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Patterns of antibiotic resistance in Escherichia coli isolated from fresh
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Abstract: The isolation rate of Escherichia (E.) coli in poultry litter was investigated at 44 broiler farms, 20 that
used fresh litter and 24 that used recycled litter. The patterns of resistance to antibiotics of the E. coli isolates were
compared. In litter sampled before the rearing period, the isolation rate of E. coli was higher at farms that used fresh
litter; E. coli was present in the litter in 94.5% (35 out of 37 flocks tested) of the farms that used fresh litter vs.
51.2% (21 out of 41 flocks) of the farms that used recycled litter. The susceptibility of the 93 isolates of E. coli
to 13 antibiotics was studied. Before the rearing period, E. coli isolates from the farms that recycled litter showed
higher resistance rates than isolates from farms that replaced litter with fresh litter. Comparing the antibiotic resistance
patterns of isolates from litter sampled before and at the end of the rearing period, the antibiotic resistance rates at
the end of the rearing period increased dramatically compared with rates before the rearing period.
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N B = AL FdH (infectious bursal disease; IBD) Hpo]z{ 29}

7ol AEHo] 71 HAAE St} [1, 2] ZFE AT

SAREFNA Z2H o] A Aele Al 17 2 ALk ZAele WA 29| ZFo= A% A Ast 7

43 Ade] BTt [13-15, 18] 57 =2 Z2F2 s dol Ads AoR dieiont e N Z2F WA &

23 Rl MAS F7ZE 4 3lem [3], Ui A= A E7ket AARE 7] AP S vlag A Fsigh &)
o Zge 9 52 S7MA 2571 Al tE A=A ol ERIFA] FUTt [4, 5]

o] wold & Ut} [21]. Wl SAIEIME 9A, B4, A WS 7 Aol #He Bk 243 5 9

w5 5 ohEs TR Zdo] AREAL Qo 4ATE 7t shdo = wid=H A W Fekv| = (plasmid)’ AR

IR oy tE FEAA HAEE AT It [9]. 2R 2

g gol AgET Gtk 23 A Fele 9 A 1B
ol

S Al 43 M2 ZZRoR WAk F7tet 7]E] H A W7 Fekv| == 3278k transformation)©]
28-S WA §lo] AXEsE 7R RS & Th U A3 (conjugation)?] WHOZ 53 ALEe A0E UH

ZZol| e dE WAAE 2ol 10~144 F sl A Aok [7]. TEESE A" A WAEHS &, AL
A EE F71EE (Newcastle disease) Hlo]2]228} 7ho] A= 2 52 5ol LY=ol Aoy e FEE olEste] 3
Ho| e HAAE IR 12U7HK % ZE5Eo] §A5 AA U EAE o 5 Tt [16]. wEbA] 2ol o
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B A Wo] Aldely e FEd AEE F Se
a5 AT AES et Slslixe 2Rl A W
Aol 29e FHaskeke slo] st [9]. Z&S AAL
|8 Aol 2R 2AE Mol FAA AL =EE
7Fe/do] Qar HESH o R widEe A AT A
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Table 1. Comparison of the number of Escherichia (E.) coli of litter collected from the farms that used fresh litter

Number of E. coli (CFU/g litter)

Farms Ist Flocks 2nd Flocks
Before* After' Before After
DYHGR 8.0 x 10* 3.9 x 10° 6.8 x 10° 2.0 x 102
JCLBH 6.6 x 107 5.6 x10* 3.6 x 10° 1.2 x10°
JCYCH 1.2 x10° 9.0 x 10° 2.4 %108 6.5 x 10*
ESLSJ 3.2x10° 3.3 x10* 1.3 x10* < 10!
BESSJ 6 x 10* NT NT NT
WSPINJ 9 x 10* NT NT NT
MGCD1 5.7 x10° <10! 8.0 x 107 5.6 x10°
MGCD2 1 x10° 1.4 x10* 1.5 % 10° NT
SICHJ 2.4 x10° <10! 1.3 x10* 2.6 x10°
SJKHS 6.2 x10° 6.0 x 10* 2.4 % 10* <10
SJIKYI 1.3 x10° <10! 1.2 x10° 6.9 x 10°
MGKYS 3.5x10° <10! 1.6 x 10* <10
HCHSK <10 <10 NT NT
SCPSM 2.7 x10° <10! 3.0 x 102 <10
YCLMK 2.0x10° 2.5 %10 6.7 x10* <10
YCBHJ 9.0 x 10* <10! 1.2 x10° <10
MYLCH 2.0x10° 5.5x10% 6.2 x 10° 5.7 % 10°
WSAHK 8.9 x 10° <10 3.7 x 10° <10
GWNIH 3.2x10* <10! 2.4 x10* <10
WSLYS 8.0 x 10° <10! <10! 2.8 x10°
Total number of positive/ 19/20 8/18 16/17 8/16
Number of tested (%) (95.0%) (44.4%) (94.1%) (50.0%)

CFU, colony-forming unit; NT, not tested. *Litter samples collected before the rearing period. "Litter samples collected after the end of the

rearing period.
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2 AAEIYE & 1359 A tigk W 7S A
stttk ARES FAA WAHARE TIZF= ampicillin,
amoxicillin, gentamycin, amikacin, norfloxacin, ciprofloxacin,
sulfisoxazole, erythromycin,
tetracycline, doxycycline, colistin 5 122 BBL Sensi-Disc
Antimicrobial Susceptibility Test Discs(Becton, Dickinson

trimethoprim/sulfamethoxazole,

and Company)E AME-3}IAL enrofloxacine= Oxoid Antimi-
crobial Susceptibility Test Discs(Oxoid, UK)E AME-3I3th.
A WA= 28 g+ Difco Meuller Hinton
broth (Becton, Dickinson and Company)ol] #]<Fsted +
FEE YX7 Densimat(bioMérieux, Italy)E ©]-& 3}
McFarland 0.5 nephelometric turbidity unitsZ g3 %
Difco Meuller Hinton agar(Becton, Dickinson and Com-
pany)oll B+t HEOE FA5 wiA] FH| ZiF IEith
A 2o|A 358 FH Tl EH|7|(disk dispenser; BD,
Germany)E ©]&3le] A discE o] 2 ujx] o &
wiakoATt. 37°CollA 16~18417F M get & v = + 9
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Table 2. Comparison of the number of E. coli of litter collected from the farms that used recycled litter

Number of E. coli (CFU/g litter)

Farms 1st flocks 2nd Flocks
Before* After’ Before After
ECKSK 49x10° 6.0 x10° 53 x10* <10
GSJCH 4.0 x 10* <10' 1.6 x 10° <10’
CWOKIJ 1.4 x 10* <10 NT NT
CWSOJ <10! 2.3 x10* NT NT
CWPIJS 3.0 x 10? <10 3.6 x10* 5.7 x10°
GCYMK 5.7 x10* 5.1 x10* NT NT
GCKES <10' 1.6 x 10° NT NT
SJILKW <10! 93 x10° NT NT
HCSJA <10! 2.0x10° 5.0 x 10? <10
SCMYH <10 <10 <10 <10'
SCKYT <10! 2.0 x 10? <10! NT
CRBOJ <10' 9.3 x10° 1.8 x 10° NT
WRLCH <10 <10 <10 NT
CRCSJ 7.9 x 10* <10’ 1.6 x 10° 4.4 x10*
HAIMJ <10! 8.5x10* 2.1 x 10* 4.0x10°
CRJJS <10! 1.3 x 10* 1.1x10° 1.7 x10°
CRHTG 9.3 x 10° 7.9 % 10° 1.3 x10° 3.7 x 10°
CRCBH 4.6x10° 4.7 % 10° 4.6x10° 1.2 x 10!
CRLOIJ 7.2 x10* 3.3 x10* <10' 23 x10°
MYSYB <10! 6.9 x10° NT NT
GRKHY <10' 4.0 x 10? <10' 1.3 x10*
MYJHY <10 1.2 x 10 8.0 x 10% <10'
GMNCH 1.7 x 10* <10 <10! <10
WSIJKD <10 1 x10? NT NT
Total number of positive/ 1024 1724 11/17 8/14
number of tested (%) 41.7) (70.8) 64.7) (57.1)

*Litter samples collected before the rearing period. "Litter samples collected after the end of the rearing period
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3 ZAF Al Z2E T 1600(47.1%)7F F3olL FE
ol g 75 2 g3 2.0 % 1069 x 10°CFU F=70]
At

ZE TARE sEUMe ChEE SME

238 ArgsheE 24l F4E Ut Y At &5t
Aol AFT 22 dd 5 AR A= Table 29
2o 4F A AFH 2] i AAF A3 12 942 A
2 2470 Al Z2E S 100(41.7%)7F el 231 ¢
2l Al 1770 A 2 T 10(64.7%)F S F
4170 ZAF A Z2E F 200(512%))F e w Z4hS w
Ashs T4 dF A 242 A5 YFE(94.6%)HET) B
2 Zo= yehylth &at A AF 2Rl digd dAF A3t
12 944 Al 240 A Z2E T 170(70.8%)7F Yol
AL 232k 44 A 10 AT Z2E F SHGTI%YE &
oz F 37l A Al 23 5 2570(65.8%)F FAHL
2 23 e w7 8t A 2™ FHEUT1%)ETT
= o E=RoU F AelE HolA] sttt

=2 CHEZe| 4N LHEE X LY 2kt Hlm

223 WA D AAE TG Aol EelE i 937
& OISR tetracycline 5 1352 A dig AHES
ZAFSFtH(Table 3). 45 &1 2ol Zald s o
FoZ A A AIRES Al A Z4E WA 5
9] 45 A ZHolA E2¥E 33F+= erythromycin®l T3k
= 85%2 =& UAES HYo) thE Al g Ul
AES 0~42%2 HE)F9] 50% o WS veplle 34
Ae gR1=A eFdrt. 22t 28 AR 73] A5 A
ZZoA FEE 2175 R A A FES 24
st Ax BEie] 50% ol WAde Jehle A7

tetracycline, doxycycline, ampicillin, enrofloxacin, ciprofloxacin
2 erythromycin 5 & 6522 YEht 243 WAl o
F A 27 Eedio YA WAdEe] =2 AeZ g
LCH(Table 3).

Zot A ZZ oA EEE S dideE A 2
d AEe ANS A3 2R WA 2 AR B BRollA
w9 =& A UIHES B 23 2A oM
28 1737 135 A T 9% (tetracycline, doxycycline,
ampicillin, enrofloxacin, ciprofloxacin, norfloxacine, trime-
thoprim/sulfamethoxazole, sulfisoxazole, erythromycin)oll T}
ste] 80% oSl wig- =2 WAHES B 2R AALE
T E 8% (tetracycline, doxycycline, ampicillin, enro-
floxacin, ciprofloxacin, norfloxacine, sulfisoxazole, erythro-
mycin)2] A tsk 80% o el it =& YAHES
H I TH(Table 3).

YT A} Eah Ao Aol EeE o] A
d FFe vus A3 S35 Holl EeE el U5 A
e A UgdEo] =2 ZoE eyt 4% o
5739 79 tetracycline® 18%°A] 88%, doxycycline

15%0114 82%, ampicillin 42%014] 82%, enrofloxacin

15%1141 82%, ciprofloxacine 18%4] 82%, norfloxacin

15%° A1 82%, trimethoprim/sufamethoxazole2 12%¢]l

88%, sufisoxazole 21%°l14 88%= &3}  Eelw2
dEo] dF A EEldE Bol STt 23 AALE
Fo] ALl % tetracycline> 67%IA1 91%, doxycycline
57%NA1 86%, ampicillin® 57%14] 91%, enrofloxacin
57%NA 91%, ciprofloxacin® 52%1%] 86%, norfloxacin
2 48%° 4 86%, trimethoprim/sufamethoxazoles 38%°l
X 73%, sufisoxazoles 43%014 91%=2 &) A E2|2]
WAE] dF A BeldEY SV tH(Table 3).
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Table 3. Antibiotic resistance of E. coli isolated from farms that used fresh or recycled litter

Farms using fresh litter

Farms using recycled litter

Antibiotics
Before* After’ Before After

Tetracycline 6/33 (18)* 15/17 (88) 14/21 (67) 20/22 (91)
Doxycycline 5/33 (15) 14/17 (82) 12/21 (57) 19/22 (86)
Ampicillin 14/33 (42) 14/17 (82) 12/21 (57) 20/22 (91)
Amoxicillin 6/33 (12) 5/17 (29) 4/21 (19) 0/22 (0)
Amikacin 0/33 (0) 2/17 (12) 0/21 (0) 122 (5)
Gentamycin 2/33 (6) 9/17 (52) 521 (24) 11/22 (50)
Enrofloxacin 5/33 (15) 15/17 (88) 12/21 (57) 20/22 (91)
Ciprofloxacin 6/33 (18) 14/17 (82) 11/21 (52) 19/22 (86)
Norfloxacin 5/33 (15) 14/17 (82) 10/21 (48) 19/22 (86)
Trimethoprim/sulfamethoxazole 4/33 (12) 15/17 (88) 8/21 (38) 16/22 (73)
Sulfisoxazole 7/33 (21) 15/17 (88) 9/21 (43) 20/22 (91)
Erythromycin 28/33 (85) 15/17 (88) 19/21 (90) 22/22 (100)
Colistin 4/33 (12) 5/17 (29) 0/21 (0) 0/22 (0)

*Litter samples collected before the rearing period. "Litter samples collected after the end of the rearing period. {Number of antibiotic-resistant

isolate/number tested (%).
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Table 4. Multiple antibiotic resistance of E. coli isolated from farms that used fresh or recycled litter
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Farms using fresh litter

Farms using recycled litter

Number of antibiotic

developed resistance Beforg* After Before After
(33) (17) @2n (22)
13 0 (0)° 1(6) 0 (0) 0 (0)
12 0 (0) 1 (6) 0 (0) 0 (0)
11 1(3) 3 (18) 15 0 (0)
10 3 (6) 5(29) 3 (14) 11 (50)
9 1(3) 3 (18) 3 (14) 4 (18)
8 1(3) 1(6) 15 209
7 0 (0) 0 (0) 2 (10) 1 (5
6 0 (0) 1 (6) 0 (0) 15
5 1) 0 (0) 3 (14) 0(0)
4 309 0 (0) 0 (0) 0 (0)
3 309 0 (0) 15 0 (0)
2 4 (12) 0 (0) 1(5) 0 (0)
1 14 (42) 1 (6) 6 (29) 3 (14)
0 309 1 (6) 0 (0) 0 (0)

*Litter samples collected before the rearing period. "Litter samples collected after the end of the rearing period. *Number of E. coli isolates.

SNumber of isolates showing multiple antibiotic resistance (%).

2T 9375 o= 135 FAA dist A FE
g A3 oA B1Eo] w9 =9kt (Table 4). 65 ©]
el A gk A S Hole HleS 244 wA F
ol A A 23 BEF= 18.1%(6/33F), &3 A 232
EYFE 882%(15/17F )10 232 AL w26 E ¢
F A 727 BYFE 47.6%(1021F), =3 A EdFE

86.4%(19/227 )01 At}

[

}~ 207 F8 ARk
22 Age| ot AL 4
A 2R gt FHES
= 37 &= AT 2E T 35 1(94.6%)7} Fdo=Z tiF-
o] A7 el v Z24hS AAREshe e A

T Y45 A Z2F AEE T AU A AT 2E F 17H
(512%)7F Fdoz yept Z23e wAshs 549 $8E
(94.6%)=E T} o] & Zloz Yepdtt 9o Ade 43S
WA R o] RS AAEshe R Ut o
Eol ¥ w2 Zojge Il didEhs te A1E A
o] AT}

Aol ArdlaldS citric acid, tartaric acid 2
salicylic acid 53 72 7|4l =29 A9 2447F oY
of AbdEH, Z7s frIe R M Ae At 0 F
=7} 3A 7M6¥u} [8]. IBD mjo]j2=9} 7Fo] o370l A
AEo] v =2 WA= Z27e Hvlslsle 34
W ehs IR Qlate] APEEY [6], 247 AR A ARd
Zhtolu} IBD Hioll2 5 HYle WaIelA 7Hagte]

Hug v gl
7ol =3l HL o=

Aol 71 ZF o]

3 wEd 5 Uu% o

[19, 20]. =} Z& A8
A7 717 A|9)3]
s dad
AaL Ae AR dHA Ut F, A &9
w3l7] flste] £ HawS Z4d A7t

ok 3% S

o]

wjitol] 71Eo] ARE Z

7he w7 24l EelE gde Alds e E 34

Al W FEE AR A Z8A WAEEe] vwd w2
FFE Ao B vk ik [7, 9, 10]. £ ATl 2
A B AR 57 ARelA EeE tdst 93575
1352 A et WIES A

2
2O Z tetracycline 5 A
gt Azt Est A ZAdoA EEE tidste] WEES v
=& Feolltth Eat A Z24d HEFeEe 24 wA 9 A
8 4 2% amoxicillin, amikacin 2 colistin® #|2] 3k
10%2] Ao thale] 2eld9] 50% ool WAL B4
om YWHEE 50~100% Fo2 =4 YERst) A o)
2 YA Fge 23 oA FAFoNA = tetracycline,
enrofloxacin, trimethoprim/sulfamethoxazole, sulfisoxazole
9 erythromycin®] ™ &} 88%, doxycycline, ampicillin,
ciprofloxacin, norfloxacin 5o Hlsled= 82%9] =& WA
S B3tk 23 AAE wTelME Est A 2F Bl
o] WA gL erythromycin® 100%, tetracycline, ampicillin,
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sulfisoxazole 2 enrofloxacin®l W3ld= 91%, doxycycline,
ciprofloxacin & norfloxacin®ll= 86%% =l 4 % 2
HollA EE o] FAA HAEES S =2 T2
Z Oy vldoe] 2o ASE AR IT)

SlellA o A e o] A WA
A3t WdEol v w2 o' wag vl glom [12], o
Ao R Ak Ho2RY FEE gt A W
4E ZAF A3} erythromycin, tetracycline, doxycycline,
ampicillin, enrofloxacin, sulfisoxazole, ciprofloxacin, nor-
floxacin®] e WAHEC] 27t 97.1%, 85.3%, 82.3%,
73.5%, 67.6%, 67.6%, 64.7%, 61.7% <22 TE A
Bl =2 YA Eo] Il BuE v Tt [11]. & d3)
Aol 3} A Z-eA EeE diid7e] FA W8 E A
AAZANE 247 wA 57 L A T ZFolA
erythromycin, tetracycline, doxycycline, ampicillin, enroflo-
xacin, sulfisoxazole, ciprofloxacin, norfloxacin®l thgk 4]
E2 vl =2 ZoE ERIFAT &, ZRoA EEE &
Aol A ] g+t WA g FAke Sk EelE o
o] WA ol Aol fAKeE A& wlg Fu|Re Aol
At

U5 A Zsh Ae] 2ol Eeld dige] A W
AES Plugt A3 E3) doll BElE o] d4F A &
gt A WAEEC] B2 0= Yesdth 23 AAL
& 5 AT U5 A F A 27 B g #
A WAES tetracycline 67%14 91%, doxycyclinee
57%0014  86%, ampicilling 57%°14 91%E Eolxlom
enrofloxacin 5 U2 AT A3 A Eejadriy WA E9]
F7FIATh olggt olfir= Eshd el tidete] 5 &
g R A =& TFsAo]l =2 A ol 9
S o2 FAHY O AARE FEs A2 & F 9

Aot

>~

Zo} Aol E2jE ool 45 A Eeldrot A W
AEo] =& FE ZF wA M OS FEleH &
2=l &, tetracycline 18%°14 88%, doxycycline

15%°114 82%, enrofloxacine 15%°1A 82%% &3al A Z
ol 2| tigwe] uWdEel 95 A e tigre] U
AERT A ST olEe 8212 oA AFgh vk}
7ol Z3t A 8 vl 4F A e iET A
A =% 7Fs0] B2 A ol¢dx e Aolotw
Ho| Ql& Aoz FHHUL. F, = §A oAM= Z
s WA v F2 gAY TS ARt Sl mebA
F WA Y dF A ZAFeA EEE didde 9A
v Eiel edd A 7FsAel o ol it
A A EElEe e oE 384 WA
AoZ FAFAY. B AgA 248 WA
sb A 2 thidwto]l U5 A EEldETE FAA
F7Ho] 24 AAE EEY o 52 A oled

(IS

s

F7F AARE B wEFRT A W EC] B2 AloE
et &, 238 24 49 A A
erythromycing A|2|SlE 0~42% FFolR ot 24 AL
& 79 EelFe UEC] 0~90% FEolRL 50% °1d
Uds Jele AR HARE 13F % tetracycline &
65202 Ul 27 wA $EG A WAdEC] =2
ZOZ YERTE B3 65 o el Al gk tAuA
< Hole HIEE 27 AHE 30 YF A 27 EeF
7h 47.6%% Z2d wA e BEF 18.1%ET E3hth
wEbA] 28-S sk w2 A5 diiE 23 wA
ARG A WAEe] B3 OA UAdEe] =2 U+
o =&He A4l e AR AdETH

HAlel =2

o] =S FUFARGEE ol et AR
ZFdigta 20161 71EAH] A PARE (No. 520160332)2
2 535 Aoz o5 Aol =gyt
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