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Development of Quantification and Genotyping methods for Cryptosporidium in
water by Quenching Probe PCR followed by RFLP

FIRY FESR* /R ASET FIL . KIE EER
MASAGO Yoshifumi*, OGUMA Kumiko*,
KATAYAMA Hiroyuki* and OHGAKI Shinichiro*

ABSTRACT;

A new method was developed to quantify Cryprosporidium in water. Quenching Probe PCR (QProbe-PCR)
technique could successfully amplify approximately 1280bp of Cryptosporidium 18S tDNA from a sample with as low
as 60 [oocysts/tube] of Cryptosporidium parvum bovine genotype. QProbe-PCR showed high accuracy and high
sensitivity compared to Real Time PCR with TagMan probe.

QProbe-PCR has an advantage that the PCR products can be applied for molecular characterization. A restriction
fragment length polymorphism (RFLP) technique was used to distinguish Cryptosporidium species and genotypes. Five
species (C. parvum bovine genotype, C. parvien human genotype, C. meleagridis, C. felis and C. muris) could be
distinguished by the RFLP with restriction enzymes Ssp I, Vsp I and Sty I. The Sty I successfully differentiated C. muris
calf genotype (also known as C. andersoni) and C. muris mouse genotype. Database-based analysis revealed that 8
species out of 10 could be distinguished by RFLP with these three restriction enzymes.

QProbe-PCR-RFLP techniques can provide information on the genotype as well as the quantity of
Cryptosporidium from the same sample. This technique can be a useful tool for waterborne risk assessment of

Cryptosporidiosis.

KEYWORDS; Cryptosporidium, Genotyping, Quenching Probe PCR (QProbe-PCR), Real time PCR, Restriction
Fragment Length Polymorphism (RFLP)
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LU BIb s SN T\W5, £, C parvum DRIGTAIOEZ LD b M DEE ) DB OV T O
HENZLY, FL C parvum Tho>Th, TOBBGTRIC L VBEDNKRE K BRDZEBHALNL 2o T
B, UEEY, KFDZ VT RRRY DT LAOBHIZEWTIE, & FDFRY X7 EHAEOBRA L, EE
T, FOMPEGTACETAEREFFRICGES Z P EEFN TN D,

IRETIZ, KFOZ YT RARY DU AOEEHEOREDTHEL OFENEEENTER, 707
FRRY P AOFEEFRE LT, SO E LA A SR TEMESEEN LR - 3T 2Tk
9% TagMan 7' 11—7 %A= U 7UE A L PCR ik VEREF G B, —F, BOREFREE LTI
PCR-RAPD ¥ '2%° PCR-SSCP 42 ¥, PCR-RFLP i W9, o —4 o v 7 R LA SN TS,
LB TRIOHERF—OREN ST FEE LT, PSSR Lo ahizA—3 X MR BEMEET
THH LT PCR T BFREMBRESN TS 928, BIEICE KR & 7 NEET 5720, SOV~
T LU TERTA Z LIRS THE EELLNS,

2001 £, WML T T T % V= TV Z A L PCR T3 % Quenching Probe/Primer PCR % (BAF
QP-PCR &) ABAZE Sz 79, QP-PCR &1L, #3tfa3E BODIPY (/7 =2 EfERT 52 LIk 0t
D2 DFHEER D) £ 5-HAVNT I RBTER L7 0 =T R T4 v —F VT PCR 1T\, BEE
EOENEN—FEE E T B OIZHER A 7 VERERD D 2 LT, BB Ox5 DNA FFEELH
ETAHEETHD, QP-PCR HIKE 43T, BODIPY T L -7 w—7"% M\ % Quenching probe PCR
# (LLF QProbe-PCR 15) &. BODIPY THER L7774 ~—%H\ % Quenching primer PCR & (LLF
QPrimer-PCR i) @ 2 f83H 5, AFEIL, BFFED Y 7% A A PCRIETHOWHIL TS TagMan PCR i
LB LT, L0 EWEERSNOG L CGEATES L ENTWA, 202 Lid, 5517 PCR EMOBIET
FEATICBR U CIERICBEN S THE L2 D,

BT, 7 U7 hARY D7 50 188 1DNA ExE & Uiz QProbe-PCRIEIZ LY, AKPD 7 Y 7 R R
WY T LE SR BRETERT A AR L, &5IC, BHiL72 PCR EW% Restriction Fragment
Length Polymorphism (RFLPYEIZEA 5 Z & T, M ahiz 2 UV 7 s 2R U LoBOHRIE1T O Fikx
BAR L7z,

2. REBRAE
2.1. QProbe-PCRZICLZKpDY 1 T R RARY OO LEEFERDOFR
(1) #ELEY VT RARY OHLDIES L UHHE DNA BEOHE

QProbe-PCR D TE BMEFHHOD 72 H DENINA— A NIV, Cryptosporidium parvum IOWA £ (Waterborne, New
Orleans, U.S.A) & Fv 7z,

I DNA IR T OFHE TR L, 34— & MERETE 100pL (2 FIER0D 25% (w/v) Chelex 100 #iH5
(Bio-Rad, BFOEFM L, HfsaE (-80°CS 73, 95°C5 %)) & S[ElfT>C. A—3& bbb DNA 2 L7z,
Wiz, ke Er, O MF &8t = ; (GHPNanosep MF centrifugal device, AAR—/L, HR) B
L. 10,000Xg T 5 43fHiE 0o L T Chelex 100 38 LU AELY bRV o, & BIC, WIRAEE% Microcon
YM-100 (AAI VAT, B 2HWTER L, EEOBEMAKEINZ THIMNDNA Bk E L,

(2) EFEBLEISAv—HLU0T0—7

Xiao & "WIRERE Lz, 7 U7 b RRY P AOWEEVEED 188 IDNA FHETE 5 L SN TH5 754
7% e AR Z DT T A = —F Nested PCR FIZEREH E 72 b O TH Y Forward primer & Reverse primer
WENENR 2 DPTOFET 5729, QProbe-PCR IEICEM TX 2MASDRITAH 4 BEHH Z LI/ D,
FIT, PRERE LT, TRFNOMAESHT U CEERIC PCRICE VI DNA 8518 L. EWE T
Hr— 2P VELIKEN LR Lz, FO#E. Inner-Forward 77 A & Quter-Reverse 777 4 <~ —O#

-312-



HEDEN, —BLERE R DNA BIEIETE, 774 v—F A v —DERB SN L PHER T
7e129. UBEROFMETIE I OflAE Y2 RV,

WIZ, QProbe-PCR IETHV V-7 0 — 7 DF&F %17 - 77, QProbe-PCR {13, #6635 BODIPY 377 =
EREET A I L THOEAIEN T ABAREFIHT A, Tu—T O L OMORBHR Y b THDLEMN
$HD, FIT, LTFTOHEBTT 0 —T O ET o7, ZUDHIZ, KT T A <— & [H URFEN R £ OEE
F%. DDBJ 57— & ~—2Z Y253, NCBI-BLAST 2,02 L 0 #R L, SHMHER Y 7 b ClustalW 1.7°V% fiv>
T, FOETOEERSIZHBOR M Lz, Wiz, il LAEER S ORH G, 7'a—7 O Tm @5
TIAw—0 TmELY SSCRES 2L, Tu—T0R KiEEE2 L0Vl b, o4~ A<
—HARRLIC WD b, LAb3 HAREEC, falile T u — 7 OEERSIARE Lz, Table | [ORIRLIZTSF
A w—¢& . #Et L7z Quenching Probe D EEIFI 474,

Table 1. Primers for amplifying 18S rDNA of Cryptosporidium and Designed QProbe

Name Sequence Reference
Forward Primer 5- GGAAGG GTT GTATTTATT AGA TAA AG-3 14),15)
Reverse Primer 5- CCC TAATCC TTC GAAACA GGA -3 ’

QProbe 5-CGA ACC CTAATT CCC CGT TAC CC - BODIPY -3 This study

(3) PCR&HMREE QProbe-PCR ZDEEMOFHE

DNA DEEFS S OB ORI X LightCycler (Roche Diagnostics, BUR)% FV 7z, QProbe PCR T, 5°—
FX VXY LT —BIEEOROEY AT —EEE S LERH DD, DNA K A Z—EIZid KOD -Plus-

(BEERS, KB Z VW=, ROSIRDBENT 20ul & L=, PCR /Xy 77—, MgSO,, dNTP (3R AT
PIAHBOHOEEAL, Mg AT ImM, dNTP B4 2000M & Uiz, 7T 1 ~—{BFEEL, Forward 7'
F A =—% 1000nM. Reverse 77 ~—% 300nM & L. =7z QProbe JEEIL 100nM & L7z,

EBMEOFHMEORNT, PCR DEGEREZRET D120, 72—V V' 7iRE%R S5°C~60°COfE T &t
T PCR %17V, BRHEE L TR TIRZFE Uiz, FOMOEESMAL. 94°CS i OBEM DS, 94°C30 7,
T ==Y 7R 308, 68°C60 BT 7L E 60 [BIfTV, FfkIC 68°CS S TR EIT o7,

B o RS2 VT, QProbe PCR VEDEEMAHII R 1T 272, &F = — 7 ~D¥INDNA WRIE. 2.
1. (1) TYER L= DNA IR . 1 Fa—T7H7=0 6X10°~6X10%oocysts] & 72 5 & 9 IZBRIEANIZAIR L T
YERR L 7=,

(4) RMEDRESRZE

B A 2 NVTHE LT 80 BRE OB SR A 7V ERHT A7, LLFOFET, Bt HET 2
TR O BE(Threshold line) 2 F¥E Uiz, £, WA 7 TR BEIEOWINERD 7T 7 2ER LU T, I,
BEE 1%~99% D&M T 1%%4 A THEZ BT & | FRENOEMEN L/ LRy 7 A2 v
TREREER L, £LT, ZOFRNLELREVVEBRER 52 DEEZRD, FMEHRREE Lz, Z0
BREIZ PCR %17 9 BEICAERE LT,

2.2. RFLPESBIUTRFLPEIZESDY )T FRRY D) LOEDHF]
(1) #ELEIYTRRRY O LDE
FROHIFIFIEORmC L, ENRGERTIERT F Bk 2K LY 535 L QW 72720 C parvum
U LA (Accession No.: AF161856), [F] = M ([7] AF093491), C. meleagridis ([F] AF112574).C. felis ([R] AF112575),
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C. muris, C. sp.strain 938 ([F] AY120913) D74/ L DNA &z, ZHVH ORI, C. sp. strain 938 ZrE 2T
fEE e M OREDBEE SNIZBTH D, L, C mwis 13, UV X IR OERITE LN Tl
53, 7z C.sp.strain 938 (2D T, HIWEEBL Oy DBSIEBODHT — 5 ~N—RIBFR SN TN,

(2) HHO%EE

QProbe-PCR DEMEEMEZ . 7 H 0 — X7 /VERHETCTHE LIz L 24, 7 DNA BEA D20 T
W7 B E DRy FEBD Z N TERD T, T, RFLP BICEAT 481, AT T A ~—TH
[ PCR %17-7T, FEEMNEL -, ZOWRD PCR RIGKR(SOULYDAERLIE, 2.5U AmpliTag Gold (Applied
Biosystems, H5T), 10XPCR 3 7 7 ==5ul, dNTP 45 200nM. MgClL 3mM & L, &7 5 A ~—REIE 500nM
& LT, BESEE. 94°CS SOBEMEDTR, 94°C30 5. 57°C30 R0, 72°C60 I A 7 A% 30 BTV, B
12 72°Cs TR EI{T o T,

(3) RFLPEIZKBY T rRAKRY YLD & VERFEOKIE

RFLP #/3, PCR I X 0 B8IE S0/ DNA ZHIBRRESE TEIT L. 20N %7 o — A7 VESHKER - X
VBIETAFETHD, LT, BoNWHE ¥ — 27— 42 LBAETE 2 LT, B5Nh7- DNA
MEDHED S ONEHRIT 2 2 LW TE S, Xiao b Id, HIREEE L LTSpl & Vpl #HNWT, 2V
b AR P LORER L OB GFROINA—T 3T BT o7, £ LT, AL TR\ T4 <—E v MZ
L0851 % PCR A, 25 2 fEEHOHKIIBEERIZ L 0Bl 2 = LT, Fik L UNMHE TR OHR] 238072
Tro BB, C muris OEGETRL (VA X XA OHFIOIZH, Syl % AV vz RFLP 20 TiT -7z,
Table 2 17, BIETFIET 5 13 D2 V7 FARY 7 LOMED 5 6, 188 DNA OEFINT — & - R B X
TS 10 TSR LT, ATEHVE 3 ORIIRBESR COM LB B b a8 ka2 R T, Wik 3% —
ORIz BT Y . BRI 5% DLbEoES L, T u— RS VBRI L VB TESE Ly,

2.2. (2) THELNEPCR EME, 3TEOHIRRESE Spl Vpl Sy TENENYIMT G7°C, 2 KL
B Uiz, U, 7 -2 SVESIKENC L DR AR UL, £ L UL Y — % Table 2 DF
—ZN=2 EBELT, BOHERIT-T,

Table 2. RFLP database of Cryptosporidium species

Species Host Accession RFLP in base pairs (sorted)
No. Sspl Type Vsp | Type Sty |
C. canis dog AF112576 | 543,417, 159,105,33,20 | A |623, 550, 104 a |[712,565
C. parvum mammals AF161856 )543, 449, 159, 108, 12, 11 B |628, 550, 104 a |717,585
C. wrairi guinea pig AF115378 {543, 449, 159, 109, 11, 11 B [628,550, 104 a |717,565
C. parvum* human AF093491 [543, 449, 159, 111, 12, 11 B 561,550, 104, 70 b {720,565
C. meleagridis turkey AF112574 | 543, 449, 158, 108, 11, 11 B (549,456,171,104: ¢ |716,564
C. felis cat AF112575 688, 426, 155, 33, 14 C 1658,395,159,104: d {747,569
C. baileyi chicken  AF093495 | 697, 572 D |620, 545, 104 a |709, 560
C. serpentis snake AF151376 816, 414, 33, 14 E |[729,548 e |[714,563
C. muris mouse AF093497 1831, 448 F |731,548 e |[716,513
C. muris* calf AF093496 {829, 448 F 1730, 547 e |[562,453, 262

)

* “C. parvum human genotype” and “C. muris calf genotype” were renamed to be “C. hominis™” and

“C. andersoni™”, respectively.
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3. EREBER
3.1. QProbe-PCRZIZLZKFEDH ) T RRKRY SHLOEE

TV ZRERELSEC. BHEESLOER TREAFE LR, 7=—U U ZIREN STCUT
D & XX, VIHIRITE 6 X 107 oocyststube] DFVELD Ct AN 32 B4 Z VR IE - T=Ox L, FHh LT
1240 YA I NRIHEE IR T L, 7. ERREORE CIIEMOAERBRON e >Te, —F, T=—07
IREEN STCL VRV & &1, JREREMORIBIC LY, u—7 Ot (5 DNA OFEWAERE MK
Tli, AEORERLY, 5STCOBER, BE - BEEFOENL R TEETH D LKL,

Figure 1 10, ZOZ&ETIZHIT 5, % PCR ¥ 27V THRIE LI-8OE DB, I8 GRE 1 5%
HEm7Y, KO Threshold Line” &1, 2.1. (4) TR FHETIER L BB %257, £7- Figure2
W2, ZORNSELIIBH YA 7L TN L 72858 DNA BEOBHAD LB RERERT,

40 e :

Threshold line (20%)

Quenched ratio[%]
N
o

1 6 11 16 21 26 31 36 41 46 51 56
Initial template [oocysts/tube]: PCR Cycle
——6X10° —a— 6X10°—¢— 6X10"-+— 6x 10— No Template Control

Figure 1. Amplification plots of Cryptosporidium 18S rDNA by QProbe-PCR
with annealing temperature at 57°C (n=2 for each condition except NTC).

4

O S
30 35 40 45 50
Ct value [cycie]
Figure 2. Standard line for QProbe PCR derived from amplification plots in Figure 1.

LOG1o(Initial Template[oocysts/tube})
N
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Figure 11238V T, #IEHRN DNA £ 6X 10°~6X 10'[oocysts/tube] DEREBHT DU\ TIE, 2T DNA %1%
52 R TE, LaL, 6X10%0ocysttube] DFEHT, 2 5D 9 5 1 095 DHEEMHSROMN 4 HH
T& Tz, U kXY, AEORBRITRIT BAFEORH TIRIZ 6 X 10 oocysts/tube] Tér B &V % 5, £7-. Figure
2 &R 5 L AEATS TERESAIRIZIE W T REHRORERE 0998 LIEFIZEmD o 7= (AEMEE p<0.001),
L7ehi-> T, AFEEICELY, VI DNARNES, FEFICRERCAIET N TEREVWLD,

PUEDRERLY, 4EREF LI 18S DNA 25 —% » k& Lz QProbe-PCR IEIZ L U, AFDs7 Y7 R 2
RIVULEERE - BRECTERTEAHZ LR ENTE,

3.2. RFLPEICK 5EH LK TEEFEOFI

Figure 3 {2, ERIZT o —A S VEKHKENZ I VB ONTWRE Y — &R T, Sp IBEX O Vsp IO
C. muris, 3 KUty 1 D C. meleagridis. C. felis, C. sp. strain 938 Tl BT LI - 72 EEWID /3 K23 1280bp
FHEZEL oz, £, £ TORIBEESRICRTT D C meleagridis DB E/3F — 12BN T, FRLIVE
VWVEIRIZ 2 AR (89 350bp & 230bp 1) D80 RASRLILE, ZHUCBE L T, HIRBERZ2MMZ TV
#F (No enzyme control, Figure 3d)) ([ZEWCHREICE SO/ RBRGNTZZ &35, PCR T U4 RE
YIZHRRT B3 K THDH LM LTz,

C. parvum 7 2 & MK LY C. meleagridis 12, Ssp 1 DUz L TR U &L 5 7eli & 3% —2 (534bp,
449bp, 159bp, Type B) %7~ L7z (Figure3a)), —75 C. felis & C. muris 13, TNENME TR B8 — (F

~ d)Noenzyme
_control

Figure 3. Restriction fragments patterns of Cryptosporidium spp. by agarose gel (2%) electrophoresis.
1: C. parvum bovine genotype 2: C. parvum human genotype 3. C. meleagridis
4. C. felis 5: C. sp. strain 938 6: C. muris
M: 100bp DNA Ladder
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NWENType C, Type F) 2RLTEY, SHEAWZEDH TOHRFIAFRETH o7, C. sp. strain 938 [ZBF L
T, AEHEE U2 BRERIC OO TOERRSIA G LI TWRWe ), Bis Lo R & 37— 1idohhh
R, —EOEERIS B AE#R D, DA< &b 33bp OMTABFIETH Z E B TRIN, Sp 1O
Wi/ <% —> (Figure 3 a)) #R25 &, 1250bp I3y RORLNBETC, 33bp DR ILT Z A =—
A 2— b B> THERTE R o7z, UELY, ZORCEL Tk, 33bp OETR 24 LTV A alRelX S
P, FNLSOGEFTIIEI SRV Eibo T,

Figure 3b) @ Vsp LIZ X AU /3% —2 2 R &, C pavum 7 BLE C. sp. strain 938 “CTRIFED /34
—3 (628bp, 550bp, Typec) MWR.ONI-MIE, FNFIIRBONE — R LT,

Sy Tz L ZEIETH &/ 3% — (Figure 3c)) X, BV HFOMARSTEIZL > TEORLDHDD, C nuwis
FEE &TORTEITZ (707~747bp & 564~569bp) , C. muris 13, 22 C OFETHI@ /W7 & T 55 560bp
D3 RO, 450bp 13 & 260bp FHTIZ/ N RBR.LALTE, Table 2 D C. muris O U LA L 2 X I BIOK
FEARZ— T E 81080, 20 C muwis X7 R THARREMERNEWEE L O,

PLEX Y| HIREEE Ssp 1, Vspl &V - RELPEIZ L D | BIGFEHIPB D> TS 4 >OfEE -18ER
T (C parvum & N OB C omeleagridis, C.felis) %FNFERIT 5 Z L3 C&Te, E7o, oz
Sw1ERAWDZ & T, Comuris DEGFE (7B, RXIB) OHEBFEETH D Z LA broT,

4. Ew

4.1. QProbe-PCRIKICK DI )T RARY OO LOEERIZDONT

AR THFE L2 Y 7 AR Y 27 A0 18S iDNA Zxtg & 7= QProbe-PCR 1., FEFIZE\ HEE (e
FARE R*=0.998) 2o TNH I ERHELNE LT, ERERFRIC OV T, SFEIORBREE?S
6x10'oocysts/tube] & L7273, 6x10°oocyststube] Dakkl 7 b b EREDH HMHEE NGO D 2 &, &
2. BENEFNLUTORMETIIRBR L TWinZ &b, EROTR TFRIZI VIEWVGETREELH 5,
WO, B UHEREERR O 7T A v—RBL O -7 5 EHR LT, TagMan 7 —7 2 74
A LPCRIBIC L DEBERAAT, ZO& &, PCR IISHERDOIERIZIE PCR Master Mix 2 U, IREESET
QProbe-PCR iE X AU & L=, ZOFEE, FIEITNINE 6x10°~6x10"oocysts/tube] DOV NFHLDFER» S B0k %
BT 2 2 LM TE DT, £, MOBEBEFESNCT S TagMan 70— 7% BV FE "PoEeT
FRIZ. 4% 5[oocystitube] Tho7z, Lizdd-> T, SR L7 QProbe-PCR 1AL, BRHIBEE - HREEE D
M7 OEIZEV T, TagMan 7' u—7H AWz U 7L Z A LA PCRIELAETHL LD,

iz, —fRIZ, TaqMan Fu—7 %R AL R T AEEAESIOES2HE DRI TERWEE
bhTnb, EBE. QProbe L THW RN LT, TaqMan 7' — 7 % - FIETITERO H 5
FBELNI2 0Tz, —J7. QProbe-PCR % AW ATEL, 1 1280bp D DNA U1 5 Z L3 TE
Tro THUT. BTFO200ETEN S THL 02D, T, BN PCREY %, 5T 72 RFLP
ERF OMMOBEET THFNTECERT 2 2 L ¢, BRFEFCETAFEREFOND VIR THD, &
AFFECiE, ZomICBAL T, RELP kY 7 U 7 F AR U0 AOOERTRIOHELRITA D Z L &7
L7, Wiz, 7a—7ORHBE L, TagMan 70— 7 OEFIZHFET 555 &L g LT, BEEFERO B H
ERERNLWD SR ORD, ZhUCkY. TRIBED E DII ERF A —DERL LIS EOHE T, X
DN T a—T R RE LT B, AEWER L2 RICEVT 1280bp DE XOEF & RTRIZTEZD T,
TOEMIZAR S EIANKRENEEZLNS,

717U, AFEEL, BFEO TagMan 7 a0 —7 20U 7024 5 PCR L EFRR, BBHHR0 2 U7 R
RY 7 5D DNA ZREHE E LTS, SN2 V7 RARY U0 AOER, b h~DRG
NEFMT B 2 ETTERND,
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4.2. RFLPAICK BEDHFIZDONT

HIBRRES Ssp 1, Vspl AV RFLPIEICE V| B M~ OREFA#E ST 5 5 DO E 7238 n 7R
(C. parvum & WL OB C meleagridis, C. felis, C.muris) %i0lT 52 3Tz, F Syl &M
A2 LT, C muris DBITR (7B FXIB) OHETDZENTEHI EMbhoTe, £2T, &
B 223 T2 2 DO/MOTE (C. canis, C. wrairi, C. baileyi, C. serpentis, C. muris F A I {220V Th, Ssp |
Vspl, Styti2 X5 RFLPIEIC L b, FEZ & DFAINAIEETH 2 i<,

Table 2 DY A Z— 2 OFREZRD & 10D S B, C parvam & C wrairi 38R 5 Z LT TE RV
DO, T D §FECONTIL, BFE T 2L OROHENFRETH S Z LM biof, Liho T,
ZO3TEORIMREERE AVVE RFLP IRIC LV | BIFET 2REOE 2HRIT 5 2 LN TE 5 EEX LMD,

4.3. XFFEOBERAEEEHEIZONT

ARFSECHE%E Lo, QProbe-PCR {5 & RFLP {EEMAG R FEIC L0 | FiF2 Rz T, BB PICTF
ELTW=2 U7 AR P A0FEERE, FOBE LR RE, FFRCREET 22 ENTRETHD
ZEIRENT, BEFOFETIE. ZhbOFERERIFFCGD 2 LIERREL ST, #121E TagMan
Tr—TEHOVE U T AZ A APCRIETIE, ERFTHMIITFAIHETH L5, B OILDIEEESHE 20, B
BIEFROEBEITH Z A TE 2V, £72 PCR-RFLP 7 & OBEGFOMOHBITIE T, #7DNA %,
FERATRVPCRIBIZL VHIET A/, EBHREHRAHGL I LR TERN,

KFEORRE LT, S2HOBEHRFA—FBHES TN TWES, iR R Y OMESEBOIZ <
D, RTOREFITERWTREMEARE S NS, L L, EKES L OMEARREHCG L TiT 722 Y
FRRBEY T LBERER R RBE L B TH o7 25 BB 5 b, BEOBEITEGTANE TN T
WD 10 BENT, FRSIEET2EEORE TH -T2, Table2 DY T —L b2 5 & 2FORE
Thorto AT, BRI, FolAEETHoTHENENEHEIITE 5 LB s,

E7, AFHES. PCR 2N B FE & RS, PCR A 7 REIZ L0 RETFICEET 2 RO/,
TEOTFIEEE B MR- T E ERET A Z LITRTRETH D, LIz - T RICEBUKPIZ ZHOFENEE L
BATH, FORTELSLTWAREOAZBHE LT LE Y WHEERD S, LL, —RIZAGEKERD S Y
7 AR D MEEIIERICRLS . R—RE 02RO A VR BB ENRD L IERRTI), Zo&
DT ERRAETOIREIIENEEZ LD,

VbXy, SHEHBR L FEZAGEKBICERTUE. BEbpos U7 FARY U0 AOHFERICOVNT
OFERE, O DWVILEGTRIC OV COEBRERIRCES Z L83 CE D, AGEKEBEIC L 5/5 Y X
JEFET D 5 R CIEFICEBERFEERL VD,

B AR TOIICH 2 VT RARY W LD DNA 555 L TL 2 S o - ERDBYSER AT &

AERROEREE BEK, JURE BEOMK, 3 3T8 QProbe-PCR EDFEMNIZH 72 W R 1 ETEWE

B Y=7 Y R EEoH R, BE FHoOBKIZECHEEZERT S,
RRARRIEL, BAGER A RS F - FREBYYEREE (VY T AR PO LECLS

ARBYVE IR D DIEER Y R 7 MR O EIZBE Y e (R - Ba% ) Oz T TThhis,
BEXH

1) MacKenzie, W.R., Hoxie, N.J., Proctor, M.E., Gradus, M.S., Blair, K. A, Peterson, D.E., Kazmierczak, J.J., Addiss, D.G., Fox,
KR, Rose, J.B. and Davis, J.P.: A Massive Outbreak In Milwaukee Of Cryprosporidium Infection Transmitted Through The
Public Water-supply, New England Journal of Medicine, Vol. 331, Iss. 3, pp. 161-167, 1994,

2) WEBHALS: T7 VT MARY DU AL AEMTRNE) — WAERTER TRERETH B E, 1997.
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