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W B ATHIFIHMAA (Proteus mirabilis, P. mirabilis) &% 8% & W W 6975 vt 2K, SFRH, AR
THESATHHEAR, BRSPS, AP P mirabilis 31755 52 . K RAKE ¥ H0EN 9B 89 P. mirabilis
BHRIAT 21 AP AEF IR0, B REAY: 579 8 AA & 48 490 4k P. mirabilis, 3 AR FHA. A5
Py P. mirabilis 8975 3 FE5 515 65.61%. 78.95% #= 67.90%. H¥, W% S B AT LERSD, H 82.00%. HTHTH
P. mirabilis 5 BT LB F OB ERSG, ETHHEHT 97.85%, HARARFTAFAEL. BAFEE. BUEZ.
WirE., #EEF. AH5HERRKKEE, ¥4 50.00% AL, 490 tk P. mirabilis 3 T BALT=E, SEMBER
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Prevalence and Antibiotics Resistance of Proteus mirabilis in
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Abstract: To understand the contamination and antibiotic resistance of Proteus mirabilis in raw meat, a total of 579
samples of pork, chicken, and duck meats were collected from 5 markets, and P. mirabilis in the samples was isolated and
identified. The susceptibility to 21 antibiotics of the P. mirabilis isolated in this study was tested by the disk diffusion
method. A total of 490 P. mirabilis in those 579 samples were isolated and identified. The contamination rates of P.
mirabilis in pork, chicken, and duck meats were 65.61%, 78.95%, and 67.90%, respectively. Market 5 had the highest
contamination rate (82.00%) among the chicken samples. The antibiotic resistance rates of all P. mirabilis isolates to
erythromycin was the highest, which was higher than 97.85% in all markets, followed by trimethoprim (78.00%~93.68%),
doxycycline (73.12%~79.82%), spectinomycin (65.26%~88.17%), tetracycline (64.52%~79.95%), streptomycin
(60.55%~86.02%), trimethoprim-sulfameth (52.29%~87.10%), and gentamicin (51.61%~76.15%), all of which were more
than 50.00%. The multiple-drug resistance of 490 strains of P. mirabilis was severe with a rate of 100.00%. P. mirabilis
strains with pan drug-resistance to all 8 classes of antibiotics accounted for 14.90%. In conclusion, the fresh meats from 5
markets were seriously contaminated by P. mirabilis, and all the isolates had multiple-drug resistance. The contamination
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and antibiotic resistance of P. mirabilis in this area should be continuously monitored in order to provide more information

for the prevention and control of food poisoning and the selection of clinical medication.

Key words: Proteus mirabilis; fresh meat; markets; isolation and identification; antibiotic resistance

B F AT T B ( Proteus mirabilis, P. mirabilis)
JEGFT AL, BE—FhE WA EEoR R, e
I PR 2RI &) R ala e, s PR R
GGG | PRIMAE S, WA A S22k R A AT PR A 4%
TS 195 | PR B B i DB o, 25 [
B E WPRIREZ 0, P. mirabilis FEBAT
TN B REEHES, NIRRT
P. mirabilis W& & RZEM5 Y S
Lo AR R V11 & S NE S E= 4 % N (295 N
T BRI K ET M, 2017~2018 4F, FEFREEY)
H g SR bl P 2 CHCR A g R i B R s ik
10% LA P I H AR St h s e 2 A
ATBERIZ R, PSR it o FE s i 63.20%" Y, 4R
WA WIFERI P. mirabilis TEA 60 & APWAE
LS =S R CRe OB+ ¢ E Y O k= et eF ¥ e d N = K 2/ e
F, Xy Rseti b At 8 & AR P. mirabilis 347
R 5 S AT ARSI B2 . 53—, HTFPiAEE
W) A S, P. mirabilis TR 251E-5 Z HEif 25
H 25521571 Pomirabilis W25 R8I 3275 G4 1A)
RPN, 2 FECOLAEAME ] Z e fe Rk, IR
IR TG RIES T e 7,

ASPRGBZH i A B b LT B A ST i & & R Y
P. mirabilis 15932 THZIE0L AT, I#H ERIC-
PCR 4374 J B HC L R 8 5 2254 22 (W] 5 JC HH b i AH
SR TR X SR TT I A R S A P
mirabilis W15 4% FATR 24515 {50 I £ T T By SCHRHR B AT
SRARE /D, HL, S TR ISR TSTE
E R P. mirabilis 153LRIE R, A5 LTT
HAth, 5 NRBIRSEHTIGTRAET 579 At & & IRAE
win, XS HIGYLNY P, mirabilis Y4753 B35 R 245 AT
LbspT, DAHARE AxTihh | i & @ R P. mirabilis
FAT5 Yo R R 2518 0, -1 BE 53 P. mirabilis 15
YLy, SN P, mirabilis 52 £ R 85 00 B 45 Al
PRAAZSE PRIt E T S5
1 #REREE
1.1 MRIEEE

Jigi 0> 32 WK . M-H B5UIE 35 5% Ji& ( Mueller-Hinton
agar medium) . SS T fi§ 3% 7= 5L (Salmonella Shigella
agar medium) [ RIFRPUEDFEARGRAF; 0.1%
FEEMOK  HAVEYREAA R E] UM ER . 5815
H.EHER. MO, ZORTAR, fER . BURE
L EEREER . FIRRR . RRER SR TR
AR B EMEIE . BT Eia I . ZR0ERR . BUATD AL,
SNSRI = S A N E 5N ST 11 VANIS S it I S 1 i
it e PEE Oxoid 28 7l KR % ATCC
25922 ARSI A RAT o

Thermo 138 4= ¥)Z 4=#5 E[E Thermo Fisher
Scientific 22 Fl; CHA-SA BUEHIEIRZG AT TLINE M
PR A 5 1] ¥ 2\ 7 ; DEPU-40B 34T 5 6
BIEIA RIS AT B2 H] 5 9270B-2 AURR/K A HAVE
RIEFAE IR SR B A A A H] o
1.2 L7k
1.2.1 FEACREE 2016 AFAHILTT 5 SRR
SEFE A . XSG PRFIHS RIRE S5 3 579 403, BRI H 39 AR S
I, F 2 h WlAT P. mirabilis 4535550 o
1.2.2 PEERMTE SE%EE PSR SiEa JC
VEYIHLZS 10 g 6 it 2= JCE Stomacher 4377, JiTA
10 mL JC B 0.1% & R K, A FA T4 (400 W,
8 WK/FP)HAHT 30 s, it UE MW AEUE W . HX 0.5 mL
FESRFAFTIHE, IMAZY 3 mL I CIRHSFRAL T, 28 37 °C.
120 r/min R H55% 12 h J5, B— IR B MCAE SS 1B
Wit FRILR, 76 37 C HIRREIRAE TP R 24 h e,
M BEALPRGE 2 ASTESURE S A R - DG ot
S B N 0 26 B PR AT BT R VR R TR DY A PR N A
fifg . 22 ZE0E A0 AR TR L Ak S FLVEFIRENE
SEM AR S e PO K AL S E S5 RN P. mirabilis
BH P B4 B Ak 34T ERIC-PCR 4378, £ )5 T—80 °C 1%
1L P. mirabilis TR, Horb ERIC-PCR 43 #4
—EY 2 MR HERAE 1 RR.

1.2.3 ZHfsrns 25 CK2 8 Kirly-Baue 483
B R ECH A 0.5 22 [G He MUbRvE I T B R,
FHARZE BEICA S W 2115 M-H Big % o Sk R i,
HE 3~5 min [HRFFRILFE T, FHEE T I 4~5 72
AR R R W e R 3R AL R, T 37 C By
FE 16~18 h, AN T2, LIGLEHZE 2020 iR
5 I RS 560 2= AR i AE 22 5125 (CLSD ARl EA T4
e, gb R B ARUE Sy M 25 (R) |« WA (1D 55 8808k
(S) . LB ZHMTTE B KIm IR A B ATCC25922,
HA 3 25 Dl A RhiEa Bk e ok Z F 2
Z R (MDR) , X T4 S 56GH0 2 28RS 24010 245 1) B
IRAE CARZ 245 B AR (PDR )21

1.3 HEAIE

{diFH Excel Z3HTULEE I 3 T PYEAE S B9 BHAERE
RS P mirabilis XA Z 0 24544, F Origin 9.0
il R ge i oA El . SR SPSS 23.0 X
AT GE T2 A PR, THECETR ¢ KBS, P<0.05 Ry
ZREGH R
2 HBRESHh
2.1 P. mirabilis BOi551E)

SRAENY 579 A PRIE Sl v, 38 3 2R DY 2 R i 2
fifg . BAL S TR MR . PREZG . RO 5 1 52
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BE M B0 e 2 45 0, et 414 04 BEPEARR S, FFiE
ERIC-PCR 43 %143 55 H 490 Bk P. mirabilis, £ H 3R
7 84.63%, HiH1 76 M AR ES B 2 ¥R P. mirabilis .
B P BHPERE TR 65.61%, X5 A BHERE &L SR
78.95%, TS P BHMERE S RN 67.90%. At Beit=#5y
BT, 3 FRIZEAZ V5 YUl i 305 ™2, HAG RN 3215
YRR ) 25 TS ARG IR (P<0.01) o

AR, angk 1 PR, FEARFETTS SIS, AT
Bty 3 P PSR PR 32 5 YL AR fe i M L, BH
TERE R ETF 70.00%, JHIE N 4 51lid% 5, FH
PEF5 R 80.95% F1 82.00%, & T /il 4 5 5 b,
H A AT P I 32 15 YRR B LA A ™ B, AR
PR 2w B e ol T 3 T 3 B 2R s b P
mirabilis 15 3 VA S MT 7R, iZ i A R P
mirabilis JIPEZR N 43.66%, XS P32 75 4R e, Hk
JETSPIFNFE AU, HAEFSE T 5 DTS RREAS )
3 B W e S5 R ST S 45 SAH LY, B H 30 A ff
R P. mirabilis 15350 N8, X b4z
3 PRSI A2 TG YRR RE, 5 R IING A 3275 Yty
TV, SHTHAT ST A AR, FREHAE 3 FRPIZE g R
WSZH| P. mirabilis W54t IH-HITAE P. mirabilis
Sy S E bR, I EBIREAR B AR R, AR
X BEPLPRIE T 2 AT S pd v T AR fb 2 a2, KIkmT
AE ST — B R MITRAS, T LA 4% 5 6 RIS PR
32 75 YL ol o A P, [, —FRE A R R =
FIASRIBL RN P. mirabilis 158 EAS = X

#£1 WEEENT P mirabilis 17544 K-

Table 1 Pollution level of P. mirabilis in commercial fresh
meat
N Feindoe YRR Pomirabilis  PEPERRS R
e WETOGT mmOM BRGH) %)
a0 31 20 26 64.52
il XSGR 46 34 42 73.91
8 A 31 21 25 67.74
ian| 49 33 39 67.35
%2 XA 44 35 42 79.55
8 Ay 32 23 28 71.88
ian| 45 27 31 60.00
T3 MR 46 36 46 78.26
e Ay 30 19 23 63.33
ian| 30 23 24 76.67
ima A 42 34 40 80.95
8 1A 35 26 29 74.29
ian| 34 21 26 61.76
g5 xR 50 41 46 82.00
i 1A 34 21 23 61.76
At 579 414 490 71.50

T PRl 3 (% ) = PR A B () /Rl B (4>) x 100,

AMFEVEEE ) 3 FhRSEH, X532 P. mirabilis 15
YUA R ™ E, RS PN, X ] BB THEFRFE Y
R FRIH A XSS 55 5 52 B P. mirabilis 15 9% 838 X5
Y, FETTE 8 S 52 A R VS YL HA B Y, 38

VYL IFOUINEIR 20, RAERT RFFE 4l S s Ak
R 58T REMEER T P. mirabilis WK H 205
ik 73.60%, J3AXIHNE HREHHEXSR T P. mirabilis
HIRE 2R 66.00% . XTT P. mirabilis TEAHE P HY
SYE G, ESMRIE R, M PEAE T R SR S A
A8 A PR AR 8 RS HE 380 23.05%, TTTRS PRI H 38
S 100.00%, 3R 3Z {5 YL = E U, AR BN P.
mirabilis WZEEIEE 7, A=W B, 4075 DA K B
TR FEI AT REM IS Y XK, F83HE & T YR
BEIEL, XSRS BRI B T HeHAc s i A i S
BT HRIERE A5 3. I H. P. mirabilis HAG
TEHERE ST, VTR B X E AN e TR, R
E PR I, B AR BN, BE R, 1Y
In T V5 YL A XU, HLHEHT AU TS 0 SN T RdE AR OGN
5, BEINRGRE, SEEE T ST 2GR nE] R0

AL, 1 R] BB XSS PR SR 1 AR B 22
K, T8 5 Ahidgh, Wil 3 Mo, Hazi5 Y g
B, g 2 Sty 4 BRI, % 4 19 P. mirabilis
BEPE ARG, 3 FZESE P, mirabilis 15 YR 1 7
&, TR P. mirabilis FERMINRIS YL,
UEHENITT Y 4 B & RS O ag DAR AR 22, ] RELTF
TR A PR BTG Y e A SIS YE M. AL, AT EESER
FEH ST 2R D RS SHE R S5ET,
FEETGYYER B PR S A A R, T S WSS
FEER RIS, R INBAORBIN - T2 E Y ik
i kA, DRI ST B R R T S5 A 7 ST
75, I HIH 28 5 iz i et P A TN L e, 55
MBI FES N B, Bk h RS R A
2.2 P. mirabilis WZ58SCE

AMFFERI 8 & 21 PP R T2MELs, 8 25
YA IGYT P. mirabilis 154408 FHTAE 220132
490 tk P. mirabilis WEHEIGEER L 2. XFANH
RIS 76 8 HSPiE R se b, 3 Fh a2t ag
FOBE T SRR IR N RIS T 24 3R 05 v, i 24 8 25738
F1] 96.58% LA_I, JE RAFE S 4y BS MR X L1 B 2 T 24 3=
iEH] 100.00% . XA HESE 52T IS 5 RPN EE
Syl AR a R, I bt R el 2 7E
RFEREY | B S B DL 25 A O, RIS
TSR NERZEOAE GRS B RSP
25y, R 3 P 2SS B RRXT DU R S | p- PN ki
25 | SR R ISR RS 2 )t S AR v T 245 7K,
H G R 53 B AR AT 24 7K SPAR i 255 T4 R S5 S P (U
MFE | s, P<0.01), (X SHEE R IS5 it 24
T 2257 (P>0.05) . BRILZ A1, X8 PR RIS PR X nds p
BRI T Bt 25K, 3312 (60.65%) . 11
P(57.03%) . 3 FRAZSIXTSLrue25 it 2580k,

TERERRY 21 FibiAEZR T, P mirabilis TRARXTIU
M F(55.48%~74.54%) . i J1E522(65.07%~83.33%) .
B 25 PH AR ( 60.96%~82.87%) . G4 FF 2 ( 69.18%~
76.85%) . R JB % (50.68%~65.28%) . 4k 7 =
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2 THESENT P. mirabilis B 2L 4,
Table 2 Results of antibiotic sensitivity tests of P. mirabilis in commercial fresh meat
A XA 5 A
Pk FERA B R 4R PRI HHE
R(%) S(%) R(%) S(%) R(%) S(%)
— IAIIT%E TCN 55.48 22.60 74.54 13.89 73.44 14.84
RIER DOX 65.07 25.34 83.33 6.94 79.69 16.41
HHR PEN 36.30 63.70 4722 52.78 46.09 5391
Jaaliires B S P AMX 60.96 3425 82.87 14.35 67.19 26.56
FORPIMR AMP 33.56 62.33 57.87 37.50 49.22 46.09
pp— :%%? CHL 69.18 26.03 76.85 11.57 75.00 14.84
FAEH FFC 50.68 4932 65.28 20.37 62.50 35.94
HHR STR 64.38 32.19 89.81 8.80 73.44 23.44
IR KAN 43 .84 4932 57.41 26.39 55.47 2891
LM RKREER GEN 55.48 3425 69.44 25.00 64.84 25.00
MR SPT 73.97 16.44 81.48 9.72 65.63 17.19
TIHRTIB AMK 39.04 58.22 34.72 60.19 29.69 61.72
s PP AR e TMP 80.14 15.75 91.67 6.48 85.94 11.72
Tt .

Cp a7l SXT 59.59 37.67 85.19 14.35 78.91 21.09
B NAL 20.55 78.77 54.17 39.81 46.88 4922
W TR R B ENR 15.75 79.45 43.98 43.98 39.84 55.47
W E CIP 19.86 73.29 47.70 43.10 42.19 48.44
KIS RS ERY 100.00 0.00 99.07 0.00 96.88 0.78
KA hAS CRO 10.27 86.30 25.46 72.22 21.88 73.44
BB KIEPET FOX 8.90 89.04 8.33 89.81 9.38 85.94
SKAEE FEP 4.11 93.15 5.56 94.44 5.47 89.84

T R(%) =255 A 257 TR R ) /BT RRECEE: (4>) < 1005 S(%) =24 45 S U TR () /BT R (4>) < 100,

(64.38%~89.81%) . IR EEF (55.48%~69.44%) . I
WLAE 2 (65.63%~81.48%) . FH 4 2 M WE (80.14%~
91.67%) . & 7 H i B (59.59%~85.19%) . L1255 %%
(96.88%~100.00% ) i HLAT M 2414, it 245 58 4% 3 Ffp
PSSR T 50.00%, FoAR SR T35 A 4 B AR 4T B
F 2538 100.00% Fb, HAx ) 238 A 43 B35 kXt
iR 25 it 25 3R K - B 75 (65.28%~99.07% ) , X kb
3 PSS, XS P P. mirabilis 53 5 kk BTN 25 7K S5 T
% PR 55 4 TR, HER TS PR 40 B AR, T 24535 62.50%~
96.88%.

T P.mirabilis 53 BSRRXT 21 Fhyrd: 22 09 245
PEFA R T RIS IATGE o pras SR W E 1, X
ANETT RIS LS R, 78 5 R 25259
HRRE PR A B AR R U B 2R T 24 8 v 1 A, 4 R a3k
W22y, L HAET ) 1, T 2554005, i 92.31%,
XS A58 P 5 B MRAE T 3 3~5 RS mieER 25, 5 1>
T B 3 Fh R ZEXT 21 8 K A0 T 25 14 D0 I i 22 5=,
JIT A T 5t PR & 4 B RR AT TN 2T 85 21, T 24 3R 15 v
T 97.85%, P A e A R IR R ERE SR I L . SR
AR 2P A FH DA S o PR T 24 Pk i —28 i
;. HIR, XT3 Fh B- NS 2 245 B DA AN,
{ETY 2 I P. mirabilis 53 BEEITHEZR . 5
PEARFN 2 PEARGEUER, AT I35 200 R 3 B At el
B PHAKTR 2545 P25 (80.95%~100.00%) . itz 4 5
47 5 3 P 58 A 4 B AR T 2 Fha B 3282 (5
FFER 67.50%~90.00%, FAJEH 72.41%~93.10% )3,

EEE TR T 25 KO-, (T 1 A RS B AR S T
i 3 WG PR 43 B AR PR i 245 ) P i 245 7K1 v 1 A
FhZE, Tt 2 T S0 BRI 245 7K S 4AIK, X0 I 4
BRI A e B 25 (52.38%) . IT4FK, N4
T P. mirabilis Tt 2504530 HT 0 SCRRAZE =245 R 7RI
IR P. mirabilis W25 PR B350 £ & & o 4 vp
P. mirabilis T 251 HIBE £F/D DLE] . Wong P M
XS AR TP EL R P. mirabilis T 25Kk, BERRFEI
H XF DU R 2 (100%) | il 122 S s (80% ) . S8 3%
(66%) . Z RPUMM(60%) . PRKEZZHK (38%) . kAl
¥ (36% ) FiI Sk AIENT (34% ) 25 A 2R AT 2454k, 4%
R P. mirabilis 53 ESRXT PURR 2 Sifitf o B XGmB 4 58
i 24, X 5885 2R AN 24 7K S5 AR WE SEARARL, X Sk A28
Pk i 25K 5AIK, TEARWFFT T 45 5 ios AT
P. mirabilis 5y BRI SIS U,
2.3 P. mirabilis W% EM A

AWFFEH 490 Bk P. mirabilis Z2HM25TERIR,
ZHEINZ5%F R 100.00%. it 7 25520 P. mirabilis
BEAR o=, SN 28.50%, HIAKUCHTT 6 25, 5 2%,
8 4. 4 25N 3 FHiERR. 13.57% BUERRHITAIIHA
8 bR 2. A Wb, ¥4 P. mirabilis
SR ESRR M 6 JSPiAEER, N Lhik 35.62%, XRS5
P B RR S EEmT 7 28brA 2, & e 37.04% Fn
32.03%. XTIt 3 Pl RIZSHE P4 E AR 3~6 2EHi2E=R
o R TR PR S PR S B AR, (RN R 43 B BRI 7~
8 P AT il THAWPIRP IS, XT3 KPR
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Fig.1

Drug resistance of P. mirabilis isolates to 21 antibiotics in fresh meat from 5 markets

TE: a~e: T3 1~5,

T 245 S 55 PR 500 PR R B804 B AR, T 2452353531
7 4.11% F1 0.46%. SMAKTE, BRIE RS BERT 6 25
YA EM 25353 30.00% LI 4N, HAb P25
BRRI R B X 7 ZEPiAE i 25 a5 5] 30.00% LA
b, #BIT 13.00% BOSFESRRXT 8 ANl ARSI 24
(W3 3) o P. mirabilis 51 BRSSP 2K HLEE
PR, JUHIZ R SLHI PG T Sk Atnbk i e A B0UER, T
SNIZMLIXIEIT P. mirabilis 532 AYE S TP EE ek YL
PRI BT 24 W)

AR i A T LT I T A R A B Y P
mirabilis Tit 25 V5 HT a5 7w, T 43 55 B AR 24 %5
3 KU EHUBE I 2, T AT AR ZR Ik 2 E
2, L H X ESAE R, MAREKH T
100.00%", A5 3 Fl ST S Bkt It 3=
PRy Z E i 2, XoF 4185 26 04 it 24519 O B R T R, E
3 Fh RS i 25 %3535 5 96.88% LA, M4

23 P. mirabilis 53RN 2 EHMT 2545

Table 3 Multidrug-resistant results of P. mirabilis isolates

s P. mirabilis HHEMDR” H (%) PDR*(%)
3% 4% 5% 6% 7% 8%
A 401 11.64 2808 3562 1644 4.11
A 046 4.63 10.65 2546  37.04 21.76
WS 0.00 1094  21.09  21.09  32.03 14.84
T 152 9.07 19.94 2739 2850 13.57

7F: MDR": = 3PP, W 53~7 M PUmZE; PDR™: XA ML 8 Ui
FNHEREAT T 241

TE 5 AT R IYTN 2%/ 60.55%~86.02%. J3A
WFFE 2B, MBS R b 533 04 P. mirabilis
FILH T TR 2SR, XTEEE S-S (FEE
25 SLAUPH RIS, FREIHZE) | PUBRERIE | METRTRZE
AT | SRR SYUE R IFRI T Z 24t 24574,
TEE N, PSP ER 434l X R AE 26 R 25 1Y P
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mirabilis R ZZ BTG TRER, FHXT B-INBERES . HH AN
ZAMENE | A IS PTAE R, Z M2
g2, B 5 | RS SeyE, AT A B inss 25245 5% B8 A,
iR T | R IR G U R B L)
Pyl AT o
3 &g

ARIFEXT R SRR T P. mirabilis W54
IE O 25 P T T R RG34, R30I X A= e P BH
PERESL IR E] 71.85%, FE IRl . X IR P 203853 52 5]
BEEE WY P. mirabilis 1595, 53125 00 B AR K Z2 X5 PUER
.MIJIEER . PSIPAR, SR FURNEE | R
RRFEE  HWMER . FEOREMENE . 2 7 #iE .
R SPUE R Y, HAFAER ™ HE I 2 HE i 24
PG, ZHMZ55M 100.00%, HP8PIrh P, mirabilis
A Y SRR 245 1 i Sl ™ 8, N &1 1o B DG S
Ik, B8 P. mirabilis TEAN[A] RI2SE X 1 DX (¥ A 5 0
it 225 7K A Bl T3k — 2B 4 A LA ) 2R R | T 24 3
PRUFY S Ge i i B BAR S A, "I X P. mirabilis 15 4%
o B T B S e B R S A A T e TS K
Yoo A, s A i PO 2 A 7 i B S R, B S
2P WA R, TINSE AN T4 E N 5L Y RE I, Pk
BTS2 A

Sk
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