427

UkBugEy 25t 8238 75 427432 2000)

< 3

prEEdmBs A~ (D) Cryptosporidium parvum DR & ELISA [ X SR

momE m B = A
= R e MR R OE

Infection of Cryptosporidium parvum Oocysts to Cultured Cells
and Detection of the OQocysts by ELISA

Toshiaki KATO*, Lisa TAKEUCHI* *, Yoshiro ONO**,
Osamu MIKI*, Osami KAWARA* *

*  Advanced Technology Research Laboratories, Technical Development Bureau, Nippon Steel Corp., 20-1 Shintomi, Futtsy,
Chiba 293-8511 Japan
* * Department of Environmental and Civil Engineering, University of Okayama, 3-1-1 Tsushima-naka, Okayama 700-8530 Japan

Abstract

For developing water treatment system to prevent waterborne Cryptosporidiosis, it is necessary to
estimate the inactivation of Cryptosporidium. Recently, cell culture model has developed into a tool that can
be used for assessing the viability and/or infectivity of Cryptosporidium oocysts. In this study, we
investigated to develop quantative and sensitive detection method for determining the infectivity of
Cryptosporidium oocysts by combining cell culture with enzyme-linked immunosorbent assay (ELISA).
Human ileocecal epitherial cells (HCT-8), which were seeded in gelatin-coated 96-well plates at the density of
1% 10° cells-well! and incubated at 37°C for 48h, were infected with the oocysts. After inoculation, HCT-8
cells were re-incubated with fresh culture media at 37°C for 48h, then were processed for ELISA. The

absorbance values in ELISA were increased in an inoculating dose-dependent manner. In the experimental
condition, the number of the oocysts from 1X 102 to 3 X 10 per well was quantitatively detected.
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1. FU®

Cryptosporidium , Giardic FQJFRHEEzFE & Lk
KAREDRAE DR REEE R>T0nD ™ &
NEFEBFICET ATy ) V7Y T LAOREEDHER
B % B UM ERENERL L TWDY, &
OFDIIFFHREOET LN 2 E BT 272D DR
BENHHEARA R CH Do Cryptosporidium A —3/ A
b (BLF, =3 R MEWS) OMIERE LT, ek
RESHIEE, A FEWRNTE, REPRNTRYDEM
BOUIRBEINRTWEY, 2055, HEHRYCNA
BV YD ¥ OEEEN T RSP RT-PCRYYZH W0
T ERIL, Cryptosporidium OB EMZHE
TRIENTELEHEZINTNDD, EHHEEDH D
PEEVSTHT LHREMEPREEZRFELTVWD L
BES0, KESES FTHREEIN OB
HELUEFEREODESTH L, TORDP S Crypto-

sporidium DG %HE T HMEHMN PR L ERICR
ST ECWD, Cryplosporidium DG %FHT 275
e U, BIRREREIREIN TS, HIZE,

Cryptosporidium 7 —3 A M B FAEKHEBZ D A
SRR L, R 7 HEHO/NEERH L, ZOERY
DPEA—Y R FEREEY, UK, EEE &S ITH
XA —Y R MBIV 2BEFEMRES N, W
FEMOREE SO CIMMTE M UCBOTHE
THHH, BREBYOMREEMSER R BT, RiligE
T B4 — 2 2 b BMECEED SRR T 5 0E
M0, MBERRAELIE L. BIE, BIWERNWD
&7 < Cryptosporidium ORGMEEMET 5 KL LT,
EEMEEREDEHENEDTNE Y, Y X D
LAEFOMBX YA —Y R P BIEENBICEET
Zrickh, EBRMEBAT Cryptosporidium parvum O
SR EVEBIET T 2 LW, -3 X MERERO
MBazHmELEBICBEEINW 2 BEER O Cryplo-
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sporidium B EFBTHIELT — 2 2 N OB 2 FHE ¢
EHL 5 RENEEINTED, -V X PO
LM EFTET 2 DOERRE UTEREMROAE R
PECEAL I NT WS, LD LEDNS, BEIZL-ST
MBI CI8HE U 7= Cryptosporidium OFEFEE UTH
WS N TN 2 MBS TR R R DE L= 9,
ZHIAD 2T F RO P YEINTHEODIRR
TH59. Bz, RT-PCR 12L& - T Cryptosporidium
KRENREBETEZRHET 2 5 ¥%®% ELISA &

(enzyme-linked immunosorbent assay) IZ k> T4 —
VAMNOEHBEERT HHEVREDPRE IR TN S,

FIAEIZ BN, Cryptosporidium DG E H
L, FEM~OA4 -2 2 NE Y ELISA L OAE
bEICE-T, BRENEELUEAF -V X M E2EENICKE
HEBHBEIC D0 TRE Uz A — X VSIS 2
MR ORISESRMC ELISA &% 2 2@ 0 &
2T, A—Y X MEEREED 1X10°~3 X 10%ocysts-
well' OEHTERBINICRHIT 2 &N CE 2,

2. Kk

2.1 MR

EEMEE LT, b MEE RS HEMRE HCT-8
(human ileocecal adenocarcinoma cell ; ATCC #CCL
244) ®#AW=, Mk, 10% ™ < ILiEDonor Horse
Serum, FEEMLE ; ICN Biomedicals, Inc.), 1mM )b
YU bV A(ICN Biomedicals, Inc.), 0.2% BHRE
F M) LGIREER), 0.1g-1t hF VA4 L UREBIECH
) BRI L /- RPMI1640 15Hi(ICN Biomedicals,
Inc) (BLF, #RREbE WD) 2T, 37°C - BRI
AD COy A vFax—F—HTHEEL, 3 HEIHRL

A=Y 2+ OEBERBTIE, Bisd LR 10m]
WX LT 2X10° fH oM 2 iE X ¥ - Miam # s s
7222 (EEWE 25cm?) ~E X, 3 HEEELE
% (WEE T5%RE) MY 7Y U [0.25% bV
¥ 5 0.02% EDTA ; PBS()] ZHWTERAR L b
fakflExw, BmOOEE (1,000 rpm X5 min) LT E¥
WEET, 52, BINLUEMEE ST 270108y
Z PBSOIZEREI S CHWEMBE L&D, 5x10¢
cells*ml™ (FaW LIk 1xX10° & L <IE 1.5%X10° cells-ml
Y &7 XD ICHERER (B L IEMBEEZE 5%
U= MRS ) BB -mRBgE~ VT 7L —
ARG E LTHWE, B, REERGCI
T7ZRA1EHT=0H 2x 108ME MMM EIE Nz,

2.2 R

1) BEMRORNE  fiETRAEFIECHYL:
MEMREE 96 "NV TF 7L — D&Y = )VIT 200ul
TOEE, 37°C - BRRBHAD CO, A VFaR—F—
NT 48 B (TR UIE 24 /) BB L=, VT L
— MEFOUTOREICL>CESFra—bLE, T
Bhb, BEBE 0.1% W eI L 5IZE T T (Sigma)
HRRX B KB ES D = )IZ 200u] §OMELTE
WBIZT 1 RSB LRSI, EoF v BmlERELTY
65 PBS(-)% 200ul 9293 LT 2 Vv EEE LA,

2) A=Y PO EB(mg Y, p-7 3V BZE

46—

HE(dmg I, N2 b F U BCmg 1Y), PA2ANE VR
(35mg-IMZ WM DU MRS (UT, SR v
3) BA-VAMOFFEABLICBEERICHWE,
Cryptosporidium parvum #—3 2 M(10°® oocysts-mli?,
WK ; Waterborne Inc.) %R CHIR LT 20~6
X 10° oocysts-ml* DEEHFHTA— 2 NGB 2 K
Uize MlZRIEELEY VI b YRy b THBZR
EL, 72—V 2 MEREHE 100p! 2RLOY = )VIEE,
37°C « BBREEH AD CO, A ¥ F 2 _—%—HT 1.5 I
MEELC, A2 M 2ERfa~EmE Y, 1B,
KRICHWEA -V 2 N OEFEEE DAPI/PT ik
TLHREET A, BB LOF— 2 MIEFEED
BAOENTE

3) HRMBOBER AV A M REELEY =V
FOA - A MBREHEEEY PTREL, YR
200ul @ PBS(-)T 3 [I¥EE L=#Ic, HiEkshs 200u!
TOHNWT 37°C » 5BRBHZD COy{ > Fan—F—
WC 48 IERERER U=,

2.3 ELISA

1) B #BisEsEgov o VL iz vy b ok
F# U, 200ul OREFEW[4%35 RV AT IF R K PBS)]
ZEL, BRICT 2HERIESE, Bty T
Fr&E LT, & x)b% 200u] @ PBS(-)T 3 [ Lz,

2) TrwvxrYoonvxr U (1% v mE 7
W7 3 v(Fraction V ; Sigma) ; 0.002% Tween 20(HI1
#i3) ; PBS(-)] % 200ud §°oMEL, BEICT 30 4K
S REBIIERY VTR YR THRRE L.

3) —UHLIE : Cryptosporidium paruvum 4 —3 A b
KNI 5E70-FNHREFAR Aqua-Glo™ G/C
Indirect (B A4 F 48k, 20 58 ; Waterborne Inc.)
D—RFFEWRE T WX T 20 EFICHFKL, 70y
FUUBOED TIVIC 38ul TOHE LR, BRICT 1L
MR, BlEEY~y P TREL, D x)vE 200 @
PBS(-)T 3 AIpEH Lz,

4) TRAIE 0w X 2 UET 300 fEHICHRUER
PULTRNFPEYY =~ %2 ¥ — B A K (Strept-
avidin-biotinylated horseradish peroxidase complex ;
Amersham) (MF, “WRIERLEWE WD) 2 —RILE
BOBD )V 33ul O L, BRI T 30 SN,
BHEERY FTREL, Y% 200u @ PBS(-)T 3
mgEE Lz,

5) %6 200 OBFVEBF NI YLESH) VB
TV EEREE W [ phosphate-citrate buffer with sodium
perborate ; Sigma] T RMBEOR Y o )V EBHELE
%, 0.4mg-ml* OPD [o-phenylenediamine dihydro-
chloride ; Sigma] ZHMUEBEYBF MUY LEE)
VB T UBBEE WA 100u] TToMELE, BRICTL
KERmEERE, HEBmE2L 77L& LTH
F 450nm OEHEE A /7L — MY —& —(model
550 ; Bio Rad)CHll@ L 7=,

3. MR -ER

3.1 ELISA BHOBHIEE
ELISA HIIBWTHEBRZ M UGS ICEEZh
LZHEENENETIHBICN U TRHBERN RGP T DD
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Fig. 1 Characterization of ELISA detection.
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HCT-8 cells seeded at a density of 1 X 10 cells well™® were incubated for 48h prior to infection, then inoculated with oocysts at

a density of 1X10* oocysts-well? (cocyst inoculation: +) or not (cocyst inoculation: -). After inoculation, plates were washed,
then re-incubated with fresh culture medium (re-incubation: +) or immediately processed for ELISA (re-incubation: -). When
ELISA was carried out, the primary antibody and/or streptavidin-peroxidase complex were used (+) or not (-). Results are

expressed as means + the standard deviations of duplicates.

HETHY, BrOBRTREDONY I TS0 R
ELHZEMTREENEHZIE, RIFZETHEME L= ELISA
WL, DEsbamicmsk Lz =4 ¥ ¥ —+2
WL LTA—Y A NERETAZ L 2HATED,
EHIF B L <& Cryptosporidium (ZFEH U= REEME DS
—Z & v —EEEPEEMIE A~ ZWERLEm O
BB BIC L2 —F XV —PEER EDRE
DNy DTy FeiBuiEERRsEs k. £,
A=A NOBFEEIKRE L EREIEHEINEL LTS,
A3 AP EEELUEBICERCI o TOREINTI
BoTWdA—Y R PRRHTIWESESEL SN,
22T, KR TEM L ELISA 2 AW EHE0BH
BUERIEBT 2012, A—Y X MEEOER, HE%
BEOERE, —RHERNOEE, “ER LSRN
DEFEZOVWTIHAEDOERE L - ELISABZEEL,
tesigat Lis, #5322 Fig. 1 IR U=, BT, €5
Fya—br L% 96 RENVFTL— MZ 1X10° cells:
well” CHIAZEEL, MBEEL b%ICH UM
2T 48 RfAEE LU MBI OV, ) -V A M RE
B9 ICHEE A OO A & 1T > C 48 RHEE
#%1z ELISA #&H! (B a~c), i) A—Y X M EREEL,
VirRis, MREEEMA R, 48 FRAEEEKIC ELISA M
(I e~g), iii) A— R MREEL, EREEBIC
ELISA il (M d) UJ=. F7=, ELISA BHIZDOW
T, Milaghv< ) VERL, TR0, i) —
WILIR £ B U=354E (B a, e), i) ZRALEZ &6
Uk5a (i b, ), iil) —RUIE - ZRBEE HI2E
MBL=Ee (Mfe, d, g) 2B LE, 2B, 7V
Z b DML 1X10° oocysts-ml? DA —3 X +NRE
Wik 1o hHib 100u $o5FE LT 2 REEGX &
7o

Fig. 1 WRLELSIZ, =Y MERBIHEWCERE
ELUEEI, FIEEDIC ELISA BRE UERERK (Kh g)
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IBWTOREE 0.2 L OBEEFLRFEDIBRI N,
LT, A—YAMEEBEE LR B (X
Foa~c) D —RILES U I TWRALIE 2 A0S U= A IRIK
(" a, b, e, 1) BN TIZWThIRIEE D 0.015 LA
Tehol ehs, WEER LU ZERbLaw ok
BEBREICRA LU= F V¥V —EEEIEL, F—
V2 MEREBEOBECZ ARV LHBILE, &5
2, A=V R M EEBELEBIEFOAZIT EES (K
hod) CBWTRHBIROFNBR cHRaINEZRAEELD
HEPITEW 0.02 BEORNXEIMREI Wz, ZOHEH
LT YA MEEIAWIIBREICRS LB X
STHRESNTEE > TWEA—T R My L ULZ DR
FEBPLULTCHWAEHREEDEZsNEDY, HBRE (XHh
g) AT V10 BEORNXETH > e H5REL
DN P TS RELTHBTELLDOLHEILE,

Pl dy, D MF LEBEATE, &
—V 2 MNEREELUABICERLUZ HCT-8 MilalcBELTO
HRENRREDREI NI LS, AEO ELISA #%
%, HCT-8 Ml TR U /= Cryptosporidium % H]
LTWBZ R RRah, BL, B THWE
= WFURIZ DWW, A=Y A PUANDEBFEBRICH
Cryptosporidium W33 2HEERMEDPTHHTH D, Al
2D ELISA DA — 3 A MDA R LT 200D
ZOWTH AR TIRBE R HEIE T E R0,

3.2 HFBESRGOEBEEOKRH

F— 2L OBREREEZISIEDHDIIEEEREL
T, A—-Y R MNEEICETIMRORHERFLLTD
B oD IS IR B & OV AIRIEE 8 ELISA I K
FTEBIIONWTHEN,.

F9, A—V A MERICHT A2MEERIEET B0
e A oD I FE IR L BRI D W TR, BT,
2x10* cellswel* DEECHlEEREL, 2 BHOEMN,
THISBEUEBIC A —2 2 D REE U AiEEE 0,
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Fig. 2 Effects of serum concentration and

incubation period in pre-culturing of
host cells on ELISA detection.

D) M1 e (LO%IMWEEE) 10T 24 iR,

i) M2 MBEES B%ITH U EHSEIICT 48 1%
FIERICDWTIE U, milkEE U2Milic, o~1x10
oocysts well* DEBEH A~V A b RBEFNZNEREL
T, Veiid, WMESEHICC 48 WS L=8IC ELISA
MU, 8% Fig. 2 IR UE. B UEHEREY
PICA— YR MEEEEIRE L TRUEDE E o b,
ZM2 (RHPOm) oAMEEL (Mh@H) I~ T
BWBEE 2o . BIEEBROMME 4 —> R b HEfE
BIICBHMBHELAL A, 242 CTIHHBEMNFTF
100%DHETH > =0, M1 CIEBBERBIET 100%
BETH 2 EDVMOMNRERBLIID O NEZ LS,

HZFIZ B TEMILOHAES I BV DS D, 2O
R & UT Cryptosporidium DGR T BEFHEIEN
DELTWD I EWHRINE, Thbb, 10%MES
FHOEMCRIEEE LEBEICE, 5%MERIC Tl
DIEFEIEEDIE N = DI Cryptosporidium O REEEDIER T
LIZ L o T HEMEDSE 2 BTz,

DNWT, A=Y 2 MEREICHT MR RiER T 58
OEEAIGEEIC DV THRAZ. EBRTIE, 1X10%, 2X
104, 3% 10* cells-well? 3 BBEOEE cHilnE Z2h 2
NREFE L, MiEHEEL 5%I0H U MRS HIC T 48 WY
B UJz, ApSE UMM, 0~1X10* oocysts: well?
DREHHETA -V A M EZNZNER LT, EE,
THRERE T T 48 % U812 ELISA M L7s, &
RE Fig. 3 CA Uk, WEMEEE 2 1x10* cells-
well! (O B LT 2x10* cells-well? (Kb AR
EUREFHBK T, 47— 2 FEEEEICRE LTI
EDPEE DEREE, AIETEED 1.5-2 (SIEEDOE
ETHoz THICHU CHEEMEES 3X10* cells
well' & UlzEEBX (KAEH) <, £A—Y X MEmE
BEzEOTHBNEOHEERMEIIBRI N, > 1,
A= R MEFEREE L% ELISA Mubanic s
BELELZA, IX10° W0 LIE 2X10° cells-well ©

0.30
—0— 1x10% celisewell *1
025 || —&— 2x10%cellsawell -1
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Fig. 3 Effects of initial cell plating density in

pre-culturing of host cells on ELISA
detection.

R U EEREICBOW I ERDNTIE 1000 B E T
Holh, 3X10* cells well ¢l L-REBKIZ BT
ISR BEEEIRD SN, 512, ELISA #iHE
DY o)V EHEBEHRELEEZ A, 3X10* cells-well* T
R LSRRI O TR Y = VER O RGBS ERWT
MlEaPHEEL T\ CheDZ &b, HEEMREE
Z 3X10* cells-well' IZE D LHIlAOERE LD L,
ELISA #ERICHIEDFBE LB < 220, BRME L
T ELISA THITERWI EHBEZ SR,

HHEMRBEZ 1X10* cells-well! LTI LB 2 L
IZ& > T ELISA iR OIRCE LB & 2 s S h
TWBED, B ULERDIZBWTIE, 1X10* cells-well!
THEZEREL, MERER 5% U RIS T 48
GRS R R P ERTCH > T,

3.3 RHUBEOKE

BIIHE T U AR SRl L= HCT-8 4l
fa%zHWT, ELISA SR (Thbbh, BEL LT
FHE N BERE) URFTA -2 R MERREEOR
RIZDWTHE Uk, EEBRTIE, 1x10¢ cells-well T
MU TMEEES 5% Ul © 48 IR L
7= HCT-8 ffglzst LT, 0~6X10* oocysts-well* A
—Y 2 MEEEL, JERtE, BAERHIC T 48 AR L
I ELISAMHH U=, od, BIEBRODREREICT
LRI, A=V X RS, MEeieL, BEs
BIICEBIC ELISA BT 2 MBEREZEM LA, B2
ZFig. 410Uk, 7, BHEEBEOERE2T > ERBK
(RHO) KBk, Dy 1x102~3%10
oocysts well' DEFTA— 2 MERBEEICIKE L TR
HENEEDHADBRD SN, 6X10* oocysts: well?
TEREUESACEEEOR FAREINED, Thik
Woods & DB LTV A LB IS T LT
A2 NEMBRBETH->EEHIZ, BEICL->TH
A=V EZTE-HOMBITERL, HERBRE,S
RE L EDPRNAERETOERE LTHEXNE, F
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Fig. 4 The results of dose-dependent response of C. parvum oocysts inoculated in HCT-8 cells.
After inoculation, washed plates were immediately processed for ELISA (@) or re-incubated with fresh medium at 87° C for

48h, then processed for ELISA (O). Each data point represents the mean of duplicate + the standard deviation of the mean.

2, - R MEEMEEED 1X10% oocysts well! LT T
BRNw o050k (Thbb, 4—2 2 M EEER)
WHARTEBWIRAETH >, T—2 2 MEEERIC
WELUERLEOELBBED SN, ZOHEBY
UTH =Y R b OPRERDHNA~D sporozoite DREZLR
FOMBRBRBRICL > CTRRERMBERE > TV
HufetE e E h, I, AR OERSZET TOR
HTFBRIE 1X102% ooeysts well ' BETCHHHDEHEEL
fzo =75, EBHHOEEEE T ELISA il U BX
(R @) BV, #—> 2 MEEEED 3x10*
oocysts-well? LIF QAT NNy 275 REEEOR
METEFIF-FELTCBY, BEEELKRELEREED
LB hid o/, LI LEDS, 3X10% cocysts:
well 'L ECHEUEZROELEIX 0.0 BEE THED,
INFHEFC L > TRESWTER> A -2 b L
RIEZOBTRERELTCWSEHEEESZE L NED, F
CHEE THEE L EHBRX OB EATEI 2= &
76, BX THEINERNEIZA—2 R M EEERD
BB Lo T HCT-8 MIaN ¢85 U = Cryptosporidium
DBERMLTWAZ LIZHOSHTH B,
PloZedrs, AROMEEER NI LICko
THied &y 1x10°~3X10* oocysts-well™ Oy &5
TEBEA YA MEER2EENICRIBETE2DD EEH
Uze HU, 1X102 55 3X10* oocysts-well* ~& 4 —
VA MEFEEE ZRERNICENEYTY, RESh 2R
HEEEL 2 ERETHY, BERBE DTS
KIhlzdrole COMHAE LT, EEBRIEHOICH
ME T HHREAOBRE BRI Ul aTgE
HB2AN T D Cryptosporidium B IZIRR D 5 ol fats,
2 DEFHEBED Cryptosporidium (ZHIRR CHMEL —
DA MREIKE L THEEMIZEINL TV 3 DRI T
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Az =R Tt S i WS b X h = b8,
INEDRUICDNTHSEILMIZLTOEEN,

4. FE& o

AR BN, Cryptosporidium DRRZEMEICE H
U, BEMIANDOF —2 2 MEE L ELISA % & OMAS
DEICE ST, BENEZELEA -V A NEEBNICR
HT5HEEDVTHRE Lz, MTIRAMETCHES W
HRENZES B,

1) Cryptosporidium paruvum #—3 2 h % HCT-8
MiRRICHEME L, BEEROERICL > TN THEEL -
EHEEEND Cryptosporidium % ELISA e EBMIC
MHT 22 BT ER,

2) MEURESEIN T 1X10% cells-well ' CHEFE L ,
MERE % %W, U7 ST 48 ISIEE T &
M, A3 MEREICH T 2 HCT-8 HilE RS b
LTEBETH >,

3) ELISA BHHZHWSHEME LT, B4 F Ui
207 bR O LR [Aqua-Glo™ G/C Indirect ;
Waterborne Inc.] Z—Wbke L, AL 7 h7EY Y
)N F U H— B E K [ Streptavidin-biotinylated
horseradish peroxidase complex ; Amersham] %
LAY E L, OPD 2H%AEZ L LTHWERS, &
HEDNY T 7500 RIK<, HCT-8 il cEiEL
7z Cryptosporidium ODBEFRBMLTNWS T & %23 R
THRAEOHEEIERI N,

4) KFEERTHE, Diadid 1X10°~3x10* HOH
T Waterborne #t4 & B A U /= Cryptosporidium
paruvum A —3 2 b OFFEEICMkE Uz ELISA 2B
BDENEDEEER T E =,
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