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Amresco
Sigma ATCC 25922
1.4 PCR
Taq DNA dNTP 100bp Marker =~ PCR 1.4.1 DNA 36
TaKaRa DNA
Qiagen pGEM-T easy vector CTAB/NaCl $ Qiagen
Promega DNA
1.4.2 PCR GenBank
1.2 18 8
SS  DHL
TSI
37C 18 ~ 24h PCR 1 PCR 94°C 4min
0 0 94°C 30s 55 ~59°C 455 72°C Imin 30 72C
H 10min 4C
(0] H 1 503
1
1.3 PCR 94°C 4min 94°C 45s 59C
67 16 117 45s 72°C 90s 35 72°C 10min PCR
NCCLS
1 PCR
Table 1 Sequences of oligonucleotide primers used in PCR assays for identification of antimicrobial resistance genes in Salmonella isolates
Resistance Oligonucleotide primer sequences Accession
Size/bp
gene Forward primer 5'—>3’ Reverse primer 5'—>3' No.
blaggy, CAGCGGTAAGATCCTTGAGA ACTCCCCGTCGTGTAGATAA AF309824 643
blapsg GGTGTTTCCGITCTTGATAC TATTGCCTTAGGAGTTGTCG AF261825 423
blacyy.» CTGACAGCCTCTTTCTCCAC GAACCGTAATCCAGGTATGC DQO17661 601
blacyy.o GCAACAACGACA ATCCATC TAGCCATAGGCATAACTCG AB061794 678
tetA A CACTATGGCATTCTGCTGGC CATAGATCGCCGTGAAGAGG X00006 948
tetA B GCCCAGTGCTGTTGTTGTC AAGACCAAGACCCGCTAATG J01830 553
tetA C TCCTGCTCGCTTCGCTACT TGG TCG TCA TCT ACC TGC AB089598 730
tetA G CGGTCTTATGGGTGCTCTAT CCTTGCTTGTTACTGCTGAC AF071555 721
sull GTGACGGTGTTCGGCATTCTG TCTAACCCTCGGTCTCTGGC AF071555 824
sul 1l CATTTTCGGCATCGTCAAC AGTTTGGCAGATGATTTCGC AF542061 356
aadAl TTGATTTGCTGGTTACGGT CTTCAAGTATGACGGGCTG AY125351 537
StrA-B AACGCCTTGCCTTCTATCTGC CCAAAGCCCACTTCACCGAC AF100173 645
aac 3 -1\ GTCTCTGACACATTCTGGCG ATGACCGACTGGACCITC X01385 387
aph 3 -la AGCGTCTCCGACCTGATG GTATTGACCGATTCCTTGC V01499 373
eml A CTCTTGTTTGGACCGCTATC ACAACCAGAAGTTCAGGCAC DQO18384 454
Catl GTATGGCAATGAAAGACGG TCAGCACCTTGTCG CTT U46780 333
floR TATGGTGATGCTCGGCGT TTCGTGCCACCTGAAACC AY499129 403
dfr12 TCGGGTTATTGGCAATGG ATTGGGAAGAAGGCGTCA C AF175203 354
Integron [ GITTGATGITATGGAGCAG CTTGACCTGATAGTTTGG AF071413 varied
* Reference 9
1.5 1:10
6 0.45um LB
E . coli SM10 37°C

filter mating method

751e/mL 501.2/mL
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75pg/mL 25pg/mL 2 6
75pg/mL 50pg/mL LB 37C 5 5
59 50.4%
6
PCR 12 8
2.1
16 111 2
2
Table 2 Characteristics of antimicrobial resistance of Salmonella isolates from retail meats and human
Human Total
Antimicrobial MICS50 MIC90 n =81 n=36 n=117
R r R 1 R 1
(-Lactams
Ampicillin 4 > 64 45.7 40.7 41.7 22.2 4 .4 35.0
Cefamandole 32 > 64 53.1 11.1 66.7 11.1 57.3 11.1
Cefoxitin 0.5 4 4.9 5.6 0 5.1 0
Ceftriaxone 0.5 1 1.2 2.8 0 1.7 0
Cefotaxime 0.25 2 1.2 2.5 0 19.4 0.9 5.1
Chloramphenicol 8 >32 19.8 17.3 27.8 0 22.2 12.0
Tetracycline 8 >32 43.2 42.0 11.1 5.6 33.3 30.8
Trimethoprim 32 > 128 90.1 1.2 83.3 2.8 83.0 1.7
Aminoglycosides
Gentamycin 1 > 16 9.9 14.8 19.4 2.8 12.8 11.1
Kanamycin 64 > 128 28.4 16.0 66.7 5.6 40.2 12.8
Streptomycin 64 > 128 97.5 2.5 80.6 92.3 1.7
Spectinomycin 8 32 3.7 2.5 0 0 2.6 1.7
Sulfonamides
Sulfamethoxazole 128 > 512 22.2 14.8 33.3 13.9 25.6 14.5
Trimethoprim-sulfamethoxazole 0.25/4.8 0.5/9.6 7.4 3.7 0 0 5.1 2.6
Quinolones
Nalidixic acid 8 > 64 24.7 12.3 63.9 2.8 36.8 9.4
Ciprofloxacin 0.01 0.02 1.2 0 0 0 0.9 0
a. R % With resistant b. I % With intermediate susceptibility.
92.3% B 32
88.0% 57.3% MDR 27 2
44 . 4% 40.2% Cefotaxime
50% C D
67
35.0% 30.8%
2 A
18
17 B- B
2
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15
blagyy, blagyy,  tetC PCR
2.2 I 1 36 MDR
36 2 2 3
3
Table 3 Characteristics of antimicrobial resistance genes of MDR Salmonella isolates
Strain ~ Serotype  Source R type Antimicrobial resistance gene s Integron/kb
5101 Enteritidis chicken ACSSuTKCeGmNTm blagpy., floR emlA  aadAl StrA-B  sull sulll tetA tetB  tetG  dfr12 1.6
5108  Enteritidis  chicken STKNTm aadAl SwrA-B  tetB  aph 3 -la dfr12 _b
5109  Enteritidis pork ACSTKCeGmNTm  blaggy, blapse-1 floR cmlA  SirA-B  tetA  tetB  aph 3 -la  dfr12 1.6
3204 Derby chicken ~ ACSSuTCeGmTm  blapse-1 floR cmIA Catl aadAl StrA-B sul I sul Il tetA tetB  dfr12 0.3
4201 Anatum pork ACSSuTCeTm blapse-1 floR emiA aadAl SwA-B sul 1l tetA tetB tetG  dfr12 -
. blagy, blapse-1  floR cmliA  aadAl SuA-B sul 1l tetA tetB tetG  aph 3 -

4202 Sinstorf pork CSSuTKCeGmTm 1.6

la  dfr12
4206  Thompson  human ASSuTKTm blarpy, aadAl SuA-B sull sulll  tetB  tetG  dfr12 1.6
5201 Derby pork ACSSuKTm blargye,  floR  emlA  SrA-B sull sulll  tetB  tetG  dfr12 1.6 0.6
5202  Enteritidis  chicken ASSuTNTm blapse-1 aadAl StrA-B  sull tetA tetB tetG  dfr12 1.2
5207  Thompson pork CSSuTGmCeTm  blapse-1  floR emlA  aadAl SwA-B  sull sul 1l tet B dfr12 1.6
5210 Virchow beef CSSUTGmNTm ~ Cat 1 cemlA  aadAl sull sul Il teB tetG aph 3 -la dfr12 1.2

. blargye,  floR  Catl aadAl  StrA-B - sull sul Il tetA tetB tetG  aph 3 -la

5213 Indiana pork  ACSSuTKCeGmNTm : 0.6

aac 3 -V dfr12
5216 Derby pork CSTNCeTm blagpy.,  blapse-1  floR emliA  aadAl  StA-B  tetA tetB  tetG  dfr12 1.6
5217 Derby pork SSuTNCeTm blapse-1 aadAl StrA-B  sull ~sul 1l tetA tetB  dfr12 -
5220 Derby pork ACSTKNTm blaggy.,  blapse-1  floR emlA  aadAl StrA-B  tetB  tetG aph 3 -la  dfr12 1.6
5301 Indiana pork ACSTKTm blargy.;  blapse-1 —floR  aadAl StrA-B  tetA tetB  tetG  dfr12 1.6
5302  Sinstorf beef ASTKCeTm blapse-1 StrA-B  tetB  tetG aph 3 -la dfr12 1.6
5303 Agona beef ACSKCeTm blapse-1 ~ floR emlA  StrA-B  aph 3 -la dfr12 -
5308  Thompson  human SKCeNTm blapse-1 = StrA-B  aph 3 -la dfr12 1.6
5309 Derby human SKCeN blagpy.,  blapse-1 aadAl StrA-B  aph 3 -la  dfr12 -
5310  Enteritidis  human SKCeNTm blapgy, blapse-1 aadAl StrA-B  tetA  tetB  tetG  dfr12 1.6
5311  Thompson  human ASTCeN blargy.;  blapse-1 aadAl StrA-B  tetB  tetG  aph 3 -la 1.6
5312 Indiana human SSuKCeGmNTm  blapse-1 aadAl StrA-B sull sulll tetG aph 3 -la dfr12 1.6
5316 Derby human ACSSuKCeNTm blapgy, blapse-1  floR  cmlA  Catl aadAl StrA-B sull tetB  aph 3 -la L6

dfr12
5317  Senftenberg  human SKCeGmTm blapse-1 aadAl StrA-B  tetA tetB  tetG  dfr12 -
5320 Derby human SSuTKCeTm blapse-1 aadAl StrA-B  sull sulll ~ tetA tetB  dfr12 1.0
5328 Agona human ACSSuKGmNTm  blaggy, blapse-1 floR cmlA  aadAl StrA-B sull  tetG  dfr12 1.6
5331 Lomita human ACSSuTNTm blarpy,  blapse-1  floR cmlA  aadAl SuA-B sul 1l tetG aph 3 -la  dfr12 1.6
5335  Enteritidis  human ACSKCeNTm blargy.;  blapse-1  floR  emlA  aadAl StrA-B  aph 3 -la dfr12 1.6
5336  Tennessee  human ACSSuGmNTm bl(.lTﬂw_l blapse-1  floR cmiA  aadAl sul I sul Il tetB tetG aph 3 -la 1.6

dfr12
5339 Agona human CSTKCeGmNTm  blapse-1 catl aadAl SwrA-B  tetB  tetG aph 3 -la  dfr12 1.6 1.2
5340  Newlands  human ACSSuCeTm blagy,  blapse-1  floR  Catl aadAl StrA-B sul I sul Il aph 3 -la  dfr12 1.6
5404 Anatum pork ASKNTm blagpy., blapse-1 aadAl StrA-B  aph 3 -la  dfr12 1.6
5406  Meleagridi pork STKCeNTm blapgy, blapse-1 aadAl StrA-B  tetA  tetB  aph 3 -la  dfr12 1.6
5410 Sinstorf beef CSSuTCeGmTmSt ~ blagpy., blapse-1  floR cmlA  Catl aadAl SwA-B sul Il tetB  tetG dfr12 1.2 1.0
5413  Enteritidis  chicken ASSuTCeTm blargy.,  blapse-1 aadAl StrA-B  sul I tetG  dfr12 1.6 0.6

* Ce cefamandole A ampicillin
Streptomycin St
b

Spectinomycin

- negative.

B-

Cf ceftiofur Ct

ceftriaxone F cefoxitin - C  chloramphenicol Gm  gentamicin K kanamycin N nalidixic acid S

Su sulfamethoxazole T tetracycline Tm trimethoprim.

Cefamandole

blaTEM 1 blaPSF, 1

22 30

bla(;My_z blaCMY-Q
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Al dfi12  df173  div
4
Table 4 Antimicrobial susceptibility of donor _recipient and transconjugants
MIC pg/ml *
Strai Type -
o e A c s Su T K Ce Gm  Tm Conjugation or
transform rate
SM10 recipient <2 <2 <2 <2 <2 > 64 <2 <2 <2
3204 Donor >32 >32 <2 >512 > 16 16 > 64 > 16 > 128 3 8x10-7
3204/SM10 Transconjugant >32 >32 > 64 >512 > 16 > 64 > 64 <2 8 oX
4201 Donor >32 >32 > 64 >512 > 16 8 > 64 <2 32 2% 10~
4201/ SM10 Transconjugant >32 >32 > 64 16 > 16 > 64 > 64 <2 32
5301 Donor >32 >32 > 64 16 > 16 16 > 64 <2 16 5% 10-7
5301/SM10 Transconjugant >32 >32 > 64 16 > 16 > 64 > 64 <2 16 DX
5320 Donor <2 <2 > 64 > 512 > 16 16 > 64 <2 > 128 1x10-6
5320/SM10 Transconjugant <2 <2 > 64 > 512 > 16 > 64 > 64 <2 > 128 x
5410 Donor <2 >32 > 64 >512 > 16 <2 > 64 > 16 64 %105
5410/SM10 Transconjugant <2 >32 > 64 16 > 16 > 64 > 64 <2 64 x
5413 Donor >32 2 > 64 > 512 > 16 8 > 64 <2 32 6.4% 10-5
5413/SM10 Transconjugant >32 2 > 64 >512 > 16 > 64 > 64 <2 32 )
*Ce cefamandole A ampicillin C chloramphenicol Gm gentamicin K kanamycin S streptomycin  Su  sulfamethoxazole tetracycline Tm

trimethoprim.
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Characterization of multidrug-resistant Salmonella serovars isolated from
meats and human samples in some regions of Jiangsu

WANG Xiao-quan JIAO Xin-an"~ LIU Xiao-wen CHEN Xiang HUAN Hai-xia

Animal Infectious Disease Laboratory of Ministry of Agriculture  Jiangsu Key Laboratory of Zoonosis
Yangzhou University ~ Yangzhou 225009  China

Abstract A total of 117 Salmonella strains isolated from retail meats and human in some regions of Jiangsu were assayed
for their antimicrobial susceptibility the presence of integrons and antimicrobial resistance genes and the ability of
horizontal transfer of the characterized antimicrobial resistance determinants via conjugation. 111 94.9% were resistant
to at least two antimicrobial agents. Resistance against streptomycin 92.3% 108/117 was the most common. Whereas
59 50.4% were resistant to at least five antimicrobials. Twelve isolates showed resistance to six antimicrobials
ampicillin - chloramphenicol = streptomycin * sulfamethoxazole tetracycline and kanamycin R type ACSSuTK . A total
of 15 different antimicrobial resistance genes were identified in 36 multidrug-resistant Salmonella isolates. While 30

83% of these isolates tested carried integrons ranging in size from 0.3 to 1.6 kb. The most common integron was 1.6
kb which carried aadA5 and dfr17 gene cassettes. Conjugation studies demonstrated that there was plasmid-mediated
transfer of antimicrobial resistance genes. These data showed that the Salmonella isolates recovered from meats and
human in some regions of Jiangsu were commonly resistant to multiple antimicrobials and genes conferring antimicrobial
resistance in Salmonella were often carried on integrons and plasmids and could be transmitted through conjugation. The
mobile DNA elements might played very important role in transmission and dissemination of antimicrobial resistance
determinants among Salmonella strains.

Keywords Salmonella isolates multidrug-resistant integron conjugation
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