Recovery and Heat Resistance of Spores of
Clostridium difficile
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Clostridium dif ficile JaF D& H B L O 2Ptz DT

SRAFEFRUEDFHE EE - PHE—ED)
"5 H 7

BB, —OM AN BEEERKOREECH S Clostridium difficile (C. difficile) DRFIZDOWT, LOK
H, s BE LT C. difficile BB LHVGTRE Lic. 30EMAERT V- ~—F V72—V VEHK
<, MR, 105/ml L EOBTFRBR LE. LaLians, BEOERSHI BT 5RTFORHEL 2 5k0H 4 10%
BAE#R LS, 25B8RIZ00TIX 001% TR RL, BTFORBIBERORRESM TIEETH - . ThHORTFORMR
1A v e o — VEREETIE 822+164%, U UV F — AT 5T21211% ThHH, Fv ez —LEBEEIRTRIE, L0F
BThot, KIC, AEYAVCTHTICESYEX AMMEEYRELALLIS, RFOBEORREHC BT 2RHER
80T 104 MEMBTAMCET L, 80C MBI FREETAZ LA, ZhbMAGERTFORMILO>VWTA Y =
a—AEEEE ) VR — AR HERE L. &Y e a— VEEETIE 90C S5V 100C 100 MmE LIk, BTR£<
BEXhihot. ZhIEHLTY VF—aETE 90C 104 BIMETi210.0~32.7%, 100C METIX0.2~2.1% DT
HEhiz, Tabb, U VF— sERBEERFORMICEY TH B Z L2 0h -k, BERIKICOVT 100C MATHT %
BT ofifed , MEMETR () VF— AETHE) ORKRTHR 70T 105HEmMmEE s v e = — VERRETHE) X1 2E
ATHRE Lk, FOEE 25~309% Thoiz. T, 4BRCDWT DELRDA, DinfEiX6.5~15.50 %R L. AT
Ot BT ISR W O S B OB O\ TEBERE VT, Fe, Mg, Ca, Mn, Co KBIL TR L7z, BRI RO VT
RIEEWTD Ca HFINSBHICISVGTHEIA R FOMBMESAE <, Ca FEETEBVWTHERENZKF D DufEid2. 1~
3.34, Ca ImM BETERVTHRINLETF O DufliZd.3~5.480Thote. 1HREDPVWCRFD Ca, =) vEk
(dipicolinic acid, DPA) && &% FH Lok R, ImM Ca HINEHIE B VTR EhizlaTF D Ca, DPA EFEIZ Cagdiiiin
DPSIT NG -7c. ORI, C. difficile 12, MTFBEBBIFT, » 20X DRFOMEWER Clostridium WREDH T
DT DB ERRLTWA, bz, C. difficile MFIZ 8T Ca, DPA A F BV MAKIEE LTV 5 Z L2RELT

Wh.
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Clostridium difficile (C. difficile) 2R XIBL, —# D
HAWEEERLORRETH2". AEOEHRRARTIR 2R
EHOBE, r+v VA (=vFritFv V) BIU I+ VB
(FA4 P hEvV) THHEEZDR TV,

e r® C. difficile BRI TRBHR7 2 -5 & LTHEE
LT3 C. difficile I X 5 NEBRAEIBRER E X D
ATWAER, RETOEMABLE TRARBREREZEZL LR TY
B9 AERERRCIL, C. difficile BRBEZEEL LD C.
difficile ¥ X 2 REREOBRMAER L5, Z0HE, XH
EHSHRTFHRETH S O TEBENARIAZT TR
BT B, LaLisnh, BoWARMETSBRTFIIKK
TeLEHMEFL, ARBRRESIEEITM. -T, XH
X B RER O FHICERBEEC BT 5 T OB D BRE
ERARBEE IR, ZOB, BRE D5 CIRRRECEE
THERFIRYE - (LEMBELZTT T A LBEL DL, 5§

T 5 FILAS0HRAT, SFB 641 A 5 BXHE

EMTFLLRHTHZENERELLS.

C. difficile MFIXBEOEZHTCIRELREHTH D, BT
oI, FRFA 7Y a -8B ) v ATAER L
B®Y VS — AREIEHICHEET A A% (V VF - 2K, B
CIZTFR 2 v m o — BT b Y Y AR HICHEEE T 5
(2% ma— LERIEER)Y RNERTHHLBEIhTVE. L
Ledis, WTEhOFEMRFRIEK, X0EHTHBLIET
BOFEFERINT 5.

v+ C. difficile BROEEIIZA Y a <A vV hfEibh
M, Ava<wA v vEedbTs s LELERBANER
T2 BEROBERIIAA a~A v v BEIZ LD C. difficile ®
HBHIMBIIIERT 228, BTRIERETEREL, EFORS
IR X D R3F - AT D EAELLRTVDY,

L EomicgEsn, KW Tit, C.difficile DIEFO®H, 18
FEEETIRTF L LToMBCT BB oV TR L

Abbreviations : BHI, brain heart infusion; BSM, basal synthetic medium; C. botulinum, Clostridium
botulinum ; CCFA, cycloserine-cefoxitin-fructose-agar; C. difficile, Clostridium difficile; C. perfringens,
Clostridium perfringens; DPA, dipicolinic acid; GS-BHI, glucose and soluble starch-fortified BHI; m-BHL
modified BHI; TYGM, trypticase-yeast extract-glucose medium
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HHEELUFHE
1. B &%
SR AZESHEBAYFBERED C. difficile HHRR30EE
g LAY
1.8 #

BIEUREEHE LTIV -y »—} AvTa—-PaV
(brain heart infusion, BHI) (BBL Microbiology Systems,
Cockeysville, USA) 1= Na,HPO, % 0.2% DOENCFHM L Ao Hh
(modified BHI, m-BHI)" % B\ iz, 120TC 154 MBERSBE
%, % H,10%, CO,10%, N.80% DEAV ACEHL
4C WTHRE LR, SHrBT 5 cnBH4BREEICER L
7.
BFEONERIE 08% FAra—x, 1.0% AT v 7 v
G, KBR), 0.05% > A7 v—igFRiE, 1.3% X0 BHI (A
&, BEH) (glucose and soluble starch-fortified BHI, GS-BHI)
BRI ERE & LTHW.

BFOMREMEICRIETEBORNCITIPE" ORI &
FIRTFLIEARE L ER S KB (basal synthetic
medium, BSM) & U TRz, R OIEEIIIFE'® O IR
?E l:'fﬁ-o 7.

BFo L=y v (dipicolinic acid, DPA) 3 LU Ca O
HEEORED D ORFHBRAEHE LRIV TT 4y —A
~7 } v (BBL Microbiology Systems) 2%, Bf# =+ 2 (Difco
Laboratories, Detroit, USA) 05%, + UV 7+ 7> v (BEE (L
2 EwR) 001%, a3 — & 02%, vATA v—iEBiE
0.05% @ ¥ #h (pHT7.2) (trypticase-yeast extract-glucose
medium, TYGM) A7z,

o3, m-BHI, &REEHIIHERBRE (15X160mm) i 10ml §
<, TYGM 2 3,000ml D7 5 2 212 2,000ml FO¢FH L

0. #E&HSLUEE

m-BHI, TYGM ~DREEWCZFFR M 7 1 = v 16K R E
WE, BE&EBAA VEBENRR L SRERADHEE I BSM
16R R E Ry F iz, mBHI, 4RUSHICHEETAHE,
BB O 107 FHRED 0.1m! % 10ml OBEARE I HEE L
72. TYGM D4, 107 HFREFJEK 02ml % 2,000ml ©
TYCGM i Lz, R, HEXETERDOEE 5 AEH T
TET, RAF AFEAET T3ITC THE L. m-BHI, AT
135 BRIEES, BTFRERAIELL. TYCGM 0f4, 148
ELI.

V. RFROARE

1. Kegpk

WEREEREWR Y T0C 105 MmEE, & v e a— LEBEE™
HBNIEY VF - AEN K THE L.

1) #vwa— Bk

70°C 105rRInAUERER Y, 0.05% ~ A F A v —HEEE In
BHI (AAK) i CIOfEBMEHFR LT, T0 0lml 2 EE
90mm DO+ VILIZEAL, 56C BB LI 01% & v ma—
NMEEF RV A (GR, 7354 F A2, FHE) %in GS-BHI &
FiEH 20ml N A L7z, BE{L# 37C T 2 BHES
S —wHVCEEEEY T, BREERT Lian=- Ky
KrxHpZ ik DEEEER Iml Yo ORTFREER L.

2) VVF—aEE

70°C 109 B RER 3/ 2M F4 7 ) 3 — VB b+
Y v A (6N NaOH ##Ic & b pHI0.0 im38%) 1 &% &HmL,
50C WT30DMMME L. ABERERY Lii0B& &R
CHEFRTG, 0 0.lml HER 90mm O-< b Y MITFEAL,
2mg/ml BEDY V' F—a (F)E) B 0.lml 3LV 56C ITfF
18 L7z GS-BHI #EXiH 20ml #MXES Lic. Bz x o
o — LR RROEIECTERYT, BSREE Iml Y
hORFEEEH LK.

2. B

Table 1. Composition of basal synthetic medium (BSM)

Amino acids(g)
Histidine
Tryptophan
Glycine
Tyrosine
Arginine
Phenylalanine
Methionine
Threonine
Alanine
Lysine
Serine
Valine
Isoleucine
Proline
Aspartic acid
Leucine
Cysteine
Glutamic acid

OO0 OODODOOODOOOODOOOOOO
U WHWWWWNRNDN DN

Vitamins(zg)
Thiamine 1,000
Ca-D-pantothenate 1,000
Nicotinamide 1,000
Riboflavin 1,000
Pyridoxine 1,000
p-aminobenzoic acid 50
Biotin 12.5
Folic acid 12.5
B 5.0
Minerals (mg)
KH,PO; 900
Na,HPQ, 5,000
NaCl 900
CaCl,-2H,0 26
MgCl;-6H,0 20
MnCl,-4H,0 10
(NH,).SO, 40
FeSO,-TH,0 4
CoCl,-6H:0 1
NaHCO, 5,000
Glucose(g) 2
Distilled water(ml) 1,000

All amino acids except for cysteine (Kanto Chemical, Tokyo) and all vitamins
except for biotin (Sigma, St. Louis, USA) were purchased from Wako, Osaka.
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M ER (= <%, JHR) AV, MAZEMKEC TR
FERTFE R,

V. BTOMERAEORT

REEEHE OB (3,500x g, 547 K% 0.05M V v ERREEHR
(pH7.0) LB Lo b DR TR E L.

DE (AT 1/100EA T2 O ET 5 mEEr) 12, K
F¥x2, 4, 6, 8, l0OMMBLICHL ) VF— LR L
DAEBMTFRYMETD L X hRDdz. 90C sk, 100C
BN 31T B DER & 4 Dy, D fliE LTER LI,

V. BBFOEH

KZ 1647 #k® 4,000ml TYGM 3ERER LY HFEMB L LT,
Labbe L O HFERX IV RFEXHEH L. BEEARY
3,000Xg, 20 BEOT A I X D EF Lz, B EYH
A4 VK 30ml ICRE Lok, BEBERELLE UR-200P (b
BT, XK AV, 200W i THE204[ (24, 10E)
BERAEY T, HE2HEBE L. WEEKY 2,000xg, 15
DEEOET, hEPBA 4+ VK 20ml wHB L. BRER
ZoWT 500X g, 154 HOm LB %, & O EERY KEREH
Wi ¥ TR VELLE GH2E). SRELEECSWTRTFD
WEBURE A Y BRI THERR Lo SR ORAEE R L, Ca, DPA 0l
ERH L.

VI. BF®D Ca SR OAIT

BHLYOFECE U THFO Ca FEYIE L. BT
B LA BRTFRE Img % 100ml B0 ¥ — % — R L, BAER
2/ LBEEE 1 AOEAHKEY 10ml EiL, €8 7w
FNE—AT7SALBL, BEXTERSE L. B8WH» S
BUTAB R REECERC R - S THEERT Lic. £
BETHABRABZYY 00m AL —H—BL, ko b T —
b ETHEREE X, 0N HEE Sml 2Nz NBER L
I0mlBEAA7FA2ZBL, 0B E(LT v & BE (EFRE
SR, FX) HEMABED 250ppm E7sB XSk, BA
F KR LR 10ml CieBGM LK, REE—~VvETF
RIEHHIERT A 5L Z-8000 (A 3L, RF) T 422.7nm ORILE
PELK. o8B, FHTHAIHALITRTIMM =+ 1L v 27 3
VIEERERR L O A A VK TG LIt ORFR L.

Vi. B¥D DPA 5BOAIFE

DPA DHUEX Janssend ™ DHEIHE - 7o, RIETLE Lok
FRE Img A4 T ABEOE (35X 10em) B L, BiA 4+ vk
5ml %Nz T, 121C 155EmE L. B THA Lk,

Table 2. Recovery of C. difficile spores in GS-BHI
agar medium*

Recovery rate™(%) Number of strains

>107°%, =107
>107¢, =107°
>107%, =10°?
>107%, =107
>107, =10°
>10° , =10
>10'

—
NDO—DNW— O

® Brain heart infusion supplemented with 0.8%
glucose, 1.0% soluble starch, 0.05% L-cysteine-HC],
and 1.3% agar.

"(Number of spores recovered in GS-BHI agar
medium/number of spores enumerated microscopical-
ly) X 100 (%3).

IM EEB Olml 2%MLC I RMZECKE L. KE#
1,500x g, 10O L, £0 LR 4ml 2RECHL
7o, RE [T A2 vE (FI) 1g, Fe (NH)SO.).-6H,0
lg % 0.5M BEEAZETHE (pH5.5) 100m] wBEB L R#E] I1ml
B EEAml ICHRM L TRE I E, 40nm BT A BRNEY
BEAYamA ANZPe=, 7 20A (B, FH) LAV
E L.

X. #tEtnsE

FO R —LBEEL Y VF - 2B L ARTFREROXD
BB, Student © t BELX AV, p<0.05 2 EFEF L L1,

B =

1. C. difficile % DBFH R HEE

m-BHI 5 BHERERFORFRERBENCE L. &
ER30BR DRI 1ml X » DT 109~10" (P 107) TH
b, 12BR12 10°4, 18BRIZ 107 & %R L, C. difficile BRiZiE®
THRFBRINRELZ L0850t

I. GS-BHI &X#Eib(C L2 FOKRH

m-BHI 3228 % 70C 104 MImnEeE, K 1.0ml H5 0k
FOIEBRFEFARER 0.1ml % GS-BHI XS HEH - 5%
TAHI LRI O RFOBHEYREA. KB, wTh
DB BT HEEBRER 1ml 40 10°LL LD T BEKENIC
FEpbhizicbdhb 5T, GS-BHI #REMICTREI AR
MFHED T, 28k (KZ 1610, KZ 1660) * D F &,
10A/ml LT Thoto. EMERC CEHIhLRTEY
100% & LicheopFi i3 2107R L. B5R304kF 258
COWTIZRHEZ 0.01% AT TH b, A TIZRDTHEH
ShMEd 570, 10% S EOM RS IR Ucfkiz, KZ 1660 (8
R, 37%) LU KZ 1610 (BHR, 17%) O 2 KDOHZTH-
7.

LAED#ER, C. difficile 12D TRIBRIZIBIFTHSA,
FORFORBIIBEOEMTIIRHETHIBZ LD o1
I. BFRED-OOF2YOI—LEEEXEE ) S F—LFED
Jad 314

g o— LEEEE ) VF— AR ATFREEY, B
WEEC TEH SRR TFRY 100% L LT, kTaz s
L OEHEOEM Y ERE L (& 3).

2w 2 — LEEERIC 3V B BRSO DM H ST 47% Ll E
THbh, 228k 80% A EOKHEAR LI, —F, V' F—a
EOHE, mHRIT 32% LLExRL, 80% Ll EORHRER
LcBRIZ S BRIC T & e oz, B TA L2 v a—
N, VY F— AEROBDI R B & &I 822+

Table 3. Comparison of taurocholate method and
lysozyme method for recovery of C. difficile spores

Number of strains showing
recovery rate” (%) of

>30 >40 >50 >80 >70 >80 >90
Method® =40 =50 =60 =70 =80 =90

Taurocholate 0 1 2 3 2 1 21
Lysozyme 9 4 8 0 4 2 3

" Refer to Materials and Methods.
Y (Number of spores recovered in GS-BHI agar medium/
number of spores enumerated microscopically) X 100 (%).
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164% (Ei{E L EERRE), 57.2+21.1% THbH, gvma—i
B AR CRTFRIVCED THD Z L gh T
(p<0.0001).

LRI ET S, DEOERTIZ T0C 105 RmMBAK K
pywa— VEBEECTROERFREERERTORTHE
L.

V. fn#kaFORL

1. BTHERE

HEETIOHBIME LT % GS-BHI $#c TRIET5 2
LI RFCEEL S L AMBRERRE L. KERICIX
GS-BHI #XE#HTcORTFHRHUBN R KZ 1610, KZ
1660 #k3s X OB R 0.01% LAT @ KZ 1648, KZ 16288k, &
HER 30 IRV

BER 4 BT RTImE T 80C 109 RImB Lk ERHE R
BHMCEA Lic (K1), bbb, 80C 105HMMmEL2EE
o KZ 1660, KZ 1610, KZ 1648, KZ 1628 ki D #r iRz 70°C
104 Sz 381 A B HHE D 0.05%, 1.2%, 5.0%, 5.8% % THA
L7z,

85°C 104rfEmnE Li-ks, KZ 1660 BRD T3 0.0001%6 DIE
W R TR X R, o 3R TIRBFRELRH IR
pote. 90C DEom#TRWFhOBRCE - ThlRFIIE
CEHEhh ST,
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Fig.1. Recovery of heat-treated sporers of C. difficile in
GS-BHI agar medium. O, KZ 1660; @, KZ 1610; A, KZ
1648; A, KZ 1628 ; ND, not detected.

PDEoR, 80C ULtom#ilF+BETAZ LAY
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2. MEBVBERTO & Y e 2~ VEREEI X AR

5C UTOMBTIRBEER ABHOT XTI DNWTUTEALED
Brumtishc. (K2). RTHSRETHS 80C THEAL
1B, WThokic B ThETREBRREZCH L. T
7ek, KZ 1660, KZ 1610, KZ 1648, KZ 1628 D#HKIT RO
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Fig. 2. Recovery of heat-treated spores of C. difficile by
the taurocholate method. (O, KZ 1660; @, KZ 1610; A,
KZ 1648 ; A, KZ 1628 ; ND, not detected.
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Fig. 3. Recovery of heat-treated spores of C. difficile by
the lysozyme method. O, KZ 1660 ; @, KZ 1610; A, KZ
1648 ; A, KZ 1628.
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BO 0.05%, 0.7%, 2.1%, 2.9% % TWA Liz. 85C 104 FHiDmn
BT, BMHERIZILEELSEA L, KZ 1660 &, KZ
1610 Bk Cix B D R D 0.0001%, 0.0015% * THA Liz. i 2
BERwTIBEFRECEE SRk o . 90C LI Lo m#
TROWThOKE R THREFRERE SR -7,

3. MBEERTO) VF— LB L HH8H

4BRE b 80C AT ommE& T TR FRERIIES L
e otz (B 3). 85C BT KZ 1610 Bkl , BHiEIZ
2R Lic. 90C mBuc B> % KZ 1660, KZ 1610, KZ
1648, KZ 1628 Bk FHIH T 10~32.7% TH h, BHKRD
ETF A ed otz LarLichih, 100C THE LK, BF
BHEIEZCHEA Lz, b, KZ 1660, KZ 1610, KZ
1648, KZ 1628 #k0 100°C imBho iz 2.1, 0.2, 1.8, 0.2% 12
FTERh o

LIEDRER, VY VF—aRiEs v e o — VEREHIC B
ERFORBICIEYTHHZ EnFh i,

Table 4. Resistance of C. difficile spores to heating at
100C for 10 min

Percentage” of spores

surviving heating Number of
at 100TC for 10 min strains
> 1.0, =10.0 11
>10.0, =20.0 16
>20.0, =30.0 1
>30.0, =40.0 2

9 Total numbers of spores were determined by tauroch-
olate method after heating at 70C for 10 min, and
numbers of spores surviving heating at 100°C for 10 min
by lysozyme method.

V. C. difficile BaF Dt

C. difficile 308k% B\ CRIF D 100C IS b3 5 fif S
PR L. KERCBWIRBETFEY 2 v e a2 - A BEE
BUWCHIZEL, 100C mEvcss LTMEORTIEY VF— ok
Wk OB L. BERARRE D 100C mBERIZ BV TL T
HEEIh. BRFRCETI>MEK.RFOE S
2.5~309% TH 0, KX HESHENRD LI (FA).

Mit#E % X b ERICH A oM ia T OB &2 1%, 10%,
20%, 30% BOBEDFNSBDORD 1 ¥ia RO 90C BV
100C MBNCBITAMBERFREL Y VF— 23 X D #llE
L, REEZET S DEELRD. DufEid, WTFhoBbe0s
LAETH o7, D flld, 5.5~155 %R L, LR OMES
TR L7z (385).

V. BFOMBEICRETEERPOSBORE

Fe, Mg 22>\ Tl 0.0lmM % L O° ImM % BSM, Ca
Mn, Co K2\ TITERME X U ImM 0 BSM I8\ T
KEALBRFEOWT IHEA, TOMBM AT Lz, I
BIIASBEICITV, 100C 5oMmAKoLEBRRTFED
70C 104 HnEm R TR HT 586 (%) CTHE LR (&
6). ZORE, MFEILY VF— AEIZ X bRDE.

WEREE S EET Ca wBV T, BB - SBREOWERM
CBRTFOMEMOBE LM LERIBBLhEN 1. Ca
B LTk Ca R4 BSM IZB W TR I FD 100C 54
BINEHE DEBEIL 02~25% Th-eDieH LT, Ca
ImM % BSM @B W THERI K TR FOEBER
3.0~158% TH b, BEDHHELHLICHBMEIED -T2,

LDz LR T 57 D BExRDi. KZ 16830, KZ
1647, KZ 1748 %k DB F D Diw fEIZ Ca =& BSM 0 H4

Table 5. Heat resistance of C. difficile spores

Percentage of spores
surviving heating at

D value (min) at (C)

Strain 100C for 10 min¥ 90 100
KZ 1626 4.2 >60 5.5
KZ 1638 17.7 >60 12.5
KZ 1628 27.8 >60 14.5
KZ 1698 30.9 >60 15.5

¥ These data were obtained in the test shown in Table 4.

Table 6. Influence of metals on heat resistance of C: difficile spores produced in synthetic medium

Concentration

Percentage” of spores surviving heating
at 100C for 5 min in strain of

Metal added (mM) KZ 1830 KZ 1647 KZ 1748
CaCl,-2H.0 0 0.5 0.2 2.5
1.0 3.6 3.0 15.8
MgCl,-6H,0 0.01 0.3 0.1 0.5
1.0 0.8 0.2 1.0
MnCl,-4H,0 0 0.3 0.6 0.5
1.0 0.6 0.3 0.5
FeSQ, THO 0.01 1.0 0.5 0.8
1.0 0.6 0.2 1.6
CoCl,+6H,0 0 0.2 0.6 0.7
1.0 0.3 0.8 0.8

*Total numbers of-spores were determined by lysozyme method after heating at 70°C for :10min. -
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Table 7. Heat resistance, and Ca and DPA® contents of C. difficile strain KZ
1647 spores produced in TYGM" with or without CaCl, addition

Concentration

of CaCl,-2H,0

Content (ug/mg spore)

added (mM) Dyge value (min) DPA Ca
0 32 2.3
1 52 4.7

Y DPA, dipicolinic acid

B TYGM, trypticase-yeast extract-glucose medium

&4 21,28 3345 Th-reht, Ca lmM HIn BSM 12T
114& 4 54, 43,53 HTHH, W2EOEERLL.

VI. B37® Ca, DPA &%

KZ 1647 #x A\ JaF D Ca, DPA S H BN Lic. A8
LB TFYEACRIAROREEYEL, BSM 2 RET
Hotc. Fhik, THERT Ca Hiin& WEMOBEE BSM
DHEESLARCEDLh A EHPREL, TYGM 2AVw5 2
el

AR R AR TICR LA, ImM Ca &0 TYCGM KB\ T
HEhi-lFo DPA, Ca FEIL Ca BHEMOBAW LS
Mol

% =

v @ -C. difficile BHEBVTIE, & POBRT A —
SO~ 2 TIRR AR T 2~ 510 L LCABRNEELT WL
B END, NEBRAETHHLELLRATWS. Ll
B, ARBEOHAYBEEBKBELM C. difficile BRD
FENBEC LA BERIG, 75423 FDNA D7 e —-2ER
KBpotx—v, R2FVAT s - ORIV TV VEE
¥, TEMEACESKE 5 — v, BEAREA~D *S H#
2FF=VORDAKRSAE -, Fufatk DNA OHIMREESE K
AR — VEORZHPIE 2D, FHORR TOREREA RSN
BEENETHDEELLRT VS,

Kim 5% i2&REBEc st 5 C. difficile DFELECDWTE
MCBE L, C. difficile BRBEDHRE, BHERETIRE 4
9.3%, 11%, C. difficile FFREEEZORE, EPHRBEE TR
£ & 26%, 28% DENC C. difficile #BHELTWV5. C.
difficile IESMRTERETH A DO T, KT TIIRENL
REESLHCIERT 20, RTF O CHRRRRCRIKEESET
5. Kim 52 132 F12 6 ¥ ABREORICER L T o LN
Twb. Tiebd, AEREOFTBIBFTCHBLEELLNT
W3,

Borriello B® (35 %&, <y ' OHEENL S C. difficile OB
PR, BH~EK 10% O AEERE L.

DEoBEIFROZST, Brs0BRECRLT, KEIC X
HERNRI VBAIEERRLTCWS. BERORTFIIE, &
B, 7an0, B, BEE, RAREEAOHE - (LEHET
LI EEXZIT2THELD S . SEBRPIEORRETD
D, TOBRBFREARCIHIBREDVEETH Y, RFOMBEML
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Abstract

Recovery and heat resistance of spores of Clostridium difficile (C. difficile), which is the cause of pseudomembranous
colitis and some cases of antibiotic-associated diarrhea, were examined using 30 toxigenic strains. Numbers of more than
10%/mi of spores were observed microscopically in all strains in modified brain heart infusion cultures. Recovery rates of the
spores, however, were quite poor in ordinary growth medium; the recovery rates were less than 0.01% in 25 strains and in
only 2 strains more than 10%. These spores were more effectively recovered by a taurocholate method than by a lysozyme
method. The mean values of recovery rates were 82.2+ 16.4% in the former and 75.2+21.1% in the latter. By incubation of
heat-treated spores in ordinary growth medium, the temperature which injured spores was determined in 4 strains. With all
strains there was a considerable decline in the recovery rates of their spores when heated at 80°C for 10 min, showintg that
the determinative temperature which injured spores was 80°C. When the taurocholate method and lysozyme method were
examined for the recovery of heat-treated spores, it was shown that the latter is more effective than the former; viable spores
of all strains injured at 90°C or 100°C for 10min could not be recovered at all by the taurocholate method, while, by the
lysozyme method, 10-32% of injured spores heated at 90°C for 10 min, or 0.2-2.1% of those at 100°C for 10 min were
recovered. To examine resistance of spores against heating at 100°C, cultures of all 30 strains were heated at 100°C for 10
min and the numbers of viable spores, which were determined by the lysozyme method, were compared with number of
spores determined by the taurocholate method after heating at 70°C for 10 min. The ratios of spores resistant against heating
at 100°C to those resistant against heating at 70°C ranged from 2.5 to 30.9%. The D, values ranged from 2.1 to 35.5 min in
4 strains tested. The effects of metals, Fe, Mg, Ca, Mn and Co, on heat resistance of spores were examined by using a
synthetic medium, In all 3 strains tested, heat resistance was higher in spores produced in the presence of 1 mM Ca than
those in the absence of Ca; the D, values were 2.1-3.3 min in the absence of and 4.3-5.4 min in the presence of 1 mM Ca.
Further, Ca and the dipicolinic acid (DPA) contents of spores were measured in one strain in relation to heat resistance. The
Ca and DPA contents were higher in spores produced in the presence of Ca than in those produced in the absence of Ca.
These findings indicate that C. difficile strains sporulate readily, and that the spores are fairly highly heat-resistant among
Clostridium species. In addition, it is suggested that the DPA and Ca contents might be associated with heat resistance of
spores of C. difficile.



