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ABSTRACT - The purpose of this study was to isolate Escherichia coli from flies and to assess pathogenic genes
and antibiotic resistance of the isolates. A total of 188 flies were captured in agricultural environment including fruits

farms (n =

19), fermented soybean farms (n = 9), municipal waste (n = 46), livestock farms (n = 66), slaughterhouses

(n = 38), and manure ground (n = 10). E. coli isolates of captured flies were tested for pathogenic gene and antibiotic
resistance using PCR methods and VITEK?2 systems. As a result, E. coli from 63% (119/188) of the captured flies has
been detected, and the detection rate of E. coli was the highest (89%, 31/34) in flies captured at particular slaughter-
house. Of the 34 isolates, 94% (32/34) were pathogenic gene (ST gene) positive. Twenty-six percent (31/119) of the
E. coli isolates were observed being resistant to one or more antibiotics. Markedly, one of E. coli isolates from Live-
stock farms was resistant to 7 antibiotics including ampicillin, ampicillin/sulbactam, cefazolin, cefotaxime, gentami-
cin, levofloxacin, and trimethoprim/sulfamethoxazole. In addition, it was ESBL positive. The results of the present
study may suggest a risk of transmission of pathogenic and antimicrobial resistant bacteria from flies to livestock envi-
ronment Therefore, it may need to prevent introducing flies into the agricultural production environment for safe food

production.
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2 AFAEY AFolM= g7} E. coli, Salmonella spp.,
Campylobacter spp., Shigella spp., E. coli O157:H7 7><
HYAd vAES Aot AW wiisES 7R Aok
3L BAES QTP A AR stee 24X7F F9F oF
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Materials and Methods

mE] Mg 1]1’“

o) AYPe Yt A5 —‘?—{%oﬂ A& Q)i A
1HA], A71= Z-A e 91X 8 AN A, F
1I90AE ZHdsFelA ANH o}i’it} A ARSE (n=9)2
=30l 1719 FgolA oNAIE AP A2 7]

Table 1. Detection rates of Escherichia coli from flies captured
from agricultural environment

. . . Number of
Classification Region isolates (%)
. Mulberry Buan (n=11) 8(73)
Fruits
Grape Pocheon (n = 8) 5(63)
Fermented soybean products Eumseong (n=9) 1(11)
Buan (n=2) 1(50)
Municipal waste Wanju (n = 30) 15(50)
Cheonan (n = 14) 9(64)
) Gimje (n=12) 12(100)
Pig farm
Gimje (n = 10) 6(60)
Gimje (n=2) 2(100)
Cow farm Gimje (n = 10) 6(60)
Livestock farms
Jeongeup (n = 10) 4(40)
Gimje (n = 10) 7(70)
Poultry _
farm Jeongeup (n = 10) 1(10)
Buan (n=2) 1(50)
Slaughterhouses Pyeongchang (n = 38) 34(89)
Manure ground Jeongeup (n=10) 7(70)
Total (n=188) 119(63)

b (n=46)> L1EF 2He] 2e7] okHgelA 2
A, g2l Agzie 7] opE Aol 3070, HekelZ
] *3%&31]71 oFA NN 147HAIE AF ST FAke
An=66)e ATRHE 1A FE, $AL, Al 22
2270 A 20 A &FE T E%x}(n 38)-9— gaelzel 17)9)
=5 38 Ak B0 =10 A

128l Re] HuolA 1070215 Akt shele] A
e 77k MAE HaE So0mLe] FEo| A A

)

3I%AtH(Table 1).

m2] 2HlE 5 E. coli 28] ¥ 5%

¥ sdd o2 A del= 242 50 mL
Holl A 27t 20l Abssty vhe]e] EHlE (BAbe 3
Hﬁ*é%)ol WEE =S itk ] ERlEENE E coli
S 237 S8l g2 BAE AAS T BHEL]
A7E 10 mLe] B2 gt 3 23} she] A
FgHow ARt A F-E8< 1 mLE 3702 10 mLe]
EC broth (Difco, Sparks, ME, USA)°ll %53ld 44°Col| A
24X 70 W F 3 kA=A FAdR] 739 eosin methylene
blue SHAHIA|(EMB $HIHIA]: Oxoid, Hampshire, UK)]l
JEske] 35°CoA 24417k i<k SkSth. EMB $HduiA]
oA wldE AEZHS E coli A7 EFE HEIuiA] 9
£FEY3 & ujYE F5FS Vitek 2 GN ID card (bio-
Meérieux, Marcy-I’Etoile, France)E A3t &2 35t

=

S

ma| BHIE 5 9 =S 22l ¥ B8

HAd vABES E coli 2] 2 58 WHI Lol 3
2] FHlEel 10mLe] A st #2stst
o Algdgdloz ARSI E coli O157:H7, Staphylo-
coccus aureus, Listeria monocytogenes, Salmonella spp.=
AEE&d 1mLs z2F Fske] 10mLe] T o]
modified EC broth (Oxoid, Hampshire, UK), 10 mL®] 10%
NaCle] Eo]7F tryptic soy broth, Fraser Listeria broth,
Rappaport Vassiliadis R10 Brothol &3l 247 42°C,
37°C, 30°C, 37°ColX] 2441t Wl GFAI R o] 4 o4
A5 CHROMagar 0157 (CHROMagar™, Paris, France),
CHROMagar Staphy, palcam agar (Oxoid), xylose lysine
tergitol-4 (XLT: Oxoid)°l] HE3te] ZFz; 244)17F 52t 37°C,
37°C, 30°C, 37°Cell ¥MiF F A0 5 =a NA“
Tragl @ wjeF gk of¥ VITEK (VITEK-2 compact,

Biomerieux, I’Etoile, France)>.2 2&Qls}3it}.

Ba]= E. coli9]
PowerChek™ Diarrheal E.coli 4-plex Detection Kit 13}
Kit II (Kogenebiotech, Seoul, Korea)& AH8-5t] multiplex
PCR W¥o g 871X HAA E coli FAZLT, ST, VTI,
VT2, bfpA, aggR, ipaH) A5-E 4310} HYA E coli

B QT BY
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AR F4S st &5 EEE E colis Tryptic soy
agar (TSA: Difco)oll 37°CE 2477+ vj%ksle] AAE colony
£ 1 loop #3F 500 uLe] Diethyl pyrocarbonate water
(Bioneer, Dagjeon, Korea)ll @& AlZ1 ¥ Incolone™ Genomic
DNA Prep KitE ©]&3}4] PCRo| AF-2 template DNA
& F&319t}h. PowerChek™ Diarrheal E.coli 4-plex De-
tection Kit= 2 X premix solution 10 pL, Template DNA
5 uL, primer mixture 5 uLZ total volume 20 uLZ 3} T}
PCR condition 95°CollA] 1087 dv]7FE g $ 95°Col]
A 30%, 60°CollA 20%, 72°CollA 40%E 32 cycles AA|
sk, 72°CollA 527 whgstAth PCR RESH2 2%
agarose gelollAl 17195t MUY A= gl

B2 E. colie] X W’d 3%

2 SHE E coli w5 talA] Nutrient agar (NA:
Difco)oll 4] 37°C 24A17F ¥iF % 0.45% sodium chloride
inhalation &% 3 mLe] 0.6 MacFaland2 B=5 % 5
Alg 9 145uLE A2 FHE 0.45% sodium chloride
inhalation £ 3mLol &3l o] g§=& 2d3A
B U A g AST-N211 cardell & - VITEK
25 ARgste] A A HAALE silth AAF Ade
Clinical and Laboratory Standards Institute (CLSI 2011) ]|
w2t A A HAES 9% BF 4FES E
coli ATCC 25922, E. coli ATCC 35218& A&-3}3ith.

Results and Discussion

E. coli 31 Bel/dupd

2 AFoMe HYEH, AR, g2y
A%, A, 227, ANPE 7
g Agelel shelel g
Asgic. A9 A3, =2, R, FABR, 24,
g2 7] ofA A, FRAAETGAA 2 89%(34/38),
70%(7/10), 68%(13/19), 59%(39/66), 54%(25/46), 11%(1/
9) AZHATH(Table 1). AIRE FAGV Y=< E. coli
O157:H7, S. aureus, L. monocytogenes, Salmonella spp. <
A 9kti(data not shown). Butler 59 d2E#
o] 287)E FH B & M E colis T T
1159 ¥ nAES Eesidota Bastint. 3t
ttolAl2lote] Ekpoma A ollA & A Fste] &l
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UE e vus R, A F Fitede 3
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dASE 122%°] E. coli7b EIEHJAILT, RA7|GAM =
9.8%'"%, FAFEQ EF A& A=A 13.6%, 715 4
Zo| A 14.3%, AU 7.1% HAEZHTT RAF 2 o]
g2l X2l E coli®] w2]& Bl M-S o w9 e
AEES B, Td e ZEFFAM Ao A&
&5 vas| By, AFen], APete|ERA], 2 AR g
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Hol 3 7hsAo] 7] Wi e ZFEY =2 E

coli AZEE&S Hole 7oz ddtdr)
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Z990oH, | FANE eqed FAATE AEHAL. &=
FANE 34 T2 E coli 3 31 FollA ST F-Ax7F A
FHo=N 7 =2 &R By didae] HAEEHA
th 2 ¢ A AFE Fdlere HdY RS
A E. colig B EA 4 THTable 2).

T3etd, A5, ARANEA, Huldola Qe
oM = E coliz HE|SAAN HYEd FHAAE A
d E colid A okt ey A2y r] oA A
ANME oF 4%°] E. coli7t Y FdAE AWoH, &
A= F 1%, =5FNAM = 91%= 7HE =2 82
HAA 442 A E coli7t E=HATH L3 53
Aol X E2E E coli 5 WY +82= ST (26%), VT
(3%), eaed (1%)= ST F+AAE A E. coli7} 7V &
o] ®2] = UATH(Table 2). tiF-2] gejolA] E2]E E. coli
o] YA FHA #H AFE E coli O157:HT 33
AFEC] F2 o] FOX| AL 9t} Iwasa 57 ATA =
2, A, §E ARste SARMEA gelE sk
E. coli O157T:HTS &t om, sxl, sox2 FAAE &
Q13T Moriya 5299 Aol s HSHoA A
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Table 2. Virulence gene profile of Escherichia coli isolates from fly

Number of isolates (%)

Virulence gene Fruits ~ Fermented soybean = Municipal Livestock  Slaughterhouses Manure ground Total
(n=13) products (n=1)  waste (n=25) farms (n=39) (n=134) n=7) (n=119)
VTI - - - - - - 0
VT2 - - 1(4) 3(8) - - 4(3)
LT - - - - - - 0
ST - - - - 31(91) - 31(26)
eaeA - - - 13) - - 1(1)
bfpA - - - - - - 0
ipaH - - - - - - 0
aggR - - - - - - 0

Table 3. Antibiotic resistance of Escherichia coli from flies captured from agricultural environment

Number of isolates (%)

Fruits Fermented soybean =~ Municipal Livestock  Slaughterhouses Manure Total

(n=13) products (n=1)  waste (n=25) farms (n=39) (n=34) ground (n=7) (n=119)
ESBL 0 0 0 2(5) 0 0 2(2)
Ampicillin 1(8) 0 4(16) 19(49) 1(3) 0 25(21)
g‘gﬁ;ﬁiﬁ;’/ 0 0 0 4(10) 0 0 403)
racam : : : : : :
Cefazolin 0 0 0 13) 0 0 1(1)
Cefoxitin 0 0 0 0 0 0 0
Cefotaxime 0 0 0 13) 0 0 1(1)
Ceftazidime 0 0 0 0 0 0 0
Cefepime 0 0 0 0 0 0 0
Aztreonam 0 0 0 0 0 0 0
Ertapenem 0 0 0 0 0 0 0
Meropenem 0 0 0 0 0 0 0
Amikacin 0 0 0 0 0 0 0
Gentamicin 0 0 0 4(10) 0 0 403)
Levofloxacin 0 0 0 6(15) 0 0 6(5)
Tigecycline 0 0 0 0 0 0 0
gﬂﬁﬁ?ﬁgjzole 1(8) 0 1(4) 7(18) 0 0 98)

coli7b ERI= A theFst

73l A

LA FAAE B3 E coli7} A=

40l S

Bl E. colie] 33X UPd vIS

therat 314 o)A

AR =

2o}

==
e

AAlete gEldA |
uj7 7¢

188 wigl ] stg]oA] E. coli

F 1197(63%)7H £HANT £elE £ coli] FAA

o
WA H]&-LS Table 33 Zt}. &

s 184]2] Aol thste]

752 A tEE WAo] AN Zh A E

+ ampicillin (AMP) 21%, ampicillin/sulbactam (SAM)
3%, cefazolin (KZ) 1%, cefotaxime (CTX) 1%, gentamicin
(CN) 3%, levofloxacin (LEV) 5%, trimethoprim/sulfame-
thoxazole (SXT) 8%2.2 UElt) 3= glz]oA] £
H E coli®] 7300 mE JAA WA HE&S HLE
A= AMPF SXTellA 7h 1574 WS Byjon, g
g 7] R el A= AMP 45, SXT 15, E54lA =
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Fig. 1. Multidrug resistance profile of Escherichia coli from flies
captured from agricultural environment.

AMPHE AT 157F WS Btk 53] S Hol
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E. coliol Z}7F W& HATE Wk ofug} o] F 2 F9
E. colivlX+= iAW A9l A3 extended spectrum B-

lactamases (ESBL) A4 #5% ®2|7F HoH, o8 %
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2 IER A4S oiljr("l"able 3). g YA WA+ T
FAA 21 o WAES Hole 455 & 12 FAL, °]
= THe] FAA ] WAES AYE 4F 5 T EHAS

o, o] gk ZABEAE A A
o] ATHFig. 1).

d4 J}a]"ﬂ}‘i V:E]EJ E. coli
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