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Abstract

AIM: To establish the mice models following
intranasal challenge with enterotoxigenic
Escherichia coli (ETEC) strains E44813, E44815,
E11881A, and evaluate the immune effect of
vaccine candidates FE1, FE3, FE6 following
intranasal immunization.

www.wjgnet.com

METHODS: The histopathological response in
the lungs and the clearance of ETEC from the
lungs was measured following intranasal chal-
lenge of BALB/c mice with LD;,-dose ETEC
strains E44813, E44815 and E11881A. The pro-
tective effect of vaccine candidates FE1, FE3
and FE6 were evaluated using the established
models.

RESULTS: A large quantity of lymphocytes,
macrophages, neutrophils, and plasma cells
were found in the lungs of mice. Multifocal
bronchopneumonia was the main pathological
feature under microscope following intranasal
challenge with ETEC strains E44813, E44815, and
E11881A. The bacteria were cleared from the
lungs of the mice at a slow rate over 1-wk period
and till the 7™ day, bacteria at 10° levels were
still detected. After high titers of antibodies were
detected in mice intranasally immunized with
vaccine candidates FE1, FE3, and FE6, the mice
were challenged by LDs;-dose E44813, E44815,
and E11881A intranasally. No deaths occurred,
and low numbers of lymphocytes were the main
pathological feature. The bacteria were rapidly
cleared from the lungs of the mice over 1-wk
period, and no bacteria were detected at the 7t
day. The numbers of the bacteria were signifi-
cantly different between the experimental group
and control group (0 CFU/g vs 6.2x10°, 5.4x10°,
2.3x10° CFU/g, P < 0.05).

CONCLUSION: Intranasal challenge of Balb/
¢ mice with ETEC strains may provide a use-
ful method to evaluate the vaccine. This study
also demonstrates that the vaccine candidate
FE1, FE3 and FE6 have good protective effect.

Key Words: Enterotoxigenic £scherichia coli; Chal-
lenge test; Mouse model; Vaccine candidate; Protec-
tive effect
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W75 2 K% HT 1 (enterotoxigenic Escherichia coll,
ETEC) & 512 ) L2 4 & 1 1875 1) B 3= B30 1w
22— TR A K YR T G T B0 R BT
STV TE BEAR L 28 3% TR ) ), R i B %
KGR B2 1 L, B WHOZI A P SE T R 1)
TH, H AT A Y # 2% KA B N
K G2 R S5 1 AT 61 P b 0 2 — St = R
RURIE T VEANE T E CHBU 1 R 1 5 32 1K 14 3
YRR 20034EByrd et al>'F ] ¥ 4£ METEC
FRH10407 RIB7A S A B BALB/c/MR, 5 E
TR0 Bl A AT LA | /0 B 5 40 i 1 99 A L 42
FET, Ak AT RAAE S 2 R 20 P AT 2 1 Ak 3 A

B R KT R E44813, E44815F1E11881 Al
BALB/c /N, /N U 1 1% 25 22 KT
BRI TRITT B R, IS Il AL 2 (s B 2 AR Ak, T
BE 2% N A B B0 /S SUBETY, iff 7 A 1 i 75
FRIAT R B LDy, fESEEERE b, N T 2
F KA B S/ SRS VAN i 25 28 KW AT
B M ERRFEL, FE3. FE6[H S R4 R .

1 #RFTSE

1.1 AR SRR 35 5 KM IRTE44813, E44815
MIE11881A, ik ¥RFEL, FE3FIFE6(K1).
BALB/c % /Nil(8-10 wk)¥J i il BERL K 24504
HL Rt HRP-EH1R G, IgA H 3 HZymed
A FE]L SIS T A SR Ok A B4l CFASS
FRFLOKMREEE R 110 /L, BERERILS g/L, MgSO,
<7H,0 0.05 g/L, MnCl, 0.005 g/L, Bil§15 g/L,
pHART.4); 2 REYUEEFRIL(E I R20 /L, FLbE
10 g/L, fHERS g/L, NaCl 5 g/L, 4T 0.075 g/L,
BiiE15 g/L, pH7.4).

1.2 7 % a3 KA HE44813, E448154]
E11881 A% il FHHCFAR TR AN BRI I H37°C
9718 h, o &2 B IR 0 R e i 7
AR SR AL R = KT . R CFARE IR 1
(A0 BT 9% FH T 1950 mmol/L PBS(pH7.2)%
77, I N R ERR30 min, I JCHPBSHRE 4
IR B, (sl .

12.1 R aFFest = Ftm 198 ABALB/c S /MR
BENL > 34, 2300 0 W o5 3 K AP B E44813,
E44815FIE11881AZ, BF4166 1, -4k Stk
£ FRAR A S o 6/ N (ol A 12, 12, 12, 12, 12
H6). Fl LI RIS B, A0, 5% 10%, 1
X 10", 2X 10", 4X 10""M18 X 10" 525 & £ /N Bl
OO HEHPBS), B3 2 /N ERLERARIS0 uL; WS/ L
ot ORI T I O, JELLWERT d, Hh 5L
I E(LDsy).

1.2.2 AR 4m B & e 84 LBALB/c & /) fLBEHL
Iy AL, 73 m o e 2 K HE44813, E44815,
E11881A4LFIX FEPBSHL, fH4H21 5 H LWk
FEEJBRIVE /N B, MR % TRTR FRTL D 5 1R T 25 5 5017
AN, RN EREAAS0 pl; BER NS EG RN
BRUHEAT BRI AL 2E, TG BRIV K /N BRI IR H
NG B AR S 25 1, N1 mLCHPBS
BEATHREE, A4 0 58 Ak N BRI KRBT
15 LURRE, PP ECFAR FRIEANZZ BT 774 I
37°CHEFRIS h, VA AL
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E44813(@ER)  CFAN, LT, ST DAERPEERENHIBIERT 49 5 4l 3 4 R 4X

E44815( 7))  CS3, LT, ST DESDERB IR TR

E11881AEAR)  CS6, LT, ST J=#aSvennerhomZZ =L
B0 NS Y=l vy N

SEREIFWLO1 (ipa—virg)~, Sm", Asd", ctxB et etal”

GEHRFET FWLO1(CFA/1, Asd®) R

BERFE3 FWLO01(CS3, LTB/ST, Asd") RIREIE"

TSESHRFEG FWLO1(CFA/1, Asd") AFEEE"

=& 2 BBEEAIFITEEL4813, E44815F0ET1881A24EBALB/c/\FEHVFET-H

BAIRIE WERBREL R
Bit
CFU/mL 1 2 3 4 5 6 7
E44813
0 0 0 0 0 0 0 0 0/12
5x10° 0 0 0 0 0 0 0 0/12
1%x10"° 0 2 1 2 1 0 0 6/12
2x10" 0 4 3 2 0 1 0 10/12
4%10"° 0 8 4 12/12
8x10" 0 6 6/6
E44815
0 0 0 0 0 0 0 0 0/12
5x10° 0 0 0 0 0 0 0 0/12
1x10" 0 1 1 0 0 0 0 2/12
2x10"° 0 3 2 1 1 0 0 7/12
4x10" 0 7 4 1 0 0 0 12/12
8x10"° 0 5 1 6/6
E11881A
0 0 0 0 0 0 0 0 0/12
5x10° 0 0 0 0 0 0 0 0/12
1x10" 0 0 0 1 0 0 0 1/12
2x10" 0 1 2 1 0 0 1 5/12
4%10" 0 6 2 2 1 1 0 12/12
8x 10" 0 3 2 1 6/6

1.2.3 %2 m 28 H{BALB/c & /N LB 2) 144,
I3 5 25 K AT FIE44813, E44815, E11881A
A HEPBSAL, RFAH7H; FH LTk42 FE BRI /N B,
MU 5 TARR IRIL DS O 1 2 5 S i/ B A U/
BRSO pL, S EET d. RERBRIFALSE1 /41,
TCR AR /N BRI, 40 o/L ISR, )5
ARSI, 5 pumb) Ry, AR R 21 G (1.
FH A MR 5 9 2 I ARl 3 B 5 R

1.2.4 Frabml [g124 U0, HEAm#EEK
WAk E44813, E44815H1E11881A £ 1w M o,
7 ARSI TS BRI G RN 28 Hh i TgA ™, LA
M4,

1.2.5 1Z 3£ 9% G %47 523 21 {BALB/c ¢ /N
P HAFEIEARFES, 150 ul 2 X 107 (1 1 55 5 0] 4
JEBALB/c @ /INR2-3 4, Al L FHSEAE P (1)1 G
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Hoh—EB o B2 40 o/LH R, VR BE
A EAE ), S5 IR, BRI — 421,
TN TE A (1 B FS A 2R IS B b, NN mL 1A
PBSHEATHREE, {4 B 56 A HE NI, BT
WA LURRRE, Rt B CFABSFR AN ey B 72 0%
F37°CHiFR18 h, tHEA R S EL. LLRIFEPBS f %
41/ BRASCTA T [FIRE 772, HIFEL, FE6%:
B )5, TIE44813FNE11881 AT, WS {3k L.
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% % 5 E%r Eic o 2.1.1 ZJmFEFaLDs, 47N B S 0 4R ) % i 2 I,

S 'ﬁ‘ 5] e . v RRVZ
S, s FKIGATIHE44813, B4481SHIET1881A, Frillfl L
?i ﬁﬁgfi T R % RILDs,. E44813LLE44815FIE11881A 5 *Eﬁ%%
R = HY = ’
I o TR FPEH K, LDg2r l4£1.02X 10" CFU/mL, 1.69 " fﬁiﬁ%a
2%‘1 ggg; 10" CFU/mL, 2.0X 10" CFU/ML(&2). ffild & Ty
P 7N —e— FE6
7oA REsE, A BRI/ BRI RO, IR N 100%, T IARTER & (EL1881A)
DREERIEE Lo tpE. WPRD. S, RIGREE. K

BEM . GPRREERZES NG . SN, 3T
ZE. CEH AT /i), SEPBSE /N UL
TEBVRA B BEM AR TR, F2RKE IE
W, B RV R B B IR,
2.1.2 st A TR F ET AW A, SER 4 iR
JIs 358 440 B AR LA — AN B R I B T B, AT
AT ER fie IS 4% I B it 08w R ) 810K 1 40 1R,
£ E44813, E44815RIE11881 AL 457K 46.2 X
10° CFU/g, 5.4X10° CFU/g, 2.3 X 10° CFU/g, 341
Z A LRI TG 5 3 1 22 5 (P>0.05); T b A K fig
S 1 4 R

2.1.3 R T A Bl E R KT R E44813,
E44815FIE11881A )5, /N Rl A A8 T 412U 3
PR, I R M 5 2 0 S U R 2
FERRHEEE. 24 hPUS SR, 236 AN
FERE () JE, 0 (1) 2RE 40 f A (1-4 d) Ak 2
4l Ak F(50%-90%), ELI 4N M A $(10%-50%),
e R R4 (10%); J5IH(5-7 d)LL
rF R 41 A 32 (50%-80%), bk B 41 i A 4l
(20%-50%), 1147 /b &1 E W4 B (10%-20%); 1~
Sl il 2 A A 2 B S A S 23 DX A A A i
AR, DAL 0 SR R AR B o I R,
A7 /DS RORE AN MR 553 il 20 230 v B
gk, JUZ AL, FEAT L, K. FIPBS £/ ]
()il 3 A IATE A g B AR

2.1.4 AR ZAL LAl R K R E44813,
E44815HIE11881A, /) IMIE DA g GHY K 2212,
W28 RPN 293, 1 1267, 1 & 240.

2.2 JE AR AAR IR RS

221 Zom% NHE R RIEKFEL FE3, FE6f
G, P AR EPUA S AN 2R E44813,
E44815HIE11881 ARFAT Xrity, 340 /)5 B HHL
T, RO R B2 RN T 5
T HEEMSFIS, M5 EH.

2.2.2 MW AR F S v A /N SO P O A
TEAREAT Sz, 7 AR ORI PR BUAR S FHAH Y. B ik
HEAT R, X 2 LI PBSHEAT S, 1t A
A B BRIEAT Bk, () B0 5 /) BRI 50 40 BT 1)

B2

INGRSTBLRFIBED R ( x 80). A: St (4P e i
BB B: PBSHE (R4 R B RS

TEBRA. 7ET ARSI ], H s 20 6T e 4 it
I P A LA LU ERRAGE (R T B, 26 R A
NS B 7 I R 08 F L 2 AN B AR U 106} 1N 1 T 7
S B, T AT AR RE ARSI 21 K S MO A .
REYIFEL, FE3, FE6ZE 7 R 41 b #5405 44 4
0 CFU/g, x| 41E44813, E44815F1E11881A
HETRI I H6.2X 10° CFU/g, 5.4X10° CFU/g,

2.3X10° CFU/g. f s 4 An) I 20 bu AT i & v
ZE55(P<0.05), T AI4L4l N LG B M =
(7>0.05)(¥1).

2.2.3 A TAC G RA Ja B 1 SR 4L/ B
B AEER 1, 2RAT RN JONE . B3 AR 54K
BAR =N /RIS O L BURT €0 IE A I RN
(1-3 d) KB L7 AE D> B JORE AN, DA E2
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1A E(90%), FEAT /D E I E WA (10%); 5
W(4-7 BARIMRIEA M, —VINEH. X4
/N BRI R A T A R B A i, i
WG S Il 98 2 B FRARFAIE. 24 h
PG W5, 420 AN [RIRE B 9 0, SR I ¢
SEAH L F I (1-4 d) LA 404 F2(50%-90%),
EL W 41 A k4l (10%-50%), -4 /b & i b ik
B4 ML(10%); J5W(5-7 d) LR PERL4 i b
(50%-80%), Wk 2411 4y 4 (20%-50%), F1A7 /b
1) LW 41 (10%-20%); A 2 2307 7 /b B 3
S0, 53 DX AT AR AN AR P, DA R S
J B AR P dpe oAy WY ik, Rl AT /D St JORE 4T v
o 2 S v BT K, )z L, PR
iy K (E2).

2.2.4 WARTA FA21 N, FBE T Rk b
FE1, FE3HIFE6MEAT s, £F7 d. A1k ML
FUAIgGRIZAT P KIsIgA, FER 4V, M5 HifAk
Tg GG RIH, 5528 K701 © 2080, 1 & 2347,
1 1 1440. Z{EPsIgABG K LA S22, H28 K 73l
J91:29,1:28,1:27.

3 171E

HErtH It B —f e il & TETECE 11
G R VE A IR B AR S A R S s D IR
VE RS04 BN G5 s (R A6 20 2 20 3 T
by By T 5 JER AR, A8 L e ) R B B I IR 8
IS FH T 900 5 88 A AR IR VAN AT 5 1Y ) Y
" METECE44813, E44815H1E11881A &4 M i
ANER, WLEE /IS BRUIR o3 BRI 08 S N, B AE P
SCVFMTETECES BRI S PR 1. BUFETEC
PRI RL Do 1 ff 22 2t 52 560 J DI PR DG B . AR U XT3
FAS [7) 1375 724 1R B PR I E TEC R REREAT T 1T
58 T BRI R E R S AN R, HAH [R50 & 1)
% K% E44813, E44815MIE1188 1 AL /N
fil, B44813F0/N AL T 1A IN H) f5 5L, E44815 30K,
SET %AW LI E44813 8 7y, E44815H.1%, E44813
BEVR P2 AE () 40 M LEE44815, E11881A T
P H LD, HAICH] S K I £ E44813, E44815,
E11881A, Ui HE44813F: ' 45k, [AIAF LAL D50
i/ B, I P AR B IR R P T5 2R LAE44813
o, E44815H k. MU R ARG 25 5=
KT B 1R S 6 45 S 43 M, R IR 5 AR B9
TGN BRUIF ST IR 45 A VR 2 A ) 22 4P, [ 4
LevinefICoworkersfl X E44813FIB7ARAT A 1Ak
SEH, RINEA48 135V S, AH W) 1) B e 4K
I H T, (ML S 2 P be S L Sk,
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I A [P SEANREAE 2 AR [ 7). S L Dy I E44813,
E44815FIET188 TAH 5| & 1 /) Fsl Jifi 8 7 H 1) ¢
iE, #EAEAE24 WA 5 3 0T v A2 D 19k L 4
TG i R b () i R A B, S5 DA L
0K =, IR LA A A, P D B4 .
FEASEWRILT A48, (B2 B0 3% i
A2, Sy ANE V] AR E I A ) BRI
BN 23R A, e AR 2R
HY) MR, BoR RAERAY R AL 78
52 TETEC S AL DS (1A L, W 2% i ik
FRFE1, FE3, FE6X /N FRIEAT G s CRgr s . HH 9%
HRIERR oI sh W5, A2 R 1928 dPY Bl BES
/N BRAA P AR R O (R PR I . T S A
Yooks, Bt /N RSB ZET, OB AN,
i 35 2 200 A R R () BRSO AR, B3R LA i il 8
YL BRSO ST, 5 R S R A/ R
(PP AR R FRE A B AN ). G s /N R R 41
AT DA LA PR 110 30 P i 3RV B, AE 6 ), it

ANTiE M A PR ) L w TR AR, B o0 BT E R
3 2 5 (P<0.05).

S SRR E W], W AAETEC E44813,
E44815HIE11881ATH I, 1] LATE/ R4l 2w
S BIAT — 5 WU P99 B 27 s W AR I35 v e 4
WIS Ak, A A FFEETE CBUR M R 30 R 2
AIATI. 76N FHE TEC 82w /) BB R D0 52 1 ik
IERE B R ORI S, X L, R
HIXIEARFEL, FE3, FE6REMS /N IR BTGB %2
KIGFT B R A ) e R, hdE—20 A
PASZIG PR T S R, ARSI ETEC &
TN AR, S D BRI Y W 75 2 KA I
Jii ()95 BRI 28 sz W A K A DA 88 1 TR PR 4
R TR
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