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Studies on Probiotics: Evidence and
Mechanism of Its Efficacy

Takehiko Tomori

First Depariment of Surgery, Faculty of Medicine, University of the Ryukyus

ABSTRACT

The efficacy of probiotics (prophylactic use of microorgamisms to prevent diseases) which has
been empirically used for many decades, was determined by examining the antimicrobial associ-
ated proliferation of Closiridium difficile in the intestine and the mechanism of inhibition was
studied. Probiotics (C. butyricum spore) was adiministered to the 56 cases out of 109 patients
who were on antibiotics therapy. The detection rates of C. difficile in the stool samples (2 speci-
mens from one patient) after antimicrobial therapy were 27.4% (29 specimens out of 106) in the
53 non-probiotics-administered group, and 15.2% (17/112) in the 56 probiotics-administered
group (p<0.03). The detection rate of D-1 antigen were 28.3% (30/106) , and 17.0% (19/112)
(P<0.05), respectively. Log values of the geometric means of the detected C. difficile count
per gram of stool were 5.94+1.32 in the probiotics-administered group and 6.97 £ 1. 11 non-
probiotics-administered group (p<0.02). When C. difficile and C. butyricum were mixed and cul-
tured in- GAM broth, the growth of C. difficile was inhibited after 9 hours of incubation. As the
pH tended fowards lower values, the growth also increased. This phenomenon was not seen in a
pure culture of C. difficile in GAM broth when pH was lowered by the addition of HCI in con-
trast to the effect with butyric acid. The increase of antibody-titer was enhanced when mice
were immunized with C. difficile together with C. butyricum. These results suggested that C.
butyricum inhibit the proliferaton of C. difficile by means of some cellular product and by stimu-
lating the host defence mechanism. Ryukyu Med. J., 14(3)187~195, 1994
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REBZENBNY, ZD10, HEEORE L2
5 REIINT 5 BEME KRB LEDORE T C. difficile
DHETE & PHIE S B H 72k HEABEE ShTwa,
W, MEEERCELIERENERL TS
L3Hy., £EBICHTAEOAEREEEDO AL ST
BE, BRBAREIIBVWTEEZ > T35, EHEIC
BOTAEREANIBEICS0EL B ORBERMICHEDLNT
By, $4-0RMAE L TE20ES LH 2858 H
B>Twd, LaL, £EAOMRCERBRICET
BRI GAHUIEIZZLVEDTH B,

4al, #FEHIL Clostridium butyricumD T % F B 7
LT BEEA AW, C difficilel= 3T 28I R L
Z DIEFRR #RET L7z,

B e Tk

1. ERERMKIORES
A, REREH)

ek K2 B B RPT R O DBERFEIC AR L, FFiC
HILBERL S HIEE % 1 BRI LS S hi- 8%
ARG L L, 205 bHEERSRGRTIZE» S C.
difficilen #H U 72 EBNIEZRRST U 7=,

B. £FAID#KSE

L HAFIE UTIEC. butyricum MS88DFRIE T &
EF (1 g ic a0 %= &, HWEIL I VYBM)
AFEHELE, 1EfBZOHREEZFIEL L. MEER
MG EEEREIC 1 H 3gh l4HMEM TR E L 7=,

C. RFHEE

BRI IR RS, 5% 1EBE. 2:@8MAB
DEF 3 EERELL 72,

D. 7Bt - 558 L AKAIE

FEREFTI0FICERBEAR L. 107, 107, 10°#FRE%
#ENZFhN0.05ml52% LI TORKFW 3 4riEic i
L. 37°C, 2~ 3 HEMTIRED & & THEKC. dif-
Sicile®R U C. butyricumD W % BIE L 7=, Fhafiisk
RELy ) - LUELEHO 20— FEREIZE-T
K727,

C. difficile#t il & U TZE # cycloserine-cefoxitin-
fructose (LI T CCFA) 53ty & 272, C. butyricum#®
WA E U TiE5% 5 MR MBLEXRE# (H AKSIE) %
R L U, 8EH1000mlYS ) /KA v F b)Y
4 (Sigma) 5mg, O VEEF t ) W A (FIHE)
20g. 7 v fbF b Y v L (FIAMSR) 200mg % RN L 722,

RAEDEIFRVIIHESE o — TRy 2 2 (%R 4
v 74 7 ANX-1) L IBE #H R (N2H2CO0:=80:10:10) % fF
AL, HMEKBET T - 72,

E. BOMRRE
C. difficileDFRIEIZ 20 = — DHE, FOMBOE

Sk DER, IFL, 77 o8xEE T2, L
brain heart infusion (2L FBHI) broth CHE&E % {11y, <
DEETCDF v 7DI(EZEBILR) DT 7 v 7 Xt
RIGHEMHED & D % RAP ID ANA 1 anaerobic iden-
tification system (Innovative Diagnostic Systems, Inc..
Atlanta, Ga) I CRIZE%Z T - 7=,

C. butyricum MS588DRIE T T 0 =—HE, & 7 -
el T OREKRICEHEREAN L KM] phagelZtf§ % &g
Ik DEEL 27,

. EBRMRET
A. TEEICK T 3 RAEE

R T C. difficilek C. butyricumD R EWE &
To7-EOEK. KUtoxin A-BOEL E % C. difficile
BRI & ILBRET L 72,

1. BEBUZ & 3% HE

GAM, BHI brothiZ ¥ T C. difficile, C. butyricum
DRABEEATV, BHSEROBIEHREE O %
IEEEOEBET I CHRHEEAT - 2.

BREFHIRENO S04y, BREER I EERK
B T10'-10° CFU/mle % 5 & S ICTHEEL 7=,

2. BRELARICK MR E

BHI brothiZ ¥} % Clostridium difficile toxin A (2X
TCDTA), toxin B(LATCDTB) EEA EDHM - RE
12 &k % = % enzyme-linked immunosorbant assay (1)
TELISA), ¥EMAEEMHR (LI TCPE) IZ X 0 H#z
L. 725

ELISA#:ZPayne 5 DEHE WY, BELFL
TWBWE L. Z D100 «1% ELISA plate (Dynatech) ®
BwelllZ Ah, 4°C, —BETREAMAELEZT>%, 0.02%
Tween 205 APBS (LI FPBS-T) 2T 5%, 3Mmk#E
#%. PICDTANKR (T4 ¥, MAZERE LD EEH
24 0) F 1 RAR, RaF s 4 —ERERNY ¥ ¥ 1eG
Piik (¥ ¥, Sigma) #2k ¥k L, #EE LT
2.2'-azino-bis (3-ethylbenzthiazoline-6-sulfonic acid)
(ABTS) # I\ R @& %, microplate reader (MPR A4i,
Tosoh) & FH W T £Z415nmiZ B} 3B IZTCDTA
DEXERHRL 7,

CPEiZEdelstein 5 D%k & 722, BEMAIE
Veroffifiga & B\, #3EWIZRPMI 1630 (10% fetal calf
serum, SMI10/ U/l. PCl00mg/1ZM) = A L 7=,
Verofifg % 1. 5 X 10°18 /ml - FHE& L 7= fH F i3 475 180
plZ MR EHIGIER A4 207 L — b (Becton
Dickinson) @ & well{Zf1 Z. CO: incubator (k= 2 #t
k 74 7CPD-170)iZT37°C, 1-2 HE#%%E L ML
weliCHRB LA B K527z, ZORELISATHAL
7-BRAEPBSTHREMER LTV, ZOHFRAFIEZ20 4
12 ZhZhDwelliZl X, 24KREIRDCPEZ $|E L.
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MM 2 R T RAFERIRE 43Kk 7%, & ¥, CPE
PO ¥ E IS AT ZE MR A well D 100% 1242 Z - Ty
250Dk L7z,
B. BIEREM LIZBTA3HFORE

KRR % B 72 £E Tld mGAM agar, 0.1%
sodium taurocholate #i J1 mGAM (L) F t—mGAM) agar,
0.1%sodium taurocholateZRINIGAM (LI T t—GAM) agar,
BL agar, 0. 1% sodium taurocholateRIIBL agar (LI T
t—BL) , 0.1% sodium taurocholate i Il cycloserine—
cefoxitin—fructose agar (L1 FtCCFA), BHI agar® 7
fEfE A B/, X EIZC difficile 8.0X 10" CFU/ml
DR l mlAHEEL, 3V 57— UBIZTRDIAT.
F D HLERICC. butyricum 1.0X 10* CFU/ml % 0. 05ml
T L. BESUIRAEICT3T°C. 4R DR, C
butyricumDE L R BIZ I\ T C. difficile® BH I
ENTEIrE,rEBELL,
C. RRYLEER

1. RREETFTNLDERK

KRB L U T3 EREI20gRIHROT LT Y )VvA R
2—%fHLE, T—FLRKEBTTEY VY FEHNWT
Cefatrizine Omg & C. difficile ZER10'E % 1 ml D iFik#
BEe LTRSS LA, 5EIZ20ICDNNAL X 2 —Z{FHL .,
100G I3 10MEI D C. butyricumERg %, fRD10PTIZI3 4
HEEKEZhETH I mliEE L7,

2. REABT L FE&E

BBABEH D C. difficile R R UHE - MMERE
ERIEL, WAZR4—MRIEL, HTTHERICE
BLT, 28NS % 3mlOEEBIE K TR L
b DEREE Lz, £EEK- 28 OI3BRER 1208
BEICERL TRIEEER L 72, BEIBREDIEH
AR5 %2 ED LR FREIZE->TEEL 2, Hikid
ELISAIZ & » THIE U7z, ELISAD[EEILC. diffi-
cile¥E B W& (McFarland No.3) & X U'F#ICDTA (MR
ZHREIODE) L pg/mERCTER L, BIELL
ELISA plate (Dynatech) & well {2 # & @ & 0 b &
(0.45 1 2 )R 7HE) 100 1% MDA TIRID & ¥ 721%.
1 &kRFifEE LTHiNLRAE2—-2MBETE (T £,
Sigma), 2 ®¥KINoFo 48— VIEERNY 3 X gG
Pk (v ¥, Sigma) Z W TRIE% TV, HEE415im
TORNEDFHEIS THBRE T - 72,
D. HHAIDGIEREEER

C. butyricumiZ & % C. difficilelzxt 3 % RIZILE DY
BFHER A FJX B - B mouse (Balb/c, 8w, &') ZEF10LD
DD BRI C difficile, C. butyricum D FE & % 10°
CFUMME 7213 RATHRE 1 ml 4 5 &5 EEHARK
TS L. 0,10,20,308 B O IET A%
ELISAETHIE L7, S WEEEFE L THEERIEK]
miz v ZABEBERICERE L 7,
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ELISABIXC. difficile, C. butyricum®3CHE AR D &
% McFarland No. 3IZF% U /-2 TEMIL 217 - 72,
BIME & RIR%., —RYiBE LT~ X[gMbifk (2
# ¥, Sigma) &V, BHEDHEIZ THEE4L5nmTO
BB DFEEE KD, HERMOBEES 1 & Lk
DRI THEM O L F % g - #EF L 7=,

wm R

I. EFNE

ERREREUL, BBRT -2 -2 RBELOINEL /-,
BERIL21FIT. £ OARYIOFERETC. difficilet’
BEPET & - 720 (14/213,6.6%) . EREDREA AR5
2, FEEE DO EEF D 104751 % B 7210961 %
XH L Uiz, ZDWS3GIA K EERE (Group 1), 56648
HERI SR (Group 2) & B -7, EWMAMIZENEKT
115 4 5955 (mean+SD=59.5+17.8) . Group 11311
A 589 (57.1+18.1). Group 213178 » 6 95 5%
(61.8+17.4) TH -7z, Bl 2&T40/69. Group
1T16/37. Group 2T24/32TdH -7z,

FBER 23 T HET 6T I3 B BIEERHE & 5326 T
Bd %<, FMIEMTH CRBREEL0FTRE S
77z (Table 1), FIREREIZ DV TIEEBEICH
IZHEL T h 572 -4 A T, HEFEIL32
FEXETdh - 7~ (Table 2),

0. EFNZB T 23R HE

MIEER S FBBRONEE - #E5EHE 4 DERE
¥106 - 112¢Fic 513 3 C. difficile DR FEIZ T hZh
27.49%(29/106) . 15.2% (17/112) L T EFH TIEL ., 2
BOZEDERKUEILP<0.03TH - 7z (Fig. 1),

F 2 D-19 RIS MR IS I E 1 5B Ma w7 T X BEEE -
BEBTINTNS 9%, 9.4%Th >72, RE5HMKE
T3 ZF N ZFh28.3% (30/106). 17.0% (19/112) T#H 5
BIiEWTE2-72, 2HOZOHERKHIZP<0.05
TH -7 (Fig. 1),

C. difficilbBMERIEIZH T 518 1 g OE BB
HOXNBIETHREH - FFREHF LN T N5.94£1. 32,
6.97+1. 11 THREFHDOHHEL . MFHEOZDER
AHEEZTHREIZ Tp<0.02TH - 7= (Fig. 2) ,

M. In vitrolZ 5t} B IRIEE O
A. C. difficile D BEFEINH

GAM broth T C. difficilek C. butyricum% R & &
L7=384. C butyricum!: BT & [FAk 2 35 58 B AR
R L7, C. difficilel3 W5 B IR D WD 258
¥ 5N 7= (Fig. 3), BHI brothiZ %1} 32 RAKE TIXC.
difficile? HEFERIAR 13X HMUIEEIF L RRRTH - 72,
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Table 1 Patient characteristics

Table 2 Antibiotics used in the experiment

probiotics
+ — total

Operation

cholecystolithiasis 2 2 4

appendicitis 1 1

breast tumor 7 3 10

thyroid disease 2 5] 7

ovarian tumor 1 1

orthopedical disease 11 5 16

tympanoplastics 6 20 26

others 4 1 5
Non-operation

respiratory disease 20 11 31

liver cirrhosis 1 1

heart failure 1 1

cerebral apoplexy 1 1
Unknown 4 1 5

RAWELITo=O0EMEB UBEOEpHIZ
BHIbrothTi36. 0Fif8 TdH > 72D IZx L. GAM broth
TI35.5-5. 1 TH - 7= (Fig.4), Z DHIFIZHR A HIZpH
DIETIZESEDTH 500, C butyricumH EHE T
LBEDYBRIZLIEDTH LD EFANB2HDRD
EEREIT o7z, C. butyricum® EBHEN T b 5 B
B2 & D GAM broth®pH#%6.0, 5. 0123 L., C. dif-
ficileD WEFEMAR D ZEAL % B L 7= (Fig. 5a), pH 6.0
TREMPED Sk > 7zh, 5. 0TIZHEHDOHFEH
RHONT, FICORMLIRE R T 5 @R
Honsz, ULh UBHEIERRICTpH 5. 0% +5 &
F#LpH6. 0D A & IZITFIRRIZHEGE L 7= (Fig. 5b) o

RREHIZC. difficilez B YA, ZOHRIZC.
butyricumi % A8 v b3 5 LI OFEEIZ L D HIED
EHRIZEZNRD S, t-mGAM agar TR & & S BEX
t 7z (Fig. 6), mGAM agar, t-GAM agar, BL agar, t-
BL agariZ 5 W T S FHIEMH OB R 258D 6 =25,
tCCFA agar, BHI agarCl3ZZ o h -7, £/-C
butyricum®DIEE LIFEHE T LB AIZIZZORLERE
FRIEfERIZRBD b s h o 7, FLIZC. difficile’ #
FLUZBA, MAhADRMIZTIHEENRZAD -k
Dot

probiotics

antibiotics -+

ABPC
AZT

AZT+CCL
AZT+OFLX

CDZM
CDZM+AMPC
CDZM-+CPDX—PR
CPZ

CPZ+FMOX
CTM+CDZM+CPDX-PR
CTM+CTM(P. 0)
CTM+CPDX—PR
CTM+LFLX

CZON

CZON+AMK

FMOX

FMOX+AZT
FMOX+CCL
FMOX+CLDM+CZON
FMOX+LFLX+PIPC
FMOX+PIPC+CTM
FMOX+PIPC+TOB
FMOX+OFLX
LMOX-+AMK
LMOX+CCL
LMOX+CDZM
LMOX+CMZ

OFLX

OFLX+LFLX

PIPC

PIPC+FMOX

SCE 2787

—_ = O =R N O OO0 s = = — U WA ON— O~ WWHE OO W™
NO—~ OO O ha e,k 0O OO O NODORNONO—DNW—WW—O

ABPC: ampicillin, AMK: amikacin sulfate,
AMPC: amoxicillin, AZT: aztreonam,

CCL: cefaclor, CDZM: cefodizime sodium,
CLDM: clindamycin, CMZ: cefmetazole sodium,
CPDX-PR: cefpodoxime prozetil,

CPZ: cefoperazon sodium, CTM: cefotiam
dihydrochloride, CZON: cefuzonam sodium,
FMOX: flomoxef sodium, LFLX: lomefloxacin,
LMOX: latamoxef sodium, OFLX: ofloxacin,
PIPC: piperacillin sodium,

SCE 2787: new drug(cepfem), TOB: tobramycin

B. C. difficileDFEREF I 58

BHI brothiZ %1} % B - BABEE Tl toxin ADE
ERICEIZFRD S hL 5728, toxin BIZEBWWTIZH
MIEBOFVIEERBBUBBTELERNEL, £
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D-1 — % %
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0 10 20 30
rate (%)

Fig. 1 Detection rate of C. difficile and D~1 antigen in the
stools. Group l: patients without probiotics. Group 2:
patients with probiotics. »:p<0.03 *+: p<0.05

log CFU/gfeces

*:p<0.02
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o
8.0 oo 3
P o
7.0 . * g
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o
o
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Group Group
1 2

(n=29) (n=17)

Fig. 2 Number of C. difficile organism per gram of stool.
The log of geometric mean (bar) SD is 6.97 = 1.11 in
Group 1 and 5.94 £1.32 in Group 2. = p<0.02 by
T-test

DBIZELERIZESAD 5h k< & - 7= (Table 3),

V. BEEF sk 258 E
INHAAR— OB EERIZB T AT ERAR

' = 191

ki

0 3 6 9 2 48 br

Fig.3 Growth curves of C. difficile in mixed culture with
C. butyricum. (1 : BHI broth 4 : GAM broth

6.0

5.0

0 3 6 9 12 2

Fig. 4 Changes of pH during mixed culture shown in Fig.
3. O : BHI broth 4 : GAM broth

Bl 5 - EHR5RETZ N ZEN8/10 (80%) ,9/10 (90%)
Thotre L LNLREZ—DEHETFRRBIZR
5 CBEBHTEINTHE].8, 55.2MTH -7, I
NEPIO C. difficile DEF RS - AEETEL TN
6.89. 7.75 log CFU/mIT & - 72 (p<0.4), =N
BHOHKIIHC. difficiledifx, PiCDTAPIKE &1
5 - HEEEICESBED S ko7 (Table 4),

V. SRIEHIEEIR

C. butyricum, C. difficile M52 X 0 ¥ C. diffi-
cilefiiRliD LHIZRD S Nikh o 7=p8, C. butyricum
RIS L =B 4A . HIC. difficilebiiRfliD L5 A
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Fig. 5 Growth curves of C. difficile in GAM broth
with a) butyric acid and b) hydrochloric acid at pH
5.0and 6.0. O:pHG6.0+:pH 5.0

BB 5N (Fig. 7).
E A

ShE, MEERERDC. difficilel 11 E136.6% T
dotz, HERADREREKICHRTHEWEEDA
Tk, XIICHITIBERAEREROBREROHE
I2&k3EL0-16%TH D, EHKIZENTIZ0-3%T
HBLOM|ENS L, SEGIFZITEROBE L [ERRD
BRNEBD 5 iz,

MEKBHR—TBIENTET, -T2y F v
SPIZBVWTHEABRL TS, L2rL, BE50HE

Fig. 6 Inhibition of C. difficile by C. butyricum (spot) on
agar plate using modified GAM medium supplemented
0.1% sodium taurocholate.

LR, MBEEEBRES SNZBEDC difficileDRH
BREFRRESEBHIIBOTHBRLIDES B I L
R XN, BIZD-1TEBRMEESR C. difficileDHEI
PEFFREHTERIENZ L2 56, C. butyricum
M588IX A H Al & L THRERSKOBENICLIT S
C. difficileD¥EFE % MHIT 2R B BB L FEA LN 5,

UED &S aHsIsROERBRF & LTOC. diffi-
cileD R - BEFEDIIRIQC. difficile? FREE DIPH]
@C. difficilex 7213 Z DBEDOB LERICK T HHKEAD
MEIEREZ 6., ZThHBC. butyricumD EIFEERIC
XB3EDTHBEDH, £-BEFEE N L TDOBRM
(biological response modifier) BJ ZfEFHIZ L 5 & D »
ERETTALEND B,

C. difficileD R 3F - BEFEOINENIZBA L T, WikiEH
% Fvy 72 5EBR T2 GAM broth TC. butyricum, C. diffi-
cileh RAKET 5 LIBBOpHBMET 5L L 8 12C.
difficile DIE| HFBD SN B T EHHAL 7=, FiZZ
DI HpHD WA & 2 BFEIPHIH S 1L, $bDOpHE
ERBTHIEBRTHAR TS LAY LNT, ERME
i T C. butyricum®D FERBMEN T h 28EHTHE
THZLIEDEDONBIEMNFRERL, TDT L
I3RolfeMdin vitrolZ B WNTHER M IRiEE @EE &)
13C. difficileDBFEEHHITELESREL —HT 3
W F-S5EOREHICE L TIIEBEEMAIC O W TH
N7z BERIEN D W TR A3 35D pHIZ & 1 C. dif-
ficileDFEFIDRHEHREE L, pHS5. 721 F TR EM
BHONEr->TEH{ELTWBEY, BIZZOHERIF
BEERIC K DB OpHA RS L 2 380 S hlz Ll
T3, Zho6DZ L & C butyricumD R B EH T
B 5 E&EE 23 C. difficileDBFERIOD AT %  FHaD R
ZBRIE L. C. difficileDHEFEMGEICEE 2 &H 2 R
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Table 3 Production of toxins
ELISA(ODus) * CPE**
Culture (hr) 0 12 24 48 90 0 12 24 48 90
Single® . 003 .002 . 054 .045 . 038 0 0 128 128 128
Mix** . 006 .008 .039 .032 .021 0 4 16 128 128

++

* : optical density at 415 nm.

«+ : mixed culture of C. difficile and C. butyricum in BHI broth.

LTW3BZENRKE Nz,

C. difficile® B RREE DN DV Tidtoxin ATIZ
B 5N h - 72 hitoxin BTIZIRAIEE TR T4/
FTCHEERODBOAWED O, TDOZLIZC
butyricumMTETET B Z 12 &k V) C. difficile toxin BD
EAEMEHRTHI IR ENEZLERLTED,
C. difficileBAEM R BOREMHNIZEE L T\ 5 A8
MAURIE XN/,

%59 L TDOfEHIZgolden hamsteriZ &k 35 B D
EERTIIED NG o7z, UL L, C butyricum¥
BELTENLZAZ—DRTERRPETFRBEICHEL K
B> -BIREFROERSE 1RICLAEZZE (A
TR 2EAMBAKRE L7) RUAIZET 5 ERBEFEAS
NLAZ=IZBOTRRAL WAV E 55, <
Y 2 & FWEEERTIC. butyricumiZ & BH(C. difficile
MBEEDRENED b, IO LRERANICE
WTC. butyricum C. difficile’SEIBFIZTEET 58 C.
difficilel=3t & B MREESTIM I NS BLRE LT
W3,

HEENE LTDC. butyricumiZEA ¥ 3 ERIK IR ET IE
PaidfrbhThy, -EBORFTEEI»TIES S
BAEDENB 2, SEORETE TN 6 &EBRAR
BErEwoNnz, RKBE7 7 A -RERFNIZC. butyr
icum% RERT 1EMKE L, REBTRICERAED
WB &Y C butyricumD B ET-72L 2T A, B
HwEHH 1IFDATLLRFREBDONT. Lrd T
DE BT CFU/mIV XL TH- 7= (RRET—
2—=), TDOE3IZHE5 L 7~C. butyricumDBBFENIZE
I BTEAMFEE TV &b 5 C butyricum® | #
FRERTOMEEADATIIZEL#S, vV ADE
BTALNET V23 MIRD LS IZIBE TIREM
RIFDOHEE ELEEEN LEROEAE LR T,

Bl kX0 C. butyricum® C. difficilel=xt3 % HIIHEFF
BE—DLDOTREEL . BEDORERE T LER L.

: reciprocals of maximum dilution with CPE. « : single culture of C. difficile in BHI broth.

Table 4 Experimental infection in Hamsters'

probiotics
4 _
No. of animals examined 10 10
No. of animals died 8 9
Hours from innoculation
to death 61.8419.2 55.2%9.5
(n=8) (n=9)

Antibody titer in the intestinal contents

Anti-C. difficile 0.071%£0.047 0.068+0.029

(n=8) (n=9)
Anti-CDTA Ab 1.053%0.564 1.193%0.213
(n=8) (n=9)

'The results are means=SD.

C. butyricumB R EL T AEEEEIC K B 1ERAD 2 DO
5L TWBALEELSNT,

HEH A B OEB ORISR ER 2 -
=S BOEFBREHIZL > THEZ N S5, B—HED
LR L 3R L 5 AEMEBAICE T 28O £
HEXLEEET B2 LB CHLWEETS 3,
—BEIZ R EL N - BAME RS BB T2 2 L AHR
DAAZZXLTHEIHIPDEIITVbhTE =, EH
EBERNHEREE XA THEI» S ABHRTHD, /28
DBEAHZTLATCEREIZTIONEED T L34S
BUONTIZhrol, SHEZFIZEELBERER
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Fig. 7 Anti-C. difficile antibody titer in mice after one
dose immunization. [J : physiological saline O : C. diffi-
cile + : C. butyricum X : C. butyricum~ C. difficile
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