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Antimicrobial agents have been used in poultry for treatment of bacterial infections or additives
over the past half century. However, increasing antimicrobial resistance has led to selective
pressure for therapeutic use in humans and made treatment of bacterial infection more difficult. In
this study, we examined the prevalence of plasmid mediated antimicrobial resistant determinants
for resistance to B-lactam, quinolone, and aminoglycoside in Enterobacteriaceae isolates obtained
from chickens in Gyeongsang provinces, and correlation between the resistant genes and
antimicrobial resistance rate was also assessed. A total of 43 Enterobacteriaceae isolates were
recovered from 40 chickens at Gyeongsang provinces in Korea. Antimicrobial susceptibility was
determined by disk diffusion method. PCR and DNA sequencing were performed to characterize the
antimicrobial resistant genes. Of the 43 Enterobacteriaceae isolates tested, 2 isolates harbored
blacx-m-14 gene, and 2 and 5 strains contained gnrSand aad 6’)-1b-crgenes, respectively. A total
of 43 isolates displayed a relatively lower susceptible rate ranging between 0.0 and 23.3% to most
of the antimicrobial agents, except cefepime, ceftazidime, and cefaclor. We confirmed that plasmid
mediated antimicrobial resistant determinants were distributed in Enterobacteriaceae isolates
from chickens. Investigation of the genes and monitoring of antimicrobial resistance rate is
required to prevent further spreading of antimicrobial resistant genes among Enterobacteriaceae
isolates.
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Extended-spectrum B-lactamase (ESBL)}& G414 -2 Ze}
2= I HHAE 24181 penicillin, cephalosporin, 3
monobactam AlEL] F=tAlo Aleto] WS ZES st
ESBLE A A 8= Al -2 B-lactam Al € 2] &4 £ % amino-
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Hazelwood, MO, USA)E o]&-3}o] 543}t

2. A A A

u]=+9] Clinical and Laboratory Standards Institute (CLSI) #]
e w2} amikacin, ampicillin, cefaclor, cefepime, cefotaxime,
ceftazidime, cephalothin, ciprofloxacin, gentamicin, kana-
mycin, levofloxacin, nalidixic acid, spectinomycin, strep-
tomycin (Oxoid, Basingstoke, UnitedKingdom)ol] that =4
% Mueller-Hinton 2H4(Difco, Cockeysville, MD, USA)S A&
Sto] tlAd Mo g DRRISIITHE]. ArelE fliA
Escherichia coli ATCC 259225 F-Alo] A &s}o] 3-8 H o]
W=AE Zelsteict.

3. ESBL & =RIAH

CLSI t 251 Shabof oet BSBL A4 el A 8-S Al At
(8]. Mueller-Hinton (MH) $F4 82| (BBL MicrobiologySystems,
Cockeysville, MD, USA)o]l McFarland 0.5 B} = 9] w91 H}2 %
cefotaxime (BBL, 30 pg)} cefotaxime/clavulanic acid (CTC)
(BBL, 30/10 ng), ceftazidime (BBL, 30 pg)¥} ceftazidime/cla-
vulanic acid (CZC) (BBL, 30/10 pg) A3 E 51l 35°Col A
16~18A1ZF ¥l & AA S 2880 CTC = CZC| 2J %t o
A7} cefotaximed} ceftazidimeo]] 23+ A Eot 5 mm ©]
$ 2 7 BSBL A ¥4 = ekl

4, SoH| W[} HE

ZetAn| S5 vj7f R to] 28 = A WS A&
817] 9lofl B Aol A AE F 489S IO 7|20 Al
A(Table 1)E AHE-Ste] FARAAAHRH-S
o ESBL -44FS] 48 Eels 9ot S8R A A2 ESBL
A8l Aol A F S Bl o5t E Skoich i +F

< J
= brain heart infusion broth (Difco)oll F&ste] 37°Cefl A &}
HF o) oF - vl © = E DNA A HEAE, thA,
oh)S ARE-31o] chromosomal DNAS 322381t DNA 33
(5 mL), 10X Taq buffer (2.5 mL), 10 mM dNTP mix (0.5 mL),
primer 2} 10 pmol, 0.7U Tag DNA SHAAEAE) Y 745
Tgote] w1 25 mLO| ¥Hg-8-95 W= %Itk Gene Amp PCR
System 9600 (Perkin-Elmer Centus Corp.) 2. & 95°CollA] 587F
HESAIZL S, 95°CollA] 202, 59°COlA] 40, 72°CellA] 3024
303] 5F WESA7] 3L, 72°Coll A 51 A% WREAIZA T 21219
PCR AAFES ethidium bromide”| £3HH 1% agarose geloll A
40 271 77198 51o] band g Elekltt. SE5AE-S DNA %
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Table 1. Oligonucleotides used in this study for detection of plasmid mediated antimicrobial resistant genes

Reaction number Primer Sequence (5-3) Gene Reference
ESBL genes TEM-F ATAAAATTCTTGAAGACGAAA blarem 9]
TEM-R GACAGTTACCAATGCTTAATCA
SHV-F GGGTTATTCTTATTTGTCGC blaswy 9]
SHV-R TTAGCGTTGCCAGTGCTC
CTX-M-1F GACGATGTCACTGGCTGAGC blactx-mi-ike [9]
CTX-M-1R AGCCGCCGACGCTAATACA
CTX-M-2F GCGACCTGGTTAACTACAATCC blacrx-ma-iike 9]
CTX-M-2R CGGTAGTATTGCCCTTAAGCC
CTX-M-8F AGACCTGATTAACTACAATCCCATTA blacrx-ws-tike 9]
CTX-M-8R ACTTTCTGCCTTCTGCTCTGGC
CTX-M-9F GCTGGAGAAAAGCAGCGGAG blactx-mo-iie 9]
CTX-M-9R GTAAGCTGACGCAACGTCTG
Aminoglycoside armA-F CAAATGGATAAGAATGATGTT armA [10]
resistant genes armA-R TTATTTCTGAAATCCACT
rmtA-F ATGAGCTTTGACGATGCCCTA mtA [10]
rmtA-R TCACTTATTCCTTTTTATCATG
rmtB-F ATGAACATCAACGATGCCCT rmtB [10]
rmtB-R CCTTCTGATTGGCTTATCCA
rmtC—F CGAAGAAGTAACAGCCAAAG rmtC [10]
rmtC-R ATCCCAACATCTCTCCCACT
rmtD-F CGGCACGCGATTGGGAAGC rmtD [10]
rmtD-R CGGAAACGATGCGACGAT
rmtE-F ATGAATATTGATGAAATGGTTGC rmtE [10]
rmtE-R TGATTGATTTCCTCCGTTTTTG
rmtF-F GCGATACAGAAAACCGAAGG rmtF [10]
rmtF-R ACCAGTCGGCATAGTGCTTT
Quinolone resistant QnrA-F AGAGGATTTCTCACGCCAGG gnrAl to gnrAé [11]
genes QnrA-R TGCCAGGCACAGATCTTGAC
QnrB-F GGMATHGAAATTCGCCACTG gnrB1 to gnrBé [11]
QnrB-R TTTGCYGYYCGCCAGTCGAA-
Qnrs-F GCAAGTTCATTGAACAGGGT qnrS1 to gnrS2 [11]
Qnrs-R TCTAAACCGTCGAGTTCGGCG
AAC(6)-1bF TGACCAACAGCAACGATTCC aad6)-1b [12]
AAC(6)-1bR TTAGGCATCACTGCGTGTTC

Abbreviation: F, sense primer; R, antisense primer.

AleHERE) R £ ¥, BigDye Terminator Cycle Sequencing
Kit (PE Applied Biosystems, Foster City, CA, USA)2} ABI PRISM

3730x] DNA analyzer (PE Applied Biosystems)Z ©]-&-3}o] ¢17]
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Proteus penneri (n=4)7} 1 tr2-0 & Wo] B2 It} Crono-
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cefepimed] tfgt 7HpAd0] 97. 7%= 7H =901 ceftazidime
(72.1%)} cefaclor (67.4%)7F 1 t&-0. & =gttt 3HH o]4ko] 3
7HA] cephalosporinl & G=tA1E A 218k 11714 9] ghtAlof o
A= 5 30% n|Rke] Yo XSS H 9t Table 2).
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£ 19l 875 Ao 2 Ambler class A°ﬂ <£:31=ESBL (b/argy,
blasay, blacrx-wW-iAA e o FEALAHT-S=S HAS
A} blacrs-v-140l el 277 4 }ﬂ—o S Bk At &
Aee Ao Sl A7IMGREAS AAISE 23t 2+ BF
CTX-M-14% 0 & ER1=|¢{tKTable 3).
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Table 2. Antimicrobial susceptibilities to 14antimicrobial agents of Enterobacteriaceae isolates from chicken cecum

Antimicrobial susceptibility

Isolates Species
CTX KF K AMP  NA S SH AK  CAZ CEC QP FP CN LEV
A8 E. coli R R R R R R R I S S R S R R
A9 E. col R R R R R R I R S I R S | R
A16 E. coli R R R R R R R R S I R S R R
A22 E. coli R R R R R R R R S S R S | R
A24 E. coli | R R R R R I I S S R S I R
A31 E. coli | I R I R I R R S S R S I R
A33 E. coli R R R R R I S S S R R S R R
A36W E. coli | R R I R S R I S S R S | R
A37 E. col R R R R R R R I S I R S | R
A39 E. coli S | | R R R R R S S R S | R
ALTW E. coli R R R R R R I I S S R S I R
A42W E. coli R R R R R R R R S I R S I R
A60W E. coli R R I R R R R I | I I S | S
A6TW E. coli R R R R R R R I | I R S | R
A63 E. coli | R R R R R R I S I R S | R
B1 E. coli R R R R R R R | S S R S R R
B2W E. coli R I R R R S R I | S I S I S
B6 E. coli | R R R R R R R S S R S I R
B6W E. coli S S R R R R R I S S R S S R
B9 E. col S R R I R | R S S S | S R S
B17 E. coli R | R | R R R I | S R S | R
B22wW E. col | S R R R S R I S S | S | I
B26 E. coli | R S R R R R R | I R S R I
B29W E. coli R R R R R I R I S S I S I S
B32w E. coli S S R R R R R I S S R S | R
B33 E. col | R R I R R R R | S R S | R
B53 E. col | I I S R I R R S S R S | R
B55 E. coli R R R R R R R R S S S S S R
B56 E. coli R R R R R R R R S I R S S R
B60 E. coli R R R R R R R R S I R S I R
B70 E. coli S R R R R R R R S S R S S R
B72 E. coli | R | R R R R R S I R S | R
B14W P. mirabilis | R R R R I R | S S S S | S
B16W P. mirabilis S S R R R R R R | S R S | R
B37W P. mirabilis S S R R R R R I S S R S S R
B48W P. mirabilis R I R R | R R I | S S I I S
B10W P. penneri R I R R R R R R | S S S | S
B1o9W P. penneri S I R R R R R I R S R S | R
B28 P. penneri R R | R R R S | S S R S S R
B43W P. penneri R S R R R R R | S S S S S S
A39W C. sakazakii | I I R R R R R | S I S I S
B31 C. sakazakii R R R R R R R R S R I S I S
B22 S. dysenteriae | R R R R R R I | I R S R R
Rate (%) of S 186 140 23 23 0.0 70 47 47 721 674 116 977 163 233
Rate (%) of | 30.2 209 140 116 23 140 70 512 256 279 163 23 674 47
Rate (%) of R 512 651 837 869 977 79.0 884 442 23 47 721 0.0 163 721

Abbreviation: AK, amikacin; KF, cephalothin; CTX, cefotaxime; CAZ, ceftazidime; CEC, cefaclor FP, cefepime; K, kanamycin; AMP, ampicillin;
CIP, ciprofloxacin; NA, nalidixic acid; S, streptomycin; SH, spectinomycin; CN, gentamicin; LEV, levofloxacin; S, susceptible; |, intermediate
resistant, R, resistant.

Mg 24 1] F8

xR
glycoside W44 A&

= O ()
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Table 3. Antimicrobial resistant determinants in Enterobacteriaceae
isolates from chicken cecum

Antimicrobial resistant determinants

Isolates Species

ESBL genes Qumolone
resistant genes

A33 E. coli blacrx-w-14
A37 E. coli gnrs
A63 E. coli gnrs
B1OW P. penneri aacé-Ibcr
B14W P. mirabilis aacé-Ilbcr
B19W P. penneri aacé-Ibcr
B43W P. penneri aacé-Ibcr
B48W P. mirabilis aacé-Ibcr
B31 C. sakazakii blacrx-m-14

UQITHTable 3).

1%
Gt A= 20 A|7] FHE o] & Algtolu FEoll A iASkE T

et Allet A& X moh=t] AR E oo 1L Avk= 454 o]
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WRAxE SA A = 9 # ofu et =t A W5k 4
H 3 A g S AW S ES3HA H i ol %A =%
AU Al g fiit oL e 2| ALs] gl AR of el
A A = ATH2I. 2 Ao A= SARE o] AU Alete] &
9 A= Sarstal TR A A S nhe sl B e ek 7] 24
S5 AFStaAF B EA o] HARPE of| A ek WAl o
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2 Aol A HejH F L3750 WAl o= StA|
T HARS A AL cefepime, ceftazidime, 3 cefaclors

A2|$t amikacin, ampicillin, cephalothin, cefotaxime,
ciprofloxacin, gentamicin, kanamycin, levofloxacin, nalidixic
acid, spectinomycin, 9! streptomycin®] %< A4S UEbdc)
E3] £ coli®] 7<% 7783 Aol A E2lH £ coli®] ampicillin,
kanamycin, streptomycin, 9 ciprofloxacino] that k4] A
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