creative
comimons

C O M O N S
& X EAlI-HI el Xl 2.0 Gigel=
Ol OtcHe =2 E 2= FR0l 86tH AFSA
o Ol MHE=E= SN, HE, 8E, A, SH & &5 = AsLIC

XS Mok ELICH

MNETEAl Fots BHEHNE HEAIGHHOF SLICH

Higel. M5t= 0 &

o Fot=, 0l MEZ2 THOIZE0ILE B2 H, 0l HAS0 B2 0|8
£ 2ok LIEFLH O OF 8 LICEH
o HEZXNZREH EX2 oItE O 0lelet xAdE=2 HEX EsLIT

AEAH OHE oISt Aele 212 WS0ll 26t g&
71 2f(Legal Code)E OloiotI| &H

olx2 0 Ed=t

Disclaimer =1

ction

Colle


http://creativecommons.org/licenses/by-nc-nd/2.0/kr/legalcode
http://creativecommons.org/licenses/by-nc-nd/2.0/kr/

PR B PESE KBS

AR TR

&= M

2011 £ 7 H



PENRERE e SR BB
B TR R

&= M

2011 £ 7 H

Collection @ jeju



LR R,
2011 7 H
W KT PR

R I TELR)
BRI TR

AL e ARESE

=
\
I8
1o
~
i
=
-~
i

2011 4 7H

whEERER R R E
 gE R H
oM 4 A

TS
pllgIIl

D

Collection @ jeju



/\1% ......................................................................................................... 1
01%1_41 HH7C:)] ............................................................................................. 4
1. S HFOT B 2] B A] crereeerteeeinet s 4
2. ‘=2 ujo] 2] A o) JRF BEIIT] 2 e ..o oceneennnicenceasaac 6
3 x]g]._’,i - ﬁ}o]a{v/‘_\‘g ol \;g s qg] .............................................................. 7
4, R HFO ] 22 R Tl ceeeeetreetee e 9
ZH.:EJ_ g‘l Ho]-]?-ij ......................................................................................... 11
1. AVEANZ] 2L R ] oo 11
2. RT(reverse transcription) - PCR(polymerase chain reaction,

ZEE A AL H) W AT E i 15
LR HPO] ] 20 A AT BFAL 17
7&;4_ T;_l 17‘%.}- ......................................................................................... 19
1. =2ulolg] 2o 93 YFAsAe] WA L BAATA EA 19

1) =241lo]e] 29 YAAIRF HAY EA] v 19
2) W ZHFO] B 20 E ARG A TFA B A] e 28
2. A5t Zulolg] s 2 A FAL Bl EA] e 34
é% ........................................................................................................................ 40
b L T B e 42

- j -

Collection @ jeju



Fig.
Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

Fig.

List of Figures

" LOCE‘ItiOl'lS Of grOUndWater Sampling ................................................................... 12

. Incidence rate of the diarrhea patients caused by sum of major

viruses and norovirus gastroenteritis in Jeju from 2008 to 2010  «eeeeeeeseeees 20

. Monthly variation of norovirus gastroenteritis incidence in Jeju

from 2008 to 2010 ...................................................................................................... 23

. Comparision of incidence rate of norovirus gastroenteritis

patients Wlth sex in Jeju from 2008 tO 2010 .................................................. 25
Incident rate of norovirus gastroenteritis patients with age in Jeju
from 2(X)8 to 2010 ........................................................................................................ 27

. Incidence frequency of genogroup(GI and GII) of norovirus

gastroenteritis patients in Jeju from 2008 to 2010  erermrereremnmnin 31

. Number of incidence of major genotypes of norovirus

gastroenteritis patients in Jeju from 2008 to 2010 «weeseesessmssssissisisisninnnn: 31

. Phylogenetic tree generated using norovirus GI sequences

detected from gastroenteritis patients in Jeju from 2008 to 2010.

In Sal’nple name, JJ means Jeju prOVirlce ........................................................ 32

. Phylogenetic tree generated using norovirus GII sequences

detected from gastroenteritis patients in Jeju from 2008 to 2010.

In Sample name, JJ means Jeju prOVince ............................................................ 33

Collection @ jeju



List of Tables

Table 1 LOCEltiOl’lS Of groundwater Sampling .................................................................
Table 2. The sequence of oligonucleotides used for the detection of RNA

Of HOTOVimS ................................................................................................................
Table 3. Norovirus reference strains used for sequence analysis «wweweeeeeseeeeseeeeees
Table 4. Incident numbers of norovirus gastroenteritis patients

in J'eju from 2008 to 2010 .....................................................................................
Table 5. Comparision of incident numbers of norovirus gastroenteritis patients

Wlth sex il’l Jeju from 2008 to 2010 ..................................................................
Table 6. Incident numbers of norovirus gastroenteritis patients with age

in Jeju from 2008 tO 2010 ....................................................................................
Table 7. Genotypes of norovirus gastroenteritis patients in Jeju

from 2008 to 2010 .....................................................................................................
Table 8. Physicochemical properties of the groundwater sampled

in thlS Study ...........................................................................................................
Table 9. Facillity feature of the groundwater wells in this study e
Table 10. physicochemical properties of the groundwater samples

at Site A in Table 9 ............................................................................................

Collection @ jeju



Characteristics of Norovirus Incidence in Jeju

Yun-Joo Kim
Department of Construction and Environmental Engineering
Graduate School Industry

Jeju National University

Supervised by Professor Sang-Kyu Kam

Summary

The incidences of noroviruses and their moleculargenetic characteristics
from gastroenteritis patients and contamination and characteristics of
noroviruses in groundwaters in Jeju from 2008 to 2010 were examined and

the results obtained were summarized as follows:

1. The norovirus incidences from viral gastroenteritis patients were 9.2%
in 2008, 10.3% in 2009 and 12.8% in 2010, showing a yearly increasing

trend.

2. The norovirus incidences occurred in entire months and their rate with
month increased from November (25 cases, 6.8%), was higher from
December to February with the values from 68 cases (185%) to 88
cases (23.95), decreased from March (42 cases, 11.4%) and was lower

from June to September with the values from 1 case (0.3%) to 8
cases (2.2%).
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3. The norovirus incidences with sex were 212 cases (59.7%) in male and
143 cases (40.3%) in female, showing higher incidences in male. The
norovirus incidences occurred in entire age and their rate with age
was 266 cases (77.3%) in the age of 0~5 years, 25 cases (7.3%) in
the age above 60 years, 16 cases (4.7%) in the age of 6~9 years and
in the range of 5~8 cases (15~23%) in the age from teens to
forties, indicating that the infants below 5 years were the most
susceptible to norovirus infection and the men or women in the age

from teens to forties were the most insensitive to norovirus infection.

4. The norovirus incidences were caused by total 18 genotypes with 8
among genogroup I (GI) and 10 among genogroup II (GII) and their
rate by GI and GII was 30 cases (11.5%) and 231 cases (88.5%),
respectively, indicating that they were mainly caused by GII. Among
GII, GII-4 was the most predominant genotype with 705% and was
the major genotype giving rise to norovirus incidences in Jeju,
together with GII-3 (6.1%) and GI-4 (4.1%).

5. From 20 groundwaters sampled at 9 wells (4 non-drinking water wells
and 5 drinking water wells), norovirus was detected from 2
groundwaters sampled at one non-drinking water well and its genotype
was GI-5 and GI-8.

From this study, it could be found that it is necessary to control
sanitary management thoroughly and to strengthen the management of
contamination sources for the groundwater facilities, such as the
continuous monitoring of norovirus in groundwaters and a thorough
disinfection of groundwaters, the wuse of groundwater suitable to
management service, and the change and repairing of old groundwater

well facilities, in order to protect norovirus infection.
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ol 2~ MAALE S =2 WA Z norovirus(mEZ WO E22), sapovirusE ¥ 3

=%

3} calicivirus, rotavirus, adenovirus, astrovirus S°] 9tH(Ando %, 1994). o] = =

=

Zrlole 2t o - frobut ojel HAFIE Hole] Bu PYUAFES Uo7

rr

LEdfoly A fHd ofsiA FtE = 9 (gastroenteritis)> 19291 AlvtAd €
olo] ofd HAclEHo Aoz HEx HuEJon I FAoE 99 HAAE &
T 9o 2 S 2 98ty EA A3e] winter vomitting disease® &2 o] K Tk
(Zahorsky, 1929). = ¥ 19681 Kapikian 5 (1972)¢] W9 A A& w74 (IEM, immuno
electron microscope)& ©|&3dle] I JQAE Hx ZQlgto =z 1 9l Ho| X~
£ Norwalk virusZ WHsIAY. 2 & o|e} fFAsE Hlolg 2Eo0] HATA A3

2

oA welHen o A9 woldst BESA gl TAde] 28 Tl

ot
By

o] 2] 2~ (SRSV, small round structured viruses)gbi= A4 Q0 WA 2 Norwalk-like
virusZ &2 tH7F(Alder, 1969; Kapikian %, 1972), 20020 =rA|ulo] 2] &7 9 Y3
(ICTV, International Committee on Taxonomy of Viruses)ol 4] norovirus® ™™ ¥
o] AF&H 3 JH(Mayo, 2002).

w2ulol ¥ 2= Caliciviridaed 3= oF 75 KB9 YWUALE(single stranded)
RNA wlol#l 2= 571K 9] genogroup GI&E ~GVEo] A3 o] % genogroup GI
g, GIIF o] AAA T4 AddS dov= HAA volgiz=® 4 A Avk(Vinje
% 2003; Wang 5, 2005, Zheng %, 2006). =&nlo]lg|~9] GIE I GIHE S EAAE
A, AstA, AlEstA o r w9 Aelat capsid FAAFe] d7IM Dol wek GIE S
14€, GII¥ < 17 & 31&° 3243 (genotype) 0.2 75l ) thH(Kageyama
s, 2004). ol HA vFF wm=mutoly 2o FHAE Frol wEl A WHEH A
FAE g2 YepdozA dutdoz waufolg s thil A Al E3]
WA ARE wgutol e 2o oigk WEEtH AP UeuA Fe glom delA

2l oh(Atmar, 2001).
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wHo R odd sAEoly A, HIE, JIIAR HE @B dE g doju
Algol A At o e 7Hd F 23 HAE T3 dojtti(LeBaron %, 1990; Glass
5, 2000).

wgbole st A AAROR A9 L foll A WATH F4 A9dL Ao

rr

7Hg &3 92l vhol g 22 A (Glass &, 2000), AHAAA T 5= ] A=A

238 o Wol Buxi gtk v A9 AFvfAg =2

¥ F 9F 70% ool w=Rulolgixo o LHEHE AL

S, 2004; Widdowson ‘&, 2005) A &t7F w=Zulolg2E X 3e AnkAQl 204

Ade AndaEs d¥A dtdMark 5, 2003). Tl mEnfo] gz o3

o AFE Al 7} Jee 5(1999)0] &) Ry o]F 53| stu {4 9 ko] 3o
el

g 4%% Adse] wusa gor Fo @ 3o suz odn A
e A

) pagom o ARk
=

Aoz Bae] PHOE WEE wmEHoldit AdsE 09T 29d
ASFE A5 AFAAL 4FS ALE e diTE AuAFHO Lol
Ao e Yok BARAAE Asgol 9% wulolels AFHAL oY

Asl mzupole s HEol fHH = Adky ol SAEE THLE Asty A5 T =
gutol s L HAHE FARS AF 2008 12 A F 300709 AR T 10470 Al
HB47%)NA mzrtelel a7t HEH N ow AFA S A= 4] 24 AH T
) A AelA mzupols 27F HEd Ao
2 wAol -E L dTCY 5, 2008; 745, 2008).

olg} o] mmupole| o] oF AW WAL FFRAAGHOR A4 FFo tY
of ¥ gloy mzupoleiis Wiy H FEido] sidEo] A Fob A
W7l B v s oldistaiat st At e AlFE dow w=zube]

92 0@ o2 AP wvboles #Y P AW WA 1o BUe) WF AT
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II. o]2% w7

1. ==ZHfo[gae] S4

w2ulole 2t 19684 Kapikian S(1972)0] e AA4@M 4 IEM)S ol &3ke] 1

& o8t 9.7 Norwalk 2ESHael A B4 JOIFE BAe 2uely 49 9

{1

= 27 nm =719 wvpo]lH A AAE S LAt Norwalk virus® &8t 1

&

=

ARG 5@l M Norwalk viruseh HI2@ Hpolg{arh A& s glon
I~

O

Montgomery county(1977), Hawaii(1977) 2 Snow Mountain virus(1982)7} <322 o
2 A E o B3H AN (Thornhill &, 1977, Dolin 5, 1982). ©] wlolgl~E2 13 9]
22 wpolg 2ol ME Fdd fd4 FxE 2 7] wWiEel small round
structured virus(SRSV)gtalx &2 Norwalk-like virusghil%: =2]th7F 200213
of =Aute]l =g A (ICTV)elA vielef =9 Fd4 @7IM4E, FH29 4,
STEEY 54 B4e B3 EHFH 9t Norwalk-like virust norovirus®
Sapporo-like virus= sapovirus® HH o] AgE 3 Itk (Mayo, 2002).

w2ufoleiay FHTAHORE 27~40 nm 7|9 7 wlolgjsoln EAstHow
sapovirus, lagovirus, vesivirus 53 &7 Caliciviridae®| 3t= °F 75 KB wdd
A& RNA vlolH =24 FAAE 3719 &9 A (ORF, open reading frame)s 9
3t Aoz 4y A AdDingle 5, 1995). ORF1& #lo]2]~¢2] 3C like proteaseol
2]3}e] RNA dependent RNA polymerase(RdRp)E ¥ 3tste] 6709 @i d g Faly
= v T+Z 994 (nonstructural protein)< A4FsH (Belliot 5, 2003) ORF29} ORF3
& 60 kDa®| capsid @& VP13 VP19 ¥} bz dol] Bag 20 kDadl VP2
gAS wrEojdith VP1 @il A & P(protruding, P13 P2)¢} S(shel)e] F 7He]
z2 A=Y S =l nlolg s RG] FA o #ojstal P =uele AlE
FEA AESE A AERY FsAEd WgAe 9%s st

(Bertolotti-Ciarlet ‘s, 2003; Nilsson &, 2003; Tan -5, 2004; Chakravarty &, 2005).
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rlr
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2 | WHAEARE = Zupo]e] 2
et Westd gL YyetuA ¢kE 3oz 44 d=d(Atmar, 2001) 1 o]
© wRuto]y 2o tigh 1A WA AFAHLS wpole] 2o FHAAFH A wet o
23 Hte]E 9] genotype FFE I thdaEy] wEelth w=ulelE 2= RNA
dependent RNA polymerase(RdRp, ORF1)¢} capsid protein VP1(ORF2)2] A &eof u}
2 3ZA 57019 genogroup(GI-GV)o. 2 ®EFHH AlFoAAM= == GI, GII, GIVZ}
29k FAAA GIIL GV7F AEH AT Basa Jef(Belliot 5, 2003). ©] & A
ol 34 AHEE dovle Fo FAAYQA G, GlIe AR ESH, o34 4 7
Zstx o2 wl-$- Aol3H (Vinje 5, 2003; Wang %, 2005; Zheng %5, 2006) & A7}
A ezulol# & capsid Ak @7IAEdd el EF 31F e FAAE R B
1 9drh(Kageyama %5, 2004). w=@ulolglxe] BEAAESA  EA(Phylogenetic
analysis)S 2 dlo]#] A9 RdRp T+ capsid F3AFS] d714g BAS o] &34
Fste]l gtk RdRpe =2xtold 2 FHAge] A flo] 82 @71Ade] %
Bl AL capsid A A7IAMLEES mpolef = 3 WS #AE AL 3

of BAAFFH BRG] PO @ol AgH T 3
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3. X|5l% L2HIO|HAL 29 U A= A

1) A8k wzvtelel o] 2.9
Ao W, 4B5E P4 gBcl edudel waol sy 9, 5
W

A HAMAE 292 1 T8 LAY AESE 9

A st oll Al E Zulo] 2 ~(enterovirus) 9] =A7F BaHo]| weH(Marzoulk 5,

2005) B2 =7t APAES 7H 07 vl A= QIRE o] ARkl €<l

o =2 olH &Zulo] 8] A(enterovirus) Y =2 H}o] 8 A (norovirus) 2L Al el WA

FAAY el 80% o132 2 Ad S5 AAMAAE Ag3el B Aoz
HuE3 glow 53] k2uolxel B¢ Xshget #Hd Fadds dodl
Fa vtolel =g Al Fo shbE helA vk Mark 5, 2003). VISl A= 1997
Ak 19989 Fgk MAE npolel sy WA wAH 4 AW 80%7F 2949
AZE AF Ao otk Barwick §, 20000 HAH L2 19715 2002 o] 27
A RS fushs FU4 AWl 130 NS FARTH WAL E Aow W
a5 thReynolds 5, 2008). A 95 2004 WIS2F Al 7)ol 2 E Sub
Q28 o8Pd FoelPAdr dolof mzuole I 5ol WAYE 1 A
S g8 odd AsEE FUelA HF zesoR AHSW oz wezlon
(Kim 5, 2005) 7339 20084 A3tpo] mzupolelz o G ue] AL Astel M5
h 2A AR F DN ARIA wRateleavh AEHORA(E T, 2008) AR
AEAY 9w Smel AFF ARE AHE, =F 8 AssRge A - us
T A ol g Aol e ed9l el Favt dast.

£ AFAGY FAde dpR Asgel dEs e FFORR wmmupoly s

}.

o) wmnjolels o9 dE sob @ AAdAe] Be
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2) Aoty wbole s &% Ael
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. As 2 94

1L AZzAF Y M
D gaR AA 74 L A
REEE
AFA S Fg HdS Fal 2008 1,10471, 20099 1,18471, 20104 1,131 & &
W odge Aeddd. BW 1 g2 @#d 01 M

A

3419719 +xE AA}
PBS(phosphate buffered saline) 9 mLel| %] 3%3F vortex3dt $ 4TolA 3,000 rpm
oA 30&7r AAE 2 (Hanil, Union 32R plus, Korea)ste]l A= 500 L= &l Aj

A=

29 Fud §£7 2B@ 5 70T B wauole s AEe] AL&a AT,

L} AXHRNA) F=
f-e8 150 Lol Trizol(Invitrogen, USA) 450 LE& A7}sla 30%7F vortex
b Ao A W e t}S chloroform 150 L& #H7}sla 30%3%F vortexdth

p= &

il

41:

o

AL

B
x5
k. 10
s 3
1% 14,000 rpm, 4CollA 30%3F AR st s e AAS g 70%
8

Aeo] WxE te 7500 pme ® 4TA 1587 AR A 4

=

30
A
~

ofs

Fol 59 isopropyl alcoholS i =3st 3 -20TCold 24413F W] s}

ol
2

2
AU

o

00 L& #7Fske] 14,000 rpm, 4TelA 1027 A2 ste] A& sttt &

h=}

=2

AASFL 2083 A2 AFXAZl & DEPC(dietyl pyrocarbonate) * 2]

ofrt
2
o

=34 30 L H71ste] RNAS £3A]7]31 o] & RT(reverse transcription)-PCR

o

il
=

Arse)e AF TP AgsaT

2

(polymerase chain reaction, & 384
H
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2) Ass ARG L A

7 A Ag AR

At AlsAlFH AHS Fig. 1 2 Table 13 Zow 2008 A== H 2 20044
wzibelgzo 9dH A5 Aele] Hof AFZol WA Fx L Fu AY
4N ARA~D)E tgow 695 E 128744 AFstaon 20109 AdkEy A4

< AFAzETR AREshs Ak 570 A (E~Del s 108l 2+ 18] A<=t

L
# Fig)fl. Locations of “gro Ng.
5 (F’“mf-’w

i ] 20 40 Hilometers
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Table 1. Locations of groundwater sampling

Veonr Dk T oot 5 Well Altitude Sampling
depth(m) (m) period
A Tdodang,_Jeju_City ok! 56 June, July, Aug,
Oct., Nov., Dec.
) . June, July, Aug.,
2008 B Ildodong, Jeju City 30 14 Oct., Nov., Dec.
C Ildodong, Jeju City 105 61 June, July
D Ildodong, Jeju City 110 67 June
E Serhodong, Seoguipo 170 215 Oct.
City
F Oradong, Jeju City 237 203 Oct.
2010 G Oradong, Jeju City 237 253 Oct.
H Oradong, Jeju City 237 253 Oct.
I Daejungeup, Illgwari 100 37 Oct.

Seoguipo City

Collection @ jeju
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T2 % pH 59 =383 548
(ppm)E= DPD H]AH g% (NTU):= Multiparameter(Hanna
Instruments, USA)®E, <(C)3¥ pHi= Orion 4-Star(Thermo Fisher Scientific,
USA)E ol&ste] A3t

wandds A58 9F Az Afd 2d9 BERAL FPagRdel A

an)
9
c
Z
o
=
(@]
=
a
@]
=
=
)
Z
=
"
0
.,
)
N
lo
>4
ot
fiu
fi
i)
o)
o
-
£
v}
[>
il
o
o
>,
)

T WREHE FAG HdPdE K3 F 724

Z5 nlolel 2~E 15% beef extract’} H% pH 9.5, 0.05 M glycine bufferg ©]-&
 gElatct g ¥ &4 1 M HCIE °]83te] pH 34~36°% 5% 5 30
w1 F-HA7IAL 2500xg, 4Tl A 1523 A st Aozl & (pellets) S
0.15 M sodium phosphate(pH 9.0~95) 20~30 mLS ©o]&3te AFF A7
9,000xg, 4CelA 10w+ dAEes F5ds HAstel 1 M NaOHE ©]&3to] pH
70~752 wFAth ALY ode BAs7] Y8 $FAS 02 m pore sized
Z ¥ (Pall Gelman Laboratory, Ann Arbor, Mich.)E B3A|71 & w==2Zulolyix HE
of AR&3t3A Tt

H
2}, wzupole 2 SAHRNA) &

RNA F&2 A3#3td QiAamp microspin columns(viral RNA mini kit, Qiagen,

USA)& of&sto] kitell Egs ol wel FE3kdh
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2. RT(reverse transcription) - PCR(polymerase chain reaction, &=gf&A GMEHFESH])
U XMIIFE

E@ufoleix fHz HES 918kl Table 29 Primer® ©]43te] 2x RT-PCR
master mix 125 L, 10 pM sense primer ¢ antisense primer Z}Z} 2 L, @5 HF
T 6 L, AlEelA %%u?_ RNA 25 LE X33k 25 L HbgAS ARSI “r’r’ﬂxl'u
ZZ2 93] thermocycler(Perkin-Elmer, GeneAmp PCR system 2700, USA)E o] &
3} o] 48%31 ol A 40E-7F reverse transcrlptlonua T3l 94T A 3E F<F reverse
transcriptase® 843} A7l FH 94TCoA 30%, 54Col A 30%, 72CoNA 452 35
cycleE wWHE3L & 72Co| A 7EZF A (extention)3F( T FA N EFOE = Enlo]
22 RNAE AH83la SAdEToE HdSHRSE AMESA T

12} PCR product® F38o =2 Eolxe UIAEE Fo]l7] 93] semi—nested PCR
W o 22 PCR T AAE F38sklth. 14 PCR product 2 LE o]&3ke] 10x
PCR reaction buffer, 25 mM dNTP, 20 pM primer, 1 U taq polymerase(Bioneer,
Korea)& %©°]4 50 L whgH4S Alxdk & Ao AR wha-x1d2 94T 30
%, 56T 30%, 72C 4525 25 cycleE W3 3 72CoA 727 extentioné}%dﬁr.

o] PCR 4SS 15% LE agarose gel(Gibco, USA)e] A7]4 %53 3 ethidium
bromide(Bioneer, Korea)d|Hd A &to] UV sfollA] #&E3F 12 GI 313bp, GII 310bpY]

Sol 49l 279 FAA ATL Helst.

_15_
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Table 2. The sequence of oligonucleotides used for the detection of RNA of

norovirus

Geno Size

Prioors Qocioncac (D327 Annlicatian
= ™

types (bF)

GI-FIM CTGCCCGAATTYGTAAATGATGAT Onestep RT-PCR

Onestep RT-PCR/
Seminested PCR

GI  GI-RIM CCAACCCARCCATTRTACATYTG 313

GI-F2 ATGATGATGGCGTCTAAGGACGC Seminested PCR
GII-FIM GGGAGGGCGATCGCAATCT Onestep RT-PCR
Onestep RT-PCR

GII GII-RIM CCRCCTGCATRICCRTTRTACAT 310 .
Seminested PCR
GII-F3 TTGTGAATGAAGATGGCGTCGART Seminested PCR

Collection @ jeju



3. ==ZHfo|ajs FRAY 24

1) PCR AH=<] AA
<3 PCR 2HES 15% agarose gelZ2%-E 7|9 53lo] &2dH DNA @HS &
&3l & QIAquick Gel Extraction kit(Qiagen, Germany)E Al-&3ted A A3ttt 4
H Ao 3n) Fyeo A &3 4F &N Buffer QO H7IstaL 50TolA Ae &
2171 ¥ QIAquick spin colum® 2 27 14,000 rpm, 1A]7F YA &
&

ol r_u

e

=g 9 (Buffer PE)S 750 L& #H7}stal 14,000 rpm, 137 A 2es & A=
S FHolo] o] MHE dFENS A AL 50 Lo BESHFFE DNAE 353519
wZulo]g 2o FHAAE T A5 EAS St

2) Sequencing analysis
A7IE EAS 93 FAIE DNAE FHo 2 sho] Zh7zte] {3 HFolA <l

Zglo]lW E Alg3Fe] & HFeko & dideoxynucleotide chain termination 7] ¥ S ©]

il

43}l = Bigdye sequencing kit(ABI prisem Applied Biosystems, Perkin Elmer, USA)

o

AR&3Fe]  sequencing reactions 3 TH dojxl AHES  Bigdye removel
kit(Amersham Pharmacia, Engaland)2 A3t H automated DNA sequencer(model
377, Applied Biosystems, USA)S o]&3le] d7|-E S EA4sAT

3). A5 ¥A 84 (Phylogenctic) 4
EAE 9749 DNAstar(Madison, USA) T2 S E3] dr7|Ade 24 2
H RS 339 Table 39 7|&o Kyl w=2nlo|g 2FE o] &3] Clustal

method® AlEfFA8H4Q ATEs 18 AS 4 EA=E A8

_17_
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Table 3. Norovirus reference strains used for sequence analysis

Strain GenBank Geno Strain GenBank Geno
name accession No. types name accession No. types
Norwalk MB87661 GI-1 Hawaii u07611 GII-1
Southampton L07418 GI-2 Snow mountain agent U70059 GII-2
Desertshield 04469 GI-3 Toronto 002030 GII-3
Chiba AB022679 GI-4 Grimsby A]J04864 GII-4
Musgrove AJ277614 GI-5 Hillingdpn AJ277607 GII-5
Sindlesham AJ277615 GI-6 Seacroff AJ277620 GII-6
Winchester AJ277609 GI-7 Leeds AJ277608 GII-7
BS5-98DE AF093797 GI-8 Wortley| AJ277618 GII-8
SaitamaSzUG1  AB039774 GI-9 Alphatron AF195847 GII-9
Boxer AF538679 GI-10  Amsterdam AF195848 GII-10
SaitamaKU8  AB058547 GI-11 ~ VA97207-US AY038599 GII-11
SaitamaKU19a AB058525 GI-12 M7-US AY130761 GII-12
SaitamaT3%a AB112132 GI-13  Erfurttd6 AF427118 GII-13
SaitamaT?25 ABO097911 GI-14  Fayeteville-US AY113106 GII-14
SaitamaKU80a AB058585 GII-15
SaitamaT53 AB112260 GII-16
SaitamaT27 AY502009 GII-17

Collection @ jeju
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IV. 2% 2 13

dpol# 24 91ddel Fo 1ol WAAY mrutelg st 4T omA L T
w3 Aol ohdel v, AR, £ T A4 MNF B ohy
5 uge] FH 99 vlold AR BHAWA HFQN L AL

Azl v 3 as2 4ga Ao
gerd AFA wmuolHse detd 54, faAF Hw W fAss =4S v

o RHEOIEA, S5t HAIStR el A U ERSISY Sy

O AFAS mmuto]gf o] T

20083 F-¥ 2010 7FA] norovirusE ¥3%F3}e]  rotavirus, enteric adenovirus,
astrovirus 59 939 & T8 vlolH 2 AFAY HAES Fig. 20 =AISA
of 2ol A HojA &= v} o] wpolg o ofgh WAES 20081 1,10470 T 262
7(23.7%), 20091 1,18471 = 34871(29.4%), 2010 1,131 < 40371(35.6%)°] =AY

Ao (AW A 5, 2008~2010), o] A2 ZFHEE 128%(Y &, 2005), &+ 15.8%
(F S 2006), A=r9] 2006 21.1%, 2007 21.8%, 2008 23.2%<] A& (2w e
w5 2006~2008) Btk Tha 2 Aol gla, A7|Ee] 2002 HAE 34.0%(3 5
2002)2 AF=AY 20100 HAY& T v =5k

£ AFHo volday 949 U9 WAAE I 43S Rise ¢ 4
AT,

_19_

Collection @ jeju



AFA o] npole] 2o o3 9 skate] WS T 20085 9.2%, 2009 10.3%,

20109 12.8%= Y%= 2001 0.1%, 2003 1.3%, 20049 7.0%(¥ &, 2005), A=
20051 3.6%, 20061 9.9%, 2007 17.8%(Gong &, 2008)°] A&} mpzk7hA| 2 H]
W e golaa AT AR FARE FAE R

1500

1000

500

No. of samples

0

Fig. 2. Incidence rate %9 me diarrhea patientszga%%ed by sum of majglo 08
viruses ATERDNRIRLS g B/Sentets SN rj‘e 13IQT S o AT, Norovirus

LEdlolg o] WAL F2 T JMH, FEA 5 TEAA FuHO Y )
= AT dFAGe] F23 Y Yol Z(Greenberg 5, 1979) =l A 1995

-

Jee 5(1999)°l o Hx B olef HEAT 5o AW LA 2003 o] F FHx
kARl loH, s, WPdst A

3 Q2006 69 St FA @
wZuloly s AFEo Zuld WAl S A

kA AT 5, 2008).
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3}

Lt

=
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A FA G A= 20041

Znfolg] ~

Ax 2= 2011).

= 2
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@ w==Znfole]zae]l Ud WAl EX
200893 E 20109 7}A] mmulolE 2o o3k o|Fdslzie] YW wy EA
Table 4 2 Fig. 3¢l YeFUISIth Table 4 2 Fig. 3014 ®ojx= npeh o] 2008+

FE 20109704 F SAE&2 119257, 6.8%) F-E =Zulolglx Ao F713}7]

rlo

AlZFsle] 1296971, 18.8%), 1€(887, 23.9%), 2¥ (687, 185%)% FTAHoRE w& W
AS Bl 5 3¥€(427, 11.4%), 4293071, 8.2%)° A=Ak zHA3I7E 6€olA 9€ A}
o] 0.3%°1 A 22%9 Y& &S BHATH

Axo] we 9y 545 A¥EE 200839 g 1€ 3¢ A}o](807, 79.2
%), 2009132 12¢€A 49 A}o] (10071, 82.0%), 2010882 12¢€ A 39 Alo] (1187,
81.3%)7} wzulold a7k FHPA A712 A= Rer 200807 2010dE 190
A7k 26.7%, 36.2%2 7M=L B4 Bl Wi 20099 1290] 328%2 MY =
© S BT 200893 201099 7 B wHAS Bl 190t 82%% #ad
A7t 293 13.9%=2 thA] Z78k7] Al Fale] 39 115%, 49 15.6%<] HA LS

¢

oA T dut He A7 Fas .
AUk el w@utole o] WAL AF WA JHseht B9 1194 397

A A 7IE Belvtrt A7l HAastE 749 4 (Mounts &, 2000; Okada 5,
2005; Jee &, 2006) ¥ Dedman 5(1998)Z} Koopmans 5 (2000)°] <]+ 10¥€ o]} 11
Aol Z718t7] A A gos 190 Ha -] o231 59 ~69 Aol Aol 7
23t Barel fAE
a8y Jed s B 9 3 A
+ 200449 5€(Kim &, 2005), 200611 w22 =
wAste] Al o R HIHPARL AR HolF o2 A&AQ] #el Ast HeAs Ko
%

AT,

N
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Table 4. Incident numbers of norovirus gastroenteritis patients in Jeju from 2008 to 2010

Year
Nonth Total
2008 2009 2010
Jan. 27 10 51 88
=ten. TS 17 50 070)
Mar. 10 14 18 42
Apr. 4 19 7 30
May 2 6 2 10
Jun. 2 5 1 8
Jul. - 1 - 1
Aug. 6 - 2 8
Sep. 4 = 4 8
Oct. 3 4 4 11
Nov. e 6 7 Wic,
Dec. 18 40 11 69
Total 101 122 145 368
400
300
<
\6
© 200
)
15)
c
o)
©
‘100
£
Fig.
00

Jan. Feb. Mar. Apr. May Jun. Jul. Aug. Sep. Oct. Nov. Dec.

mm Total —&— 2010 —e— 2009 —=— 2008
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@ mzupolxe] Fd 2w 54

2008 AH-E] 20108 7bA] Al FEA Aol A wmmupol e Lol of 3k §1% A 2k Ato
A 57d& Table 5 3 Fig. 4o YepHATH & B 7ol X Hojx|= vpsp o] A
e ElE 35 T EA 21271(89.7%), oA 14371(40.3%) 0.2 AL m2
S BN AEEEE 20089 HAF 5971(64.1%), o1&+ 3371(35.9%), 2009 A 7571
(63.0%), 7+ 4571(38.0%), 2010 2k 7871(54.6%), A= 65671(45.5%) o= A7t
U A 2 s

o,

il

i

o
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@ =Zvto]Pag] Aud WA A

20089%F 2010474 wzulolezol oF fgaae] dmw W sy
Table 6 % Fig. 59 VEhlgith & % 2geld] wolxe vhsh o] dahd wae

gele 34471 F A ARG FAA HErS Y 0~5A17F 26671(77.3%), 604 o]’ 2571
(7.3%), 641~9A4 1671(4.7%)c o2 Uetstow F=2 5AmRte] - frololAlA 7H
@ pge Qo 10094 4087149 ABFeN A= 15%001 4 239744 M 5w
Aol7t glol e WA warh B A7Ans AFAGS 14 Vv 10.1%E
3l 1~44 36.7%= 7HF =kar e 7]Ql 5~194 156.8%, &3 20~594] 11.6%,
6041 oltel WA 42%] WAL (Gong 5, 200897 Wae W ey
WYL tdh Hoh Ao ol A B HER WyHe
sheie.

wivol el 2o AW WA 54 o3k F - fol ABFol Y A%k Azo=

I

o

e ws

, 2008)5 SIS FAvh GfroHERE ofyel ARIS M E 3ol

Hir

D

ol

59 Fa3% ddAZ dHA 9= AA 7 (Chikhi-Brachet 5, 2002; Guntapong &,
2004) AFAAANME A AHFoNA mmutolefs ey o] dojd = 9= A
dE Hol FAL

_26_

Collection @ jeju



Table 6. Incident numbers of norovirus gastroenteritis patients with age in Jeju
from 2008 to 2010

Year
N 2008 2009 2010 .
0-5 62 82 122 266
59 g 3 5 16
10-19 3 3 1 7
20-29 P 1 2 5
30-39 1 3 2 6
40-49 3 3 2 8
50-59 2 5 4 11
60~ 10 10 5 25
Total 91 110 143 344
100.0
80.0
<
D
T 60.0
()]
(&)
G
S 400
5
£
20
F?g.
0.0

0-5 6-9 10-1 20-29  30-39  40-49  50-59 60~

B Total —4— 2010 —e— 2009 —&— 2008
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2) wubole 2e) BA G A

Jm

<!

2008 H-E] 201003744 A FA] oAl S E w=2upoly 2o FHAH S mhotaly)
Ad L A 2 Wge 971 d BAS Tl EAfASs 54 HES A3
Table 7, Fig. 6 ¥ Fig. 791 Y4EeH I} Table 7, Fig. 6
SHAF o] FAH 28071 gt oR w=Zulolgl A FHAAFEE HFEFolo AEHA
A A An s fFAFe]l faAsta AdSS At fFAAgERE DA
e MEE Ay GIFe 4$ 8%l o8 307(11.5%), GIIE e 45 105 <
& 23171(885%)¢] 7ol FPoan F 18F 9 w&Eufo]ei~7t FlE o GII
ol oa =2ufolgx Ao G| =5 & F AT o= AHAAS GIF
0.6%, GII& 99.4%(Gong &, 2008)2] AFolAAd GIES Aol 453 =& A
GIE& v HAES Holt: A& AXFPoy &L thar o5 nr.

1% GI-4¥e] 18471(705%) 2.2 714 o] fdste FHxgoz FAFAn
g8 GII-38 167(6.1%), GI-49 1173(4.2%) 0.2 AFA
' fAAges eyt ®£3 GI-69, GI-84, GII-168 =% 27%9] W=z it

ke AL Fedtgm 1 9 FARP AS Nwot o A wgEA g

i

Aoz ZFAJAHAY. MR ST GI-4F 69.7%, GII-38 17.2%, GI-12% 4.4%, GII-13
2.2%(Gong &, 2008)¢] Ay} njms] BH JPE @we SAAES HA FHAFS
GlI-48 o2 BAE&E v XA YEfYEHA 2 AFe; Aoy GI-382 AqAd

Aol tha we WALES Bgov 1 9 WAF FAAFL Ade] e Ao

A Fols HW 2008l A& 13F F GI-4% 58.3%, GI-4% 9.5%, 2009
W 9% 5 GI-4% 77.0%, GII-8% 95%, 20104 10% < GI-4% 75.7%, GII-33
0.7%% svhtt GI-4% ) W&ol /g Fhot WA WE L nFe sfoir ws

f

T2 w2ulolya FAAFEA GI-4%, GI-38 < WA FolE Ayry GI-4%
& 2008 583%°l A 2009 77.0%= 187% AE 1 WIE7F F7bettkrh 2010l
5.7%%2 oF 1.3% A% rastdth GII-38 2 2008 4.8%014 2009 2.7% 728}
o7t 20108 9.7% = AA FrtskE s Felskdth
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A3 o

lo

FAAE Ay WEE 20059 GI-38, GII-48, GII-58 5 374
AAE oz 20069 20073 7+ 107H4] S8, 12714 £33 F GII-43, GII-3
g, GII-128 «o= HAFgo 2N 2006 GU-38 o] GU-48Htt AsHA et
A= £ A9 sivitt GI-43 o] S-AskA dAs Anel AolstA e Th A
A G 2004 d 58 2007A74A] dwbch GI-43(76.7%)°] 7 A% Adeles o

rr

ol

A FHAY 2L GI-3%, GI-23, GI-128 o= HAFozA(R 7,

N

2008) =z rkolel s FAAY WAL Advirt ol d WAMES nrh
S E 20049 SHUHZIRE 20054 AuslolE GIF4F, 20054 shk7lel
GII-3%, 200617 2007 del thA] GI-4% o] F-AlstAl HEbdel wek(Jee 5, 2006)
Fwer ohye AFERNA FAsHE FAA4Pe GI4Bo wagnh
el 2004d AFAGAA BAT A 83 BAR JUYFS Fo 0y

A FAAE A GI-3F(Kim 5, 2005)2 3d3F @A ol A= 17(0.4%) 7 24
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£ Bt (Jee &, 2006).
m2nfolei sl ®
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27b EAe] fBHEA falx
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o
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Ty
il
i
o
i)
>
b |
£
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R
i,
K

AL 20029 o] F FHES TASER FaAsk GII-48 WolFe PR ¢ g F
AE dorlar Auge] Eow A g Aol mol wAZE ® owk Ank
(Widdowson 2004; Jee, 2006). = ulol A= F53 #Zo] tiFalS doy|Ae e
v 20049 HEE A lom(Jee, 2006) AFAFANAE AFEA Fhort ofd o
Hlal] wm2Zupolg o] AR FHAE 9 WolF A oRE AEHHow IFo
24 frals 7] @A stofof & Aot}

Fig. 8 ¥ Fig. 9v AlFAelA A8 w=g2uole] 2~ capsid Aol ohgh Z
FARE Wl BEFoe] A71AE FeAS BAT AREN m2Zhtolgx
o] 8 FHAAFQ GII-48-2 Grimsby T 87.5%° A 95.6%<2 fFAAS YEIW S
W GII-38-2 Toronto T+ 83.7%°14 91.0%2] FAAS Hol: FdF= Q=
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Table 7. Genotypes of norovirus gastroenteritis patients in Jeju from 2008 to 2010

Year Year
Gl Total GlI Total
2008 2009 2010 2008 2009 2010
1 - - 1 1 1 - - F =
i T = 3 4 2 = = T
3 - - 1 1 3 4 2 10 16
4 3 1 2 11 4 49 57 78 184
5 2 - 3 2 5 - - - -
6 3 S 1 4 6 2 2 3 ”
7 - 2 3 5 7 2 1 1 4
8 - T - = 8 - 7 - G
9 - . - . 9 - - - i
10 - - = = 10 - - - &
11 - - 3 - 11 - - = F
12 - - e = 12 1 1 - 2
13 - - = E 13 1 - -
14 2 - = 2 14 - = - -
15 - = - -
16 7 E -
17 = -
Total 16 3 11 30 Total | 68 71 92 231
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Fig. 6. Incidence frequency of genogroup(GI and GII) of norovirus
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2. A5tee =2H0|3A 2 MEZAL WS4

2 FARETE B Huvt ojojXa T B Ee AR 2004 w=&ulol
zo) o A% Qo] 2@W AR Yl o F = vlolejzd] 0@ A%

weta] AFA A A ege wZuloles ool H 9 dAAS votar] $3
20049 A skE7E dQle] Ho] kR2utolys AFES opZAAHY Fa F FWH A
& At 4] AH(A~D), 201092 802 o] &H= At 57 AHE~D o
3 wEnulolelx o o 9 B3ty 548 A8t 1 Z3E Table 8 1
ER ATt
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Table 8. Physicochemical properties of the groundwaters sampled in this study

blt CSoranling T ormnoratiira =) T urhidits Rﬁfldual N raviras
€ b o D chlorine -
number (C) (NTU) (ppm) detection
Yes
A 6 6.83+3.71 7.33£0.11 16.45£17.40 0 (9 s
B 6 8.17+4.45  7.32+0.10  0.95+0.81 0 No
< 2 450+354  7.16%0.22  1.24+0.47 0 No
D 1 4.0 7.9 0.70 0 No
E 1 4.0 7.4 0.12 0 No
F 1 5.0 7.9 0.23 0 No
G 1 4.0 7.2 0.18 0 No
H 1 6.0 7.6 0.20 0 No
1 1 1.0 7.1 0.41 2.0 No
Table 9. Facillity feature of the groundwater wells in this study
Site Usage Well depth(m) Altitude(m)
A Non-Drinking water 93 56
B Non-Drinking _water 30 14
C Non-Drinking water 105 61
D Non- Drinking water 110 67
E Drinking water 170 215
F Drinking water 237 253
G Drinking water 237 253
H Drinking water 237 253
I Drinking water 100 37
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Table 10. physicochemical properties of the groundwater samples at site A in

Table 9
Temperature Turbidity B

Date Weather () pH (NTU) Geno-type
June rain 3.0 7.4 3.30 GI-8
July serenity 12.0 (.4 1.14

Aug. rain 9.0 7.4 24.00 GI-5
Oct. serenity 9.0 7.3 4790

Nov. serenity 5.0 7.3 12.80

Dec. serenity 3.0 7.1 9.54
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