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[869] MiE RILBE:4 R T 5B & 5 ARTR F A KWAF & (Escherichia coli), % 7 ER K
35 5l R B R K s SURB AR, [ 572 R B RS A 648, #4012 R,
oK EwATBRLANC). E. coli O1 T4, E. coli 02 FH4h. E. coli O8 T4, E. coli 078 T
A E. coli 086 F L, HELLKXMAFH RE A 3x10"° CFU/mL, & 10 g R T# IR 0.2 mL &
ik, 2°k/d, EEERTA 2R TERE 3. SATdRFDAAERRBE, FKRELD DR
Ao 7, ) & e e /~% 1P (interleukin 1B, IL-1B). IL-6. ¥ J& 3R 5t B F o (tumor necrosis factor alpha,
TNF-0) & % 7 A ik %% 3K % @ G (immunoglobin G, IgG). IgA Fe4ib B! %)% 3R & @ A (secretory
immunoglobulin A, sIgA)#4%; TREEH 7T AKELAN I T _FMAFTMAEZY, B T4
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HBERNEIB D REREESLFETHRALET. [4#] 5 HFRAIHBZ BRI RAEHE
HERARBAZEEE, £ F E. coli 02. E. coli O8 #= E. coli O1 3f /s A RERIREK A ™ &, E. coli
08 X 4/ fnify IL-1B. IL-6 #= TNF-a 2 F4&, BEt, A 02mL/10g, 2 K/d, ELEIR TdKE
% 3x10" CFU/mL # E. coli O8 T H4F 3 3E 5y RILBAEA, F-5T A FRM 2540 77 20,
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Pathogenicity of Escherichia coli strains isolated from calves
with diarrhea to mice

REN Shunanl, Aorigelez, LU Wentingl, LIU Jialel, TIAN Yanpingl, FU Hel,
WANG Chunjie"

1 College of Veterinary Medicine, Inner Mongolia Agricultural University, Hohhot 010018, Inner Mongolia, China
2 College of Animal Science, Inner Mongolia Agricultural University, Hohhot 010018, Inner Mongolia, China

Abstract: [Background] Establishing the diarrhea model is a common method to study the mechanism
of bacterial diarrhea and anti-diarrhea mechanism. [Objective] Five strains of Escherichia coli with
different serotypes were isolated from the feces of calves with diarrhea. The diarrhea model of mice was
established by intragastric administration. [Methods] Kunming mice were randomly divided into six
groups: normal control (NC) group, E. coli O1, E. coli O2, E. coli O8, E. coli O78, and E. coli O86 groups,
with 12 mice in each group. The number of E. coli in all the challenge groups was 3x10"* CFU/mL, and
the strain liquid was administrated at 0.2 mL/10 g body weight and twice/day for 7 continuous days. The
body weight and diarrhea rate of mice were recorded on days 3, 5 and 7, and the serum samples of mice
in each group were collected for the determination of interleukin 1B (IL-1p), IL-6, tumor necrosis factor
alpha (TNF-a), immunoglobin G (IgG), IgA, and secretory immunoglobulin A (sIgA) levels. The
duodenum of mice in each group was collected on the 7th day to prepare H&E sections, and the cecum
contents were collected for 16S rRNA gene analysis. A diarrhea model was established with E. coli Og
via intragastric or intraperitoneal administration, and ofloxacin was used to treat the mice with diarrhea.
[Results] On days 5 and 7, the mice in the E. coli groups showed lower body weight (P<0.05) and
higher diarrhea rate than those in the NC group. HE staining results showed that the intestinal villi of
mice in E. coli groups showed different degrees of damage, and E. coli O2 and O8 caused the most
serious damage. The serum levels of IL-1B, IL-6, and TNF-a significantly elevated after challenge
(P<0.05), especially in the E. coli O1 and O8 groups. However, the levels of IgG, IgA, and sIgA in the
challenge groups significantly decreased compared with those in the NC group (P<0.05), especially in
the group challenged with strain O8. The 16S rRNA gene analysis of cecum contents in mice showed
that compared with the NC group, the challenge groups had decreased alpha diversity of bacteria.
Specifically, the abundance of Firmicutes decreased while that of Bacteroides, Proteobacteria and
Actinobacteria increased in the challenge groups. All the mice died within 12 h after intraperitoneal

injection with E. coli Og, and antibiotic did not reverse this death, while the mice with diarrhea caused
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by intragastric administration could restore to normal after antibiotic treatment. [Conclusion] The five

strains of E. coli from dairy calves with diarrhea could cause different degrees of diarrhea in mice after

intragastric administration. Among them, E. coli 02, O8, and O1 caused serious damage to the intestinal

villi of mice. The serum levels of IL-1f, IL-6 and TNF-a in mice were higher after administration with
E. coli 08. Therefore, intragastric administration of 3x10"° CFU/mL E. coli O8 at 0.2 mL/10 g and

twice/day for 7 continuous days could well establish the diarrhea model of mice, which can be used to

evaluate drug efficacy.

Keywords: Escherichia coli; diarrhea; IL-1f; IL-6; TNF-a; bacterial colony
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Figure 1 Experiment scheme with Escherichia coli
intragastrical of mice.
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Kit Ui BB HATRZE YIS S DNA fidg, (1
1.0% A B AR ARHEE e FEL VKRN DNA (1) 46 B3 o,
Thermo Scientific NanoDrop 2000 43556 B 11
JE DNA WJERAERE; ] 338F (5'-ACTCCTA
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HVGGGTWTCTAAT-3")%f 16S rRNA F£[F V3-V4
A 7% X $E4T PCR ¥°H4 . PCR J Bifk % -
5xTransStart FastPfu 2% "% 4 pL, dNTPs
(2.5 mmol/L) 2 pL, F. THF5I#I(5 umol/L)5%
0.8 pL, TransStart FastPfu DNA -4 H§(2.5 U/uL)
0.4 pL, #ikz DNA 10 ng, ddH,O #h= 20 uL.
PCR JZ % &4%: 95 °C 3 min; 95°C30s, 55°C
30s, 72°C30s, 27 MEH; 72 °C 10 min,
i /1 AxyPrep DNA Gel Extraction Kit #£47 [A[1&
Feaifk, 3 Quantus™ Fluorometer X [BI15
PRGN E . A Mumina 23 7] () MiSeq
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Figure 2 Experiment scheme of antibiotic treatment
of diarrhea in mice.
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Figure 3 Weight changes of mice in different groups.

P>0.05; *: P<0.05; **: P<0.01.
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Figure 4 Manure morphology of mice in each groups.
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Figure 5 Diarrhea rate of mice in each groups.
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Bl 6 + ik HE & RHMEIK
Figure 6 HE staining microscopic images of
duodenum.
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Figure 7 The content of cytokines and antibody in mice. A, B and C: E. coli administration after 3, 5 and
7 day, the content of IL-1p in serum; D, E and F: The content of IL-6 in serum at 3, 5 and 7 day; G, H and I: The

TNF-a level in serum at 3, 5 and 7 day; J: The level of IgG, IgA in serum and tissue homogenate of sIgA.
Compared with NC group. *: P<0.05; **: P<0.01.
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Table 1 Alpha diversity of microbes in the caecum

Group Shannon index Simpson index Chaol index ACE index

NC 4.44+0.39a 0.14+0.02a 427.82+63.27a 441.25+47.93a
0Ol 3.234+0.49b 0.06+0.02b 338.51+49.99ab 299.33+57.89b
02 2.88+0.72b 0.05+0.02b 403.36+44.09ac 378.68+41.23ac
08 3.18+0.87b 0.05+0.02b 290.05+54.60b 283.64+47.99b
078 3.21+0.83b 0.04+0.01b 332.744+40.26b 340.55+23.11b
086 3.87£0.62a 0.04+0.01b 420.04+59.95ac 398.10+26.33ac

e F—3HHE/NE FHRR 25N B E(P>0.05); AE/NGFRAFRER B (P<0.05)

Note: The values with the same lowercase letters superscripts mean no significant difference (P>0.05); while with different

lowercase letters superscripts mean significant difference (P<0.05).

B AR 2). TR TR L, JBREET T
5 NC 41 He A 01 4H(P<0.000 1) .02 4H(P<0.000 1),
08 41(P<0.000 1), 078 £H(P<0.000 1), 086 41
(P=0.001 DAYFEBEBREAL; RIS
NC 4 4 O1 4(P=0.000 4) .02 £H(P<0.000 1).
08 41(P<0.000 1), 078 £H(P=0.000 5). 086 41
(P=0.000 ) FEEH TR TEATERETTH S NC
ZHHAEE O1 4H(P<0.000 1), 02 £H(P<0.000 1),

08 41(P<0.000 1), 078 £H(P=0.000 3). 086 41
(P=0.001 2)fyF & BEBTHE; TEZmi IS
NC 4H b5 O1 4H(P<0.000 1), 02 4H(P=0.001 1),
08 41(P=0.000 4). 078 £H(P=0.004 8). 086 41
(P=0.009 DI F& T E . N EMNEY 7
Mrigsn NC 4/NEUE NS IERER ] S AUAT
o s, YO TR TR,

*2 PIEREMHEVFEE

Table 2 Microbial abundances in caecum of mice

Zrl 4RI R AR 01, 02, 08, 078 il 086
LA 3x10" CFU/mL H#E RS /1N U 8 T REAKF
KA T AL, BCEE IS R/ B H PR RE R T
(Firmicutes)F & FE AR, WAFH 1 (Bacteroides)
N I'] (Proteobacteria) 1 Jil %k |
(Actinobacteria)¥F & TR o
2.5 EREINRERSUEST E. coli O8 B
Al

IR /NN, B BHLIE S5,
WiHs IR, LEmBR (K 8A. 8B), HE 4t
R E AN RS, I BIE S SE R
(K1 9A ., 9B); WEH E.coli 08 7d, HIK/Nm%&
B, AR, hisshdle 8 8C. 8D), i
FEAE Y R 27 o 9806 T 1 b R 240 IO BEIR
A KPR AN W (B 9C), &Hid: RIAYT

Group Firmicutes Bacteroidetes Proteobacteria Actinobacteria
NC 71.7242.97a 21.75+1.59a 0.25+0.06a 1.02+0.10a
01 41.43+5.43b 43.06+5.85b 3.50+0.38b 4.84+0.69b
02 34.76+3.99b 50.02+1.95b 3.89+0.45b 3.15+0.72b
08 37.35+2.17b 47.10+2.28b 4.22+0.45b 5.90£1.39b
078 38.44+3.21b 44.85+6.18b 6.93+1.76b 6.18+£2.36b
086 50.35+6.65b 37.47+4.38b 4.06+1.33b 3.83+1.48b

T MR/NG FREROR 2R A B (P>0.05); ARG PRI 2E 57 2.3 (P<0.05)

Note: The values with the same lowercase letters superscripts mean no significant difference (P>0.05), while with different

lowercase letters superscripts mean significant difference (P<0.05).
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Figure 8 Pathological changes of small intestine. A and B: The tissue morphology of duodenum, jejunum and
ileum at day 7 and 10 from NC group; C: The tissue morphology of duodenum, jejunum and ileum at day 7

after E. coli O8 intragastric administrate; D: The small intestine morphology at day 10 after antibiotic
administrate; E: The small intestine morphology after intraperitoneal injection.

3 d R, BAEBEEASE, PHRAE & BUNG U5 A L ¥ 81 % () SE), HE
SRR (1 OD): B TES E. coli O8 1205, He (G GE/ING BB F 20 | 2545 41 UM £
INRHRAEFET, FET K 100%, NG I TSI L e R B T L e b 2
LTI PEAT MERE S, NS BONG
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A NC7d B

9 +iEMHERAREYIR A il B: IEW4
55 7 KM 10 X+ 484 HE Jefa; C: HEHYH
E. coli O8 #'H 7 d Js+ 158 HE ¥:fa; D:
E. coli TH 7 d, HUERTH 3 dJ5+ 45 HE
Pett; BE: MEREES E. coli O8 )5 12 H + 46/
HE 44,

Figure 9 HE staining microscopic images of
duodenum. A and B: HE staining of duodenum
tissues from NC groups at day 7 and 10; C: HE
staining of duodenum tissue from i.g group after
E. coli O8 administrate; D: HE staining of duodenum
tissue after antibiotic administrate; E: HE staining of

duodenum tissue from i.p group at 12 hours after
E. coli O8 intraperitoneal injection.

3 WHhE5E#R

KIGFE RS A T N E & R 2 —, vl 4
ECR AR EOREZS . ETEC /218 s AF 1
Y58 W R T, HELE X ETEC #5801,
YL Eh ) R BB TE A K . ETEC B £

HHRFIREME M E R, HIEATE ERK
Jei R S DR 280 BT /N R 4t T A A
4 175 Z (heat-stable enterotoxin, ST)FIANH
Y 7% & (heat-labile enterotoxin, LT)!'™, fdi}iz
WEREEEZAT, Bz, E. coli Ogif
7= A R g e B A R e E R TS R
WFoE R, 51 /N BUE TS 0 K+ TR vk B 2
10° CFU/MLPY, A 57 o K 4T 1 ok B A =2
3x10" CFU/mL, %5%R%WJE T ETEC EH 80Uk
MIER 2z —H) E. coli O8PHRE i /N IETE
BORY, e/ NRURIUEVS SRR, 8T S d s
NERRTE TR ISR, T I8k ek
W, BRI TE, BRI IR, RS
F ETEC By Ik SR 7 AR VS AR A 4 SR — g7,
290 L PR 2 — 2 Pl LR G 2 400 L R I e
LA BT WA /N YT 2 IR T, AT LAY 2
Fem s RE . {2 R ME 4N R F60 4 TL-6, TL-1
M TNF %, IL-6 £ R AERAER & & FTF, HIt
o EL RN RN . PR AR 6, Tk
— i R AP, Il IL-1B B S PY IL-1B
JE IL-1 FKIEAMEHEF—5, fEMHiziE Na
Ml K-ATP FERIEE, SEmiBdmAK . sk, ™=
AR 2 B R A P, T TNF-o
S bTE, M E R, KRR
PR, IL-1B. IL-6 1 TNF-a £ 48R A B
W, A LE S, Bl e, kAR
1EP, AHESE s /N RS IL-18. IL-6 Al
TNF-o &R B, Uil E. coli JBIY )5 fi
K THURRSAE RN, T B IMEH 1gA . 1gG
il sIgA By &t TR
EE/NRE A B2 AT E T RE
BEG 110 0%, b e 2h a8 18w R A DA
FRET T 3, YO ERER T, Sk 2540 4 B
TARSF AW AL, BEE R AR, R E
PUFFBR T 1R, JERE R T 1B e 3 B, ol
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FEGE T T4 BT A REE 2R 4 Fse by h Bk e i,
ATREF AR ER D, SR, EfthE 5 TEA
Jo3 53 i R A B W R R, SUAF IR — Lk
B B3 AT REA R AT, (HAF — 2t T RE SR
it o TEARSMIFSE Y, SR RIR PR PR T S RE TR )
IPEIEE T AR HE T R KO B R B A AR 3
R FEARBF I, EH /NIRRT R
B TRAUAFEE 1], Bom e K T U5 /NS
A RE TR 1 i TR, [RIBT AR RR 1] L AT TR 1)
MR ) & & B, s w5/ B iE
pH {E FTRERFAR , 2 4D B 1T 0 = B3
IEFAEO N AT W = R TR RELE [ AT
FREETT, TR T TRFEVE 20 5w, Blan KT
W, ] RE S IR T o F9E R I AN R
HEASTE BT RES T4 S S N A DY FE AR
55, E. coli TTRIGZASIE A1 S I IL-1B. IL-6
Fl TNF-o (&R R ET S, —afE Fiii
AT )5 L IL-1B, IL-6 Al TNF-o f{ 7 B 5
IEAHDG, HERERETTRAME, B E. coli i
B RE S 55 AR TE B TV RRURE TR 1] (R 38 Jon 0 52 R
B 1 180G 5%, AT REE L 38 AR T B8 1) 0 =
P ERAE R B A .

BRI S 1 B 2R B4R IR IR A: 2R A
B L% — R 8 — B & PO T
RGN, IF HBCR B 2 i 5T 48 10 FH 3%
P RIR Y PUA R TTEA TS . Rt
T, MEMEETE W BORLEE A 3 BB 2H
PRG5BS I N S R R,
A 3 M S A T /N BB e A e
NG, R g TS, 54 0 ATHE RS,
SEFH T, T8 R R S 1 UK
[], DRI B AR M 50 5 i o 4 T s s , R
B 1S IR TE SRR CUR I IR B A, R,
K47 1) sh P RE V5 B BE 20 1 9 B4 R S Y S
ARWFFR R, 4B Y 5 BRAE R R AT i ]

M /N B TS AEAR , X0 i B nctbif , (HLA
E. coli O8 3 M TEAR T -5 4 A e AR IRV i AR
AL, T AR R, A
Y B0 ARG, AT A2 RAE S o AF
FERPN IR 255 it T — Rl T4 AR T
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