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Prophylactic Effects of Bifidobacterium longum HY8001 against Escherichia coli O157:H7 and Salmo-
nella typhimurium DT104 Enteric Infection and Evaluation of Vero Cytotoxin Neutralizing Effects.
Yang, Soo-Jin*, Jang-Won Yoon, Keun-Seok Seo, Hye-Cheong Koo, So-Hyun Kim, Hyoung-Suk Bae!,
Young-Jin Baek!, and Yong-Ho Park. Department of Microbiology, College of Veterinary Medicine, Seoul
National University, KOREA; "Research and Development Center, Han-kook Yakult Milk Products Co. — Prophyl-
actic effects of Bifidobacierium longum HY8001, Korean isolate, against Escherichia coli O157:H7 and Salmonella
typhimurium DT104 enteric infection were examined at four goups of specific pathogen free(SPE)-ICR mouse for
each pathogen. B. longum HY 80014, typhimurium DT104+B. longum HY8001(BL+ST+BL)group and B. longum
HYB001+E. coli O157:H7+B. longum HY8001(BL+E+BL)group were fed with B. longum HY8001 before and
after E. coli O157:H7 or S. typhimurium DT104 challenge, while B. longum HY8001-+S. ryphimurium
DT104(BL+ST) and B. longum HYB001+E. coli O157:H7(BLAE) groups were fed with B. longum HY8001 only
before E. coli O157:H7 or 8. typhimurium DT104 challenge. E. coli O157:H7(E) and S. ryphimurium DT104(ST)
groups were challenged with each pathogen without B. longum HY8001 administration and control groups were
administered with phosphate buffered solution(PBS). After the oral administration with B. longum HY8001(10°
cfu), the mice were challenged with E. coli 0157:H7(2 < 10% cfu) or . typhimurium DT104(10° cfu) and the mor-
tality rate and the fecal shedding of challenged pathogen were also examined to define the reactivity of the B. lon-
gum HY8001. Production of toxin neutralizing substance(s) of B. longum HY8001 was determined by cell
cytotoxicity assay using Vero cells. Fecal shedding of the S. typhimurium DT104 was significantly decreased in
BLAST+BL group fed with B. longum HY8001 before and after challenge(p<0.05), while the fecal sheddings of S.
typhimurium DT104 in BL+ST and ST groups remained more than 10° cfu. The protective effect of the B. longum
HY8001 against E. coli O157:H7 was significantly high only in BL+E+BL group fed with B. longum HY 8001
before and after £. coli O157:H7 challenge from the result of fecal E. coli O157:H7 isolation rate, mortality rate,
and intestinal contents culture to detect E. coli O157:H7. The mortality rate of the BL+E and E goups was 20% and
30% respectively, when that of the BL+E+BL group was 0%. The isolation rates of E. coli O157:H7 from the intes-
tinal contents in BL+E+BL, BLA4E, and E gorup resulted in 50%, 87.5%, and 86%, respectively. However, the E.
coli O157:H7 1solation rate from the feces of BL+E+BL group was not lower than those of BL+E and E groups. The
cytopathic effect (CPE) of the Vero cytotoxin (Shiga like toxin I & II) in Vero cell was neutralized in B. longum
HY8001 culture supernatant added wells which indicate the presence of soluble Vero cytotoxin neutralizing sub-
stance(s) in B. longum HY8001 culture supernatant.
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prophylactic effects
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Table 1. Experimental design for the determination of prophy-
lactic effect of B. longum HY8001 against S. typhimurium
DT104

Treatment No. of heads Administration schedule
Control 5 PBS treatrnent only

ST only’ 8 Challenge with ST
BL*4+ST2# 8 BL treatment

BL+ST+BL> 8 BL treatment 2 times before

and 7 times after challenge

*BL: B. longum HYS001(109 cfu), **ST(challenge strain): S.
typhimurium DT104(10% cfu). 'ST only: Administration of ST at
day 3. 2BL+ST: Administration of BL for 2 days followed by ST
challenge at day 3. *BL+ST+BL: Administration of BL for 2 days
followed by ST challenge and readministration of BL every other
day untj] day 14.

Table 2. Experimental design for the determination of prophy-
lactic effect of B. longum HY8001 against E. coli 0157:H7

Group No. of Treatment Challenge dose
heads of E. coli
0157:H7!
Control 5 PBS -
E* 10 - 2 x 10" cfu
BL+E? 10 B. longum HYS001 2 % 100 ¢fu
2 % 10%cfu, 5 days
before challenge
BL+E+BL* 10  B. longum HYS001 2 %X 10" ¢fu

2 % 10° cfu, 5 days before
and 14 days after challenge

!Challenge strain of £. coli O157:H7: SLT I & SLT I producing
E. coli O157:H7 obtained from Penngylvania state university E.
coli Reference Laboratory. E . Challenge with E. coli O157:H7
only. *BL+E: Pretreatment of B. longum HY8001 for 5 days
before challenge with E. coli 0157:H7. “BL+E+BL: Pretreatment
of B. longum HY8001 for 5 days before and 14 days after chal-
lenge with E. coli O157:H7.

EHML| £ colf 0157:H7 HZS

3%49] SPFICR¥}M-~F 47)2] Z(Control, E. BL+E,
BL+EA+BL)2 2 1}Fo] o}l Table 29 A& wlel B,
longum HY8001¥} E. coli O157:H7Z stainless steel tube
(Zonde, 18GY2 AMg3}ed A=, SAw AA7] Sof &
o] YEF ZA2HA T4 819} Challenge o) 3
29 ZFH4 22 Broth enrichment method[10] BHAALE
o-43fe E. coli O157:H70] L Edle] mjEs= uly
22 NAFE AHARIEE. &, Cefixim(50 mg/L), Tellurite
(2.5mg/L), Vancomycin(40 mg/L)e] 5% TSB(TSB-
CTV, SIGMA) 10mLe] wh$-220] B¥.E& W1 vorex
mixing(MAXI MIX II, Bamstead Thermolyne) -§¢ll 37°C
incubator(Low Tem-perature Incubator 815, Precision
Scientificyel 4] 24X]7F <t Sd8l8r}. F79 TSB-CTV
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& Cefixim and Tellurite sorbitol MacConkey agar(CT-
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cells/mlyg 96 well plate(U bottom, COSTA))| HE3}1L
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SCIENCE)3leq £ulslact.
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Fig. 1. Fecal shedding of S. syphimurium DT104 (cfu/g) after
challenge with this strain.
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B. longum HY8001% T7FH4F% BL+ST+BLEY el
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Table 4. Mortality rate after E. coli 0157:H7 challenge

Mortality rate

Group [No. of mice died /No. of mice total (%)]
Control’ E? BL+E®> BL+E+BL®
Mortality 0/5(0) 3/10(30) 2/10(20)  (O/10(0)

IControl: PBS treatment only. “E: Challenge with E. coli O157:H7
without B. longum HYB001 treatment. SBL+E: Pretreatment of 5.
longum HY8001 for 5 days before challenge with E. coii
0157:H7. “BL+E+BL: Pretreatment of B. longum HY8001 for 5
days before and 14 days after challenge with E. coli O157:H7.

Table 5. Detection of E. coli O157:H7 from intestinal contents
after necropsy \

¢

Detection rate

Group [No. of mice detected/No. of mice total (%)]

Control! B2  BL+E® BL+E+BL*
3 days after challenge  072(0) 3/3(100) 4/4(100)  2/5(40)
10 days after challenge  072(0)  3/4(75) 3/4(75)  3/5(60)
Total detection ratc 0/4(0)  7/7(86) 7/8(87.5) 5/10(50)

IControl : PBS treatment only. E: Challenge with E. coli
0157:H7 without B. longum HY 8001 treatment. "BL+E: Pretreat-
ment of B. longum HY800! for 5 days before challenge with E.
coli O157:H7. *“BL+E+BL: Pretreatment of B. longum HY8001
for 5 days before and 14 days after challenge with E. coli
O157:H7.

MA7F P2, challengee] ATt B. longum HY8001%
T} AZs BL+ETS AEsA] 42 BrelM ZA2 2¢f
], 3atEle] up$vt s Alslee). #HAL uhfse] gk F-
AR, F7E g AR 9 WATle] &2 ¢4
on #HAlE == upgse] Aol AA, T, A, A
WEEBHE] £ coli O157:H7% 228 3 e

Table 3|4 B n}e) 7o)l E coli O157:H7 challenge
o] % 5954 109 Aol mheso] A WEEEHNE E coli
0157:H7S 2=jst ZA¥}, E coli O157:H7 challenge %
o) B. longum HYS8001¢ 77+ 53k BL+E+BLTolA
2] E coli O157:H7 E=]&°] 50%% E. coli O157:H7
challenge®| Aot B. longum HY8001-& 7 5]

Table 3. Examination of fecal shedding of SLT I and SLT II producing E. coli 0157:H7 after challenge with this strain

Days after challenge with 2 X 10'% cfu of E. coli O157:H7

Group 1 3 3 7 9
[No. of mice E. coli O157:H7 positive / No. of mice total (%)]

Control'(5) 0/5(0) 0/5(0) 0/5(0) 0/3(0) 0/3(0)

E*(10) 8/8(100) 7/7(100) 7/7(100) 2/4(50) 0/4(0)

BL+E3(10) 8/8(100) 8/8(100) 8/8(100) 4/4(100) 1/4(25)

BL+E+BL*(10) 10/10(100) 7/10(70) 3/10(80) 3/5(60) 0/5(0)

!Control : PBS treatment only. 2E : Challenge with E. coli 0157:H7 without B. longum HY8001 treatment.
3BLAE : Pretreatment of B. longum HY8001 for 5 days before challenge with E. coli O157:H7. ‘BL+E+BL: Pretreatment of B. longum
HYS8001 for 5 days before and 14 days after challenge with £. coli O157:H7.
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Table 6. Cytopathic effect of Vero cytotoxin at different dilutions against Vero cells

| VT( % 10) VT( % 2)
CPE/NT
1 2 3 4 5 6 0 I 2 3 4 5 7 8
CPE* + + + L - - - + o+ 4 + + + + L -
VT Vero cylotloxin, 2CPE: Cytopathic effect
Table 7. Inhibitory effect of B. longum HY8001 against CPE of Vero cytotoxin
BL! B. longum HY 8001 supernatant(80 )
vT? VT( X 10) VT( X 2)
CPE- 0 ] 2 3 4 5 6 0 1 2 3 4 5 6 7 8

CPE - - . - - - -

IBL: Bifidobacterum longum HY8001. 2VT: Vero cytotoxin, *CPE: Cytopathic effect.

BL+EZS B. longum HYS8001S A<l ¢k2 BZe] &
g 87.5%% 86% Hr} ket

E. coli O167:H7=258E MMEl Vero cytotoxin 1T
ol thst B fongum HY80012| Hslgnt

E. coli O157:H7¢] wjoFAkEl-8- o]£31 Vero cytoloxin
9] cytopathic effects £7%A3}, Table 60412} Zo] Vero
cytotoxing 102 343 well# 271 A8k wellol|A] 2kt
10°, 27¢] CPEsg(cytopathic effectsye] ZA=sic}k. Control
22 AHEEl TSB2} BL broth®] FAAel|AE cytopathic
effects7} A=A eksket.

B. longum HYS80012] wjeFEe0(37°C, 1647 A
8k Vero cytotoxin®] cytopathic effects &% A3}, Table
7oA 8} 7o) B. longum HYS0018] wjekAlzale sl A

Fig. 2. Cell toxicity of the Vero cytotoxin and Vero cytotoxin
neutralizing effect of the supernatant of the B. longum
HY3001.

A: Vero cytotoxin treated, B: Vero cytotoxin and the supernatant of
the B. longum HYS8001 treated, C:TSB treated control, D: BL
broth treated control.

-+ Vero cytotoxine] B71%l well®] cytopathic effects”}
Vero cytotoxing 10%] 3431 welld}t 221 3]43E wellol)
A B5 BREA] eokel. &, B. longum HYS001 Hl|oFAt
Zde]l Vero cyltotoxin £35S #els £ glgd)
Control2. TSB2} BL broth7} 7}a}l wello] = cytop-
athic effects”} “FER4A] 949k}, Vero cytotoxinThg A&
g well(A)# B, longwm HYS0012] wfjokabZalio] Vero
cytotoxind} g4 7}ell# wellB), control® AE-% TSBe}l
BL broth7} 22+ 7}el& well(C, D)) 48A17; wiek F
Vero cell®] 3elE inverled microscope(DMIRB/E, LEICA)
o7 A AF, Vero cytotoxinhe HEEE welloll A&
cell death®. <l&}ed wiekel o] ¥HE2A FE =HAUL,
Vero cytotoxin®t B. longum HY80012] ujoabEale] &
7 A wellellA= TSBE} BL broth?} 718l control
well}h Ze] ¥iSr3jelo] 7173 cell2A H2F 9P Fig. 2).
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Vero cytotoxing E3A|Z 4 918-S Vero celle o]&3t
Vero toxin neutralizing assays £3le] 213 4= glgith

E%] B. longum HY8001-% E. coli O157:H7 challenge
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A Fol B longum HYS001& 77 %3 BL+E+BLT-
oM Az 70% 80%= el BL+ETH Ex] 100%
B} ylR|al, 437 a4 challenge F 79) ol 9E=
B. longum HY8001& HFs}4] @2 Ex9 £2}& 50%
B} E. coli O157:H79] =80 60%2. 232 ol &
Mez wWlEHE E coli OISTH7Y EEEEE B
longum HY80012] E. coli O157:H7e gk %3] <
AEAZ Hrkel 4= qlolch ol 22 AETEIME
Wwez wWlEEE E coli O157:H78 71 3% Sd=
1,0008] o]ARe] zjel7b e B R[7) HIFe], E coli
O157:H78] Zhel® =78k 2 Al E coli
0157:H7°] AEHA k-S4 5 sl =2z 2
glol] AA w92 ¥R F A EEF E coli O157:HT
o] S 3] wisksllem, 1 ZH ASH2E B
longum HY8001& 538 BL+E+BLT®| E. coli O157:
H7¢] AZgo] 50%2 BL+ETI ETY HEE 87.5%%
86%el wlsl Wikth olelst AAE FYHsHE 9, B
longum HY8001& E. coli O157:H7 challenge -5l
A&H o2 Fo43 FBL+E+BLIIAME 444 A E
coli O157:H79] A& e E3}5 vehdS & 4 Ut v
2 B. longum HY8001| 28 E. coli O157:H7el]
g kg YslA= hostrl FEET) HEE A& o= 4
Hsjolof 3P elv] ZHd% F2| B longum HYS0012
2, & ARge] 7 E o vt ojEe e F
AR In vivedll 9 B longum HY80018 E. coli
0157:H7¢l Wgt B} A2l HlolE218 Frlstr] $13)
ME E coli OISTHTY ZHEA Fa 354t Hue
2B Vero cytotoxin®] Feiz} Fdere] ZHEF: 2
Vero cytotoxin 5= e #gk <72l F8 7)Fel) o
gl wla] 228k A7) Walwe]ef slm) Vero cytotoxin
o] =8 Wel B longum HYS001] HHAMALE<] of
g} A3 FAM 2476 A F1Hel I7ot 2

83t AEACF B longum HYS0010] 2 TA|A]=
3 9l Aol AlRE. A¢)del E. coli O157:HTF S.
typhimurium DT1042] 7}Y9E oubal 4= 9low, 53] E
coli O157:H791 2}l A4kEE Vero cytotoxing: F&A
7 4= 9le R AL fxsle AR EHHE. F
F o|9} zkL- wHIA fRo|AAE g WUA FI=
el w3t FAA AR 9 75l At A7 TP
) wjEgA Bl o 55 HEAS JNE
AE Aot

e <4

=9l frobe] AdA E=|E Bifidobacterium longum
HY80012] Salmonella typhimurium DT104%} Escherichia
coli O157:H7el| it 2zt A EE 54 "4A7}
Q= 479 ICR wh$AF o &35t AT B
longum HY8001+S. typhimurium DT104+B. longum HY
S00LBLASTHBLYT=} B. longum HY8001+E. coli O157:H7
+B. longum HYR00IBLAEABL)IT-2 S. pyphimurium DT104
X E coli O157:H72.2. challenge3dl”] A Fel B
longum HY8001¢ T7k4d% 89!, B. longum HYS8001
+S. typhimurium DT104BLASTYE} B. longum HY8001
+E. coli O157:H7T(BLAEYF2 Z}7Zh2] W47 challenge A
olgt B. longum HY8001E Fodlle™, E coli O157:
H7BE)T® S nyphimurium DTI104ST)T= B. longum
HY80018] Fedglo] challengeE AAlslgdv}. dlF:To=
Ae Z4be] mhptoll= qlAl K58 (PBS)REe] T
&=k B, longum HYS001 ®oFA2e8¢] Vero cyto-
toxin =8 I= Vero cellE o]-&3F A FHA 83 (cell
cytopathic effect)ys 7}sled AA =]t 10°cfug] B. long-
um HY8001% 10%cfu®] S. typhimurium DT104 chall-
enge AFol] Foq3 BL+ST+BLTA 2O wEs =
S. typhimurium DT1042] $%& 105cfue] S fX3 BL
+STRS} ST Blsle] 02 78190k (p<0.05). E.
coli 0157:H79) Agr B. longum HY80012] A&} A
A3}, challenge ©]F 3243 5¢e) PHL2R wiEEE
BL+E+BL22] E. coli O157:H7 £2]&2 BL+Er¥} BT
o] Bag2 77 70%, 80%E 100%%E A8 BL+ET
7 Bl wlske] 2okAlel, challenge ©]3 797 829
BLA+E+BLTS #21&-= 47 60%, 0%% B9 ¥el&
50%, 0%} 2 #elE HelA] eikwh. e}, Ah-8-E2
wiek = E coli O157T:H78) E=)82 FAEF 29, BL
+E+BLT-S 50%Z2. BL+ET¥ E¥9 87.5%% 86%Ect
Woren, Alge) ZAMEFAE BL+E+BLTAME #H AR
upeA7b gol ot BL+EZS Bl 22 20%<F
30%2] HAAEE Bgvh Vero cytotoxin® B. longum
HYS00L WRof42els o] 49 BAFHNERH, B



longum HY80018] #jokAtZolo] A7le wellEo)A] Vero
cytotoxin®] F2E2E W, B. longum HYS001 kAt
2N 2] soluble Vero cytotoxin neutralizing substance(s)

o) EAE PAFT.
At 2

of FEL 19984 Agristal $4 Selgstava o
e EINE S DECINE P F 1)
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