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Virulence and antimicrobial resistance genes of pathogenic Escherichia coli from
piglets showing diarrhea before and after ban on antibiotic growth promoters in feed

Kyung-Hyo Do', Jae-Won Byun?, Wan-Kyu Lee"*

'College of Veterinary Medicine, Chungbuk National University, Cheongju 28644, Korea
’Animal and Plant Quarantine Agency, Gimcheon 39660, Korea

Abstract: This study examined the prevalence of adherence factors, toxin genes, antimicrobial resistance phenotypes, and resistance
genes in Escherichia coli (E. coli) isolated from piglets with diarrhea before and after the ban on antibiotic growth promoters (AGPs)
in Korea from 2007 to 2018. In this period, pathogenic 474 E. coli isolates were obtained from diarrheic piglets. The virulence factors
and antimicrobial resistance genes were assayed using a polymerase chain reaction, and the susceptibility to antibiotics was tested
according to the Clinical and Laboratory Standards Institute guidelines. After the ban on AGPs, the frequency of F4 (12.5% to 32.7%)
increased significantly, and LT (31.9% to 20.3%) and EAST-I (46.5% to 35.2%) decreased significantly. In addition, the resistance to
streptomycin (45.8% to 67.9%), cephalothin (34.0% to 59.4%), and cefazlin (10.4% to 28.8%) increased significantly. Colistin
resistance plasmid-mediated genes, mcr-1 and mcr-3, were detected after the ban on AGPs. The results of this study can provide useful
data for analyzing the impact of the ban on AGPs on the virulence profiles and antimicrobial resistance of E. coli isolated from piglets
with diarrhea in Korea.
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Al FAA A F1AR] ESBL (Extended Spectrum f-
lactamase) familyQ] blaTEM, blaSHV, blaOXA, blaCTX-
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A Folle 50.0%= AZEW = offAk=ellA 7 -
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Table 1. Colonization factors of pathogenic Escherichia coli from diarrheic piglets before and after ban on antibiotic growth

promoters in feed during 2007 to 2018

Colonization factor

2007-2011 (n=144)

2011-2018 (n=330) 2007-2018 (n=474)

F4 32 (22.2) 53 (16.1) 85 (17.9)
F5 11 (7.6) 4 (1.2)" 15 (3.2)
Fimbriae F6 13 (9.0) 5 (1.5)" 18 (3.8)
F18 18 (12.5) 108 (32.7)" 126 (26.6)
F41 7 (4.9) 7 (2.1) 14 (3.0)
eae 3(2.1) 4 (1.2) 7 (01.5)
Non-fimbrial adhesins paa 64 (44.4) 20 (6.1)” 84 (17.7)
AIDA-I 19 (13.2) 79 (23.9)" 98 (20.7)

“Significant difference between 2007-2011 and 2011-2018 (p < 0.01).

Table 2. Toxin genes of pathogenic Escherichia coli from diarrheic piglets before and after ban on antibiotic growth promoters

in feed during 2007 to 2018

Toxins 2007-2011 (n = 144) 2011-2018 (n = 330) 2007-2018 (n = 474)
LT 46 (31.9) 67 (20.3)" 113 (23.8)

STa 35 (24.3) 84 (25.5) 119 (25.1)
STb 60 (41.7) 138 (41.8) 198 (41.8)
Stx2e 37 (25.7) 85 (25.8) 122 (25.7)
EAST-I' 67 (46.5) 116 (35.2" 183 (38.6)

“Significant difference between 2007-2011 and 2011-2018 (p < 0.05).

“Significant difference between 2007-2011 and 2011-2018 (p < 0.01).



Table 3. Pathotypes and virotypes of pathogenic Escherichia coli from diarrheic piglets before and after ban on antibiotic growth

promoters in feed during 2007 to 2018

P\z]iitrhocg}g;e 2007-2011 (n=144) 2011-2018 (n=330) 2007-2018 (n=474)
ETEC 83 (57.6) 165 (50.0) 248 (52.3)
F4:LT:STb:EAST1 5@3.5) 28 (8.5)" 33 (7.0)
AIDA:STbh:EASTI 214 25 (7.6)" 27 (5.7)
STa:STb 320 8 (24) 11 (2.3)
EASTI 6 (4.2) 412y 10 2.1)
STb 6 (4.2) 3 (0.9 9 (1.9)
F18:STa:STb 0 (0) 8 (24) 8 (1.7)
Others 61 (42.4) 89 (27.0)” 150 (31.6)
STEC 17 (11.8) 43 (13.0) 60 (12.7)
Stx2e 214 15 (4.5) 17 (3.6)
F18:AIDA:Stx2e 0 (0) 15 4.5)" 15 (3.2)
F18:Stx2e:EASTI 0 (0) 6 (1.8) 6 (1.3)
Others 15 (10.4) 7 2.1)" 22 (4.6)
EPEC 1 (0.7) 0 (0) 1(0.2)
eae:paa 1 (0.7) 0 (0) 1(0.2)
eae 1 (0.7) 0 (0) 1(0.2)
ETEC/STEC 20 (13.9) 42 (12.7) 62 (13.1)
F18:AIDA:Stx2e 0 (0) 8 (24) 8 (1.7)
F18:LT:Stx2e 214 6 (1.8) 8 (1.7)
Others 18 (12.5) 28 (8.5) 46 (9.7)
ETEC/EPEC 1 (0.7) 4(1.2) 5(1.1)
F18:eae:LT:STa 0 (0) 1 (0.3) 1(0.2)
eae:AIDA:STa:STb 0 (0) 1 (0.3) 1(0.2)
F5:eae:paa:AIDA:STa:STb 1 (0.7) 0 (0) 1(0.2)
eae:paa:STa:EAST1 0 (0) 1(0.3) 1(0.2)
eae:STa:STb 0 (0) 1 (0.3) 1(0.2)
None' 21 (14.6) 76 (23.0)" 97 (20.5)

"Isolates encoding no adhesin and/or toxin genes.
“Significant difference between 2007-2011 and 2011-2018 (p < 0.05).

“Significant difference between 2007-2011 and 2011-2018 (p < 0.01).

gene®] 3R virotypes HIYS uf, wiFAlE W YA
A7} FA] o]Ho= ETECF4LT:STh:EASTIS 57
(3.5%), ETEC/AIDA:STb:EASTI-S 205(1.4%)2 w9 ¢
2 HAEES HYOoY, FA] o= Mt 2875(8.5%),
257 (7.6%)2 AEEC] FolFoz F7Is S ERIEA
t}. ETEC £]oll STECOIME virotyped] #2129 AolE
o119, STEC/Stx2e2t STEC/F18:AIDA:Stx2e= =4
ol AZodT (0.0%RoL}, B4 olFle A7t 15d
(4.5%)2 HEE°] SIS,

SMH LA ESE 2N

Higi ke W A 7 54 A9 B o]
A NAES B3 A}, streptomycin (45.8% — 67.9%),
cephalothin (34.0% — 59.4%), cefazolin (10.4% — 28.8%),
cefepime (0.7% — 4.5%), nalidixic acid (41.0% — 53.0%),

ampicillin  (48.6% — 68.2%), amoxicillin/clavulanic acid
(25.7% — 37.3%), trimethoprim/sulfamethoxazole (33.3% —
48.5%), chloramphenicol (53.5% — 68.5%), colistin (5.6%
— 19.4%), tetracycline (53.5% — 67.6%)°.2 Z7}al3ict.
SHA  gentamicin®} neomycin®] 73-% YA FA] AT W)
d&o] R sk B YERAIAT SAIA el
2 BAT S QAK(Table 4). A7 7|7l 2 =2
AAES UePH A= chloramphenicol (63.9%), tetracycline
(63.3%), ampicillin (62.2%)°]12H, colistin (15.2%), cefoxitin
(9.7%), cefepime (3.4%)> & WAES YERSICH

CiAILie 24

Table S5elA19} Zo] TAUEES EA8HRS o, vigAL
2 U A J7E 24 o1& (2007-20113)0)] HISk] FX4]
o] (2011-2018A)l B= Ao 75 B w7}
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Table 4. Antimicrobial resistance of pathogenic Escherichia coli from diarrheic piglets before and after ban on antibiotic growth
promoters in feed during 2007 to 2018

Antimicrobial agents 2007-2011 (n=144) 2011-2018 (n=330) 2007-2018 (n=474)
Gentamicin 52 (36.1) 106 (32.1) 158 (33.3)
Streptomycin 66 (45.8) 224 (67.9)" 290 (61.2)
Neomycin 72 (50.0) 159 (48.2) 231 (48.7)
Cephalothin 49 (34.0) 196 (59.4)" 245 (51.7)
Cefazolin 15 (10.4) 095 (28.8)" 110 (23.2)
Cefepime 1 (0.7) 15 (4.5) 16 (3.4)
Cefoxitin 11 (07.6) 35 (10.6)° 46 (9.7)
Nalidixic acid 59 (41.0) 175 (53.0) 234 (49.4)
Ciprofloxacin 39 (27.1) 102 (30.9) 141 (29.7)
Norfloxacin 38 (26.4) 96 (29.1) 134 (28.3)
Ampicillin 70 (48.6) 225 (68.2)" 295 (62.2)
AMC 37 (25.7) 123 (37.3)° 160 (33.8)
SXT 48 (33.3) 160 (48.5)° 208 (43.9)
Chloramphenicol 77 (53.5) 226 (68.5)" 303 (63.9)
Colistin 8 (5.6) 64 (19.4)" 72 (15.2)
Tetracycline 77 (53.5) 223 (67.6)" 300 (63.3)

The data are expressed as number (%) of isolates.

AMC, amoxicillin / clavulanic acid; SXT, trimethoprim / sulfamethoxazole.
“Significant difference between before and after (p < 0.05).

“Significant difference between before and after (p < 0.01).

Table 5. Multiple resistance of pathogenic Escherichia coli from diarrheic piglets before and after ban on antibiotic growth
promoters in feed during 2007 to 2018

No. of resistance 2007-2011 (n=144) 2011-2018 (n=330) 2007-2018 (n=474)
0 subclass 60 (41.7) 22 (6.7)" 82 (17.3)
1 subclass 0 (0) 5(1.5) 5(1.1)
2 subclasses 2 (1.4) 11 (3.3) 13 (2.7)
3 subclasses 2 (1.4) 25 (7.6)” 27 (5.7)
4 subclasses 4 (2.8) 37 (11.2)" 41 (8.6)
5 subclasses 13 (9.0) 36 (10.9) 49 (10.3)
6 subclasses 19 (13.2) 33 (10.0) 52 (11.0)
7 subclasses 19 (13.2) 42 (12.7) 61 (12.9)
8 subclasses 8 (5.6) 35 (10.6) 43 (9.1)
9 subclasses 7 (4.9) 36 (10.9)" 43 (9.1)
10 subclasses 9 (6.3) 32 (9.7) 41 (8.6)
11 subclasses 1 (0.7) 10 (3.0) 11 (2.3)
12 subclasses 0 (0) 6 (1.8) 6 (1.3)
Multi-resistant (> 2 subclasses) 82 (56.9) 292 (88.5)" 374 (78.9)

Antimicrobial subclasses defined by the Clinical and Laboratory Standards Institute are used.
“Significant difference between before and after (p < 0.05).
“Significant difference between before and after (p < 0.01).

41.7% (60T)RA e, B4 o]Felle 1 HEC] 6.7%= fr 112%2 fFovatAl F7tetdor, Al F/ o9
AulsHA| 7HA%E S RIS o)ejel] 4] o]F9 Hl& antimicrobial subclass?ll A&sh= THAAITS] HIEE X
o] fFoJFoR FTIgE e wegk ERIT = s, Al F oA 56.9%14 FA] o]F 88.5%% FA FVIeF AL 9l
9] A subclassoll WS Hol= 152 BlE0] 1.4% 3HATt.

NA 33%=E, Ul TRl WS Hole HIES 2.8%lA



Table 6. Antimicrobial resistance genes of pathogenic Escherichia coli from diarrheic piglets before and after ban on antibiotic

growth promoters in feed during 2007 to 2018

Resistant antimicrobial Resistance genes 2007-2011 2011-2018 2007-2018
agents (n=144) (n=330) (n=474)
blaTEM 119 (82.6) 291 (88.2) 410 (86.5)
blaSHV 13 (9.0) 28 (8.5) 41 (8.6)
o blaOXA 9 (6.3) 24 (7.3) 33 (7.0)
B-Lactam antibiotics
blaCTX-M gp 1 21 (14.6) 53 (16.1) 74 (15.6)
blaCTX-M gp 2 77 (53.5) 171 (51.8) 248 (52.3)
blaCTX-M gp 9 25 (17.4) 59 (17.9) 84 (17.7)
Quinolones qnrA 51 (35.4) 166 (50.3) ™ 217 (45.8)
mcr-1 0 (0) 4(1.2) 4 (0.8)
Colistin mcr-2 0 (0) 0 (0) 0 (0)
mcr-3 0 (0) 8 (2.4 8 (1.7)
Ampicillin Amp 52 (36.1) 170 (51.5) ™ 222 (46.8)

“Significant difference between before and after (p < 0.05).
“Significant difference between before and after (p < 0.01).
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E Ao 4= Non-fimbrial antigen 5 AIDA-I°] 71
SABHA AEEATH20.7%, 98TF). AIDA-IS diffuse
adherenced] #HE FARIAZE | E4AAA KRR EASTH,
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oM £3] HEHE= A= deiA doHi12.21].
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W= enterotoxigenic E. coli (ETEC)S} B2 =X| 9]
attaching and effacing lesionS 53 HISFA HAE 2
she Aoz geiA] UTH23). ©l#3t paa A HEE 7
e T 3 ST wlIA HIEE AL e e
o FFs vA Fo= g9

Toxin gene¥} adhesin gene®] ZE2] virotypeS AHES)
= W(Table 3), MigAEE W A 371 54 ofdoll= 2+
pathotype B2 5313+ 94 virotypeo] TaF|A] k& HhH,




A o]Fel= ETECO|A F4LT:STh:EASTIO] 287,
AIDA:STb:EAST1°] 2575, Stx2e2} F18:AIDA:Stx2e’}
Z¥z} 15052 pathotyperd A1 virotypeS ERIT 4= AN
t}. EoldlAIE, toxin gene?} adhesin geneS =T encoding
stal A 9 TF7F 5A o)l 219(14.6%), A
o]Foll= 767(23.0%)F BEERUEH), o] #FES o
Ao A HAFSE fimbrial, non-fimbrial adhesin gene %
toxin gene ©]2jo] TR BYA IS EAskr YA A
o7 AZEM, o]yl T thgk $E5H At dad
Zo= Az

Sl k= w7 Al A o] Al WEES =
AlgE A3}, chloramphenicol (63.9%), tetracycline (63.3%),
ampicillin (62.2%), streptomycin (61.2%)°] T3t YA
WEol 7P A AEHUTK(Table 4). A WIES
A AR HlElsl STlehe BloE deiA s
tl[24], SHEAE #IFAE W A H7F 54 oo
gentamicin®} neomycinS ALt EE FAYAL] WAEC]
7kl vidA ks W) A8 H7F 54 A 5] F
B8 A FofEe A A, aminoglycoside] Y
Als 2008 73EA 201649 4820 o] oF 25%
-319=H], gentamicin®} neomycin®l] tIeF WIE 4=
A TelFe] 7HAel #Ho] S Fo=E Alsdr)
TetracyclineZll @44A19] 2008-20103 = Ho Fafjake
374204 2012-2016 Bt TS 253FCF oF 94=
43190, tetracycline WAIES] £71 U490 A A
& fox tE 8Rlo] #Ae= AoE FZETh I 7t
= A g o] A A s A% A
3}, streptomycin, ampicillin 5 THF-Ee] A YAo]
tetracycline?t 37 #A=E 0= BHaEq J=H|[8], ©]
£ B3l o A Ao 1% A U1 5
Al QIS tetracycline WA A A €58 7140l
A= Ao=Z AZHETH3).

WHOeIAE= AbgollA oJ8k2R] Fawol] wet gAA
s gHs] flstke] FAAIE CIA (critically impor-
tant antimicrobials), HIA (highly important antimicrobials),
IA (important antimicrobials) LF-°2 /3l =], ©]
% CIAE %02 a3k #=Pt 283 A= &7
=™, fluoroquinolone], A|3Ht] 2 A|44d] cephalosporin
Al, macrolide”] B8AI7F E3HEITE [25]. ol2idh BelA]
H|Zo] H3kS ), FluoroquinoloneZl] &HYAIR ciprofloxacin
I} norfloxacin®] T3k WHAISo] viEAIE W A F7}
A ol wlsie] 4] Fo WAEe] oo, ol
A WEES SV FFEAR R Fa% EAga
&+ Ak

£ A7 A9, wisRkE W A 7 54 oldle
82T (56.9%) 2 AEHAY thHAUAdTe] 34 o|Fdll=
2027F(88.5%)% 1 HEEC] A T7RINSS RIS
ot ARSEE Al TRV tE27)d oAl WAES A4
o7 Hwsprlelle Fel7t YARE, F=ollA 54| o] ot
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ANEEL dvt=e] 715 el ool Barstk =ix]e]
Al WIAdE(25.0%)00 HIEIA w9~ 2 ZAjo|th26]. =]
N HiFALE Ul A H7E 54 o]F =R uit 7
= & Al dHol S5sidetL], ol tixsk] flst
of AW X5 529 A ARgo] ST wheel &
AA WAAE 2 AT E80] Vs Hlog =1
CHB]. FEgh o} Fufjellde A8A| ARgoll thst 7AI7F A
Zlrol] wlsl FASA] F37| whizel] i) ofd F4F
d FAR} T v oJgh A Ago] B2 A% o]
d dde] o] & 4 Jrhar ALEHTHS.

198350l plasmid wi7iel]l oJate] ESBL A4 w57}
EQox] AS Had o3 [27], TS thEZS ESBL
AR wFE AAReR Fe] 9 RuEy Qo ESBL
A de] 3o R 71E9] B-lactamAl AL WHOS
A BRI CIA I35 5 53| cephalosporin Alge] A
7} FEshel wet = s7F X8 &3 7R o
g S e SAPES Bl A E R AlelAl A
gg £ Que Mol FERASgHoE Fa3 FAlHo]
2 4 JTHBL = wF A BEA uidare] A R
ARpe] HEES ZARIAS w(Table 6), FH9 p-lactam|
A At 734 (ESBL) F blaTEM®| HEE 86.5%
@oad= 7P ATl AEEATE. blaTEM F-3AR=
TEMS 13 4 Altollx 73 &4 #HEE= plasmid
7] B-lactamase®, TATOlA ampicillin W1/32] 90% ©]
gol o] &l AT o] ITH28]. HEZH ampicillin W
dell TEE Amp AR wiRIE W) A H7F B4
o]F AEFEC] 51.5% (170dF)2 54 H(36.1%, 527)
o] vl AEEo] ZA ZVBIAET], ©]= Table 4904
VERA 2" ampicillin®] WEEC] wiEAE W d8A] A
7F B4 A 48.6% (700014 FA F 682% (225¢F)
2 A Z7RH B ¥de] B Aoz A7)

201643 plasmid "7} colistin WA 3R] mer-10] T
oA 25, 1A B HAelAN HEE W, BalE o]%R2
[29] AMAASZ mer-19] BB mer-2 D mer-3 4
2PF Basan Qoi16]. wigAkE W A 7 54 2
Ne mer A A3 ASHA FUAAT, 24 oF
mer-10] 12% (4T5F), mer-37t 2.4% (805F) HEEAT
(Table 6). Mcr A7F Plasmid #i70Q1 AS 1T o
colistinl] gk A WdEC] THHTE Bl A &
71 A= o). 9] A7EH colistindl] tHEH 34
A WAES A &2 Ao HuEa 9EH[10,29,30],
£ AollMe wigA ks W A H7F 54 ©1F colistin
ol that WAEo] 5.6%0014 19.4%2 IA Z7RI9eS &
Q18}H TH(Table 4). Colistin> aminoglycosideZ] &HJA| <}
S = 7RI =2 HREE & TAE o= H
TH| ABAR FHEE FEol7] el YA 4T
g ALS 5 AEE Bkl WWdE Al FE 71
& FdaAo] = AoE Helt

B AFellAE 2007d5E 20183714 =] oF 12070




o] Gl =] ﬂ]"*ﬁ% & Kol HiXelN
g it 474 TS ISR W ML 7

oIx}e} B4 A B-HAL, zsp\g A WAIE 2 A8 WA &
ARl sl EAgo =z 1237t 2R = HiA] did
Zo) 2o ST WA A B4 2 A Y @
Ssjore Aaelslct. ol APATE B oK 7l 4
73 A1 vleliE °"5‘lh A gt Aol axb]l

A5 B o A g ool viFALE W A H7t
TAZE B it HE8E AT sl Xl %
o tiete] ek Hloll T3 d7AtET 2 Ao &
T
dAe 2

H ARELS SEHSARET AR sEAETIE71E
H7HY FAF 71""'L blOVH"W*HM A @A
HT: 320005-4) ¥ FES W FHoIsRAAIE (2019)2]

Aoz FYPE|lon, ol FAR=HU.
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