307 (sea, (SEE)$t =24 SEH Aol gRle PHEEFE
seb, sec, sed, see 57°C, sy, seh, o6, s9: 60°C) 2 ARSI, 94 tiEdFEE Ligeria monocytogenes

extenson 30%(72°C)2] Z7AC 2 30 cydeS 33}

ATCC 153139} Salmondla

Typhimurium ATCC

A3, find extensond 72°CollA 727} AAEIATH
olw A3t primerse] F7IMEL PG s}
o] Teble 29} 7¥o] A&H3I10m, PCR TZ A=
1.2% agarose gd “dollx A719% skl Elaiaict

Ao A1g¥H ZTFHFE= S aureus ATCC
13565(SEA, SEG), ATCC 14458(SEB, SEI), ATCC
19095(SEC), ATCC 23235(SED, SEJ), ATCC 27664
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Fig. 1. Resistance of isolated S. aureus strains from cultivation environments for agricultural products. AMC: amoxicillin-
clavulanic acid; AMP: ampicillin; CIP: ciprofloxacin; E: erythromycin; CN: gentamicin; N: neomycin; NV:
novobiocin; OX: oxacillin; RD: rifampin; VA: vancomycin.
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S aureus’t HEE 2589 AR F TN
17, A3t 9, & 46)0] #FE5 w8k oS
Joz 1059 A mek UAdS gele Axt
2471 (33.3%)] ol 852 FAA | st WA

o] ZRI=|21t}. Novobiocinell thall WS b+
7F 1672 22.2%°] 7P =& W S AR
o, oxadillindll 1575(20.8%), vancomycirell 13
(18.1%), neomycinell 1075(13.8%), amoxicillin-
clayulanic acid$} erythromycinell ZFzb 675+(8.3%),
ampicillinell 3@5-(4.2%), rifampinl] 175-(1.4%)7}+
WS 7= ZeR ERIHATHFg. 1). WEsd
2 she] #37t Adl 659 FAA ] dish IH’“
S Hole HENY 4 15 Al WS
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Table 4. Multiple resistance patterns of isolated S. aureus

strains
mivioie | Fesset patens (25 T
AMC, AMP, N, NV, OX,
6 VA 1 42
N, NV, OX, RD, VA 1
5 AMC, N, NV, OX, VA 1 125
AMC, AMP, N, NV, OX 1
E, NV, OX, VA 1
AMP NV, OX, VA 1
4 20.8
AMC, NV, OX, VA 1
N, NV, OX, VA 2
3 NV, OX, VA 5 20.8
2 E, N 4 16.7
AMC 2
1 NV 2 25.0
E 1
OX 1
Total 24 100

ol HE7HA F 147HA€] o] vtk WA
S Hole #FEA 7P Bl YERt WS He
3%9] A novobiocin, oxacillin, vancomycinel]
WS 7 Hlez AR 208%(5 +F)E 2t
ATt o] felle 1 Fo] T 459 Al
g WS 7K 257 ZHE Bol v,
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Table5. Distribution of enterotoxin rates (%) of S
aureus strains

Enterotoxin  No. of  Isolation Sources
gene types  grains  rate (%)
sea 72 14 Hand(1)
seb 072 0 -
sec 072 0 -
Hand(2), Clothy(1),
sed 472 55 Glove(1)
see 072 0 -
Hand(46),
g 272 10 G ihg17), Glove(9)
seh 072 0 -
! Hand(46),
e 272 10 G ihg17), Glove(9)
g 072 0 -

ampicillin, amoxicillin-clavulanic acid, neomycin,
novobiocin, oxacillin, vancomycins % 6 52| &
Al WS Hols #FE 15 (4.2%)7F LA=E A
TH(Table 4).

3. 22|8 S aureus 3¢9

Z 64l9 ANE F S aureus?] EAI7} Eel1=
258004 ®elE 45 7209 54 NS &
Q15 A¥= Table 59 2t} sea f+312b= Al &
o] ApieA T ZAgAt & AlEeA EEE S
aureus 15-(L.4%)0ll A &lo] =AUk 28] sed
Ak ol 349 Al & ZG4A; RelA
2]E S aureus 159 8 B AHTHA A ARS-
3 ol BEE S aureus 15, EERA] F]
AA S ZYA; Eollx E2E S aureus 270
A AE&E o] F Hl(5.5%)2] S aureus 2]l sed
FAATE EATS RIS segot sdl FAA=
¥ S aureus 72704 BF SRRIEGlOH, 1%
7] seb, sec, see, seh ¥ s A= AEEHA &
ket

| EA SXXIE stol

Iv. 1 &
i“ﬂ%" A FePd AdE S aclel e ¢
HiEe 455 vl td 27 7P w3

(42. 5)%, I g o® AEH7HE(19.1%), HlolE
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FDA (Food and Drug Administration)ol] =4 S
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