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Assessment of antibiotic resistance and transmission characteristics
of antibiotic resistance genes in bovine-derived Proteus mirabilis
from Zhejiang

CHU Shanshan, CHEN Yan, XU Zhuoqun, ZHOU Jie, LI Keyu, HAN Jianzhong, QU Daofeng”

School of Food Science and Biotechnology, Zhejiang Gongshang University, Hangzhou, Zhejiang, China

Abstract: [Objective] As a zoonotic pathogen, Proteus mirabilis poses a serious challenge to
public health due to its multi-antibiotic resistance and the synergistic effect of virulence genes. To
characterize the antibiotic resistance transmission of bacteria in the food chain in Zhejiang
Province, this study systematically monitored the antibiotic resistance phenotypes and genes of
isolates from cattle slaughterhouses and farmers’ markets, and analyzed the distribution differences
of antibiotic resistance genes (ARGs), virulence genes (VGs), and mobile genetic elements
(MGEs). [Methods] A total of 384 samples (feces, carcasses, environment, etc.) were collected
from cattle slaughterhouses and farmers’ markets, and the strains were identified by 16S rRNA
gene sequencing. Twenty ARGs and 10 VGs were detected by the K-B disc diffusion method and
PCR, and the ARGs and VGs carried by P. mirabilis were analyzed. The ARG clusters were
analyzed by sequencing of integron gene cassettes, and the co-occurrence network of ARGs, VGs,
and MGEs was constructed. Subsequently, conjugative transfer experiments were carried out to
explore the horizontal transmission potential of ARGs. [Results] A total of 101 strains of P.
mirabilis were isolated, with the total isolation rate of 26.30%. The isolation rate of strains from
slaughterhouses (33.85%) was significantly higher than that from farmers’ markets (18.75%). The
resistance rates to ceftriaxone sodium, amoxicillin, and erythromycin were all over 90.00%. Among
the ARGs, blateym (89.09%), sull (77.71%), and tetA (63.29%) had the highest detection rates, and
the distribution of ARGs in slaughterhouses was more complex. The VGs fliL (92.08%) and zapA
(80.20%) were highly expressed in the isolates, which suggested potential pathogenicity. The
detection rate of integrons in slaughterhouses was significantly higher than that in farmers’
markets, and PCR amplification results showed that there were a variety of ARGs, including
aminoglycoside and trimethoprim resistance genes. Co-occurrence network analysis showed that
ARGs, VGs, and MGEs had significantly positive correlations, and type I integron (int/l) was the
hub gene. Conjugative transfer experiments confirmed that blargy could be transmitted across
species via horizontal transmission. [Conclusion] Compared with farmers’ markets,
slaughterhouses are key nodes in the spread of antibiotic resistance due to the antibiotic exposure
pressure, high organism density, and rich mobile components. The findings emphasize the
importance of strengthening antibiotic management and monitoring the transmission chain of
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ARGs, providing a scientific basis for the prevention and control of antibiotic resistance under the

framework of “One Health”.

Keywords: antibiotic resistance; antibiotic resistance genes; virulence genes; blargy; horizontal

transmission
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Table 1 Details of primers for antibiotic resistance genes

Category Gene name  Primer sequences (5'—3') Amplicon size (bp)  Annealing temperature (°C)
Polymyxins mer-1 F: CGGTCAGTCCGTTTGTTC 309 56
R: CTTGGTCGGTCTGTAGGG
mer-2 F: TGTTGCTTGTGCCGATTGGA 567 60
R: CAGCAACCAACAATACCATCT
mer-3 F: AGTTTGGTTTCGCCATTTCATTAC 621 57
R: ATATCACTGCGTGGACAGTCAGG
mer-4 F: TTACAGCCAGAATCATTATCA 488 50
R: ATTGGGATAGTCGCCTTTTT
B-lactams blarpm F: CATTTCCGTGTCGCCCTTATTC 800 53
R: CGTTCATCCATAGTTGCCTGAC
blaxpm F: GGTTTGGCGATCTGGTTTTC 621 56
R: CGGAATGGCTCATCACGATC
blayp F: CCAGATAACCTAGTAGTTTGGCT 332 56
R: TTTCGTTTAACCCTTTAACCGCCT
blaoxa F: GGCACCAGATTCAACTTTCAAG 564 55
R: GACCCCAAGTTTCCTGTAAGTG
Aminoglycosides aac(6')-Ib-cr F: ACTGTGATGGGATACGCGTC 369 55
R: CTCCGTCAGCGTTTCAGCTA
aphA6 F: TTGATTTGCTGGTTACG 265 54
R: ATGACGGGCTGATACTG
Quinolones qnrd F: ATTTCTCACGCCAGGATTTG 516 56
R: GATCGGCAAAGGTTAGGTCA
qnrB F: GTTGGCGAAAAAATTGACAGAA 526 56
R: ACTCCGAATTGGTCAGATCG
qnrS F: ACGACATTCGTCAACTGGAA 417 53
R: TTAATTGGCACCCTGTAGGC
Sulfonamides sull F: TGGTGACGGTGTTCGGCATTC 790 56
R: GCGAAGGTTTCCGAGAAGGTG
sul? F: CGGCATCGTCGTCAACATAACCT 721 56
R: TGTGCGGATGAAGTCAGCTC
Tetracyclines tetA F: GCTACATCCTGCTTGCCT 210 52
R: CATAGATCGCCGTGAAGA
tetB F: TTGGTTAGGGGCAAGTTTTG 600 52
R: GTAATGGGCCAATAACACCG
tetC F: GAGAGCCTTCTTCAACCCAG 418 418
R: GTCGTCATGATCTACCTGCC
Amide alcohols  cmid F: AGGAAGCATCGGAACGTTGAT 576 56
R: CAGACCGAGCACGACTGTTG
floR F: ATTGTCTTCACGGTGTCCGTTA 563 53
R: CCGCGATGTCGTCGAACT
Integrase intll F: TTACAGTTTACGAACCGAACAGGC 299 58.4
R: AACCGAGGATGCGAACCACT
intl2 F: TTACGCTGCTGTATGGTG 156 49.8
R: TTATTGCTGGGATTAGGC
intl3 F: GCCTGGTTCTGGGTGTTC 259 55.9
R: GTGCTGCTACTAGATGT

>4 actamicro@im.ac.cn, 7 010-64807516
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Table 2 Proteus mirabilis isolation rate

Region Number of Number of
samples separations (rate)
Slaughterhouse 192 65 (33.85%)
Farmers’ markets 192 36 (18.75%)
Total 384 101 (26.30%)
[ ] Sewage (6)
[ |Tray (7)
70 [ Cutting tool (11)
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Figure 1 Number of isolates of Proteus mirabilis in

different sample types.
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Figure 2  Antibiotic resistance rate of Proteus
mirabilis. PB: Polymyxin B; TE: Tetracycline; DOX:
Doxycycline; MEM: Meropenem; IPM: Imipenem;
CF: Ceftriaxone sodium; AT: Aztreonam; CTR:
Cefothiophene; AMX: Amoxicillin; AK: Amikacin;
KAN:
Gentamicin; CIP: Ciprofloxacin; ENR: Enrofloxacin;
NOR: Norfloxacin; SXT:
sulfamethoxazole; SIZ:

Kanamycin; S:  Streptomycin;  GM:

Trimethoprim-
Sulfaisoxazole; C:
Chloramphenicol; E: Erythromycin.
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Figure 3 Comparison of multiantibiotic resistance of Proteus mirabilis in slaughterhouses (A) and farmers’

markets (B).
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Table 3 Detection rate of antibiotic resistance genes

Types of antibiotics

Resistance genes

Detection rate (%)

Polymyxins mcr-1 22.31 (23/101)
mcr-2 6.72 (7/101)
mcr-3 4.98 (5/101)
mcr-4 1.13 (1/101)
B-lactams blatpy 89.09 (90/101)
blanpm 29.45 (30/101)
blapp 6.53 (7/101)
blapxa-1 58.22 (59/101)
Aminoglycosides aac(6')-1b-cr 43.16 (44/101)
aphA6 6.68 (7/101)
Quinolones qnrd 14.27 (14/101)
qnrB 35.05 (35/101)
qnrS 19.59 (20/101)
Sulfonamides sull 77.71 (78/101)
sul2 51.06 (52/101)
Tetracyclines tet4 63.29 (64/101)
tetB 37.51 (38/101)
tetC 21.64 (22/101)
Amide alcohols cmlA 31.40 (32/101)
floR 47.65 (48/101)

WP ER A B RN B S B IR T 2 2 R
WHEE . ZREEMWZYEEH mer-1 7EB S
YA HH 3(27.50%) 34 B 1 3% (12.95%) =1t 2 £
DL b (B ERIE, VTR 25 3L gnrS
TE AL Z M 25 HE N floR B9H: A AT %
m T B SER R, BREL b 2 B 24 5L L
A, A 25 58 R 35 02 B SR ke R A i .
TR, T 245 56 PRUAS: H 53R DA S A1 28] 5 465 o
Erl N TR
24 BHEESHESR

X101 MRS [R R R 19 87 S AR e AF s AT T
ARG TSI FEH (10 FROREIN . KIS SR an 3% 4 fr
N, S 5HERAREN ML BRI SE R AR TP RO
HoRA R, A% 92.08%, FIHIZIENAERFAE
AR EE ) IR Al g e B . /Ll B
PR 2t AL 114 2 1030 3 24 0 1) 45 ) e P 1
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Figure 4 Comparison of antibiotic resistance gene

detection rates.
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F1 53.47%, Hogmht i 8 5 40T A I 2R T v
YN, X LB 1 BEAS A IR 15 S 41 AR 1Y) 41 R
B, FEAMN YR

AN TRLR U5 G A7 5 A8 T AT 1 0 B DR A s 4
RIFAEZES . WK 5 FR, 10 Fid ) 5L H 7 B
VMR A TG AR, Hd ucad N5
zapA FERITE P RS HH B AH 228K, ucad FEH
FEAR B T 37 B 52 3 PR BB 0 R R A ) R
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x4 FHERKER

Table 4 Detection rate of virulence genes

Virulence genes Number of Detection rate (%)

plants detected

SfliL 93 92.08
zapA 81 80.20
hpmA 65 64.36
hpmB 54 53.47
ucaAd 60 59.41
mrpA 53 52.48
ureC 49 48.51
atfA 59 58.42
ireAd 74 73.27
rsbA 70 69.31

. —=— Farmers’ markets
: fliL e Slaughterhouse

Es5 FHFREMTHRERNSZHEERSHIER
Figure 5 Distribution of virulence-associated genes

of Proteus mirabilis.
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Figure 7 Gene co-occurrence networks of ARGs, VGs, and MGEs.
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Table 5 Conjugation of blatgy positive strains

Sample number  Sample source Strain Conjugative transfer rate
LP35 LP35 from slaughterhouse feces P. mirabilis (3.45+0.20)x10°
LP42 LP42 from slaughterhouse feces P. mirabilis (4.59+0.30)x1072
XS16 XS 16 from farmers’ markets environment P. mirabilis (5.98+1.00)x107°
XS28 XS 28 from farmers’ markets environment P. mirabilis (5.24+1.00)x 107

x/6 EAHEBAIENZYIEURM
Table 6 Antimicrobial susceptibility before and after conjugation MIC (mg/mL)

Bacterial PIEcpibk  SkfuflnE  ERVEAR PORRER i e S e RRER  FIRER WEER
strain Amoxicillin Ceftazidime Ampicillin Tetracycline Sulfamethoxazol Gentamicin Kanamycin Azithromycin
LP35 2256/R =264/R >256/R >128/R =320/R =216/R =2128/R 64/R
LP35-EC600 >256/R >64/R >256/R >128/R <20/S >16/R >128/R 64/R
LP42 >256/R >64/R =>256/R >128/R <20/S >16/R >128/R 8/S
LP42-EC600 >256/R =>64/R =256/R =>128/R <20/S >16/R =>128/R 4/S

XS16 =2256/R >64/R =256/R =>128/R <20/S =16/R >128/R 8/S
XS16-EC600 =256/R >64/R =256/R =>128/R <20/S =16/R =128/R 4/S
XS28 =256/R =32/R >256/R >128/R =2320/R =216/R =2128/R 64/R
XS28-EC600 >256/R =232/R >256/R 4/S =2320/R =216/R =128/R 64/R
EC600 <4/S <4/S 8/S 4/S <4/S <1/8 8/S 4/S

A 2R TR N R T 24 3 A AE TR sl ok L,
I BN A HBLR A T HE . 1A,
AR R AR B BT 25 15 0 5 K-B 2
5 A I A 4 R —3
3 Wik
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M 250 | T 24 3 DR RN B O SR AT IEA R
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REAS, E i PR B S SR B AT R 3R, A5
WA AL S 5E DL M 16S tTRNA JEPINT, 52h
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