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Prasad et al., 1994), the molecular weight of an rNV-VLP is
calculated to be approximately 10,000 kDa. The molecular
weight of each rNV-VLP was therefore 1000—10,000 times the
MWCOs of these two UF membranes. Accordingly, we ex-
pected high retention on these UF membranes. However, in
terms of their pore geometry, UF membranes generally consist
of an interconnected three-dimensional network of channels
of non-uniform size and shape (Jeon et al., 2008). Thus, each
UF membrane is characterized by a pore size distribution, and
the nominal MWCO guarantees only a 90% rejection rate (i.e.,
a 1-log reduction) of compounds with that molecular weight.
The UF membranes with MWCOs of 10 and 100 kDa probably
had a wide pore-size distribution range over their MWCOs,
with the result that a reduction of only 1.5 log was observed
for the TNV-VLPs. In contrast, the rNV-VLPs were effectively
removed (4-log removal) by the UF membrane with a MWCO of
1 kDa. The pore size distribution of this UF membrane likely
included a region of smaller pore sizes than the distributions
of the UF membranes with MWCOs of 10 and 100 kDa. As a
result, the 1 kDa UF membrane could effectively retain the
rNV-VLP particles.

The removal ratios of the bacteriophages by the UF mem-
branes tended to be similar to those of the rNV-VLPs: the
removal ratios by UF membranes with MWCOs of 10 and
100 kDa were almost the same (1.8—2.7 log), and those by the
UF membrane with a MWCO of 1 kDa were much larger
(5.5—6.2 log) than those by the UF membranes with MWCOs of
10 and 100 kDa. The removal ratios of the bacteriophages were
always greater than those of the rINV-VLPs, even though the
bacteriophage diameters were smaller than the rNV-VLP
diameter. Important factors affecting rejection of viruses by
membranes include electrostatic and hydrophobic in-
teractions in addition to the ratio of the membrane pore
diameter to the virus diameter (Madaeni et al., 1995; Langlet
et al., 2009). Virus particles electrostatically adsorb to filter
media when the filter media and the virus particles have un-
like charges. When they have like charges, the virus particles
are repulsed by the filter media, and then they are able to pass
through the media (Dowd et al., 1998). The UF membranes
used in the present study were negatively charged (Kwon
et al.,, 2008), and both the rNV-VLPs and the bacteriophages
were also negatively charged at pH 6.8 (Shirasaki et al., 2010).
Thus, it is unlikely that electrostatic adsorption caused
retention of the virus particles. Instead, hydrophobic inter-
action may have contributed to the virus retention; hydro-
phobic viruses tend to be more difficult for hydrophilic
membranes to remove than hydrophilic viruses (Langlet et al.,
2009). QB is more hydrophobic than MS2 (Langlet et al., 2008;
Matsushita et al,, 2013), and the UF membranes used in the
present study were hydrophilic. Accordingly, QB was most
likely remnoved by the UF membranes to a lesser extent than
MS2 because of its greater hydrophobicity. The rNV-VLPs may
be more hydrophobic than either bacteriophage.

3.3. Removal of rNV-VLPs by the hybrid
precoagulation—MF process

Fig. 5 shows the removal ratios of INV-VLPs by in-line coag-
ulation followed by a ceramic MF. When the ceramic MF was
used without precoagulation (0 pmol/L of coagulant), no rNV-
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Fig. 5 — INV-VLP removal by in-line coagulation followed
by a ceramic microfiltration membrane having 0.1 pm
diameter pores. The columns and error bars represent
averages and standard deviations, respectively, of three
runs. The arrows indicate virus concentrations below the
quantification limit.

VLP removal was observed (<0.3 log), as with the organic MF
membranes. When the precoagulation process was used with
10 pmol-Al/L of PACI coagulant prior to the MF process (black
column), the removal was slightly improved, up to approxi-
mately 1.0 log. When the PAC] dose was increased to
>20 pmol-Al/L, the removal was dramatically improved, up to
>4.3log. The virus removal observed in the present study was
most likely caused by sweep coagulation, because charge
neutralization with aluminum salts generally occurs at low
aluminum concentrations, usually on the order of a few mi-
cromoles per liter at a pH around neutral (Gregory, 2006).
Positively charged sweep aluminum flocs (amorphous
aluminum hydroxide, Al(OH)3) (Davis and Leckie, 1978) were
efficiently formed with a PACI dose of >20 umol-Al/L, and rINV-
VLPs were effectively incorporated into the sweep flocs.
Because the size of the sweep flocs with incorporated rNV-
VLPs was greater than the memnbrane pore size, the rNV-
VLPs were effectively rejected by the membrane along with
the sweep flocs. Additionally, rNV-VLPs that did not become
enmeshed in the sweep flocs during the precoagulation step
were probably adsorbed to the sweep flocs that were retained
as precipitate on the MF membrane surface when the rNV-
VLPs encountered the precipitate. According to Shirasaki
et al. (2010), coagulation—rapid sand filtration fails to remove
NV-VLPs with a PACI dose of <20 pmol-Al/L; rather, a PACI
dose of >40 umol-Al/L is required for a reduction of approxi-
mately 3 logs. The ceramic MF process was superior to the
rapid sand filtration process for solid/liquid separation after
coagulation in terms of the coagulant dose required and the
removal ratio of the rNV-VLPs. Moreovér, the rNV-VLP
removal performance of precoagulation with PAC!l doses of
>20 ymol-Al/L followed by the ceramic MF process was higher
than the performance of direct UF by the membrane with a
MWCO of 1 kDa.

When the experiments were conducted with alum coagu-
lant (white columns), INV-VLPs were efficiently removed by
the hybrid system, but the removal ratios were slightly
smaller than those obtained with PACl as the coagulant.
During the coagulation process, many aluminum species are
generated by hydrolysis of aluminum coagulants. Among
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them, the polycationic species Alys ([Al04Al15(OH)24(H20)12]"*)
is believed to be the most active species responsible for
coagulation (Bottero et al., 1982; Parthasarathy and Buffle,
1985). Virus removal by PACl may have been enhanced
compared to that by alum, because PACI contains more pre-
formed Aly; than alum (Van Benschoten and Edzwald, 1990;
Gregory, 2006).

When the experiments were conducted with ferric chloride
coagulant at pH 6.8 (light gray columns), the INV-VLP removal
ratios were smaller than those with the aluminum coagulants.
However, when the coagulation pH was lowered to 6.3 or 5.8,
rNV-VLP removal was dramatically improved. The reported
optimal pH range of the coagulation—sedimentation process
with ferric chloride for DOC removal is less than 6.0
(Abbaszadegan et al.,, 2007). In the same manner, the removal
of rNV-VLPs was improved when the pH was reduced from
neutral to acidic. At pH 6.3 and 5.8, removal ratios >4.3 logs
were observed even with 10 pmol-Fe/L of coagulant. These
removal ratios were greater than those with PACI or alum.
Chang et al. (1958) also reported greater removal of Coxsackie
viruses and a bacteriophage with ferric chloride than with
alum by a coagulation—sedimentation process at pH 6.2.

Similar to the rNV-VLPs, the bacteriophages were effec-
tively removed by the MF membrane after precoagulation
with PACI (Fig. 6), but the removal ratios of the bacteriophages
were greater than those of the INV-VLPs. Different from direct
filtration, with a precoagulation—-MF system, hydrophobic
interaction between the virus particles and the membrane is
probably not an important factor in determining virus
removal ratios. Instead, interaction between the virus
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Fig. 6 — Bacteriophage removal by in-line coagulation
followed by a ceramic microfiltration membrane having
0.1 pm diameter pores. The columns and error bars
represent averages and standard deviations, respectively,
of three runs. Arrows indicate virus concentrations below
the quantification limit. (a) QB, (b) MS2.
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Fig. 7 — Virus removal by a ceramic MF membrane
precoated with PACI (20 umol-Al/L). No coagulant was used
during the virus removal experiments. The columns and
error bars represent averages and standard deviations,
respectively, of three runs.

particles and the hydrolyzing aluminum species likely played
an important role. Shirasaki et al. (2010) reported that the
removal ratios of INV-VLPs by a coagulation—sedimentation
process were smaller than those of the bacteriophages QB and
MS2 because of differences in affinity with the hydrolyzing
aluminum species, possibly originating from differences in
the hydrophobicity of the viruses. The same phenomenon
probably occurred during the precoagulation process
employed in the present study and thus can explain the dif-
ferences in the rNV-VLP and bacteriophage removal ratios by
the hybrid precoagulation—MF process. Additionally, the
extent of electrostatic adsorption of the virus particles onto
positively charged aluminum flocs retained on the membrane
surface as precipitates also probably affected the removal
performance. The rNV-VLPs are less negative than the bacte-
riophages (Shirasaki et al,, 2010). Accordingly, the extent of
electrostatic adsorption of rNV-VLPs to the aluminum pre-
cipitates was likely smaller compared with that of the bacte-
riophages, because the magnitude of the electrostatic
attractive force between two unlike charges is proportional to
the scalar product of the magnitudes of the charges. This
difference probably also contributed to the differences in the
virus removal performance between rNV-VLPs and the bac-
teriophages observed in the present study. Even without
precoagulation, the ceramic MF membrane precoated with
aluminum flocs (Fig. 7) was able to remove viruses, and this
result clearly implies that the virus particles were adsorbed
onto the retained aluminum precipitates. Overall, in terms of
the contribution to the virus removal, the affinity of the virus
particles for the hydrolyzing aluminum species and the
aluminum precipitates most likely had a greater impact than
hydrophobic interactions between the virus particles and the
membrane. As a result, the removal ratios of the bacterio-
phages were always greater than those of the rNV-VLPs.
Because of their greater removal ratios, neither QB nor MS2
can act as a conservative surrogate of NV in a hybrid pre-
coagulation—MF system. Even taking into account the high
removal ratios of the bacteriophages in a direct UF or pre-
coagulation—MF hybrid systemn, the estimated removal of NV
was 1—2 logs smaller than those of the bacteriophages.
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4, Conclusions

1. An iPCR assay for rNV-VLPs was successfully developed.
The assay could measure rNV-VLP concentrations of
>10° VLPs/mL. With the iPCR assay, the detection limit of
rNV-VLPs was improved at least 1000-fold compared with
that obtained with the ELISA method.

2. By using the iPCR assay and rNV-VLPs, we were able to
successfully evaluate NV removal performance by direct
MF/UF and hybrid precoagulation—MF processes.

3. The removal ratios of the bacteriophages QB and MS2 by
direct MF/UF filtration and by the hybrid coagulation—MF
process were always greater by 1-2 logs than the rNV-VLP
remowval ratios. Accordingly, neither QB nor MS2 can be
used as a conservative surrogate of NV in these processes.

4. Direct filtration with a UF membrane having a MWCO of
1 kDa effectively removed rNV-VLPs (removal ratio
approximately 4 logs), whereas direct filtration with MF
membranes having nominal pore size of 0.1 um could not
remove the rNV-VLPs.

5. The performance of the hybrid precoagulation—MF
(¢ = 0.1 wm) process with a sufficient coagulant dose
(>10 pumol-Fe/L for ferric chloride, >20 pmol-Al/L for PACI,
and >40 umol-Al/L for alum) in INV-VLP removal (>4.3 logs)
was greater than the performance of direct filtration with a
UF membrane having a MWCO of 1 kDa.
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W IR IR R (005 & DAPIHR (Il LT L /%
F— MR L 7o, PO T MBI SRR ST & OB LB
85 (Olympus) #HOCTHNA SRBEEL, 2 V7
ARY YL (HEA~umOEME) LT ATT

(B8~ 14um, BHRS~SumDIAMIE) AR HE
UCFES L. ok, AJEETH, BReXRo/ A b

(P VTR L), Wik (PTATT) HEAG
PRCET LOFE AW D0%, AN CRIEoGRE
TA—V A b+ VA MEOLRNHETELOLBM S
LR LT A,

@) BiaTEE
a) MBS A%

—RCH RS A RREIFCHE— F T v o 2T
PR - BRBCE O BYR & SIEHT o 7o, IRIZIBRRI
SR (S5uL) WML (BUET 2 — 7 WNIEARRI IR
10mM Tris-HCI (tris-hydroxymethyl-amnomethane, pH7.6), TmM

EDTA (ethylencdiaminetetraacetic  acid), 20mM  NaCl, 0.1%

(wiv)  TritonX-100, 2mM DTT (dithiotheeitol), 1.5mAnson-
U/mL Proteinase K) , 60°C CI0IMIERERUS 54T ~» 7=, #
Dk, 25O IER & 75°C T4 TR O B! 4
fiode. ZOBERINE A 95°CT5ay s L,
Proteinase K7 S0 S7-4%, kipcimLi.
b) FERE RS

7Y R AREN Y L X N HREB T D I8S
RNAZ z1— R ZDNABUI HAL T D - 47, RNASY
FEH R R BT D0, WERE S A FER L,
RNAS-- % HHAIODNA (cDNA) {ZE#H 5 2 & T, i
HPCR (qPCR) TEDBHRUENE L L35 2 &N
FHLOBEOHRICTHA LN ER>TVDY. ZDk,
AMWFFE T, qPCRA ST B Al RGO & 1T 72

(RT-qPCR) . #Z# b Y % PrimeScript RT Master Mix

(Takara Bio) % fAW iR RS (37°C 154y —85CS
) L, DNATHEEAREL LT,
o PPORE (EEFASR)

BEREEI & DR & LT D7, WHsIEETR S
L T, Cyceave PCR Cryprosporichm/Giardia Detection Kit

(Takara Bio) %MV ogPCRIEFFER L. K% T
{27 D7 2R S DT AT 0188 IRNATT 5
IR Z—# o FE LTS, Fy bR
B HEENTODD, AW THIPCRELFEOH M4 1
POWHER T B 72 DIER L, RO IERST - T
R Fy MIBOFBBIEIZIEY, 7o b — MOk
CDNAVEIR LA Vo, B ERE - SO ailE i
LightCycler 480 System II (Roche Applied Science) %\,
BUSEMHHTX v MABOBAE SR & L, RERYE
RO T O OFEHERRELE UC, B~ 7 OB L v R
L7=C pavmA—3Z b (H8KK) L OS2 3 X
SOBEL VLG intestinalis A b (WBED) %K
TBJFUKECE & (8] U i TRl L 7 cDNAYAIE & Fiv /-
d) LAPE (RMHRERENSR

qPCRIEDRF RV ATER T 572, Loopamp 7 U 7' b
KRN Y P LT DT RREREES v b G E S
ERWILAMPIE LM L. A% M T, PCRIES
BHEIZ 2 U AR Y Db« ST AUT D188 RNASE
BWAEMIES —7y FELT0hAD, g (K4~
—DT =— Y U UGE) BRZSTHNE, Fy MIBO
BRI, T2 7 L MOk hh s uL A F
7o, Z U7 RARY D0 LAOEAE, MEEERISOEN
ILEDEEREARDONTVED", RISEKIC
15U Reverse Transcriptase (Roche Applied Science) Z#%/1N
L7z (Onestep RT-LAMP) . E{TH30E - ¥R O8]
VT4, Loopamp V) 7V # A AEERIELEE  (Realoop-30,
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FUT v 2 R) B, RIS v MBOBI
b 2L U
¢ (Semi-) nested PORiE (38 - B FEUIRIEER)
ARBURPOZ )7 P 2R SO LB LIRS T LT
OOk N~ E T D72, Rl - s A
ifiE7e (Seminested PCRIESAEM L. 7 U 7 b %K
Y O b OBATEI8S rRNABHE T % 3% & L 72 Nested
PCRIE, U7 v U7 O35 13 ghitamate - dehydrogenase
(edh) &AL % %15 & Li-Seminested PCRIETH D, %
SERTETEL, B M2 U TR R O AJEO R
NTHDC hominis, C pavenk it T &35 L0/ -
WEF R AR D EMaffETh s, 7V 7 bRy
7 A DT DT O RSB B O (Semi-nested
PCRYETHE, ZAVE TILIRE SO BN L 2 Rl
L B REMTHI O DT, T L—
SRS BRI & DNATEHR O S5 & (W L 7=, PCR
FEHR I HPremix Bx Taq Hot Start Version (Takara Bio)%{liff] L,
FT T A = —OPEFT03uM E L 7=, PCREIESHZASULIZ
KBENhH HE E - VECDNATES LA TR L, 1P PCRIZHEL
Fo. PCREZIEHEASULIZ 1Y PCRFE (DR (HIRRED)
LAY L, 2Y PCRICHE L7, BUSHIE ML, 1Y
MWPCRE H10, 7 VTP ARY P AOHATL, MC2
5= (94°C30—55CI0H—2°CL1e) X35%A 77—
CIHE L, UTTT ORI, MCr— (94°C30
=56 CI0M—T2CLAy) X354 A 2 A—T20°Cor & L.
(Semi-Ynested PCRIEH OFEHT, 2% 7 W — A7 V%
H T AR L7, o F a7 a v N TG
oL, UV hT AL N Ix—5— (UVP) THIHORK
X OPCREEWO ENATIEAHER L T2, PCREEMID AR
MRENTHAE, YA OPCREYEYIV L,
QlAquick Gel Extraction Kit (Qiagen) TPCREEM & FEH L 7-
%, ABI 3730¢ DNA Analyzer (Applied Biosystems) % Jfiu»

FoF A L7 bt v AT o TR & L
7z 5 DAV HEIES I SR 77 A = hr i bR
ToBURIZRT L, GenBankDXSEE L &), WIS A1RE
HOTHRBEERL, 7V PARY oL T L
CT O - B RE LTz

3. EBRREIUVER

(1) GEMREBERERIC & B RIS

IS IEPNIEFIR O ABIFUR D SRR S -, $#&-11C
AT ERD, PSS LAREETS U P R OR Y
T AT (1580) , T AT T (9830) Th
W, REOENO SEHBEORMER R & kT &, %
LENMETH 7. ZOBHO & U Tl Ao
OB NG, [HRNOAGEEKICBO TR, Bl
BRHSUIAIITE < R DA B ST A28, K
HTHEANCOAGEA IR L QD 78, ok
HE 0 EOBRENE LN SR E .

B A (co)eysLLL T Cdh oy, 7 U7 b
KR 7 AT, UL 44 oocysts/L & U 9 Al T
B OHYD RSN, e DI 5 AV L
FLERERHAIC IO T, RSB TEIRIEDNS
YUIRER STV D &5, KU B
ERE OB YN B E LT S HERI SRS, 2 g5
EEOBRURIEM T, R/-UISRT EBY, BHEORET
LRSI TUNS.

(2) BN IREE O RIEFREZOBRERREOLE

T2 R TERY, RTQPCRIEZF WA, K
SRS & R ORHB TR R SN D 2 L2
Bk deodo, —F, RT-qPCRIFIZ L BB HORRHIE

T BBEBIENERIC L D BURORHER - RIE O

Y YT RARY L FTNDT
i ML, e MUk o Kl Kl Kty ik
W7 (oocystsL) RiLis> (oystsL)
2010 415 N30 ML | AUk | sLx S0%(15530) | 02~44 30%(9730) 02~1 AT
2010 HL W 0L | ASHEISUK | 14~2L | 27%(32120) 05~17 207 (24/120) 05~2 ST 5, 2013
AOR~2000 4| [P 16 s | KSR | 1~2L | 41%(26/64) 05~30 36% (23/64) 05~38 Haramoto etal, 2012
1997 4 (B 94 B | A 5~10L 6%(6/54) 0.1~04 17%(1654) 0.1~23 JEEA 1997
1985~1988 4 | A(EiN 17 AR 4001, 51%(93181) <%0 15%(28/181) <63 Roseetal, 1991

BB B TI0LTES, SRREEREIIIIRE - SO FEOBBIE HOTWAOT, SLEFER
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L WUMREEHRZSA L DR LI DA R LT, 7
U AR S O, WIS,
{5 I RO R E D MRS, - EReoRUE T
0.04 cocysthl124/10L7e & ORI ASIE TRyl s v, 2
ALEE, BRBET G L, PEHERCRHC IS TR (RNA
S VDI )T N OR Y O WA — R SR
WENZ EM TR CHD Sl s, —u R

RNTBORNASY 3 AR Thh Y, JEBREERETE
TR 5°0) i TRFENTZESIZhL, 10HEITY
IO 5 = L ARG SN TR D™, FEBs
o CRLEE ARNAS-- OB 2338 4: L g & T4l X
N5, FE, WEBOASEE GRS IRV T
VN A U VR 7 IR S Qe 2 b,
PCRAIITEM TS L CUND BIREMHER O S B2 bhd. 7
7L, AAFE G LT DM R qPCRIKF OO DNA
T 0, NS RGOS O M XA
LI EMTETHRNE, IHOORBESEHHEAL
T BRI BH D,

INHDI END, WEHIENETY VT N RRY Y
7 L g U O T S TR SRR AT AR T L <
AT DR, MERORATER L W0 DD H AL
L afREME <, I EDOMRATTR & i ARSI E
PE L &2 L. CTAVCTOEAE, 1A M
(20 Z DNABUZ G SRNASY F N F IR £ 4 < 7
Wz, R TR L, BEHERUEHC LE S TRNAGY

BAVL 72 BRBHI W TG, WRRHIFHZ 2 )7 M AR Y

P LR 3 O e o T S HEN S AT

-)y, B3 \CHIIRBEBIAR: & RT-qPCRILO ML « Bk
SBHCA RS, BT M R R RSB L
DiE, 7 U7 R ARY 0 L C30EH208E (67%)
DTN OT CIREHI2IREL (10%) ThY, BFLY
TR R T~ Lo T, ANFECIEL, 0L
OAGHJEUK A& e - B T-%, BUEHA 208 LT
SRR ER: & BHG-FRRARIZBEL Qv DT, soodEk
P OBURBE AR AL, A ORREEHZ LAJE
W ALILWEFEMS S Y, Z OMEER OB R T
AR RS S o

BE(95%) 120U CHE, S (ookysts/SLEL R ORI T -
7o, BRI EFE L B e, KTTeRTTL 8
IO L THB EIRSNI &b, ZO L9572
WEREHI BT, TR RICENE L 200k
BET BALEVEE X NG, JHE TOREEED D
VBB T RRATEIC B CRERYEI R B A FTRetE L 5
Zbiens, HERIEELSIO B BqPCRYE & LAMPHE TEM:
B BRHTERAS LR - To DFLO0FUER 1RE Q%) D&

ThY, P EbPCREDT I A<=« Fa—7H
YNTEEMPEEAR v 7=

@) ¥ - BETEOSH

B« B3 T (Semi-nested PCRIEES LU — 2 o
O AN A JERG UL, 2 U7 N ORY O AT
B @%) , T TR (10%) OBYE & LR
GIOMFEFETRE) U Te. SR qPCRIE & Lo ST 72
STHWHMN, T2 V7 aB Y O L84, PCR
DEEOECA DA GPCRIE & e~ TR R <, 19
MR THD EEALNDS. STAYTOHRA
RO Z LA T, SRS RNARH A TlE /e <
g{EFThoTcl &b, YT T R i
DR 3 BB PCRIE & LEX T RN Th A
il v ghas

I VTN RRY D LADOEENE, R4 LB,
WHEB RS A BT 5 2 & CRIER R Uiz, U7
NOT OYEE, B SRNAG G TR <, i
HEHAZ o TDNAS ORI FIAD IR Evts, 1R
HRGEE S 5 U 2o o i,

RSITTT LR, [HNOAEBEURPII F(E3 % E0h
OFR - BHAFRNIBHTH A Z LS E etz 2
U7 NARY O ML, B FARLEE
T D ASRRUKIZBO T, & M2 YT MRS
7 LR BHARIRIN & X3 TWDC hominis, Cparvmld:

2 FERHEIERY: L RT-PCRIEIZ &
DL

DIFRDFRIREG

SRR %51 RT-qPCR:

Bty st L
Bl o |
(oojeysts/ 1L

Ha g
{00)yst/10L

SV

S0%(15730)
47% (14/30)*

2~440 43%

004~12
2~-100* (1330

UL

30%(9/30) 2~10 2%
2T%(830)* 2~6* (&30

TNy

055~27

PECTZERHENES I ORI &

*GR 2GR S RO E Ol CE Lo,

-3 BUMBHRLE & RT-PCRIAC K DS - f2
PEREHE O

WL

IRGES RT-qPCR{Z:

[ B

P Bt 9 4

ST bt

STAST

6
foitt 4 5
Fadk 4
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F4 (Seminested PCRTEIC 3] 5 R FUGSOFTHE &
DIt

Kook

fiilps JOi LA g
Ity BT PR AT N B (1 Yy S I B 1 Y A
B AL Fho 418
VIR ) ‘
. 23% (7430 T (2A30) 2
BV IVN
ST 3% (130) % (2730 0

£5 RHEINLELOR - s

GCE 721K P (AcoessionNo) | b Mool

DGR Y ST A

K<,

Csuis (ABOXMT26) &Y ()
' sp. pig grenotype L (ABEM7332) B
C andersoni (/\B69473‘l) Al
C. folis (ABGY4T30) b
C ubieitron (ABG4728) Y ()
. sp.muskarat genotype 11 (AB6X4727) el
C gp.avian genotype HI (ABGX729) el
L T
G. intestinedis genotype AL{ABEHT36) »hY
G. intestinedis genotype All {ABE94735) Hh
G. intestinclis genotype BIV (AB6MT37) o3

Rt &AL o7ohy, Mt &g 7RETD 4 B e b
AORYSREN DD O Th 1 B9 D7 LTI
LCht 3 BRI~ CORE - HRFRA e b~
A0 B, NG B BN & B ER N EAN O K

A @ﬂLTw7“&#%”ént BB
AL DX D 70V B DA 1D = L3R
T, KRG R 7 & IEL BT D EC LRz
BEEOFMEIE VWD

JEUOOFE « B RIOWER) S, KBTIV A5
TEYROFEIN L L 72 o7, C suis, C sp. pig genotype II
OEFILFZTETHY, C andersoni DERIZ 7L Th
AT LN P SO - BHA TR Sk
BOKBTH, FHEHRDT )7 AR Y Dy AjEY)s
BELTOEEEZ LN, THHOR - Wis-ET
[EINCHERIBN KR OFED O S TRl S T \7«5
O Ff, Az bT 2 NTEM S KBRS
KOy VT RARY O MEREEREICBVTY C
andersoni VIR LRRIBENE OV THo M C flis OF
REXIEFRITHY, FodkOERBESNDA, &
FA~LFRICEET A 2 EMRISESNTEY P, Ehbhn

MIHBFCl D ST, tUﬂ 3:
BV, LW, v, b %&wm%t&
HERESNTD I Eoh, BRI & :i
WEETIH 5. C ubiquinan | XFROA 7w w50 NOHERE
AT b LERAIE TR S TR Y, fthoo koo sk
Wi - B S ORBENL 20 25 ¢ g, muskat
genotype 1 DAL HIEw A7 T v FCHY, [HRIZE
WTH DR ST DA S Ch 2%, %
DELIGIRLNTND Z D, BIOTE AL T
WHAMREMA AR AV, koo R oy T v Noodifig
IR TG, RN LOORH SO DI s
FHICH D ¥, C sp.avian genotype I OFET4L, TEA &
A2, FHAA L AEOA RO THD LS
AUTNDHA P Ay MWD A L D FE(ED NI
ARFE T D < BREPLIEMOT & ol LTIt & E 2
LD, C sp. muskeat gevotype T IER. MO 1007y
fEmsgE Lz, BEMICADL L, v MAETTHS &
B ZALTOAROEE - AR D RHENTE Y, R
W3, [ANOAGEERD E b LIS OBIIOIEGL & 75YL
SNTHDIEARLTCNBELNRD.
PTNDTIOWTHE, G intestinadis genotype A, All,
BIVAMEE S L7230 5 HATEBIVIXZ E MIFHRN
L@%?éaﬁ%énfﬁwm,meﬂ%%ﬁm%%
MEDTT I T IERNEE LT Sl S,

C ub1qummz DA

ol N A 127 TN IS RSN Lm%mc%ow
TIMEND LD S THYERAHEI 2 = L IR -
7

DL, BREENER - EFEIC L T, K
A FsvT DIBYERAHER 2 2 &3 ATHECH Y, ZoC
1ﬁﬁmﬁmﬁpﬂ+5@MFﬁﬁE®ﬁ (DT
BB, , TE ROV - SEETFRIOES e, 75
WWémdféy&mW%f&n BUDTEGLBL BT
EHAAPEDEO LRIV THS S,

4. F&H

[EIP30RRT M7 S UK 2 ERER L, e
&b;o@ﬁ+& &émwro)7} mu/ﬁ

Mﬁfﬁbhﬁj&%%iMT@&%@f%7

(1) [ENEREBEO KB D BE AR S, 7 )
TRARY Db« STNCT OBREET, B
BZRIETSO%, 30%, BEFRAEER (RT-PCREE)
Ta3%, 2% TH Y, BEFREEE O CHERRK
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WERLEETE & el Y OO R4
M) ',mubfmf—

() ST 2 s J S B oD B PH S R
{ookeystyLEL T 'C‘Zi!yv 723, LHIBACCAd odcystyL &V
D CHEIRIE S 77 U 77 s R Oy LG iR S

SCIULARIN SN D 2

AT T, Wl AR & LCRTPCRIES
FoEE A, W7 U AR ) O I CRI AIRL i
TR EILA 2 &0, SNSRI ES Lok

WA LRl DB E M T D
(3) fili - AR H(Semi-nested PCRIES L OV =7

L AR A SRR U 7R, TN ORISR A5
(D BB - BRI 2EECE D 2 E AN
Mk teotn BtERRE - RS PROZ N B
AORYEREN DD LOTEH Y, b et D]
Tt 00 & D IS RN O AT AP 1 L "Cb\%:
EAMER SIS, ET, W SRR - s
S TR 3T 2 V5B A HE TR Cdo > 7.

:%ﬁéﬁ  BUBLOERIBUS T T T A AR
WD, T AUFEE,  BRBES HIBREE N
Rty T "/\,iLH/f\hﬂc(/)}\*‘* P LTINS AT R A
U 22 OfiFH] L R B S R :FQJ\U\“/ G EL
BFFEPr G (fEREe A - AT B R AR 30
TAGE 430 T D AT Y A 7 3t L OB 1“}‘?:),%’3(}
ey o0~ BETITINMIZL D TH D,
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Practicability of Molecular Analysis for Testing Cryptosporidium and Giardia in Water

Naohiro KISHIDA', Eiji HARAMOTO?, Yoshiaki KONNO', Shinji IZUMIYAMA”,
Mari ASAMI' and Michihiro AKIBA*

'Area on Water Management, Dept. of Environmental Health, National Institute of Public Health
? Interdisciplinary Graduate School of Medicine and Engineering, University of Yamanashi
*Dept. of Parasitology, National Institute of Infectious Discases
*“National Institute of Public Health

To investigate practicability of molecular analysis for testing Cryprosporidium and Giardia in water,
these protozoans in raw water obtained from 30 Japanese drinking-water treatment plants were tested by
conventional microscopic observation and molecular analysis, and the results were compared. Detection
seqsitivity of two methods resembles each other if RT-qPCR is used as a molecular analysis method. On
the other hand, the guantified concentrations of Cryprosporidium detected in a few raw waters by RT-
gPCR were much lower than those by microscopic observation. Molecular analysis revealed that species
and/or genotypes of protozoans in raw water are ecologically diverse, and most species and/or genotypes
are potentially infectious for humans. Furthermore, it was found that contamination sources of protozoans
in water sources can be predicted depending on detected species and/or genotypes by molecular analysis.
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