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— Abstract

Background : The high frequency of antibiotic-resistant bacteria against tetracyclines which are most widely used as
animal feed additives contribute to the treatment of animals. And these bacteria are able to spread into human and
are getting more difficult to treat for bacterial infections. The aim of this work was to investigate susceptibility of
antibiotics and to detect tetracycline resistant genes from swine.

Methods : Bacteria were collected by rectal swab of swine from livestock farmhouse. The MICs (minimal inhibitory
concentration) of penicillin (Pc), ampicillin (Am), tetracycline (Te) and erythromycin (Em) were determined according
to the broth microdilution methodology of the Clinical and Laboratory Standards Institute (CLSI). PCR screening was
carried out to identify possible tet genes that contributed to tetracycline resistance.

Results : All of the 61 isolates were Escherichia coli (E. coli) and were examined for MICs. MIC of antibiotics for
the isolates ranged from 32 to =256 ug/ml for Pc, 4 to =256 pg/ml for Am, 32 to =256 pg/ml for Te, and 8 to
>256 pg/ml for Em. Of the 61 strains analysed by PCR for the presence of the tetracycline resistance genes [tetA,
tetB, tetC, tetD, tetE, tetG, tetGG, tetK, tetL, tetM, tetO, tetS, tetA(P), tetQ, and tetX], the most common determinants
were tet(A) (61/61, 100%) and tet(B) (13/61, 21.3%). Tet(M) (6/61, 9.8%) were also found. Thirteen strains contained
tet(A) and tet(B) genes (21.3%), 4 strains contained fet(A) and tet(M) genes (6.6%), and 2 strains contained ter(A),
tet(B), and tet(M) genes (3.3%).

Conclusion : All the isolates were highly resistant to Te (MIC, 32 - =256 pg/ml) and contained at least 1 of 15
tetracycline resistance genes. However, the presence of more than one resistance determinants did not lead to noticeably
higher MICs.
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2007 849 =i o] FAbE7E 33kl HA e FEE B
¥ WEoe® Z §2 F MacConkey FHH(Becton,
Dickinson and Company, Sparks, USA) ¥ 3z} &Y
a4 A BE] MY F ZHE Feke
? 272 ASHATE o TS A 45
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Clinical and Laboratory Standards Institute (CLSI)2] 7]&
o ejAste] FHUAA(Pe), I AA(Am), BlEFAO)E
A(Te) 2 olg] 2=Zro]A(Em)o] 1-256 pgml 0] U=
Mueller-Hinton $H Bl A & & A 254 4
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3) Polymerase chain reaction (PCR)

AAATE MacConkey FH viA] ol A wljFste] S €
e 7 3miel Agata, 100CeAA 1087
% 14,000 rpmel| A 1087+ A48tk 2 3EeS PCR
HhS-2] DNA A|E 2 ARSI O, DNA A& 2409
EF-Taq DNA polymerase 2.5 unit (SolGent, Daejeon), 10X
reaction buffer 34, 10mM dNTP-Mix 14, Z} primer 1,4
A ge T F 30 A 3ATE PCR TaKaRa PCR
Thermal Cycler (TaKaRa, Japan) & AF&-8}e] 95TCol|A] 5
B7E AR, 95C 18, 55T 18, 2T 1802 353
Table 1. PCR primers used in the study

Size  Genbank
(bp) accession No.

Primers Sequence (5" - 3" )

@A Camoaccccomoasage 20 X617
(elB gﬁ?&ﬁi&ﬁi&g% 659 J01830
N e
D coormeceatconte T LS
o OIS
G igcﬁifﬁgﬁic 468 S52437
CAGCTTTCGGATTCTTACGG
©OG  GarreotcacacTegTTace oM 592437
WK pdeomeemacroerr 9 56749
b racaccastimaca 2 U
tetM ggg?ﬁiﬁéﬁg?gﬁ(f&(} 406 X90939
€0 ecacromcoansmgre S5 YO0
A sccomancencae. 0 2
€tQ Eééé%gi}c:f%?ggfc 904 X877
B —
tetX %ACATT,?/SCTS;GGEGEC&GTGC@E%C 468 M3769

- 120 -



AN el g tigdare] FatAl A BlESA el WA Al

it
H

Table 2. MICs for and distribution of tetracycline resistant genes of isolated E. coli

SranNo 1 2 3 4 5 6 7 8 9 10 I 12 13 14 15 16 17 1 19 20 20 2 23 2% 25 26 27 B 29 3
Pc 64 >236 >256 >256 >256 >256 >256 >256 128 >256 128 >256 >256 >256 >236 >256 32 >236 3236 >236 >256 >256 >256 32 >256 >256 >256 128 18 32

= Am 8 >236 >256 256 >256 256 256 >256 128 >256 128 >256 >256 >236 3236 3256 4 >256 3256 3256 >256 >256 3256 8§ >256 8 o4 >256 & o4

& e >3 5236 >236 >256 3256 3256 3256 3236 32 3256 3236 3256 >256 3256 256 256 25 3256 3256 3256 3256 >236 3236 >236 >236 >236 >256 >256 >256 >25
Em & 8 16 16 8 16 32 128 128 >25 18 256 256 64 16 16 64 >236 25 >25 128 128 128 128 16 64 25 256 64 256
efd) + o+ + + o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ o+ 4+ o+ o+ o+ o+ o+ o+ o+t o+t 4

& 1efB) S SR T S
e

StanNo 31 32 3 34 35 3% 3 B 39 1 2 8 4 465 46 47 8/ 4H 0 S N B M N5 % T N NV 60 6l
Pc 32 I8 2% > 2%6 32 32 R R ) >256 >256 >256 128 >256 >256 >256 >256 >256 >256 3256 3256 32 64 >256 >256 >256 >256 >256 64

= Am 48 250 3256325 4 4 4 4 4 4 32565056 3256 16 >256 >256 >256 >256 >256 >256 >256 >256 4 8 >256 >256 >256 >256 >256 4

& Te 3056 323 >256 3256 >2% >23 256 3236 323 >2%6 256 3236 >236 256 3256 3256 256 3236 >2% >236 256 236 >3 >256 >256 256 >236 256 >256 >2% >2%
Em 64 64 16 16 8 128 128 64 128 128 64 128 128 128 128 32 >256 128 128 128 128 128 >25% 128 128 25%6 32 16 32 32 >2%
) + + 0+ 0+ o+ 0+ o+ 4+ o+ 0+ o+ o+ o+ o+ 4+ o+ o+ o+ o+ o+ o+ 4+ o+ o+ o+ 4+ o+ o+ o+ o+t

) e e S
Y T

Pc: Penicillin, Am: Ampicillin, Te: Tetracycline, Em: Erythromycin

SRS
oo | B~

WS AL & 72T A 5E7F v wke-g sk 7t Table 3. MICs for and distribution of fef(A) and te{B)

AHELS 2% agarose gelolA] A719E35ke]  ethidium genes of isolated E. coli
. = _ _ - tet genes tef{ A)+te(B)
AAME & = 3lols B Ao A <
bromide® 43k F- bandS Sielsiint. i AR AR Sman No 9 10 21 25 38 4 & 8B 5 %6 57
3} primerE-< Table 19 BT L Po 1825325325 32 3223 >2% 64 256 36
% Am 128 >256 >256 >256 4 4 >256 >256 8 >256 >256
%: Te 32 >256 >256 >256 >256 >250 >256 >256 >256 >256 >256

Em 128 >256 128 16 o4 o4 128 128 128 256 32
g 34_ Pc: Penicillin, Am: Ampicillin, Te: Tetracycline, Em: Erythromycin

Table 4. MICs for and distribution of fef(A) and te(M) genes

1) o 2399 A A AAF and ref(A), tef(B), and tetdM) genes of isolated E coli
2 9] BuoA gk Te YAFE BE 613290, tet genes tel( A)+tef M) tefl A)+ e B)+tef M)
QLH X D £ " 141," T 6173 :1 Smin No 14 4596 2 3
ol #& B Escherichia coli (E, col) Tt o] 459 Pc 3056 % 2% >25 056 056
BrAA AL Peoll t3t HAE-S-AA] 5 X (minimal g Am  >256 >25% >25% >256 >256 >256
C . . S Te >256 >256  >256  >256 >256 >256
nhibit: trat MIC)= 32->256 mlo| R o 7
inhibitory concentration, MIC) 1g/meo] .0, Em 64 18 R R 128 128

Am 4->256 pg/ml, Te-> 32->256 pg/ml, Em-2 8->2560 Pc: Penicillin, Am: Ampicillin, Te: Tetracycline, Em: Erythromycin
rg/mle] AT Table 2). 18] 3L 7} Aol tf gk MICs3
MICo& Pe, Am, Tex= 5 >256 pg/md$ W, Em-< 128,
256 ug/mbo] Atk

2) Tetracycline WA 32} X

7t wtoll thst Te WA AR 48171 918 PCRS <+
st Axt BE #E°] redA) FHRE ZH3L e,
o O, 10, 21, 22, 23, 25, 38, 41-43, 55-57< tef(B)E,
T 14, 22, 23, 49, 59, 602 tefM) FAAE F712 2+
I YAAFig D), #F 2F tel(A), teB), telM) RF=
7651 991TH (Table 2, 3, 4). 2 ©19]9] Te WA fraAk=

A
T E =] okt Fig. 1. PCR of tetracycline resistant te(M) gene in E. coli
M: 100 bp DNA ladder
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U
A 4 7o HAZTE EEg o5 61F
= 5% E coliRem, o] 452 Pc, Am, Te, Emol thgk

o]lom, AmE 4 - >256 pug/ml, Em< 8 - >256 ug/mlo]
A3, Tex 3+ FF(32 pugmd)E ALslaE BF >256
pg/mlel Q=Y Tels =16 pgmlo|d Ao A4 57
2o BE Fo] YAFoZN /M =& YAES U
BRI A= )AL TeAlAI7F AFS 72 2 71 Bol
AFEEII) miEo R Azt o3 Aaks wiA 9
BN B3 £ col2 Teol| g oA 7H-AS A
#at Az Qs 50 BE Fol(100%) WAEL et
Uty Ruok= AX39Yom, Rosengren 5&
66.8%, Kozak 592 83202} ate] tha 2Fo]7}F AU
2, 71 9] Ashish 578 20X 42%, Velusamy £2&
Z21e7} Zo)| A 64.3%, Andrew S7V& gol|A] 47%2
Te WAdwo]l EH3IATiaL stk o2t xfole A<
A AR 2P| A S AF el et 28 S
o] Zo|7t vz Aoz Azttt 22l 7F Aol )
3 MICso@} MICo2 Pc, Am, Ter 255 >256 ug/ml$3 2.
o, Em& 128, 256 pg/mlEH T2 A R} Bmo] &

o 3420 FFALES & F AT
Te WA #&o] Q& rer F-AAe] Bf dge Hajd
BE #E°] edA) FAAN0WE 2L AA0eH,
elB) FRARE & 6157 13d5(21.3%), el M) 61+
F9.8%)7F 23l AR, THE FFH) FAARs BEEHA
UL e A} e B)E 7rol ZHal e d2 134T
(21.3%), te A9k telM)S 7ol ZEal Q= & 4+t
(6.6%) R o™, te(A), tefB), tel M) BF 23 I+ 4%
27 5(3.3%)7F JATE WS 271 o ZEAL g
£ olghs Tewt b A MIColE ¥ & 9
S FA W AoE AFFY, Te: 256 pgml ©]73<]
4 =2 FroA UAd-fzztel MICele] #AE v et
87} Aok AzFskcK(Table 3, 4). WA A3
B B Aox] B E Te WA E cofise 7187
o A G S vhEo] #HA YR S0 Te
&5 A st 5] e A) 9} red B) ol
98 Zhe Zo 2 AZtEe, d¥o) 3 Teo] &
YRES Bode @S viso] yAS 2
o]

==
e M) RS ZE ATk elEd Ade

A E coli7} F2 tet(B) (63%) %} tel A) (35%) {-A =}
BH3ta AT, 2 9] el C), tedD), tedM) F-2AF
Zka QA om, 2% o] WA fAAE Za 9l
Hete MICo= #A7E §le-& Bargh Zlolu, £ coliell
A ol EEA elM) FAA ST Bk
218 ATk Maynard 572 SH oA E2g
Escherichia  coli  (ETEC)  serotype
O149:K91 112F F 93%7}F Te WAolem, o] 452
tel(A), tel(B), tedC) FAAE HF313L AL, redB)
fFAREe] BHf-go] 80%=E 7MY =tk B Sk%la,
2ol A B Actinobacillus
pleuropneumoniaes 2 tefB) FHAE ZHAL AU
(70%), 1 2 tet(O), tet(H), tet(L) T= 2z JAATHL
B3 0|23 A3ke B ATl redA) AR
100%, tedB)7} 21.3% Q1 A= 2ol HFoH, o]y
gk zpol 7k 2| A2l zpolA= & U AFs] & ot
AT 7T Moussa 578 SO 2RE E2d Te
WA 104 #F F redA) AR 76 d5(73.1%),
tet(B) AR = 59 FF(56.7%) 7% 2L AL, el A) <k
elB) FRAAE o] zka JE dF+ 317F(29.8%)
ot B 3kAth 28 3 Ashish 57 R oA B
3 Te WA E coli= 107} te A)E 23 9o, 93%7}
tef(B) -ARE 7k )00, Margareta 522 A2t
A B3 B colPllA el A 25.6%, telB)E 32.2%,
tefl M)} ted(B)E 7Fo] ZEAL Q= 2 3.5% Tl B
&1t} Chopra 5, Roberts™ 7} 9] EFo| whe} 2k
A= Te W 427 hE2ThaL Bagk 213 2ol #]
NN & FEto] TR/l weh B o, &, AR T3 2ol
] el et 22 TR ol sieEts BEAfst
I e U SRR OE F Ak 2 AT X6l
A B3 B colie] Te WA 42 B3-S A2a19]
= o 2= AFS HEe tE FEA Y] Te WA
ol &S A7, E colitlA ol ZEA HEEHE
tedM) FZAe] Fet A5 F o o] IA s I
87 Avkar Aztete, ohE gstAA el g WA el
8 P W7 el Bt A4t X &H oz o] Fo
Aok & Ao g Ayzigit
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