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Isolation, Identification and Medical Treatment of Proteus mirabilis in Immunodeficient Mice
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Abstract
chemical identification, 16S rDNA sequencing and migration behavior observation. Through the migration behavior observation, it was found

(Animal Core Facility of Nanjing Medical University , Nanjing, Jiangsu 211166)
A strain of pathogen was isolated from immunodeficient mice with diarrhea symptoms. The isolated strain was identified by bio-

that the isolated strain showed diffuse growth on 1. 5% LB and no migration on 0. 5% and 1. 0% LB plates. The colony characteristics of this
strain on DHL plate were similar to that of Salmonella sp. The isolated strain was confirmed as Proteus mirabilis by manual biochemical identi-
fication, ATB bacterial identification and 16S rDNA molecular sequencing comparison. The drug sensitivity test also showed that the strain was
sensitive to quinolones, with the inhibition zone diameter of 18—20 mm. But it was moderately sensitive or not sensitive to a variety of drugs.
After the diarrhea mice were fed with quinolones, diarrhea symptoms were significantly improved, the incidence was significantly reduced.

This study results provided references for the diagnosis and treatment of diarrhea caused by Proteus mirabilis.
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1.1.4 AEbrHERE R, U ITIRTE (Salmonella spp. ) F14: 8
{0 8 BRH ( Staphylococcus aureus ) Wi B P [ 24 5 A= Wy S Ae:
JE JIT s A 48 45 BR TR ( Staphylococeus xylose) 2y 5t BERF R 2
B2y segsh b et

L5 2Wiig. v W 175 KA Y2
AR

1.2 7FiE

12,1 Zhiabs, SRAEMINEURTE I THOARI ; il
L5 NYG /NRALSE, TR, U N 259 , 76 - 10, DHL
ISP AP E R 4B %, T i A s 1B N A T
W, HI T Ar A sl

12,2 AR,

1.2.2.1 #0535, K DHL SO ISP 10, SP 3% 33 I
37 CHAKEFANHEFR 16~24 h PRBGERUN 5 % T

PRI
1.2.2.2 JBAME. XHTR 16~ 18 h (EMEITE KIS
WLEE o

1.2.2.3 AU, TOmR PR T, S5 R T OREE K
R A 2 Y T IR TR
1.2.2.4  AAb%E o X BERUR ISR AT T TAf6 S ATB 20
RS EASE LS TE o
1.2.2.5 MiEEEE IR . SRR 2, HER AP
R (0 v 24t A= 0 ) A o T PO T R ) % B B
BRI, 40 B 5 V01 EC R 2 B 1M B R KR AT, B R RE )
BY FBK, 1~3 min J5ERLE R,
1.2.2.6 PCR kil 5 16S rDNA ¥, >R FH 40 1 3% H 4
DNA 5 G 32 BN 1A DNA  {ff F38 5 1932647 PCR 43, %t
PCR P=H#tA il 5 %€ o

(1) & DNA B 3. MFA E BBV T 75
A5 mL LB RS, 37 CH RIEFE 16~ 18 hy IS
FIER 1 mL RV, BSOSO TR AA 4 DNA il B2 32050) & il
PRANTE Y FL 2 DNA

7 : A. DHL S5 B. (iS5 C. SP -1
Note : A. DHL plate ; B. Blood plate;C. SP plate
E1

(2)PCR 434 (i 8 5 19" %F 16 rDNA PEfT PCR
P3G PG % AE e A T A R A B A FIIN .
45 5AE GenBank 3 JE th 384T Blast L4, {di ] MEGA %k
PEXS AR P SR T R BT IR R L T .
1.2.2.7 2580855, H14 0.5 2 [REREW, Y5014 T MH
Kigedk 1,5 min 525807 S NGIR TR R 2L L L 5 A4
2yt R, 15 min J5RE I IR T 2560 I BE FR LA 37 C #5537
FEPEEFE 24 h, MBS
1.2.2.8 EfEAT RN, 45 0.5 22 [RTEW, 4% NJD-
WZY1. 1 i B 7E i~ 1L, 35 A8 ¥k BE 43 90 2 0. 5% . 1. 0% .
1.5% .2.0% 2. 5% LB AT _|,37 CH555 20 h, F3/ Mg
Ik HAE R B
1.2.2.9 ZhW 255 AR 2000 25 8 5 SOk HGE
e 50 pg/mL FRPY VD 5L K95 By 0] N sl kA7 DX 3 45
25, 125 7 d J5 BRSSP0 T 30 1 AR, % il 2 i
42.3% FFEE] 9. 6% JRALFA W54, 0 100% , FeLL 45 24
14 d J5 &RF T RS 0,
L2.3 Bk, BT NYG /NG & B e Spi /b L, 2
A A 0T W 5 BRI 38 R A7 O ARG U, DA TG ) 422 1) 25 31 NYG
/INBRUASHI ) o
1.2.4  ZyA4duiill . ¥ is T4 B K ST A 2k
K, SR AR RS e 2t B e 2R AR AR A A
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2.1 AEHRN
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K/INHITE  REDGIFRIE A B AR g, v
TLEREAE RIS, sralish st , w44 4 NIDWZY L. 2, 4 &l 1B fiy
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iz
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Fig.1 The colony morphology
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WZY1.1 5 NJDWZY1. 2 25 5235 B A1 5, W E 24 B;
NIDWZY1. 3 85550 PHEERTR , UL 2C,

2.1.3 FTAEMAY%E, T DHL EIL FEVEA RO, fil il
TI6 R B, 22 B0 h B PR ST 58, B8 UV 1T ER B, o L
AT TS, SE G R E 1, G5R R0 HER v TR
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MR RE , T BT IZ Rt — A 5 PCR %5, SP ML
IR, A 2 IR OO BH PR BR R, BE DL 1 (A A 1R

7E:A.NJDWZYI1. 1;B. NJDWZY1.2;C. NJ]DWZY1.3
& 2

XEHBEAT P TR E SR IR 2~ 3, 2R R W], HERBR
o O A BRI AT RE O ATt — P A E

EZREELER(1000x)

Fig.2 The results of Gram staining(1 000x)

%1 NIDWZYL 1 £ SFLER
Table 1 Biochemical results of NJDWZY]1. 1

TSI
. - — 29 - GARER  BEERRNOREE  flER
?7&1 ) éﬂfﬁ iR =R N Indigo %&EM& Potassium Lysine Catalase
amples Inclined Under- Cas‘ H,$ substrate rease cyanide decarboxylase test
plane surface production
YOITERH Salmonella sp. + + + - - - +
NJDWZY1. 1 - - - + + - -
®2 NIDWZYL3 £ EFLER 2.1. 4 MIEEEERE . LLVPT] QB Sy B IR X BE Rl vb
Table 2 Biochemical results of NJDWZY1. 3 P14 NIDWZY 1. 1 Y FRb e 2 ’25%[}1%% 4,
- WORRARE g, LG 2.1.5  ATB A0S E AN . MR AR T 28K, X
annit o atalz
Samples o B hemolysis o NJDWZY1. 1 NJDWZY1. 2 55 NJDWZY1. 3 % % i 5 W HE 47
St (AT ER + + + AR N, Ho NJIDWZY1. 1 5 NJDWZY1. 2 45 FAH [, R4
Staphylococcus aureus EL AR AT Y N W o ke LS
NIDWZYL. 3 . _ N #xii/*ﬂil JTEHN L OlJuﬁ 5. NIDWZY1. 3 $e5E 5 R A
AIHEZ B UEE W AT PCR %€
£ 3 NJDWZYL 3 M¥%EMLIRER
Table 3 The plasma coagulase test results of NJDWZY1. 3
FEA iby ] Time//h
Samples 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0 5.5 6.0
SO BRE Staphylococcus aureus - - - + + + + + + + + +
AN ZTERE Staphylococcus xylosus - - - - - - - - - - - -
NJDWZY1.3 - - - - - - - - - - - -
LB %ifk LB liquid - - - - - - - - - - - -
x4 ITRES NJDWZYL 1 A H#ERS 2.1.6.2 16S rDNA ¥, BB HE 1 PCR P28 /600 7,

Table 4 The slide agglutination test of Salmonella sp. and NJDWZY1. 1

ESE7 S I3 AR K
Strain Serum Normal saline
YPTTECHE Salmonella sp. + -
NJDWZY1. 1 - -

2.1.6 PCR ¥ 15 16S rDNA {lljjF
2.1.6.1 PCR ¥}, R PCR J5ikxd 3 s Wk 174 4,
PCR = WIAE 1% BENRHHEE L LK /AT 45 SRR W, B R
Iy ESTE YR F A, 23 O OR WA, AR AR
Skl . 5 Marker A H, PCR 9734 7= 1) i Be R/
1450 bp( &1 3) , SHUIERA—E

45944 NCBI GenBank %4 E Hhifi 4T BLAST HLX43#T , & 31
NIDWZY1. 1 5 NJDWZY 1. 2 4355 1 5 He [R50 A s 14 5 971
Y Rar AR TEAT B, RVEPE e 99% LA L 1 %E 1% 2 ¥R
BRI A ] — BT B, AT S A8 T R T, O I UK 4 B 1 B0 T
NIDWZY1. 3 %38 N A= A BR A, HEBR & 35 (0 A BRI 1Y
A B

2.1.6.3  FHAEB M. K0 B I AR T B R 16S rDNA
FERF 515 N GenBank %41 P rh 3145 149 78 T AT 17 Ja 4 741
B JFAS HhH LA B R T R T A5 R LI 4, MR
4 TTLUE Y, 4 B8 Bk 5 A 5 AR T AT 1 10 [0 U 1 7E 99%
1S
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Table 5 Biochemical characteristics of the isolated bacteria identified KRS LRk . B- N TEREK  DUBRZE R 2R 2 ANl
by ATB bacterial identification instrument R(F£6),
SYE| R ||iH AL = SR
ltems Result  [|Ttems Result ||Ttems Result
CIT + pOBE - 2KG -
ITA - mOBE - INO -
HIS - MEL - GLYG -
MAL - NAG + FUC -
MAN - MNT - CAP -
ARA - RIB + ALA +
ACE + LAT + 5KG -
30BU - VALT - GLU +
PROP - SAC - SUB -
SOR - RHA - SER + 1L NJDWZY1. 1 43851 ;2. NIDWZYL. 2 43 8515 3. NJDWZY1. 3
SAL - PRO + S 4. DL2000 DNA Marker; 5. KA AT & BHEXT IR 6. 28 1
- pogic
2.1.7 g aTR, MR CLSI(2018 45) A AT T 11 25 4) Note: 1. NJDWZY1. 1 isolate;2. NJDWZY1. 2 isolate; 3. NJDWZY1. 3
1$ﬁ|\é’§§iiiﬁ3@ﬂ%ﬁ?ﬁ ’ *Umxﬁﬁ%ﬁg?ﬁi?ﬁ{mu}zﬁ% isolate ;4. DL2000 DNA Marker;5. Escherichia coli positive con-
PRIVEGHURH I , SO AR T 18 EAR K/ N W, 45 trol ;6. Blank control
TR FEE Y 30 iy 258 IZ R R IR D B AR 3 PCRy AR
bR VPR U RE A W R TR S 24 W R, R BB AR Fig.3 PCR amplification results
9% MF582341. 1 Escherichia coli strain
100 AF008580. 1 Salmonella enterica subsp. arizonae strain

MG859652. 1 Klebsiella pnemmoniae strain
NR_149294. 1 Proteus cibarius strain

4100‘_7 NJDWZJ. 1
99! Proteus mirabilis strain

JF895482. 1 Bacillus beringensis strain

—

0. 02

E 4 NJDWZY1.1#J 16S rDNA /735 GenBank rh E it 5 JAG M B B B ALK 3 4
Fig.4 The phylogenetic tree analysis of the 16S rDNA sequence of NJDWZY1. 1 and other common detection bacteria in GenBank

F6 NEEKRAFNBER BE4T AR 2.0% 2. 5% ) LB SF-Hx - 52 30 301 14 ) DU ) 1
Table 6 Antimicrobial susceptibility test results of the isolated strain 28, R LR R, 7E 1. 5%LB 2 MRiEdA K 7
I A AT B 0.5% 1. 0%y LB P EARWITRERER A5 R I S,
g PO gem | gy Ihibition g —— Fam Bloot plate
Drug name diameier Result || Drug name diame;er Result — TSRO, SUHYLBFAR LB plate with 0. 5% agar concentration
mm mm — IFRERE L. (49LBP45 LB plate with 1. 0% agar concentration

ST 0 R S 7 R 12 R —_— I?H‘Z‘,N?_l S%éﬁLB—‘T:—%ﬁ; LB plate w%th 1. 5% agar concentral%on
ak 0 m |dwms 5w  RIRRAL ALK, B e with 2 % v i
i Rag 20 S || kABEN 4 J 107
AR 18 S SN R ~
HRWE 20 S || et 0 R =
UL S 0 RO\ s 12 R .-
ZHEHEB 0 R | kA 11 R Bz s
SOTEE 11 1 || mE 0 R Y e
WA 4 R || Hemkpipk 0 R 3
EeS 10 R || GCEpH 0 R =
sHEE 0 RO mmsk 12 R |
TR R 10 R || WRALFEAR 14 R 0
RRFER 11 R LIEZ 0 R

S BUEG R 2 1L P Fig.5 The migration behavior of NJDWZY1. 1

Note :S. Sensitive, R. Resistant ; I. Intermediary 2.1.9 ZhYHZHRE . SN 93 %/ R 2, , T%‘:éi é/ﬁ\%

2.1.8 GEREATNE R T, NIDWZY L 1 7R M-F L, 3508 7 d 5, /NEUIR 2575 31 0 b ke 3% , 36 T 50 2 P 24 107 1) ik
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Table 7 Comparison before and after drug administration of mice

] Number of Total cage  Incideno

Time Number of cages otal cage ncidence
with diseased mice number %

JH 25 1 Before drug ad- 63 149 42.3

ministration

JH25)5 7 d After drug 9 93 9.6

administration 7 d

JHZ5 )5 14 d After drug 0 84 0

administration 14 d

2.2 iRt SRHA] ELISA J5 3530 W 5 BT 28 0 I A |
BT 2 2 DRI 2 P M IO 75 /) B 7 A T A
LRI 8,

®8 mFKRMER
Table 8 Antibody test results

M5 R OBUFR R MR NEUR
Serum Rk IR EDIMEJ: R R EE
number Tyz MHV REO-3 Mad

1 _ _ _ _ _

2 - - -

1.2 SRR S £ UL
Note:1 and 2 are the serum numbers of sentinel rats in diseased mice ca-
ges

2.3 FEREW CBmiE N aiE T A s K TR
NSty )oK AR i 55 47 6 1R i T I 0 TR A
B TR B, AR 2K 9

R FEHBMUER

Table 9 The detection results of parasites

) , o KBRS,

Sample e m :T“%E‘ Acanthamoeb 2k
Flagellates Ciliates Nematode

number polyphaga

l _ _ —_ —_

2 - - _ _

3 - - _ -

4

TE: 1.2 A FE LR S U N2, 3 4 S 50 NYG /N N A4

Note:1 and 2 were the intestinal contents of sentinel mice in the diseased
mice cage,3 and 4 were the intestinal contents of the diseased NYG
mice

3 itig

ZAR P E DHL P4z b 43 B 0 B 75 R n S5 V0T T IR R AH
ABL, BICHE S YRS o S5 R R 1T BB, AHLE 2o V0T EG R
F AR E HEBR TV T TRE M T RE, 2t it —2£ 41k
Y W AT A TEAT R . 78 SP AR I B VR S
SR ORI R BR AL, 20t A b %2 5 PCR %58 HI 2 N S
AR HERR T & S A A BRI AT AR, T NYG /)
B LM ey 1 RS A A AR AT, T DA A T A A A K
PRI IR R B0 T

WA XF B T 16S rDNA J¥ 5150 Hr LR 41 1 i 1746
SECZR KL E PR bl 5 R — A R R B N
99% ~ 100% , J] 5 A [a] —~F, 97% ~ 99% (14 ) P-4 B 1 2
F]—> MR AR bR X VR ORI A 16S tDNA 15 7

I HEXF 2 SRR K 5 A AR A T 0 R R ik 100%
W% BRI ] S 5 AT AT IR

TEBARIG PR B 2R P K0 T AR AR AL R 1k
Al P AL SR A — A R BT ), S G B AR A1
R TP Y ATB 2058 4808 {3U% — 5 e 2 AL R A
TSP [ S AR, P T A AR R B R4
BAE BRI EE AN RN S R 1R E, 2 L ATB S8 25
RET TR r LU i PCR J7 v X% B
—BW W E A RS AT B . A I e ATB 25 2
5 PCR %5 25 A —30, S % i S G N a7 AT AT
ATB 40 B 55 2 ASGRF FERE S i il i 5 R s R b, FE B 6 L
TR HAEAE NN TR B 3 i 01 22, T PCR 7 ik B SO
PRt AR AR BB S L T AR B AR
PCR 2 W H B K AL,

A FE A RBLICK, R T OB A (HBEE P Rk
N LA B, AT 1E AR 25 2550007, it R B4
BENNTRROAI 254 . B4t 24 18 o H B0 %) o 3 e Js B ik T
P BB AR, T IR 2 2R
s, & FAREAF B BT 200 H 25 5, RWErE S e
M2 AR . WL 2500 R BLAE & R 30 A b A
11 Fhdir: R it 25 20 AR 0 mm, 14 Bl A B A 5E
S 2,2 R A 2o BERIURR, 3 Rl A R U, 7F 11
Fot & 25 b R vp, W RIS PTAE R 2 B, 100%
Tt 24 s 22 KBTI 2 2 Fl, 100% T 25 5 BT e P 25 1 Fb,
100%Ti7 24 s kAU E PR E 1 B, 12 8%1Mi 25 ; p- NIk
BURE 2 i, 60% it 24 ; WA R YL E 2 B, 75% T 245 %
SY BRSO R 45 R 5 O A HGE T 2 N s 2 R
FHZERE R XA R I XX LR AR 3 B RS TR YT A
SEARIE KT TR 51 A 45 ol R e T A R 2K 2 ) SURR R Oy
100% , PTVE hi% b DX 049 I R 8 36 FH 25 Al IR B B FH 2 7
B EE R I 24 LB S O A T RS 25 WA T )
NRR R EIMH B FREE. HZ 14 d )5, T
UG, Nl WL R 2, SE Tl FH 25 iR 42. 3% R %
0, AR T 2B AR, R R E R &
RS 14 d IR IR KA AR K, AN 0. 4 GE/d FET RIS F
13 58/d, 2525 2 d JG AT R B I R R, 352 9 Z8/d, vl
W POK AR 23 O R EVE . FRER 2y 7 d JR A0TSR
SRR, IAFN 0.3 58/d, F 842 14 d S R W R shd . +F
Sesf2h 21 d JEiEgh (525 7 d UIEILE R ELA, B 1 ST
T, MRS R WK R IR R A RE 14d 1Y
R, FE TR M 45 T 25 IR T T LAAR G b 4 1 200 1) &
&, FRseh 2521 d Jo AR RS DA RN VD LA RE I i
B AFORBEA RN K A Fr S 5 25 A e A L, X 22
TEJR SRR LG 25 W3R 7 TP IESE . R 86 T R sh i 2 A=
72 PN B, T BE R S AR A A 72 TR 7 %/ B3 o e
AR T2 B A AR AT B AR AR Y

AR AR AT REA TN A 2 B A, B VC LS CGC
W, e VORI A R R 5, BELRS 40 R AR K T
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CCC MR IAMI AR AR, TRtk e, B M SN H
K I, A AR T AT R AR T X 2 FeiR AR fe b A
K2 NIDWZY L. 1 A4 S s it 5 3k 0] 10 K T
o, e ST I Sk B B L, SR 5 AR U SRRV FE 2. 0%
2.5% 1.5%%) LB 0L, 76 4 .7~8 .10 55 12 h iTfl s Br e b,
H 4 AIEME 75X LA R BOW %40 F COC RURAS  HAqxnt
(B BZALF VC BLRAS . AEBUIRIRIE 0. 5% 5 1. 0% LB -1
AR WA AT R S, R F A 682 0. 5% 5 1. 0% 1) LB
AR R K AT B, A B FER A = i, S ECKR
WITREI % . %IR8 B BEAT 9 5 SCR AR Y 22 B A
K, TR T AR B . A AT il i A T
A SRR T HAGHT I AEOE 1 K A B B A S AR TE AT
BT NYG /MR BEA B i som e
5E/NRIEE N IREZ M 2R, R85 MR FE ISR
A S AR R . i TR /N R SR AR PR R IR BT R BT
DA AR (L E AN SR %/ RS 1) R 2L 3, 8 SR
THE/NRIETE B AR, B a0 5 A4 d
ARG T L W R 2 RS AR NR— A S K
A T T B RN 2 I i DI 2 Bk e i MR RRAE AR B LA 4
AERT R HERR , T2 SR — g o B g, HL gt
(g5t AR TS I, 12 AR SR TR A T T R, &5
SRR BLIE FPHUAR I B PE . X 25 A B A G Y 5 %
WIE R AR PR E AT 5L R BRI T 2 H
&I NYG /RS AR IURER i g e Bl s R ke Rk kR 8L H
PRI, TERGHES  AE B HERR B L T, 35 % R AN R %
PR, eI, d i R — BRI VS A
R, FEBAS NYG i BROR A, S 2K 215 | A2 Bh vk &9 1
BURE N FAIEFTE ., ¥T NYG /N, R A H = B s
BRBAME A FRRER M i T 5| A A5 i TR AR 5 A A ek o T A
R , DRI MG A ) 3 A B 458 T 3% EE T P
5% ik
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