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Recently coastal seawater has been contaminated by enteric viruses such as the norovirus via untreated
groundwater globally. Accordingly, the consumption of molluscan shellfish from seawater that has been
contaminated with fecal material has become an important issues. The levels of enteric viruses in seawater
are low and recovery and concentration of the virus from large volumes of water is difficult. We compared
the effectiveness of two representative method of concentrating virus using negatively and positively charged
filters. The mean retention of seeded FCV by HAMF and NCCF was 48% and 78%, respectively. Overall,
the recovery of NCCF was 43.3+11% better than that of HAMF. However, the eluate obtained by using
beef extract solution in the NCCF procedure caused an inhibitory effect on the RT-PCR; therefore, it was
necessary to employ a PCR inhibitor removal procedure. The HAMF eluate contained no PCR lnhlbltOI‘S,
but HAMF was not an effective method of concentrating the virus from large volumes of natural seawater
due to clogging.
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Q1zke] Aol Aedste] Zasl= ulolHAZ WA ulo) (APHA, 1995), ©] - A8, &) 22 Azld g4
A2 A} dA 1406% ol el FeA Hlolyast 9y § BEU Bdd Edlv fES Adsgd A8 5
A 9lem o7]o)E enterovirus, hapatitis A virus, norovirus fle 9de 7z AD}(RS}’HOMS et al., 1993). Katayama
5ol &3t} A vloleae 3xbe] B Edla e et al. (2002)& HA negative charge membrane filterE ARE-8}<]
2 HEEn 4A4dE AFEFe 5B Bl 9] Ay FlA E2utelg 2 vEY FaA vlolsl2E 53]

T} (Abbaszadegan et al, 2003; Dahling, 2002; Fout et al,  © '§HE 7NE3A 1} membrane filter®] §/34 o] =
2003; Kukkula et al, 1999). 1971'de) 4] 20049747 wl=ola]  SFAIRS A7}t o3 @8E 7HAR itk

TETR Q1% A 7o} 78970] wAER ey o]F 3%t ofef) tigh ti¢h-E HaA o] A= F2 nano alumina
@A vlol# e o3 Ao g BT (Barwick et al., (AIOOH) fiber® EAAF¥E-2o=z 3lod AZE NanoCeram

2000; Liang et al,, 2006). =3t X H4m9] 93k W= i<t (Argonide, Sanford, FL) cartridge filter®] 2184~ & norovirus
AAEtE 5o 2L AN SANEL AFSE B3 surrogate (feline calicivirus) 375 3-8 HA negative charge
d FUEE AE wolel2F A 98t E3 2o membrane filter?} P12 &t H.

AHE F2 e AFe] AR A3 Ae 2499 aax

QL kil A (Lees, 2000). e o
$, Mg dAdsige] EAste FuA o)A MZERQE 9 HIO|B{A2| ZH|

FEE E}M] o RobA A EAFR FAA ulolE 2 FCV (feline calicivirus) AFWFE $F cell line

g FFRA Ssle] FrHE AslMe FErt A e Crandall Reese feline kidney (CrFK) cell (ATCCHCCL-94)2

Hold ulolg)x g9} F&yo] dasith A7A IMDS #8tsdch. 75 cm® W9} Fe}A 3 (Costar, Canada)ol 10%

. fetal bovine serum (FBS)°] H7FE Dulbecco's Modified Eagle
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ZAE humidified 5% CO; incubatoro} 4] v]FsrA Tt Wik
F F5e 7 o] Byd 29 74 o8 23 wike
AAEATE 22 B (1) AEe) wiAE AR, ) Y
A} 228 Dulbecco's phosphate buffered saline (pH 7.3) (PBS:
GIBCO/BRL, Canada)® M| &8 &, (3) 0.05% trypsin-EDTA
(GIBCO/BRL, Canada) 1 mLE © M E &0 spaebe] 205
WAL AASE, (4) Eam vigely A2 geg
WA Eek2AE 370 it g, (5) wige] Ed ¢
270 & 6mLe) NMES WA (DMEM+10% serum)S 3713}
IR e F 30 75 e WY Seloll Bk Mgt
TYT 2P o® 297 WiYEE A% o HAEUh

S-2rbol ]2 surrogate’™ FCV (feline calicivirus) Strain F9
(ATCCHVR-782)& AHESFAT vl & 7] 98 (1)
CrFK 9T o] 2 FA4H Zet2a8 Adlsiy 43¢
HAE FAA AT, (2) vholelx EErd 200 uL B STk~
ol FEE T, 3) 37CE 24P humidified 5% CO»
incubatorol} 9087t Wi okate] wlolg vt FAEEE SHH
2213 (4) 7mL9] maintenance media (DMEM+2% FBS)Z
7¥ste] 4718 27004 Wit wlolRiA Fgo R T4
EZo] 90%7t FAE wirtx) wFsigich

ZFupel e 7 BeanE Qe S5 28 whEd
F 1500xgol A 158 AAE st AE As)E
o} woleiart 33 g NS 0.5 mLy F5Ere] 80T
Hstdoh
sl & vlojeia MB

g FARgAA] 718 71735 AlEhE] 408-1A] 91
Aol A FHapste] 79l UV 2ALE AAEHE o] EAT)
VAES AAST Ads4E ALk sl 10 L) wmEnt
ol# 2 surrogate?] FCVE 3% E 10 TCIDs (Tissue Culture
Infectious Dosesg)/mLe] H%& HE3t9c).

vojH A0 &4

+28 B E o83 ule]f 29 35FE pore size 045 um,
217 47mm¢] HA type membrane filter (Nihon Milipore,
Tokyo, Japan) (HAMF)& AHE-8}4] Katayama 5 (2002)2] W4
£ %838l At 2 #3E aeksbd, HAMFOl GF/IC
glass filter (Whatman, England)E 252 o)A A7 5§ FCVE
HES 5 A8 10LE st (#45: 1.5 L/min) MFdl
uholez QAR FAAZL F 05 mM HS0, 200 mL-g ©)-8-8)
AEel FHstE AASUT. ol F 50 mM HyS04 0.1 mL3}
100 x TE buffer 0.1 mLo] £ FEE A Fo 10mL2)
1 mM NaOHZ wjo| 28 Re]513lc} vrojeize] H4-8%
#1871 S8l S8 S5 % 100 mLg F 8o} 4T mas}
et

43t HEE o]&F wolel=e] 34T NanoCeram
(Argonide, Sanford, FL) electropositive cartridge filter (NCCF)E-
A}8-31] Karim et al. 2009)2) Y& $-83ho] AAE )
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I e 29FE, FOVE AES Sl AR 10LE oas)
(345 1.5 L/min) NCCFoll vpola 2 A8 E&A7 &
1.5% beef extract £ (pH 9.0, 0.05M glycine) 500 mL&
NCCFe} 15870 Ao A HEAIZ] & ofsle] gdg 3
st A wlolgl2ag] FH8-E I Sl3 dAnE &
& 3 100 mLS 38l 4Tol 2Aslr) vlelg] g TPF
beef extract 84 2] pHE 4028 A 429 3087
JEkEE & 0.5 g celite (Dahling and Wright, 1986)8 7}8hiL
274 75 em prefilter (Millipore Co., England)el] 7+ o #3}91
o}, wpolelart FEE celite’t A#A prefiltero] 0.15M
sodium phosphate (pH 9,0-9.5) 40 mLE 718+ 43he] 8}
wlol# g &&SHTh

Blo|2 a8 &5

Hlolg 2 frate] Bejrt folstng dofzl upolela
£&94% | mL7AR 5539 Th F52 Centriprep Concent-
rator (YM-50, Millipore, USAYE AL-&381 3,000 x goll Al 15%
7H(40) YR E 3438 Wt AA1EAT NCCFE A
£3lod &pe ABe FHAL PCR WIERDY AAE 99

Fout et al. (2003)2] Ho] whel Ae)dtdu

Biol & REXL] F=
FCve] 421 RNA2 $%-& Qiagen RNeasy kit (Qiagen
Co., Holland)& AM&-8te] Az AL wet AA8 5

One step Real-time RT-PCR

FCV RNA A& A8 %] 223 84 PCRE one
step 2 & realtime PCR 7|R& AM8-3l] A8l S7AL
PCR uH-8-2] A& FA3ta nole) 28] 35} T59
AHR-E beef extract®t T2 E&o] 7IA & PCR A EHRE
#41817) $13) internal control B (T4 RNA, USFDA,
United States Patent Application #20060166232)8 v ¥h-§-7v}
el d ke O Ald 35S AAEE Y One step
real-time PCR-2- Qiagen OneStep RT-PCR Kit (Qiagen Co.,
Holland)& ~}8-3}4] Thermal Cycler Dice Real Time System
(Takara Bio Inc., Japan)oll A} S&A} 50T, 508 283l &4
43Hg 95°C, 158 AAE F 94C-15%, 62T-20%, 72TC-40%
9] W3-8 453 ukE-sto] AAISHTh g AMEE FOV
2 internal control ZE] AMHE-E primer?} probe X E Table
139 2t}
BlolziAc) ACHEEES 9I8 BEX HaMo| AA

39 upollzel A3 A% RT-PCR unityS 98] AF
o ALEE FCV 8% (8 log), TCIDsemL )2 10%107°7})
GASHE & 2 sAHdS 3G 20T Y 24
one step real-time RT-PCRE A8} ¢ 7841 (standard
curve)S FHAJEGTH BE AR S A BAXE 9
+ Thermal Cycler Dice Real Time TP 800 Software (Ver. 2.10B,
Takara Bio Inc., Japan)yE AM8-8}9th
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Table 1. Oligonucleotides for feline calicivitus(FCV) real-time RT-PCR

Oligonucleotide Sequence (5-3') Orientation Location1)
FCVF GCCAATCAGCATGTGGTAACC + 2410-2430
FCVR GCACATCATATGCGGCTCTG - 2502-2521
FCV-P FAM-TTAATTCGGTGTTTGATTTGGCCTGGG-TAMRA + 2432-2458
IC-46F GACATCGATATGGGTGCCG * *?
1C-194R AATATTCGCGAGACGATGCAG - *
IC-P ROX TCTCATGCGTCTCCCTGGTGAATGTG 3' BHQ1 + *
K Nucleoude positions based on the FCV sequence (accession no. M86379).
% Location of internal control primer was not open due to infringement of patent.
35
30+
e
£
£ 25+
o
c
‘@ 20—
1]
g
< 154
...,
© o
10
5 T T UTTTTY T T TITIY T T T T T I T T T TIITIT T ¥ 1T T UTTIIIY T T 7
1 10 100 1000 10000 100000 1000000 10000000 100000000
initial Quantity
L = - 3494 x LOG(X)+35.19, RSq=0.996, EFF=93.3% ]
Fig. 1. Standard curves for feline calicivirus containing 1 to 107 virus per reaction.
#d@y g naEk Table 2. Retention and recovery of feline calicivirus by two
ufoliA AlHEAS oI5t EEZM ype filter

ol HET Fevel H4g A
one step real-time RT-PCR®] 4 &%
H4& AT (Fig. 1). ASIAE <1x10 viusF 2.
RT-PCR| EEL 93.3%2 YEhd EE v 29
RNA#H & cycle (Ct FHAMolol A FAAAE &8
T AT BEFHoNAM e A AL AREElY A
PCR ¥H-3-eiA) Ao Cighe diisty nlojeizg &
gabste] Fpgs A

Norovirus surrogate?| &8

H28 Fevel e RE8-S HAMFZF S 48% 281
NCCF7} S 78% 4T} (Table 2). whol#2: B2hg-2 W9
Fe|o} FUAHL THslA @ AolmE Ay vlaE olHg
Aol k] AlRAeolle NCCF7F A Aeg vl
th 223 #HE He 58-S NCCF/) 433+ 11%E HAMF
Hr} -3t (Table 2).

RT-PCRE o8-8 &2 A2l M= 100% RNA 359}
¢DNA 4L FAA= sch ey 94 vkg 2 44
22 (genomic loss)o] AT 4 glonw o] 7}/§~°~ A}

2o
E_a

Filte PCR inhibitor Virus Virus
r type removal procedure retention(%) recovery(%)+SD)
No 25.9(x4.0)
HAMF Yes 480 24.5(+5.0)
No 19.3(+4.0)
NCCF Yes 780 43.3(11.0)
&& €— obth. 1 wj<ko] E7F5E RNA Hiol#{29]
79 RT-PCR &% 7&Eo] Ao} 1 Ao slojMe
)4 9] —t,’—/“g A48 1 sledol o) (Meleg et al., 2006).

o] g7l vlold s HF 3g A4t real-time PCR
Z o} RT-PCR unit AHE-3HATH u}m 27)A ke

e 4% e HAMFE B g GRS we
NCCF‘%‘} o= F71E <2 beef extract’} /\}%—517 uf F-of] PCR
WHER AA DA B88A st 1 7 PCR

%6}1%%1;" AAT Bl BE Pv?-ow %5 g PCRO}
XISJ&SJQ o 5= gloleH (Fig 2), BE 358 THEAE A A
o uhel 28 olake] AolE L%E%Lﬂ‘iit’r(hble 2).
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Fig. 2. Comparison of Ct values for internal control material determined by one step real-time PCR.
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ol PCR WS EA AAY E54U8 ¢ 4 UG
(Vlctorla et al,, 2009). Fout et al. (2003)% PCR e &2 A A
o) mhe} B Fgo] 50%ol4 Aelr) VERG T BarE

ﬂ} Atk

B A7AEe] B9 4 35 NEERE doliE 3
4, %3k RTPCRE ©]-8-3}o] /éfgﬁ}b e il-?%—%
B LA B =8-S 7]&o 9"‘? = 479 8 B4
Abe PCR WEIEAe] A AHolm A 5] HHO 2 F resin
treatment (Abbaszadegan et al., 1993), polyethylene glycol
1996),
1998), glass
purification (ljzerman et al., 1997) 5& & 4 v} =z}
o}F WS ol I BE HIgS s TANL
A3 ek

12} 4 Katayama et al. (2002)2 HA\/{F% 22 573 gy
& olgoaL J-ge)e e FrIAekE }% 3t #71e4d
& AR AL uhelE]2E Stk WS A OFOP‘}%C}
aE o] WHe 2L BigE VIFeR /H’”El AeR A
2 EAfsle vlolulE A&E J8) de] AEE Hﬂé}“
Ade 2 Hgo] e e 7M 3 Qirh S, NCCF
e AEL &Z Ao} nloleis BAEo] EI 100L
ol AAsFE oHAdtow C’i#?iﬂ i'}ElZl o=
8L AT Yol FAA g A 5E 54 719}
AP Ao Btk o} YA gee] & 5
o] ThE A3 WE 9} 2ol beef extracts} 2
ALE8L7] A Eoll, vlelel s gl PCRE #8581
HF=A] PCR WelE2 AA7E 283 oS AL 9.1
(Table 2).
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