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Inactivation of Infectious Cryptosporidium parvum by Various Disinfectants

Seung-heon Byun' - Mok-young Lee - Eun-ju Cho - Tae-Ho Yoon - Tac-ho Kim - Sun-hee Han

Seoul waterworks Research Institute

ABSTRACT : Cell culture infectivity assay using HCT-8 cell was combined with most-probable-number technique to evaluate the inacti-
vation of Cryptosporidium parvum by vatious disinfectants, including chlorine, ozone, and UV light. The assay was demonstrated to be as
sensitive as animal infectivity assay, which has been considered the “gold standard” for assessing Crypfosporidium oocyst infectivity, and a
valuable tool to evaluate inactivation of C. parvum by disinfectants. Bench-scale inactivation study showed that at the condition of 5°C
and pH 7.0, CT value of 1,250 mg - min/l. by chlorine and 16 mg - min/L. by ozone were required to achieve approximately 1.0 log
inactivation of C. parvum, suggesting that even ozone could not be sufficient to inactivate C. parvum at low temperature. Unlike chlorine

and ozone, UV light is very effective to inactivate C. parvum, regardless of temperature. A UV light dose of 2 ml/em’® provided at least 3
log inactivation of C. parvum.
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Fig. 1. Photomicrograph of many foci in HCT-8 cell for
positive control test by Fluorescence microscope.

2 A7lME HCT-8 AEE ZHAN LA2EY o

2]
HozZ A5 CC-IFA(Cell Culture-Immunofluorescence
assay) el 22 847]%(Most-Probable Number technique)S
Agstel F9Y LAI2EE AF AFstn dit oled
ol #HY FTHEE A& d& 2F UV § ugdt
aFA g% FHE2FTYUR FIAN 2488 34Fo
EX A58 AL 53] UV 2419 Lo AY
UV ze Sqdze 25888 va grlstirt

21. M E ZFH|

8709 AAAni(well chamber)E 717 AW &alo|=e) HCT-
8(Human illocecal adenocarcinoma cell, ATCC CCL-224;
American Type Culture Collection) monolayerE E4 A th
(2% 37T, §% 100%, 5% COy). AX SAMAZE 5%
Fetal Bovine Serum, 10% Opti-MEM, 1% 200 mM L-Glutamine,
2% 1M HEPESE #7135t RPMI-1640& AFE3t8 00, 94
ZE Z+HA) Y& Fetal Bovine Serum¢] 5%E 10%E &

7R QA E AS-SH Tk
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Lab)S Fhst] ¥ BB 6598 ol LA|AEE
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A &R (Ozonia CFS-1)o| A &5 g
A oe H45d AgaRen, 27 LEEES °F 1-6
mg/L7t HEE FH5AT 4P 5TAA FFHU2H,
L& &4+ Indigo Colorimetric Method(Standard Method
4500-03 B.)& AMgststh

i

25. UV ZAME

UVASZA = SH(1 kW) 9 AK10 W) UV lampE 3L
A ZHZE £ A& RAYOX Advanced Ozidation System
(CALGONjib)S AF&E3t4tt UVeE Zg o2 2E collimated
beam tubeE T3] A|Bo FFOE FAFHETE XFFHY O
o AR FEE BF FRAE EFSHT. UVEAL A
A, d3FY QAI2EE ox] §&4(0.1 NTU, pH 7.2,
4T) FRAA EFAIZ F kAo S0 E HED
Al 10 mLA¥ B33 wHkAF|EA UVe] o3 284
3 48& FEAY £2F5AFA AYE2FIYUE 24
AE BEE 1.5x10° QAAE/mLoQoH, ZAFS 9FF
B 2AIS A gezA APl AL
2 UV shutterZ F3 Zo} 2A3IATE UVEAREE 2] (1)

3 Zo] Ak F Ut

uv dose(mJ/cm2 = watt - s/cmz) =
uv intensity(mW/cmz) x time(sec) 1)

UVE A1 & HEGHA e AIEE 15 mL Y48
ZFEer U AAEY(1,050xg 1583t 5% & 45
A& 1.5 mL FAEI T &Fc)h 84
A ABE GYLE(1200 pm, 4B)5A §F F AEAL
AASRL AEZFLE) A G UV 245 e
HEAEE E843eS U5 S8 A 2o] ALE:
&t
13 AFrols A, ¢ UV 22 5, 10, 20, 40, 60
ml/em’ S ZA}stgon 23k AFA= 1, 2, 3, 4 mlem’S



TOEe a5Ad A% 29N IPESFYUL 2SS #5353

ZAYSE T}

UVASAYA Za887e vasr s 3389y
29FAEE F712 ANSAT A¢ UvAZE A gd
YR on zAFL IHFIE 98 299 B9
2344 AAEIA UVE 2418 & sl g Ald] o)
A|EE 15 mL gAEgFoT 70 1,050 xgoj A 15
% A9 2AT O BS54 AANR. 15 mL )
AR ECRZ AT 12,000 pmof|A] 45 FoF G4 E
St F5NL AASRT. pH 2.759) acified Hank’s bal-
anced salt solutiong 1 mL Y31 &3t 37TNA 1A
S M FetH o Hank’s balanced salt solution©. 2 3@ A
ol & 1% 2% 200 pLo} 0.44% BAEAVES S0 ul
S WA 37CTAA 4AZ S wjaE 2dEx) ge o
AZE (10), FEEZH QAXE $(PO), £8 QA|AE
TEO)E AFddc gdee 4 )% Bo] ugy £
Aot

RCAE s A < A A

Asd & QAAESF x 100 v)

26. M= 2, M U HE

2549 ¥ 5333 e AX €L folah s )
222 AA A8 AoldAMEF A7) T PBS
2 33 AFST A4 EE(1,200 pm, 48)3t] FSelg
AASATE. AL FNAE Yot | mL DE T A FA )
AE A U5 58S dAHcR oA wEs 67)
g FHE FHEsAt 4 g4aAE2 2498 69 A=
vieh 8709} € AHe] o) ZPAFIA 37T, FE 100%,
5% CO29) =7)A 48A17F B9k vhgFatsdch. 48A17F wj <k
¥ EHEE WgVNM AR WAS AAST PBSE
ARG F 100% Wg2e el 1087 28A7 dhe B
WE AASAY. £Ho|=E blocking buffer(PBS 10 mL,
goat setum 0.2 mL, 0.002% tween 20)e] Q11 3087
AeolH FASRAT} buffers F<1 AAsT Sefol=
£ 1& FAl(polycional rat anti-sporozoite and -merozoite
‘antiserum, AGOOFLR, Waterborne)&dlofj ©10) 1A17F %ok
22} FA(FITC-conjugated goat anti-rat antibody, sigma F6258)
S g9 BAl 1AZ B Gtk PBSE 43wt
5 AZS ¥ ANER S @3 2R Ah 40008 o) 49
FBDICHF LR Zujol=e] 2 d¢ #Ised ¥JA
(foci)8) T (cluster)ol] 2FFBH] Holk 37] o4 e
H FgoE BPIHANFig. ).

27. A= 2 &y

#E8 2A2EQ MPNgHe m= ICR(Information Col-
lection Rule)-& MPN calculator program& A}2s}o] 238
At T2IYP AN AAF, HEHEHNS, HLW 5B
5¢ YUsd MPNZES 231 o2%Y HAE 399
(Percent Infectivity)g T-atgion 2 4 (3)& ed gt}

Percent Infectivity = (MPN per mL /
oocyst counts per mL by hemacytometer) x 100 3)

E3 kY € F 50%E FAAed BeF eA2E
H(IDsp)= F3t ol logistic regressiono] ¢J7at 4 (4)d]
8 7 FY=sE9 response logitsS Faf LS (dose-
response curve)E 13 ¥ response logit=00] ¥ FUx
Z(dose)E Dsp2& 4T Dso vhE27E 5 Z9AE
AN #EHEE vehied Qe AHEEHY SAEAFAA 7
HE¥E vasedE AF8) A8E ¢+ Atk

Response logit =loge [Piy/ (1-Pin)] )]

(Puy : the proportion of cell culture wells infected at each
dose of oocysts)

92, 0F, UVel 9@ 224482 log BRYSE T
sREd 4 (5)sh Lol Axarh

Log inactivation = -log;o[P / Pi] &)

P : Percent infectivtiy after exposure to disinfectant
Pi : Percent infectivity prior to exposure to disinfectant

J. 210 A 1F

31, HEM JrEAZECE HE

AYE2ZYE F9S ] AdlxEe 27k a3
S MEHEYR AZHAM S dig g0l Basio.
HCT-8 A XE #EANZ IHELIAYE g g3 ¥
Hol= st Z2 A (sporozoites, trophozoites, type VI,
meronts, merozoites, macrogametocyte, microgametocyte)=
FITCE E A anti-sporozoite and merozoite antibody$} 2
@t SBDICATZ SpolM 2~5 pm =27)9) A3 F2
254 FBH9 Fe(cluster, o3t FH2ENE FIL $
Aed & AL 2 37 o)de] FFHel GAHW
DICe| A% &R1& AX g2 BFFAKFig. 1~2).

Fig. 2. Epifluorescence and DIC photo-micrograph of a me-
ront in HCT-8 cells.
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Table 1. IDsy and percent infectivity of oocysts with various lot numbers and storage ages

Initial conc. of oocysts MPN of Infectious ..
Percent Infectivity(%) oocysts age{ Lot no.
Exp. no. per mL by oocysts per mL £ oocysts D50 of oocysts (day) of oocysts
hemacytomer count by CC-IFA 0 Y Y Y
1 1.1 % 10° 25,654 2.4 28
2 1.1 x10 37,353 3.6 6 .
1 1.2 % 10° 79,575 6.7
#2 e 5.1 15 37 Lot #1
2 1.2x10 40,318 34
#3 1.3 x 10° 20,030 1.6 45 44
#4 1.2 % 10° 20,450 1.8 38 9
1 1.0 % 10° 11,065 1.1 32
#3 - o | 53 47
2 1.0 x 10 9,623 1.0 73
- Lot #2
1 1.1x 10 8,315 0.8 105
2 1.0x 10 7,144 0.7 100
1 1.5 x 10° 100,953 6.6 13 )
#7 : 463 13 65
2 1.0 % 10 62,460 6.1 12
#8 1.1 x 10° 15,710 1.5 64 128 Lot #3
#9 1.1 x 10 24,819 2.1 59 135
#10 1.2x10° | 11,484 1.0 79 42 |
ZEWIIL ThE QAILE 3%) dis] duA 15 84 0.0 — R
A s AEY QALEY MPNRE T3 o2RE A 05 © Log rermoval of
E 7EY 9 IDso—E— 223% A= Table 13} 2t} In vitro __ *”f?Cﬁ%JS oocysts
USIN!
excystationo 4 EF 95% ol4te] g Mol SAlAE S10] e
olAA T, MEZHAN HAERLGHE 0.7~63%= ZHHY g . ‘% o © O Log rermoval of
- - i ti
I 50% AE ZGol BRF FUFIDx)S 13~1030] Q= g7 nfeoious 00cysis
o, AEZIHE AL Slitko 579 5~503 LAt up 2.0 infectivity
$AAFANY Dy 15377 Hohe tha A5k olE@ 2 ]
Se AT SHT 2T R0 FE FBo) Yor 0 1000 2000 3000

2 A¥uigye]l oA 9w e dAsts 2339 194
SHgolzt & = A0k IDsp AEH QA 2ES ZEHE
U ¥ (age)oll meh thd AolE HPorl, Agd ma 5
d 279 28] SBAHHL, #2, #5)NAE Ho]S L}E]r‘—ﬂ
8] H(dilution), E-F(dispersion)HANME HAR7F w3 E
REEZ, HEAR & AR 0] 2o Ao
FE o

258 Alad) 48 2= Fig. 33
2o % 1 A %E-‘el 4~121 mglLEA g2 A2EL
e ATENA BFA 559 EA4FY AFYLAER
% 1 mgLolq gy agdEAZade AL 235 =y
‘5;}6‘}9301# 960~5,400%-2] HEAT £ FZF 37 Fa%

£ 0.67~0.84 mgLZ HEATr] W} Gagao] o}
%%E} CTZ: Al 255 94%E 248 38K @
ASAFHELE 7Eo= ANstgrth

A" 23, JFAT B0 & CTE 359 wd 2dE52
FEAU £ Ds2 F71H HAE BYE L gas 2
2} 176~520 mg - min/Lo| A 9] IDsp2 23]8 1,138 mg -
min/Le] D5t} Z&H|, ol AT RRO|E whdo] A3

OB W&o
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CT (mg.min/L)
Fig. 3. Chlorine inactivation(5°C, pH 7.0) of C. parvum. oocysts
assessed by cell culture.

FTET CTEO] RS R3) &do] T8I oA %
A7 AEo)g AN 176~520 mg - mi/LE A 3
&, 2EAE A @ 2159 IDsy Ee HAE Z9Es 1)
maty AL logAAEE CTES F#¥E 7Hvhe=
08316 p=0.0046). ©] ] AE A5 7AY QA|2EH

< Do 2 vug s JAE Zg8ez vad A
7M AR T

ARGAEEE 7502 AXNG @ £ 5T, pH 7.09
AN ZYEAZIYE 1 log B4 & 1,250 mg - min/L
b Be# Ao vehgth EiEE B2 nheazdd
< AHES AFAA ZAFAS 094 mgl(F2 20T, pH 7.0)
d v ZHESZHIE 1 log B3 HBoF CTHol
790 mg - min/LoJRATt RIGH uf 9lch vhe27kdHol 9
& S4E IDsoo] AEZAREY thh 39, $20] $&F
g 2EaW7) ZAaEE 548 2end F A7Ege
Hlal 7bssintn AL 9 EMER e R4
EE 100 mg/LojA i%ii&ﬂﬂ? 1 log E&/43ld
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Fig. 4. Ozone inactivation(5°C, pH 7.0) of C. parvum oocysts
assessed by cell culture.

Pag CTHL 2910 mglE, PaBE7} £S5E &%
F&o] AstdE ARG v A

# Alge] A& A Fig 49
2 0.91~6.00 mg/LolQlon}, 10~
489 H&EA AT ? AFeEETE 0.17~3.31 mg/L
2 oo gt
A B, &25F LEFT T o
FFeEEE JIxstd CTEE ALE
nzt aPEAZAYLY D E71at
st
a5 A E& AR Do vlRste] AR log
L CTHF AAP L 7Hom(r=0.8550, p=0.0007),
ERHE o vud AxE log AALH CTHS &

riN
OH
rlr

ZOI_L‘
& P K
1m

B
CTZ 4%
HAE 49y

SR

A

o 2 ¢

S YERA A THr=0.7756, p=0.0015).

FOEXTE s1Zow AXNG W £& 5T, pH 7.00]
A ZHEAZYOR 1 log 284S)E 16 mg - min/L7}
2o AeF Yegth o8 B AT ZdE uF EPAY
7] 29A A3 A %52 E(Long Term 2 Enhanced Surface
Water Treatment Rule)'”¢] CT tables] Al 4 5C o =
HEATHYS 1 log B&g3le] 23 CTZE 16 mg - min/L
I 9% Aotk X3} in vitro excystationS AREF Rennec-
ker 572 1 log 884389 184 mg - min/L(Fe 5C)7},
ule- 22 AW e AR Finch 578 2 log 2848l 7 mg -
min/L(7-2& 7C)7t Rtk dFEIE itk

TV L)
2Yoox 2 M JIN

34. UV ZAol 28t Z4edM Za

Table 2= A 2 S UVAAS Al W& Ay E
23U AHd9 #42es Ui Rold I YELT
Ao 2 32 UVEAFIA R vl 07364 294
< 920] 2 miiem’e) A Ei= =t UVET =AW 22k 32
log, 3.1 log 284388L 2gth T3 3 mliem® oA} ZA
2 39 FFA(foc)?] F(cluster)’} A DA go}
O 4 log o1 BEHSE S T F AU o= FEL
ML ALES Clancy £70] 2 ml/em’ 2AMA] 32 log, 4
mifem’ ZAHA] 4.1 log BAYSEATGE A FAES

Bg84dste g7 537

Table 2. Log Reduction on the infectivity of Cryptosporidium

by UV

Log Reduction of Infectious oocysts

UV dose Low pressure Medium pressure
UV lamp UV Lamp

1 ml/em’ 1.3 0.9

2 mliem’® 32 3.1

3 ml/em’ > 4.0 > 39

4 mlfem’ > 39 > 39

5 mliem’® > 47 > 38

10 m¥/em? > 54 > 4.6

20 mlfem’ > 54 > 44

40 mlfem’ > 5.4 > 43

60 ml/em’ > 49 > 44

Fig. 5. Eplﬂuorescence photograph of HCT-cell infected by
UV-irradiated oocysts with UV dose of 1 mJ/em?
(a) and 60 mJ/cm’ (b).

UV 24P} 4T 2294 $3590e e 28E 9 7]
29 ga 9 2EAETHE 9 ALANE UV 93sH)
BT R BAFA.

A UVAZe 5 UVREZE vugd 2%, 1 miem’'sh
2 miem’e] ZAVZol ] F 22 ok 1 log¢t 3 log®] wS-
HEE AALS QAT F AR UVAZ dEglo]
& ZAPIME BHEE B BBERES 4g § ¢
om, Yxo] ME BEYHE Aok AA UL B F ¢

AYPELTHYE 84S i}cﬂ EE} A4, A
4x) - 27 BHBAAY Fol FasHA J—ﬁﬂoiok g o=
Azt

UV 2418 2A2E7F FEE AZdAME t& FrE
2394 A7}t BRAHJ =, UVE ZARHEA] S3AY
AbZo] 1 mlfem’d Agole thds SATA T} AR
27 226z BRFYoNFig 5), 3~60 mlem’
ARrlolE meront o] 39 FATAE TS FEHE
3 BEAHR Fa AT JAY Z27) ‘?_‘rlﬂfﬂ trophozoite“PO]
47 = AKFig. 5(b)). ol#|g A3}
159 UV 2AbE 2A12E9 2942 %‘i*]?l?q‘ﬂ %’8
g AZAYsHAE AY 982 54 488 ¢+
th mEby A TG F AEPARE RANESH e
2 A58 B ¥4 sbedol EA &

2PN ol [N Ao

[o 2T

[
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Fig. 6. In Vitro Excystation of Cryptosporidium parvum by UV irradiation.

H42871E F Aoka geEd. 2AZ Keegan 579 @
TEHE 2Y AEeY ¥ real-time PCRE B3 FPFS
BFsREd 20 miem’o|A o 2 log = AAHYHT
Basta gvh

Fig. 62 A< UVIZE AL83le] Wg XABIES o
ZAF WSt ©E 24988 Uit UVERAL JA9
GIE L 85.6%019T UVRA}L & &38e ZAbEo] 1 ml/
e’ A 60 mi/em’E Z7}1SIAE 76.5~84.5%2 A AR
SR olEd BFEEHR Y AXulg Ao 72
o, UV 2A adE2¥ T g9 X (viability)ls 2 4
FE FA B UV A Fl= 943 23 A% IY
o] ouAEl, QAAEY APYAHL FAHTE AL ¢ F
At

42 B

) £5A9 aFagod &54 452 Frlsted o
of 7b8 NAS AF: FIA(infectivity)olth. B Ao
Me AXAFEd FHSF/EE 2, Fest F9N
ARELIAYE QALES FAFPeH, 2 AdEE 1)
F24EY BF gAY, ALSE QA2E 9, RE

WE, 4279 SEE, MPAE AdEs So 294
S32A GFE £ F J2EBE oo UF A5 1y

7t 288 Aoz dg=EHAT

2) olEd FAYYELS AFAXEY 94 2 2ELF
HEF A}, £ 5T, pH 70 =AM PBS 5 294
SAZE 1 log B8] A CTES g49 B9
1,250 mg - min/L, 2.&9 A% 16 mg - min/L £F22
Bttt

3) UVEAAHESY A9 UVl agE2zdues 24
Aes A IFe FA EFRAT AXulYg A Folde
FYELZHYFo] AZY AFE FHGAE ZA Fin
trophozite7}A] 2t P = o] ZPPo] AAE FihHE Aol
BAHYT AL 2 B¢ UV 2F 2 mlem’s] ZA}go|
N ZHELFHYRO| 3 log o4 EBAYSIHO AYPELY
AdE AAN 22 AP E WS 2330 Ao Ve
Sod, UV EZe] B845E Aole & & gt
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