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huge economic losses for farmers. [Objective] In order to investigate the causes of pneumonia attacking
foxes and raccoon dogs in Heilongjiang, Jilin, Hebei, and Shandong provinces, we isolated, identified,
and characterized the pathogenic bacteria. [Methods] The bacteria were isolated aseptically from the
lung tissues of diseased foxes and raccoon dogs. Gram staining, biochemical test, PCR identification of
specific genes, susceptibility test by disk diffusion method, virulence gene detection, and mouse
pathogenicity test were then conducted for the isolates. [Results] All the 136 isolates were
Gram-negative bacilli and were identified as Escherichia coli based on biochemical characteristics and
specific gene PCR. The isolates had multiple drug resistance and 29 virulence gene combinations. The
main virulence genes were yijP, fimC, fimH, fyuA, iutA, papC, irp2, and astA. The isolates carrying more
virulence genes had stronger pathogenicity to mice. [Conclusion] E. coli was identified as the pathogen
causing pneumonia of foxes and raccoon dogs, and the number of virulence genes was related to the
pathogenicity.

Keywords: fox and raccoon dog pneumonia; Escherichia coli; drug resistance; virulence gene;

pathogenicity

T EAE Rt b R 3 R e il g [ S
T, AR R IR 600 J7-800 T, 4
di B P AR 70%M 0 IR SRR A TR E1E
FERE R B LY, FRIE% BB AR BT
{AFRFE 7 B 5 KR g, S B A
PR 5 Ry 1655 B K sh W) 3 Al & Je Y = A%
YRz —. KIpHEENRERZ —, £
Fer= 2 Besh Ik . 56 . SRR J5 T &4 T A A]
BOMERET, wal &I, sEaEmR . IfR
FERF B L0 . SRS, RER AR K
B, EHAHISET . @ NTI2 A2 ] L
Wyl k&, Wi Rth, EEEargd, &l
o ) T IRE RS RAF, WA Y, MafE
AR LARRERT I, P TEIn . i, DI R AT
o AT, BN TR A B A R AR X
PRI AR 2293 5 T 5 DR W A T 38000 il 4% ks DA
ARAFARL, L s R ACER B 4 0 €0 A A BR AT
e &N R N [ T T K (N R SV B =
B AL S ) I AR XE HE R Bopa T, DA R JoEE
TR B A HURZ Y . AR IR Z 5 FH 25 A
TR, R4 T Z 'k, &
FOREIN ., F& ARG EEILT . HETA SR,

St & TR S AT v T BIESE A FR, T LA AE
WATHL T = AR R, i, X5k %
B s i 9% 09 R A BT AR A T Y L A A A 5 5
SR T MU R A A D A TR o i T Y
BURBE I PRI KR . R R PEE T,
1113 505 BE 1 A 5 JHC P 5 ) 5 7 22 (R DA
K, BRI AT A RE 7 B AR g 05 R AR
FEHEOIN . 5%l 58 KM BT A 74 s 19 O e

1 #RE5xF*

1.1 X

2019-2020 4R H B VLA 2N | 206
PRI BTRAE . T ARKE. &#
B XINRA WIS . G St 62 4
UL S % 37 2B il 5 BT 5% 73 316 %o
HHPITARE 5 78 4 . 5% FHE S 238 s

AINEIE AT TR AR EARERAE . /N
FLh 2 R B A E/NEL(SPF), il KM R, H
Wk S JEEY, RE N (18+2) g.
1.2 EERFIFILEE

T EE 11 R R S BB (TSA) . AR K 5 A
(TSB). ZFHEHLHUIE S 35 3 (MacC) . M .
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A4k . DL2000 DNA Marker, ¥ &7
H:¥)/5 w3 2xM5 Hiper Plus Tag HiFi PCR Mix,
IR REXEYRHARAR; B2,
Jemt B R A YR ARG BRTTEA R ; PCR 514
By A TAEY) TR (i) A B Rl A .

S B, i T R B AR A BR A
PCR ¥, FEBR CHRBHE AR AR ZERH Ik
1, A —A R AR A F; BEREG S
Mr &%, UVP ~Hl,
1.3 @EHDBIEFREEUE

JC T BT B 7E TSA S Fig#i, 37 °C
Bi SR 18-24 h 5, BREURTETE T TSA Al k&
FREYLEMRRIL . 37 °C 3% 18-24 h, W%
WRPE T A I PRI Y B AN T Y E 77 4 2% (R
(R
1.4 HHikiE

HUAGRR SR 18-24 h Ji5 B3 B R BRI 7K 43 1
RV EEEET . MR, VP, P52 [C My iR 5 3t

x1 SHERMER

4 PR AR T, 37 °C B335 24 h, i 4
1.5 KBBTFEFFHEEE phod BJPCREE

HR A SCHR Th KT B R Sk S5 phod 5
YF SIS s Y. BS54 F: 5-CGATT
CTGGAAATGGCAAAA-3'; N5 ¥ R.5'-CGT
GATCAGCGGTGA-3'. T ¥ 3 7= ¥ K/~ K
720 bp Zifi. PCR KR (20 pL): A
10 uL, 31¥ F. R (10 pmol/L)4% 1 pL, Bk
¥ 2 pL, ddH,O 6 pL., PCR JZ)W 451F: 94 °C
5min; 94°C20s, 58°C20s, 72°C45s, it
35 RAGHR; 72 °C 5 min. B 10 uL PCR # 4% 7=
PILA 1% BEWESE R R4 T HL VKA
1.6 XBATFE S BHkREHEREN

MR 22 SCHR[2,14- 15 438 1 R I FF B
) 14 A8 ISR A R 14 XF519, 3k 1 i
W 255 IR 0 40 8 T OB AR AR T PCR.
PCR WK ZR (20 uL): JRAWE 10 pL, F. T
HE51H(10 pmol/L)4% 1 pL, itk 2 pL, ddH,O0

Table 1 Information of virulence gene primer sequence

BN RESIY TS BJGREE P SCik

F[H Upstream primer (5'—3') Downstream primer (5'—3") Annealing Amplification References
Virulence temperature length (bp)

gene

4

tsh GTCTGTCAGACGTCTGTGTTTC ATAGGATGACAGGCTACCGAC 55 598 [2]

yijP TGGCTTGATTCTGCATCCGAT CATCGTCTGCTGGTTGGTGAT 55 517 [2]

ibed GTATGACGGTGGGAACAAGAG TGGCAATAGCAGCGGCAGTC 55 321 [2]

fimC  GCCGATGGTGTAAAGGATGG GGGTAAGTGCGCCATAATCA 58 475 [2]

fimH  TGCAGAACGGATAAGCCGTGG GCAGTCACCTGCCCTCCGGTA 58 508 [14]
afa GGCAGAGGGCCGGCAACAGGC CCCGTAACGCGCCAGCATCTC 60 594 [15]
iutA ATCGGCTGGACATCATGGGAAC CGCATTTACCGTCGGGAACGG 60 314 [15]
papC  GTGGCAGTATGAGTAATGACCGTT  ATATCCTTTCTGCAGGGATGCAATA 60 203 [15]
astA TGCCATCAACACAGTATATCCG ACGGCTTTGTAGTCCTTCCAT 57 102 [15]
escV  ATTCTGGCTCTCTTCTTCTTTATGGCTG CGTCCCCTTTTACAAACTTCATCGC 63 544 [15]
eaeA  TAACGGCTATTTCCGCATGA TCCCAGACGATACGATCCAG 58 552 [15]
ler CGCACACAACAAGCCCATAC GATGAGTTCCGGCGAGCAA 58 195 [15]
irp2 AAGGATTCGCTGTTACCGGAC TCGTCGGGCAGCGTTTCTTCT 58 280 [15]
fyud ATGATTAACCCCGCGACGGGAA CGCAGTAGGCACGATGTTGTA 52 787 [15]
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6 L. PCR [ £544:: 94 °C 10 min; 94 °C 1 min,
52—63 °C 1 min, 72 °C 1 min, 3t 30 KIEH;
72 °C 8 min. B 10 pL §" 3791 L 1%Ba 5 M e
e HEA T R TR AN
1.7 R

PLRAFF B ATCC 2592 M R#EH Mk, T
A WA ARG SR 1 23 B AR MR 100 pL, TR Al
T TSA “FHi. K 16 R 43 DR T
b, BT 37°CKi3% 18—24 h, MEHNEE
1.8 /NERBUFMHIRE

FRE K AT B 6 1 LA 285 8, W5 )
FE PRV A A ) A R AR 0 0l 2R AT /N BRREORS 1 1k
5 BRBCHA IR VE T TSB R 5 55 9% 10 h 5%
W8, JEHEVE SR % 1x10° CFU, L
200 pL f9 7] 5 SR RO s v 5 1 i 45 0 EE 6
ANER, WER/INER 10 d NAETEIG DL . Bl K T TR
SRR 1x10° CFU, UKL & & 4%
Howg 6 H/NEL, B/ 10 d NAETER B -

2 BERXR504

21 HEBEHKRIES

RIGH A TSA Kigedk F 22 A aRE,
drge i, W 1A FR. 7EZ RS R B
BHLAGRAE, hdahii, mE 1B iR, 2
FRUe e R, aniEl 1C s,
22 HHIREER

KW FF TR PG 52 R MR R R IR B M, e
H g e, VPR Iw e, MR 58
P, 2 BT 43 04 K i AT B O A BT K
B
2.3 KA EFFHEEE phod B9 PCR EB
NEEHER

S TR MR A R IGFF T phod 5Pk 5
PCR %5E, HLIKAHTEIA 720 bp, #iN KM
FRET, o2 25 R 2 s .

B1 HBEEEEESREERER A WREA
RR B B: ZRIUE IR C: ¥
=)

Figure 1 Colony morphology and staining results of

isolated bacteria. A: TSA plate; B: MacC plate; C:
Gram stain.
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2 EAoLBEHRIEEMERPCREYEKER
M: DL2000 DNA Marker; 1-6: B KIHFFH 435
¥k phod 519 aaE 5L 7. BN R

Figure 2 Results of electrophoresis of specific
genes PCR products of some isolates. M: DL2000

DNA Marker; 1-6: The results of phod primer
amplification of E. coli isolates; 7: Negative control.

24 KM ESHERLEEER

X514 Ao TR AT B EE D BRI A T A
W, 5rE5iy 136 BRI 3 8 1 B 5B
FA AR R I 0T 5 e L6 2. AR A
B SISEENAE 136 BREA A B 40H AT
%8 SIF M RATRE 3).
25 HHPREER

XF 136 BRA 2 B UEA T 25 3 70 5 0 1 25 R
SR, KIGFFE BT 16 Fh2h ¥y A [ 72 B it
2y, RS HRIE 3.
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Table 2 Escherichia coli virulence gene combination

BN FER A (k7316 [Epidia
Virulence gene combination Number of strains Percentage (%)
VijP, fimC, fimH, fyud, iutA, papC, irp2, astA 5 3.68
Yijp, fimC, fimH, fyud, iutA, irp2, astA, tsh 5 3.68
vijP, fimC, fyud, iutd, papC, irp2, astA 1 0.74
YijP, fimC, fimH, fyud, iutd, papC, irp2 11 8.09
vijP, fimC, fimH, fyud, papC, irp2, ibeA 12 8.82
VijP, fimC, fimH, fyud, iutA, astA, tsh 1 0.74
VijP, fimC, fimH, fyud, papC, irp2, astA 1 0.74
VijP, fimC, fimH, fyud, iutA, papC, tsh 1 0.74
yijP, fimC, fyud, iutd, papC, irp2 7 5.15
vijP, fimC, fimH, fyuAd, iutA, papC 19 13.97
VijP, fimC, fimH, fyud, iutA, tsh 3 2.21
yijP, fimC, fimH, fyud, iutA, astA 2 1.47
VijP, fimC, fimH, iutA, astA, tsh 1 0.74
yijP, fimC, fimH, fyud, irp2, astA 4 2.94
yijP, fimC, fyud, papC, irp2, astA 1 0.74
vijP, fyud, iutd, papC, irp2 2 1.47
vijP, fimC, fimH, fyuAd, iutA 11 8.09
VijP, fimC, fyud, iutd, papC 6 4.41
VijP, fimC, fyud, iutA, ibeA 2 1.47
VijP, fyud, iutA, ibeA, afa 1 0.74
yijP, fimC, fimH, iutA, papC 8 5.88
yijP, fimC, fimH, fyud, papC 1 0.74
yijP, fimC, fimH, fyuAd 16 11.76
yijP, fimC, fimH, astA 1 0.74
yijP, fimC, fimH, iutA 1 0.74
yijP, fimC, fimH, ibeA 2 1.47
yijP, fimC, fimH 9 6.62
yijP, fimC, iut4 1 0.74
yijP, fimC, fyuA 1 0.74

120

100+

80t

60}

Percentage (%)

401

20t

B3 XBHRENFSHEERRTE

O —
yijP fimC fimH fyud iutA papCirp2 astA ibedA tsh afa escV eaeA ler
Virulence gene

Figure 3 Prevalence of a single virulence gene in Escherichia coli.

Tel: 010-64807511; E-mail: tongbao@im.ac.cn; http://journals.im.ac.cn/wswxtbcn



A IR SEUCR AT B0 B e Ko

paE- 3PS Y el

1053

F3 KBHESBERGYARER

Table 3 Results of drug sensitivity test of Escherichia coli isolated strains

2y

Drug sensitive tablets

Tk 245 B R 5

strains (%)

Number of resistance

HA R R
Number of intermediary
strains (%)

TR R
Number of sensitive
strains (%)

THFEH Amikana 36 (26.47)
Z ¥R & Doxycycline 136 (100.00)
ZKiE £ B Polymyxin B 14 (10.29)
R 2% Florfenicol 60 (44.12)
B J5 ¥4 ¥ Compound trimethoprim 113 (83.09)
R[5 % Kanamycin 99 (72.79)
HEFEE Streptomycin 108 (79.41)
S 5 % Chloramphenicol 99 (72.79)
S PE Ak Mezlocillin 126 (92.65)
ZEUEMR Nalidixic acid 113 (83.09)
WY A Norfloxacin 108 (79.41)
KK B & Gentamicin 99 (72.79)
S AS Ceftriaxone 68 (50.00)
B8 E Neomycin 86 (63.24)
ZE AU & Levofloxacin 99 (72.79)
LA K Tobramycin 104 (76.47)

9 (6.62) 91 (66.91)
0 (0.00) 0 (0.00)
54 (39.71) 68 (50.00)
14 (10.29) 62 (45.59)
9 (6.62) 14 (10.29)
23 (16.91) 14 (10.29)
9 (6.62) 19 (13.97)
9 (6.62) 28 (20.59)
0 (0.00) 10 (7.35)
0 (0.00) 23 (16.91)
9 (6.62) 19 (13.97)
9 (6.62) 28 (20.59)
14 (10.29) 54 (39.71)
36 (26.47) 14 (10.29)
0 (0.00) 37 (27.21)
32 (23.53) 0 (0.00)

T FES N R RAREL, 85 R T 25 5

Note: The number outside the brackets is the number of strains, and the number inside the brackets is the resistance rate.

26 NREFHIRIGER
DI & A 1x10° CFU #1 1x10° CFU %%
INERL, /N PR B S st ] 3 56 445 R DL 3% 4.

3 L& #

AHIF 538 3 % 20192020 4F [l R4 H 62 4
FUBAL IS S 56 7 JE G R 1Y 316 O I A 5% +
e AT R 2 B A, s 136 BRR
WAFE, 3 BIR N 43.04%, RITK R IES]
KA. 50 5 1 = B i TR

RIGHT TR Ry — 45 2 R R IR 58
R AR5 1% 8 J I (virulence factor,
VI A BOR MR R o AAiX 4 VF Y35k
PR B AT B0 S, AR R papC
FERBUK frud . iutd K5 ColV/BM JFKLAH I i)

BSIEE esh FUY R IRUATEE b A A AL
RS S A I i S AMA T, W AN BOR 1ER
J FF B B etk R 1 ke SR U K B
FRA RN . BSR4
FRETE IR B 328 16 38 14 1 Y, AR T 22—t )2
B AMAAN S A iR g2 gesh, R
B 75 7 A A A EL A R i Bh e L b R A
fim R B R IB R AL A T e TE . REMA
YIRS TE B, XA & B e Em P, &
TIEEWA fimC . fimH 7 s 077 P02 1 BV B A
Y& B T 5 irp2-foud R B 9GIE
SRS 5 EEUR M J1 5 (high pathogenicity
island, HPD)& Y 3225 KB K HF# K1
HH ompA . ibed F yijP 25228 it i & M
Bz 4,
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Table 4 Results of pathogenicity test of Escherichia
coli in mice

g HREHEAE Yeeg e NERIET % JET:

2R Challenge (H) ]

Number of virulence dose Number of Time to

genes (combination type) (CFU) dead mice death (h)

8 (2) 1x108 6 20
1x10° 6 16

7 (6) 1x108 0 -
1x10° 6 16

6 (7) 1x10® 0 -
1x10° 6 16

5(7) 1x10® 0 -
1x10° 6 16

4(4) 1x108 - -
1x10° 0 -

33) 1x10® - -
1x10° 0 -

e - IR EE R, NRRIETS

Note: —: The mouse has not died until the end of the
experimental observation period.

N T REWSTEAE FARN E S AAETS ,
TV KA R SE R RS T — R VF, H2H
A VE A5 BRI E A BEfF 2808 2
o P IR R Y, S o R G Y PR AR S
Mg 20 R, Ao % B 3 PR EA TG
AR L2 R S R A TR 0 Bk i 5 g B A
WATIEOL . 136 AT B 29 M J1 2
HEHT; 14 ANFHIER pijP. fimC. fimH .
fud. iutd. papC. irp2. astA. ibeA. tsh. afa.
escV . eaed . ler W H 23518 100%.97.79% .
83.82% . 82.35%. 63.97% . 55.15%. 37.5%.
16.18% . 12.50%. 8.09%. 0.74%. 0. 0. O,
5 SERIR A BRI TLA IR E AR IR E
Y3 15 BRTIURIR . S8 2 B9 KIBAT I8 ibed |
tsh B SIEERIA) 100% K AR R, 3t it
72 5 18 S IR AT B -5 LA SR R0 ORI B /b
A Ko G IRANEE S XS AT A 1 XA 98 KM A

B 4 D5 R fud . irp2. eaed. ler HIKGH
£ 56.8%. 50.6%. 23.5%. 9.9%HH LI, AHF
RARKH eaed Fl ler X 2 53 JIFE, HEWT
SR inT Ak XA 58 KA AF o TR, 51 R IR
RIKIFFE A M2z . 5 WSSk
W5 K ARER SR UL 10 R 1 5 0 3k TR 45 SR A
to, BRI ler . irp2. iutd . frud. astA Fl papC
LR AR 4350 100% ., 75.0% . 50.0% .
50.0%. 50.0%7F1 50.0% "3, ler JE R H R A
RZEFRRY, ler 87 H A B2 X ECE K 5l
Wit 7 T K B A R RN B8R B2 B0 il 4 TR W
VES

gy 29 FhEE 3 AL A B RE
1x10° CFU MY & &k Rk T 2om it 5e
FAREAEHE R 8. 7. 6. 5 WHERT S5
/NETE 16 h NAET:, B ERRAGE RN 4.3
MIRARICEE /DR 1 RGNS s dE— 208/ NK
Wi, PL1x10° CFU [ & B e/ s,
I8 8 AN LAY 2 FhaE 3 N 4l A2 1Y
HREE /N RZEC S 20 h (NZETS, Hig 27 Fb
B IR A MR/ 1 RS
A DLIE R AT R AT 8 44 B BE S LR 4 A 25
POWAN e €T 3 i | 0 N W VT o R W
R, oy BT R AR BUR AR 66.91%,
ZRWEER B HUERR N 50%, HAHGYHER
BURT 50%. AL, AW RPiA R AT
4G 220 A5 B L 4 B S 80 M R AT R
A RLP, R O 1 K B B A
ARSI By AR WAL 14Ky
B IANSE 258 S o R T 5 1 & B4 i 4% 9 191)
RAUREIFES %, — BRI LM, KM%
()95 DL TR A K B B L 485 7 e b 7 ) SR ]
B, IR PR IBCR ft x O sh P A TR e, X
Y T 2 EEE . R, B IR E 28z 3|
s L TR P JRR L
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