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Quantitative Determination of Infectious Cryptosporidium parvum
in Water samples by In Vitro Cell Culture
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1. ME

AP E2Z Y 38 (Cryptosporidium parvum)< 7733 ] AAH 5 58 do7|= 7|4
A dFoRM H: us, dar SollA diE oA FJurdEe o] FHojgt AHEANY
ool g HYA vAEYR 2/ s e ¢4 daAde] wg Aelote d . =

HAEAZYY2e dAuMEF e A ~E(oocysts)= pH 7.0, &< 25T, 9455 80 mg/Lol
P&t ol m=EFH oo 99%7F =&t pH 6.0, += 22T, 945% m

T HFA 9.9%7F B4 HATE Bart o webd AHEAIZYYE QAEES A
A 25349 2588 F7tdd o] T3 7]Folet st

stE 9k A=A glo] AAlHolof & AL A (infectivity) T
= A (viability) S 7 QA AES] AlF(assay)WHolth #A sbF E3] AEEHY AGAW

1=
(vital dye)¥} ©dH (excystation) A

o0
N

|22 B4 AgeA wgs R B ol A
o WMEE & & gl 2EAFe ARA Grhs Ade] waTh HA2ol: AFH FEEF

Zradolt} AFAA wjgdE AEd AYEAZIULS 7ZIAA PCR(polymerase chain
reaction)o|t} Mg FFAH oz AAARE At AEEEC] o]F oA % H(Rochelle et al.,
2002; Slifko et al., 1997).

2 AT A= HCT-8 Alxze] ¥ QA=ES] oy F2A T (sporozoites, merozoites,
meronts etc)E FFIFA GNP o T HAEdE= CC-IFA (Cell Culture-Immunofluorescence assay)
(o] =, 2004)ol #H A &7 (Most-Probable Number technique)& ZAgsle] ZdA QA ~EE
A A8t 5T, pH 729 2 d4a EE oFd 93 AYPE~TY R BEAsE A9
oMM 1 A& HIteAh

2. Kz 3

AMZ Fd] 8749 LM (well chamber)E 7} A3 vjEetol=o] HCT-8 (Human illocecal
adenocarcinoma cell, ATCC CCL-224; Americal Type Culture Collection) monolayerS &4 Al A
2= 37C, % 100%, 5% CO2). AE FA A Z= 5% Fetal Bovine Serum, 10%
Opti-MEM, 1% 200mM L-Glutamine, 2% 1M HEPESE % 7}3 RPMI-1640S AF-&3ton, QA ~E

#* o] E o (E-mail : mylee9@hanmail.net)
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A A9l = Fetal Bovine Serum® F%=& 10%% S71HA
21 3 AE ARl

LA[AE FTH| e A~EE 30¥# oWl Cryptosporidium
parvum?®] Aold = JOAA]/\E(Source . calf infected by Iowa
strain, sterling parasitology Lab)S T3te] W HaAstA
A ARgsEdTh Y S _‘?_A]iE—E ngl @ (in vitro
excystation)®l <] 3} =

98.2%°] At %
af Ax 9 A
Skl aFEe Aot AR EF A2 (T3 =

‘?:

hemacytometer® =2 243k

3

= A
A Enieh oF 109719 QA AEE A Fig.2 Photomicrograph of many foci
=3

€]

S golatA Fa WweAEA A4S in HCT-8 cell for positive control test
by Fluorescence microscope

M Z 7I-o:l of A gl 7-I§ 2]

& AHEsE 15 34 A
=HlE 6719 ]EU}E} 87H-4 4 Ao ol A7) AL 377
A ABAI TR Wi sk TE 48AIZE wi Yk F Eetol=E widT 1 AW WA & A|Astal PBSE
AF g = 100% wWeEes HJ7F 1023 24X v FWE AT S8l =F blocking
buffer(PBS 10mL, goat serum 0.2mL, 0.002% tween 20)°l H2i 30&7F A-2ox AX &7}
bufferE §2 AAsACLE Eol=E AR FA(polyclonal rat anti-sporozoite and —merozoite
antiserum, A600FLR, Waterborne) & ol ©1o] 1A]ZHs9t 2% 34 (FITC-conjugated goat
anti-rat antibody, sigma F6258)-8 <l w10] thA] 1AIZHEQF Xt PBSZ 43] ®EE A4 gh
= i‘ﬂ"ia*‘" Qi dEsqinh. 40081 o] e FADICHW A o w2 Setol=o Zh g st
ZEYFH 0] Ao 3/ o s T U= L FHow AAHEA
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, 100%, 5% COz2l =31

A+ 2 offd a4 eA2ES MPN#E vl ICR(Unformation Collection Rule)& MPN
calculator program< Ab&-&te] AR &9t TR A TAS, wEHES ALE AsHg 5
S AEsle] MPNZHS £%35t3 o]Z5EH o 11_ 7+ # (Percent Infectivity)S T3Fo™ 1 (1)

< o3 2k
Percent Infectivity = (MPN per mL / oocyst counts per mL by hemacytometer) x 100 ---(1)
e 879 4 F 50%2 A= Zod QAAEZ(IDy)E Tt logistic regression©ll
zkek 2(2)o] o8] 2+ 5% response logitsS T3 UWH-E-3 A (dose-response curve)E 1
T response logit = 0°] ¥H+&= FYFE(dose)E D5l & ATt Dsp2 vf-¢-27d 5 7 A ol A]
zZ

A tehed del AHgse 2%AHN FAEe vinsheE 198 AgE 5 ek

Response logit = loge [ Piuy/ (1=Piwp) 1 e (2)

(P * the proportion of cell culture wells infected at each dose of oocysts)

AL A2=ZAHEH AolIdA2MIEFEA(FETL 9F 13%)S PBS(Phosphate Buffer Solution)®
& o] wWHA|A chlorine-free water® WE©] ¢F 1.2 mg/Le 9445 ZATA
°l A5 dgel 1uLE T
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Al kst A AAGAIZEERE Aot AEFA v IFIALE S48t HE FEE S U
AE BT Hdl 3% HLFMUHEFEAS Hrlete] d4E F3AIZT. 50mL 94 Fe|#o=
w7 Fakele] A (900xg, 20i)E F3 w5 & AT w59ES 15mL PALAEE#He
2 SA vAYEAEE(12,000rpm, 4%)3te] vhEe] 20uLRhS @ o AMEAAGEA S WO
A8 1mLE vF=1 10 ul® 29 AOH hemacytometer A4E 3lo] 7] QA 2EFTEE AAS}
Atk oo 1/5 84S dAH R HAAste] 6719 ARE WE FHE AMXEo TAAA T
A QLAIZESS Ao, Z% AEZXAME BF EFo AXPAAAES T

LE L2EHME Frr5AY FA3 BHor FP8E, 9F S ¢ E WA (Ozonia CFS-1)

[e)

H, 7] S&EFE7F ¢F 1~6
mg/L7} FH = FPFRQon, 2F ZHo|E Indigo Colorimetric

z 1
Method (Standard Method 4500-O3 B.)<= AF8&3t3ith.

HCT-8 Aol #HAAIZ aHEAXEUE g5l 8¢ & Hole tdst F2dl(sporozoites,
trophozoites, type I/II, meronts, merozoites, macrogametocyte, micro —gametocyte)= FITCZ ¥ A ¥
anti-sporozoite and merozoite antibody$} Z3rste] FFDICEHU] A 3ol A 2~5m 2712 I3 2L
222 gR3e] Fel(cluster, o5 Fel2E)R HAHAHFigl~2). # WolA 37) ole] ¥
#7o] WA DICA & el AA FHow HgHA

ZEWNET} e 2AAE 3% Ul Tl 1/5 H4e) o8] FA4 2AxEe] MPNEE T
Stal o2 FEH HAE 7Z9g®E 9 ID5pg A3 A3 <Table 1>3 %”’/} In vitro excystation
oA E5F 95% o]de] ddEs B QAZECAAY, AEAEA HAEDAHL 0.7~-6.3%=
A==, o] Slifko et al.(1999)¢] 0.97~73.80%% =LA th=X] %%U‘r 50% AlIxE 7EH el
dagk FYFH(IDs)> 13~10301 =, A2 EHS 483 Slifko et al.(2002)] 5~507 A

Table 1. IDsg and percent infectivity of oocysts with various lot numbers and storage ages

Initial conc. of MPN of Infectious Percent Doy of 0ocvsts age Lot no.
Exp. no. | oocysts per mL by oocysts per mL Infectivity(%) ooéo ots 3(/ day) g of
hemacytomer count by CC-IFA of oocysts y y oocysts
1 1.1 % 10° 25,654 24 28
#s 1.1 % 10° 37,353 36 30 6 17 30
1 12 x 10° 79,575 6.7 7
# T 40318 24 5.1 5 15 37 | Lot #1
#3 1.3 x 10° 20,030 1.6 45 44
#4 12 x 10° 20,450 1.8 38 92
1 1.0 x 10° 11,065 1.1 32
#5 5 1.0 53 47
2 1.0 x 10 9,623 1.0 73 Lot #2
1 1.1 % 10° 8,315 0.8 105
#6 2 1.0 x 10° 7,144 07 0.7 100 103 61
1 15 x 10° 100,953 6.6 13
7 15 1.0 x 10° 62,460 6.1 6.3 12 13 65
#8 1.1 x 10° 15,710 15 64 128 | Lot #3
#9 1.1 % 10° 24,819 2.1 59 135
#10 12 x 10° 11,484 1.0 79 142




shal wp- 27k o A 2] IDg 15~377 Hub= thi 2ot
o} ol d A= AEwiFHI} v A Yt
ki3 ‘1*3 l %LO_E 7k

., 2002)%}, /‘ﬂi HH" % RT-PCR&E #AdAFE Z2A

6}_ R w2 WS Mg 23 Dyol 747 : _ A
27~1063 16~3472 =AA Y =2X &gdtte= A4 39} Fig.3 Epifluorescence and DIC photo
##E F }(Rochelle et al., 2002). —-micrograph of a meront in HCT-8 cells

D5 AHEH A ~ES] ZEHS Y AF(age)oll v
g A #olE B o Aedd wEt A 2719 23] wHEAIF#H], #2, #D) A= Aol & LEM
3] A (dilution), ¥F(dispersion)# Ao %= HAx7 dAE 4 glom=az wrEAY F =74 38k7 <l
Aol Had Aow ATdH T

2

AENFHES dh 25H g A83 Aye Fig 3% 2t AN 27 das=s 11
4~121 mg/LE2A d& 255 e AFFdA A5A fEFe] 440 IFrdls=ed o
Img/Lel A ¢ AHEAZEH R AAES SAS = At en 960~540022 HFAIZE +

[eX

HF FFALFEE 067~084 mg/LE HEAZH wel o
Ald ?"zﬂ}, HEAZ 578 S5 CT# 45 wet AdEAEY 59 Do F7Hetal JHAE
g8 g 18y 176~520 mg - mm/LOﬂ/\i-J D52 23]78 1,138 mg - min/L2] IDs
o ZedH, ol 2XZZo|E "y FQdk SR CTHe] uyx R grydo] T3 A
U Fg7] wfjiEolgl o AR 176~520 mg - min/LE A& A9 25 EsA e AR

= E g nuste ALE 2adAes CTaES 484s 7FH=0.8316,
p=0.0046). ©°] uW A% HAF FIA QAREHS Do Z B3 Aye JAE Iz v

10

AXE o £ 5C, pH 70014 ZHEATZE LS 127 843}
= 1,250 mg-mm/Lﬂ dask Ao UrE}kkE‘r SR 50200 wheadHmE AL
Aol ZFAA 094 mg/L(F2 20C, pH 7009 v ZHEAZYUS 1202 B34 3} =2
3k CT%°] 790 mg - min/L°]
ATt ®as bk o whS-

e, oo
bo gt

CT (mg.min/L)

sz o8l A" Dy 00
o) AZGARLT G 2, o5 O togarovator
F2o] V&S5 E Amxaiyvt §—1.0 | using ID50
HarEe EAES nyedd % © O Log removal of
F AT ZAYgE val Jteskt 915 % o infectious oocysts
o oAAAY.  wA EHAE L, ueng percent
5(2001) FHFALFE 100
mg/LAA SPE=EdE 1 e 0 1000 2000 3000
2 B3A4se] 223 CT#

oé 7}

s

s Fig. 4 Chlorine inactivation (5C, pH 7.0) of Cparvum oocysts assessed
= by cell culture (CT values were calculated by final residual

] A &t } »l"/}. chlorine concentration)
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=g ATRFEE 0F .
259 AR 443 A3 |
= Fig. 49 2t AEA -0.5 A <>Il_og rgmoval of
B L - O infectious oocysts
2710 EFEE 091~6.00 S 01 o using 1Dsg
mg/Lol e, 10~44% 9] § o

- _ o 15 | O Log removal of
HEAE B & 3{7oE 9 infectious oocysts
AN e —~ using percent
&r+= 017~-331 mg/L= 20 1 <& infectiy
ol theseirh

/\]‘ETUJ 7é57/]—, i%% 9—%% e 0 1‘0 2‘0 3‘0 4‘0 50
T A SINTRE RS S

D I e ek CT (mg.min/L)
X1 FAFLEFEI VX
o] CT#S Ate A% Fig. 5 Oz”oneltinact(iéz?rtionl(?(}, pH 7.0? olf tc.éjabrvu? (Ijocys(;s ?ssessed by
cell culture values were calculated by final residual ozone

CT3 sl o=t HE .

- _ concentration)
2329 D5 57t
T HAE FAYe gad
Ak & amAesA e AR Dy waste] AdE 2aAAEe CTaZ 494

tlo o

s 7t
o™ (r=0.8550, p=0.0007), HAEZAH o= Hluwd e LIaAAAEY CTa# #HAGZS
EFU A A TH(=0.7756, p=0.0015), IDsoo HlsiA = ATAF7F thh Sk}

AFLEFEE Vo2 A W & 5C, pH 70014 AHE~ZICR 1271 843
= 16 mg - min/L7F 223 Aow yeyth olfd & A7Ad= v EPAS A72d A st
A EF 22 H (Long Term 2 Enhanced Surface Water Treatment Rule)®] CT tableo| A < 5T
d v APE~AYIYR 1270 B3 289 CT# 16 mg - min/L3 543 oty =g
in vitro excystation® AF&3%F Rennecker et al(1999)+= 121 E3A3}lo] 184 mg * min/L (&
5C)7h w279 WS AFE3F Finch et al(1993)+ 222 E&X 3o 7 mg - min/L(F2 7C)7}
dosithes AdFRIE AT

2EaE0Y 254 Aes Hrisked Ao M wgs A xE #9A (nfectivity) ol tF.
Aol AEujdHo HHEFE7E ATAPoEN AHEAZIUR QA 2ES dAAS
AT 7 Ao, 2 UgEeE vea2gdyly fASAY B 073 Aoz F=4HAG
Ty AFEE SA2E d¥ RENS S22 sd% MYAE AdHE So] #dd =4
Ao S F £ domz oo hit A vy Ao Aow At oI =HA
WS AgAAge] da 2 eEAYH HE Ay CTa# F7rl Wl gaa LAIRE9)
IDso= E7Fst e F 2SAdA 5% CT#HY 2axA&0] Ad #AS 7HES A & 9
Atk ol#3 AMERE HAGEWY AFE AFHARS dh 0F 59 A=A FF
o2 Hg=E ¢ uy FATHH ol WHS AL u £ 5T, pH 7.0 2714 PBS T #
A QA~E 127 B8A3l He3d CT#HS 9429 A$ 1,250 mg - min/L, 29 A% 16
mg - min/L &2 YEyh
4. 02l
o] Bof, Z, AZNINHG o] g3 £F AYE2FHTL 294 H7t 20049

3 QA
et =sotd] - =g ot e A= 3] (2004)
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