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Resistance characteristics and distribution of polymyxin-resistant
mcr-1 gene positive bacteria from swine in Fujian
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Abstract :[Objective] This study aims at understanding the resistance characteristics and distribution
of mcr~1 gene positive bacteria in Fujian. [Method] A total of 313 fecal samples from 21 pig farms in 7 cit-

ies of Fujian were collected,and mci~1 gene positive bacteria was screened,isolated and identified by PCR.
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The drug sensitive was tested by K-B agar diffusion test, and the resistance phenotype was analyzed by
PCR method. The sequence type (ST) of mcr-1 gene positive E. coli was determined by multilocus sequence
typing (MLST) method,and cluster analysis using pulsed field gel electrophoresis (PFGE) was performed
to determine the distribution and phylogenetic relationships of mc~1 gene positive E. coli. [Result] A total
of 43 strains of mcr~1 gene positive bacteria were isolated from 313 pig manure,including 39 strains of E.
coli. The drug sensitive test showed that the resistance rates of these isolates to sulfamethoxazole, florfeni-
col, streptomycin, doxycycline, enrofloxacin, neomycin,amoxicillin, cefotaxime, linco spectacular,imipenem,
nitrofurantoin, linezolid and tegacyclin were 90. 1% ,83. 7% ,74. 4% ,67. 4%,67. 4%,58. 1% .,53. 5%,
39.5%,34.9%,11. 6% and 4. 6% ,0 and 0, respectively. The detection rates of sull,sul2 and sul3 genes
were 81. 4% ,90. 7% and 74. 4% ,respectively. Among quinolone resistance genes,only gnrs and aac(6')-Ib-
cr were detected with detection rates of 51.2% and 30. 2%. The detection rates of Cat2 and cmlA genes in
chloramphenicol resistance genes were 86. 0% and 74. 4%. The detection rate of florfenicol resistance gene
was 83.7%. The detection rates of NDM-1 and ¢ fr gene were 23.2% and 7. 0%. The tegacyclin resistance
gene (tet(X)) was not detected. Among the 39 strains,35 of mcr~1 gene positive E. coli with high diversity
were divided into 19 ST types. The ST10 type was dominant with a total of 9 strains. PFGE map showed
that these 39 mcr-1 gene positive E. coli obtained 30 PFGE patterns in 6 clone groups with polymorphic
characteristics. [Conclusion] The mcr-1 gene positive bacteria from swine in Fujian were mainly E. coli
with multiple drug resistance and a few were other strains of Enterobacteriaceae. The mcr-1 gene positive
E. coli showed characteristics of polymorphism and high diversity in regional distribution.
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Table 1 Information of primers used in mcr-1 gene positive bacteria from swine in Fujian
A 5141791 (5'—~3') B FI it 4 B /b
Gene Sequence of primers(5'—3") Annealing Target fragment
temperature

dfrAl F.CGGTCGTAACACGTTCAAG,R: AGAGGCGAAGTCTTGGGTA 58 257
dfrA3 F.CAATGTTGTCGTTAGTCGCA.R.CTTATCGTCAGCAGGATGC 57 268
d frAS5 F:GCCTTGACGTACAACCAGT,R: TCCGGCTCAATATCAATCGT 53 269
dfrA7 F.:AATGGCGTAATCGGTAATGG,R: TATCACCTTCAACCTCAACG 56 343
dfrAl2 F.GAACTCGGAATCAGTACGC,R: TGTATATCTCAGCTCCGCC 57 323
dfrA F.CAAGGCAATCCACTCCGAC,R:GATGGCGTCAATCTCCAC 58 367
sull F:GGTTCTGAAATCCATCCCTG,R:CTCTCATCGAAGAAGGAGTC 56 251
sul2 F.CGGCATCGTCAACATAACC,R:CCGAATGCATAACGACGAG 57 368
sul3 F.:AAACGAATCCGGAAGAGGT,R:CAAGAGTTGGTGCTAAACGA 57 279
aac(6")-Ib-cr F:GGAGAGCCGATTGGGTATG,.R: TGGCGTGTTTGAACCATG 57 320
qepA F.: TGGATCCTGGACATCTACGG,R:GAAAACGCGGCGATCCAC 59 290
qnrA F.GATGTACTTCTGCTCGGCT,R: TCCGGCAGCACTATTACTC 57 321
qnrB F. TACAAATATGGCTCTGGCAC,R: TTGGCGTAGCTTAGATTGGT 56 381
qnrC F.:CAGGCAAACTTTGTTAATC,R: TACGAGGTTCTAAGCCAT 54 271
qnrD F.: TCAGGGGTTGATTTAACTG,R: TATCACAGTGCCATTCCAG 54 430
qnrS F.:ATCGGCACCACAACTTTTC,R: ACGCACGGAACTCTATACC 57 252
cmlA F.GTGACATTTACGCAGGTCG,R:GCGACACCAATACCCACTA 57 583
fexA F:CCGACAATTAAACCGGCAG,R: ATCGGCTCAGTAGCATCAC 57 728
fexB F. TATGAGCTTCGTAGCAGG,R:CACGATGCACGTAATGGT 57 304
pexA F.CAGCGCTTTGGTTTGATGA,R:GGCGAACATAATCAGGGCT 57 321
Catl F.GTTCACCCTTGTTACACCG,R:ATGAACCTGAATCGCCAGC 56 315
Cat2 F:GCGGATTCAGCCTGACCA,R:CCTGTACAGAAACAGGTA 54 483
Cat3 F:ATATTCTGTTGTTGTCAAC,R.CTTCCGAAAAATAAGACC 54 221
tet(X)1 F.GACAATCCTGAAATAAACAG.R.CTTATTCCAAAATGCAATGC 54 383
tet(X)2 F:GACAATCCTGAAATAAACAG,R:CATTTCAATTTCGTTTTGAG 54 795
mer-1 F.:AGTCCGTTTGTTCTTGTGGC,R: AGATCCTTGGTCTCGGCTTG 58 320
NDM-1 F.CAATGCGTTGTCGAACCAG,R:GCCGTATGAGTGATTGCGG 60 366
cfr F.GACTTTCGGCACCGGTAAT,R:CAGTAGTCCATTCATATTTG 52 1298
floR F:ATGACCACCACACGCCCCGC,R: TTAGACGACTGGCGACTTCT 58 1215
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Table 2 Isolation and identification of mcr-1 gene positive bacteria from swine in Fujian
X KRG PR 4 37 8L SR AR B PR 5 K
District Number of pig farm Number of positive farms Number of samples Number of positive samples
™ F Nanping 6 4 71 11
% Longyan 4 2 121 23
= Sanming 3 2 39 5
S Pingtan 2 1 42 3
T4 Ningde 2 1 18 1
7% M Zhangzhou 2 0 7 0
&M Fuzhou 2 0 15 0
Bt Total 21 10 313 43
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Table 3 Drug sensitive test of mcr~1 gene positive bacteria from swine in Fujian

I AR/ mm N )

250 AEZE Diameter of inhibition zone ﬂ'lg?j PRA ﬁRT%$/ %

Category Antibiotic i 25 4 fif R :1:11}:}()1::8 e;l:ttiznce

Resistant Middle Sensitive
BP9 ik e B 2 P54k Amoxicillin <13 14~16 =17 23 53.5
Blactams S ABENT Celotaxime <19 20~22 =23 17 39.5
H AR 2L Hr& % Neomycin <12 13~14 =15 25 58.1
Aminoglycosides #5 % K Streptomycin <10 11~13 =14 32 74. 4
7S iR J1 85 & Doxycycline <10 11~13 =14 29 67.4
Tetracycline B % Tigeeycline <20 21~22 =23 0 0.0
fi# 1 2% Sulfonamides Ttk iz 3 S ik Sulfisomazole <10 11~15 =16 39 90. 1
MoR] Pk 2K Lincosamides AW Linco-Hydro <14 15~17 =18 15 34.9
Bk e /2% Chloramphenicol 4 J& % Florfenicol <14 15~19 =20 36 83.7
Y45 i 2% Quinolones BiE 7 B Enrofloxacin <15 16~20 =21 29 67. 4
5 g 2% Furanes I 2 A Nitrofurantion <14 15~16 =17 2 4.6
S e R 26 Oxadixyl F Zs s i Linezolid <20 21~22 =23 0 0.0
Tk 7 75 45 25 Carbapenem W 15 5 Imipenem <19 20~22 =23 5 11.6
FH i F 2 Costin Z W #% BPolymyxin B <12 13~19 =20 43 100.0
2.3 HEIRE mcer-1 B E PA ML E A 25 B B AT For I 45 R L3R 4.

TREIETR mer-1 Fe R PHME 405 A 7] i 24 3 R Y
F4 BEBEmo ]l BEEAUHHERAEMAEFNKEE=ER

Table 4 Ratio of resistance gene of mcr-1 gene positive bacteria from swine in Fujian

254 Drug it 24 3 ] Resistance gene % Detection number o H %/ % Ratio
d frAl 2 4.6
dfrA3 0 0.0
dfrA5 1 2.3
dfrA7 16 37.2
T e 25254 Sulfonamides dfrAl2 27 62.8
d frA 0 0.0
sull 35 81.4
sul2 39 90.7
sul3 32 74.4
aac(6’)-Ib-cr 13 30.2
qepA 0 0.0
qnrA 0 0.0
W35 B 25 25 %) Quinolones qnrB 0 0.0
qnrC 0 0.0
qnrD 0 0.0
qnrS 22 51.2
cmlA 32 74.4
fexA 0 0.0
fexB 0 0.0
AR EIKZ5Y Chloramphenicols pexA 15 34.9
Catl 0 0.0
B FE 225 Chloramphenicols Carz 37 86.0
Cat3 0 0.0
BEHIIRZ Tigecycline Tet(X)1 0 0.0
Tet(X)2 0 0.0
£ %W % Polymyxin mcr-1 43 100. 0
4 & B-Ij\] Wk B s 25 1) Metal B-lactams NDM-1 10 23.2
% 2Tt 25 Multidrug resistance cfr 3 7.0

A JE % Florfenicol floR 36 83.7
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Table 5 MLST of 39 E. coli of mcr-1 gene positive bacteria from swine in Fujian

ST 27! iR ST 27! iRz ST 27! iRz
ST type Number ST type Number ST type Number
ST641 1 ST117 1 ST410 2
ST790 1 ST763 1 ST101 2
ST1011 1 ST617 1 ST29 3
ST20 1 ST331 1 ST2505 3
ST4214 1 ST11117 1 ST10 9
ST9399 1 ST156 2 #41 Unknow 4
ST5699 1 ST602 2
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