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Recovery and Adsorption Rate of Murine Norovirus
Using NanoCeram” Filters
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This study investigated the recovery and absorption rates of murine norovirus, a surrogate for human norovirus, by
using NanoCeram® filters which served as a tool for recovering viruses. In the study, two types of NanoCeram® filters
were employed: one was a cartridge type and the other was a disc type (¢ 47 mm) whose surface area is 75 times
smaller than the cartridge type. The analytical method was the real-time reverse transcription-polymerase chain reaction
(RT-PCR). The study found that the average recovery rates of the cartridge type and the disc type were 30.9% and
29.5% respectively. Since these two rates were very close to each other, the adsorption rate of the cartridge type could

be predicted with the disc type. Analyzing recovery and absorption rates of the disc type based on different filtered

volumes showed that when the volume increased from 0.5 L to 20 L, the average recovery rate rose from 14.78% to
30.41 %, while the average absorption rate dropped from 56.33% to 10.48%. The increase in turbidity from less than 1
NTU to less than 3 NTU raised the average recovery rate from 47.23% to 82.84%.
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2 d#A 9t o= mEulo]e]se] tigh 1A A
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&F3h7] witoltt (11). ==uh
Rt~ 7do] °F 27~40 nm®] & ol
Aoz A7, @—m 4 EAAETA W T
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el A EAobE olels
2= AgFo] 7]-#& real-time RT-PCRYE S Zo] A3}
AT (12, 13). =] - Qo A= wm2uto]e o] HEH Tl
WS 9% A5 AlS 318 Foln 2P Fske oA
=20094 69 TA8F: F w=2ulo]#] A FAV T &
70, & visio] Al Bas Aaire] AR,
A(FE s B A EA0 gk AlE Es Al
F3 9Ieh (14). QAlezvlolz) o) 29 vjogo)
A AAH R wEuko]e] 28] surrogateQ] -
Hlolg sy Fgjentolg| s 55 o83 A WY T
oItk (15), Aol AsF T volels H5Ee
120]7] 93] NanoCeram” TEIE o] &8 A7% Seu}
gholl A Mg AL At (16). ¥ A7 A=
Hlo]#]29] surrogate$! FH - ZHfo]H A5 o]-&35lo] wf
olg]xe] 3|48 07 A3l %l NanoCeram” ZE] Q]
ﬂ’“ 53 F2ES vl - B384, cartridge type ZE U
M disctype BH S A8 7S AESIaLA E9iTh
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oA =2 rlo] 2] 29| surrogate® FH -ERlo]HAE A}
Sl & ATolM AREE -2 HEo]2{A(MNV-)
= AgUet maAY oA ATk om Raw 264.7
Mol A vty AlAZE) 2 Dulbecco's modified
Eagle's Medium (DMEM, Gibco BRL, Green Island, NY,
USA) el 500 miol $-Elo}3 % (Gibco BRL) 50 miz}
penicillin streptomycin (SIGMA, Saint Louis, MO, USA) 5.5
mle 4 AER S AREsto] At SeksE
(Nunc, Loskilde, Denmark)ol| 4] 8] %3} 2™, 5% CO,9+
95% w25 2zt 37T wWlY¥7](Thermo Forma, St. Paul,
MN, USA)°ll 4] Bl &Fatoilet.
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NanoCeram® ZE{9| &

NanoCeram” ZE|:= 1]=¢] Argonide Corp.ollA] #1235k
AE] S 0]-&3}31 3L, cartridge type (VS2.5-5)3} ZE] W2
9] 754l FAsle] AZFSE disc type (¢ 47 mm) BHE A
A=

2HE o[8tt 2

Cartridge type T=

SHF 50 Lol koo ELZ|(2100P Portable
turbidity meter, Hach, Loveland, Denver, CO, USA)E ©]-&
&to] ElLE 0.7~0.8 NTUR 295 F Hlgulolg]x
500 plE spikingdtQith. AAHS oJet T 587 Ho
e 45 75 oA A% olnsisie s
ol83fel Lol ot Sl w8 AZIshaL pH 959 15%
Beef FE5 1 LS ¢FElg7]0] do] 57|12 wj5HA 2

w1t HE AMF9 E‘r Hlo]Ad FEES AN ““H?‘ﬂ

ml=
il Eu7:] o} pH 9.5 A&t} 1027 & &3
3ted 10,000 X g 10%3F AR
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Disc type (¢ 47 mm) ZE

Bl cartridge type ZE{2] WA
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.1,}6‘]—7] el FFeyo R Fig
a5 S AL 348 AFe Br= a3 05~20
L A5E e 7]d € FdxEntole] 2~ 500 e
spikingd+ 5 1] 2A3tE e S AZslo] 02~03 keff
o
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o’ & FAFEA Ak o] wle f45E 03
Lmin® 2 F43&}t) o3 AEf= A2 beef (pH
9.5) & 30 mlS 10 ml¥ 2% Ao 33]0] ZAA A

A3 Fsha Beel
247, &

=] & oY =E 4413
Z 30 ml> 5A] 1.0 N HCIZ pH 7.0~
7.5%(TS-100, SUNTEX, Taipei, Taiwan) =& % 0.2 pm
e 2 LE]Ys}lo] Real-time REPCRE Hpo|#] A5 Aok
AT 2w DASAIR dE viE FRle
=Zufo]] 2~ 500 wlE spikingste] Akt F2E A
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Table 1. Primer and probe of murine norovirus (MNV-1)
Virus Primer and probe Direction Sequence (5'—3") Location
MNVI1F + ACGCCACTCCGCACAAA 5614-5630
MNV-1 MNVIR - GCGGCCAGAGACCACAAA 5649-5657
MNV1 P + VIC-AGCCCGGGTGATGAG-MGB 5632-5646
Table 2. Comparison of the murine norovirus recovery rates with the cartridge and disc type filters
Sample Filtered Spiking Real-time RT-PCR Mean
Filter type (N) Vo(lil‘;ne V(zlmugle Control virus range Testing virus range rec(f)?/)ery
(copy/ul) (copy/ul) °
Cartridge 3 50 5 6.13 X 10°~9.30 < 10° 222 X 10°~2.77 < 10° 30.9
Disc (¢ 47 mm) 3 20 1 1.03 X 10°~1.19 X 10° 249 X 10°~4.11 X 10° 29.5

2 el FHx=Zulo]l# 2 500 plE vFE spiking$F
ot g-7]o BHEE 08~1.0 NTU W92 @+ 5 05~

25 oeiglaL e 7452 35E AYd =
Ag 2o % Al B #gle mE Fxes

Hrole]29] Blg A Wit

—time RT—PCR

T2 nfo]# 9] RNA f-AH= Viral RNA Mini
kits (QIAGEN, Hilden, Germany)E A}-8-3}o] &3}t
oF 140 p12] AlE 10% carrier—RNA7]- E3HE lysis buffer
21 AVL buffer 560 g H7Fete] Z3F 5 96~100% ol €t
< 560 plE # 71 T QlAamp 2 ml Mini spin column S
2 &7 8,000 rpmell A 137+ 941 %E-2](Eppendorf 5415D,
Hamburg, Germany)& 23] #HE5F § ZEHI A28 2
ml FHZ %7 washing buffer®] AW1 buffer 500 plS 3
7}aktt. thA] 8,000 rpmoll A 187+ AAE-E]E 5 Af
ZE2ml FEZ HA AW2 buffer 500 W& H7FFAH.
14,000 rpmof| A 3327F YA F Hitd 1.5 mIl Al
FEZ $7 elution buffer?] AVE buffer 50 plE
ool Tk, A2olA 127F W13 5 8,000 rpm
-2 rlo]#| 9] RNA

column 7}

3
% Z1HE-3-2 TagMan One Step PCR master mix reagents kit
(Applied Biosystems, Sacramento, CA, USA)E ©]-8-3}9 3L
Z 25 o] T3> 2X PCR master mix 12.5 pl, 50 pmol
primer 0.2 pl, 100 mM probe 0.07 pl, inhibitor 1 pl, RNA A] &
2.5 ul, B FHS 853 WE A 7500 real-time

PCR system (Applied Bio systems)S A-8-3}o] 48 CllA] 30
w3E AL WS Al71AL 95°C 1042, 95°C 15%, 60°C
1 85 453 WHESte] {37t AbES SESkglaL o

wf A8-3F primer®} probe (17)= U 39} 2 THTable 1).
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o
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gk AE 50 L0ﬂ FaxZnfo]HAE 5 mZ spikingdho]
o395 31, disc type ZE]= A& 20 Lol 1 mlE spiking
sto] of sl AAg A RE 55 9 @elete] real-
time RI-PCRZ #2418+ A3}, cartridge type®} disc type 2
Bo] Hit 3580] 7 30.9%, 29.5%% EFETH Table
2). hET o2 AREEE Hlo]# s Fi= 1.0 X 10° ~ 93
X 1008 BPaL, A FAAME 24 X 10° ~ 2.7 X 10°2
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Table 3. Murine norovirus adsorption rates at various filtered volumes
. Filtered Virus spiking Sample Real-time RT-PCR Mean
ilter type Vogllgne chlrllllrlr)le' N) Control virus range Testing virus range ads?ol}p)tlon
(copy/ul) (copy/ul) °
0.5 1.88 X 10°~2.03 X 10° 8.63 X 10°~129 X 10° 56.33
6 552 % 10*~7.02 X 10* 7.89 X 10°~9.44 X 10’ 13.65
Disc (¢ 47 mm) 0.5 6 4 . . .
10 590 X 10*~6.50 < 10* 131 X 10"~ 144 X 10 22.33
20 590 X 10*~6.50 < 10" 1.03 < 10*~9.50 x 10’ 10.48
DISC type (¢ 47 mm) EEHE 0|88 FE - ZHIO|H 507
20| 3|8 HE .
g 401
o w2 Wslol] whE Felw-zulo] 2] 3FES A £
HESE FA 412 Excel 2003 (Microsoft Corporation, qif e
USAYE o] 8310} 21388 73130 Signarlot 201 (1 5 0l
70) TR o g3t dlelEle] Farat Tk & §
F92), oY 52 itk B4 A9 05 LS ol 2 10
3 75 B8-S A 4046%, A4 834%, Bt 14.78%
(F7ak: 9.7%)= 717 Wekar, 6 L9} 10 L, 20 Lol A= 3 0 oL L o L

T 3550l 7+ 16.13%(F3Hak: 15.9%), 26.19%(5 3k
25.7%), 30.41%(F7Fak: 30.9%) 2 S ettt xpge] Al
S gHsh] 918 dlolE o] eapdf® $ T3
THFig. 1).

DISC type (¢ 47 mm) ZE{E 0|&Tt REI-2HI0|Z]

~o| g8 ¢}

Disc type (¢ 47 mm) BE]E ©]-&3lo] of 2o w
vlole] o] FAES ARSI IeE) F2 WHo
= Excel 2003 (Microsoft Corporation, USA)S ©]-8-3}0] &
kg Wsks A EgTh 7F Al Uaii‘j}o
0.5 mI¥ spikingsle] A&t A3}, Ao F7
ol Holgl= i Enfo]y 20 F2Eo] 7
T} 500 mlE oA 49 " 5633%2] FHES KA
i, 6 LE A4S 49 13.65%, 10 LAAlA = 22.33%=
ZF Z7FI7E 20 L 1048%% ThA] 7haskoich §
di-Zufole| 0] FAELS o] TS A

=7
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Figure 1. Comparison of murine norovirus with the recovery
rate, the disc-type filter (¢ 47 mm) (n: 6, turbidity: 0.7~0.8 NTU,
temperature: 21~24C, initial pH: 6.0~6.1, spiking virus volume:
0.5 ml, velocity: 0.2~0.3 L/min). When the filtered volume
increased from 0.5 L to 20, the average recovery rate climbed from
14.78% to 30.41%. Standard deviations are shown as error bars.
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Figure 2. Murine norovirus recovery rates at various levels of
turbidity, the disc-type filter (¢ 47 mm) (n: 6, temperature: 22°C,
water pressure: 0.5 kgf/em?, pH: 6.9~7.3, spiking virus volume:
0.5 ml, filtered volume: 500 ml). The average recovery rate
increased from 47.23% to 82.84% when turbidity rose from less
than 1 NTU to less than 3 NTU.
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2EE 500 ml ol FrleEukel# 2 0.5 mE 77t
spikingdto] o3&t} B2zl 03 NTU wwhed uf 3]
80| 4723%, 1 NTU H|RFd -9 56.32%, 3 NTU ¥]
Rhel 7= 82.84% % SRR = BT ST
= Fawnpo)g s 35ES SR A4S HZAt

(Fig. 2).

AA7HA v B uFEate] grte] A5 Ael
<

WS Gk 2EWE 7P Bol AHgdta Qo) wx

Hete s s 7hsAdol Eot (2, 18, 19). 2010
19 Ay Egola wist AFs WPA FARE
of MW wEnfole e ofgh AlFi WhAjo] 20031
1471, 20043 1371, 200513 671, 200613 5171, 20073 9771,
20083 697, 20093 2707 djuit} St YE A
o2 YRRt 3 1 y3E Askdol| A 2ARSE A5
ME A= ZF A9 e] Fag, st of o]y 5 FE X
g o] &8t theol &AlddlA Rl AR Q]
WAL 7E BALE AT (20). =EHbo] s ko]

7hed Aow defA glou H QA wmmEute] 29
surrogate = -9 = 2O Z 2(MNV-1)E o] &3 A7}
Shaks] JaPE g ok FEmZefolg] A g Aol A
AE ol&st] Al wjke] 7hsstar A7y B, 24
L, A 72 5 A Ertole a9 T fAFsH
ARl vpolej~g o] vk (21~23). B9

= =
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o

i |
348 s s 28 IMDS ZE7F 2 ol &
Ha glon, HZoE NanoCeram® ZE]E o]8E 1 9l

= FAlelth IMDS FHE o]&38 L3l e FxEel
Al QAR uto] | 0] g0l At 30%, ]k
#2=9] 3|5Fo] Hat 6% o= YERon, 514
MM = QA Zuto] ] 2~0] 3]4Fo] W 19%E K
t} (24). NanoCeram® ZE{¢} IMDS ZE] 2] 3|85 H]
3k £ o) A= NanoCeram® LE|E o] &slo] 5527
k4= ZF 100 LE o7t 49 Hat 514£26%, 3t 38
+35%9] 35&S Bl 10 LS 938 A$E 552
3} &S ZF Hat 277422%, B 65£22%2] 3¢S
et 183 IMDS ZHE |83t %= 100 L
= o3k A= Hit 6716%, 10 LS o33t 4=
4419 %2°] 3445 Ho] NanoCeram® ZE|7} IMDS &

HuU} 85go] vy 2a =4 e des
& A (14).

B Aol A= NanoCeram® ZE] 9] cartridge typed}
disc type (¢ 47 mm) ZEHE o]&3at] F LH| 35S
B 3T}, F- AR A A3 cartridge typeT disc type
(¢ 47 mm) ZE 9] H3t 3550 7} 30.9%, 29.5%= 1+
EFtTE o] AR disc type HEE o]-8-3te] HEl] &
2y wlole] 2] 422 717} 7581t Disc type (¢ 47
mm) JEZ FAES As A3}, o] FrtES
= e Holglv= Fax2ujelg o] FaES A

31Tk o) AL A ey 2= B NanoCeram®™ ZE|

= =
FAE B ol A5 B FAE vholel i A
Zrol Aol wep EAE ThsAo] Atk A 9w

48 gt AR e F3E =2
£ T3 S Aow guEh B3 AL
IMDS Z ¥ (25)9} disc type(¢ 47 mm, 3.8 L ]
7h HEIE o83 ATolA (26) EE] ool o] F&F
Eol Hat 76~95%tt. w3l A¥Ed} v o
diegufole] vt Fejoutole|2mn Fa-go] B
Hetd = s 58 F vk webA FRleEnto]
2127k ZEA AL e FEHE - FEiEhE Rl 54 Ay
3o 348 NanoCeram® JE]E A}-&31= Zo] upekz
sk Ao g dAuEth B 03 NTUOIA 3 NTU m]9ke
2 UM E peEutol e 0 a2 47.23%°|
A 82.84%= A} A UEbsTE o)A wlole] o] 3
Zo] Beel Aol slom gwrt Skl wet A
FolA] vlol 28] HAE WIET} otk -l 5]
W& FARRS & v (27~29). Adre] HEs
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