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Abstract

The occurrence trends and moleculargenetic characteristics of noroviruses detected from gastroenteritis patients in Jeju
from 2008 to 2010 were investigated. In addition, the norovirus contamination and its characteristics of groundwaters in Jeju
were examined. The incidence caused by norovirus in viral gastroenteritis patients has increased every year and was higher in
male than in female. The patients caused by norovirus occurred throughout all months. The incidences started to increase from
November, were very high from December to February, started to decrease from March, and were very low from June to
September. The patients caused by norovirus occurred throughout all ages, however, the infants below 5 years were the most
susceptible to norovirus infection and the age group from teens to forties were the most insensitive to norovirus infection. The
sequencing analysis showed that 18 genotypes (8 genogroup I (GI) and 10 genogroup II (GII)) were detected, the incidences
caused by GI and GII were 11.5% and 88.5%, respectively, and predominant genotype was GII-4 (70.5%), which was the
major genotype giving rise to norovirus incidences in Jeju, together with GII-3 (6.1%) and GI-4 (4.1%). Among 20
groundwaters sampled at 9 wells (4 non-drinking water wells and 5 drinking water wells), noroviruses were detected from 2
groundwaters sampled at one non-drinking water well and their genotypes were GI-5 and GI-8.
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Hio|g| /g AapEge] 0 A2 waHlolg| A
(norovirus), sapovirusS 335t calicivirus, rotavirus,
adenovirus, astrovirus 5°] ). 2™(Ando %, 1994),

L=2ulo|YAE Caliciviridaeol] £31= 2F 7.5 KB
9] Tk A& RNA Hlo|H AR 5717]9] genogroup GI
P ~GVE o] A5} o] 5 genogroup GIF, GIIF
o] FA S dOo7l= Hiolg AR dBA Qlok
(Zheng S, 2006). =2nto]#20] Gl GIIE-E

o] % o]zt o - foput oLz} Aelo
£ 7400l BT AHAFES doslt Fag e
A2 LA I Guntapong 5, 2004).

AP ESH, Aeh, AEetH R e Adolsi
capsid f71#+e] 714 Lol whet GIFLS 14, Gl
B2 17 5 3159 943 (genotype) > = &5
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QltKageyama 5, 2004). ‘- 2H}o|H A= Q- HA}
F5roll wet Q118 Wk A= th2A U
Efu, dubAo® - gHfolg|Xof ek A= ¢l
Aol A &5] AR AT L 2 afo] 2] 2of| TRt ks
4 Aspge Ueir gk slom oeld g
(Atmar2} Estes, 2001).

L-Zufolgf o] ofFt o] HehAle sha,
FEY, HE, 24, AR 5 ot oA A
ojubs, & L HH SAEOIU Al Q1A QL AA
Az, 34098 =4 AutEtGlass 5, 2000). =
FHpo|H A= AIAIA & A2l d Fotol| A HIAlEd
a4 PEEE 4ol 7HE &3t HiolAaRA]
(Glass 5, 2000), At/ Al 5=tk Ee] Azl=olA
©35]2 H gol HaEar gtk ul=9] -9 AlEu 7Y
A H R o R QI Ak Y 5 oF 70% o]/l
- 2ulo]g| Ao 23t Ao 7 ¥E % . m(Widdowson
3> 2005), A|ot7t mmutolH AE Z3ReE URbA Q1
el A o] Aupg R g odef A QlrkBorchardt 5,
2003). ol A= mmHfo| 2] 2o O3k Ytk AFs
A7 ee 5(1999) ¢l &]8f] HaLE o] % 53] Shul
Al 9 patof Ao Al e AlSs AlElEe] il
Haglon, 8 edd F9 R 9% X5t
77t FAEUA FeRAsHor & o] s
Ear ek AlFEO] 9= 2004 ==Hbo|g| o
O3t AlF= Hdlo] e dE Asl=E ¥ H(Kim 5,
2005) o]F- X|&HA o2 -mHbo|| o] Ot AFs
o] HkAIS}IaL @It (Korea Food and Drug Administration,
2011).

SR A= Asle] o3 kmmuto| A Al
AL oS 913 lemHto]E A HEo] L= A
Sl L AAEE AR A3, 2008 12} 2AF F
300712} A1 5 1047 A 5(34.7%) 0l 4] l=gHlo|2
27t AEE o w A|lFA| 9 o] Ashpie 47 AL A
7 5 17 A3l A lemato] e 27} HEE It Bang
-5 2008; Ministry of Environment, 2008).

o]} Zo| lmzHlolz]o] ot A A ¥
HAsk o2 4l o] thido] AL §lou) ke =Hfol2
2 © G} o] 2 QIFE e mHlo A 7] 9 Ay
Ay Zre] Teddofl gt At gt AAoloh Rk
A ESH A7]s 5o e s Qlsto] wHA
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29 Byom AW 9A B 4 HUA
7} s 2ujolel 2 w3 9ot |Ee] ezutol
#j20] 1A} ATPHS AAgSHe primert} probes]
5 WA, 44 32 35 2 422 o
2P AR Mol ol MApekT g 275
A Zol A AL Qo] weRHlo] A A&y
Sfak Lt Ho] 1 Estelo] Gl A% HelIThY
of Aol 7|3 ik

£ AT A 2008156 2010874 AFA 2
o PR A PAS PYOR wRulole 1S
AEStol WA A, e R AP 54

2.1, ATESAIe| A MF2A EHI0|2HA RNA F&

AR SRR WA B4 dokiy) 9
3 Ty WS S8 20089 1,10471, 20094 1,184
71, 20104 1,13170 5 % 3.41971] 4} 24 717
29 AFsiolen, AR gdnae] 2a
79] 2ol Ae] SRR S B 9] e
2uo]el2 RNAS tha 3 o] 22319ir.

3ol B | g8 HatE 0.1 M PBS(phosphate
buffered saline) 9 mLo] o] 357} vortex3t & 4°C
oA 3,000 rpm o2 3087 41E2](Hanil, Union
32R plus, Korea)s}to] AF2oH 500 uLE |3 A&l
& =70 Coll Hagsto] e 2Hlol2|X &l ARSI
th 2 Aol 150 uLE #|3}o] trizol(Invitrogen,
USA) 450 (LS d7}8}ar 30327F vortex 3t & 5571
2l2-of| A 2]k o3 chloroform 150 uL& 7}skal
30327F vortex3}.0M, 1057 Aleo] WF|at the
7,500 1pm ©.2 4 Col A 1557 PAleela}oteh. A
oS F3lo] T isopropyl alcohol& Wil =515t
2 20T A 24171 W23 2 14,000 rpm, 4 C o)A
3087F QAlEelsto] ARl A7F the 70% o
E1-2-800 LS 715} 14,000 rpm, 4 CoflA] 1027F
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LA Ee|sto] MBI AHoS Ak 2087

AeoA HAxAZ] 3 DEPC(dietyl pyrocarbonate)
A ddt F575 30 UL F715lo] RNAS 854]

7]aL o]& RT(reverse transcription)-PCR(polymerase
chain reaction) 2 9|3t 58 © 2 ALg35}3iTh

2.2, X[otg x{=Q =ZHIO|2{A RNA F&

A=A Reto] LA E AR 918l
Table 13} 0] 2008 471 %4, 20103 571 A&
A 4514t 2008 47 R H(A~D)2 2004 =
zHpo|g o) @G A5k} Uglo] Hof AlF=o]
HAPE g 9 A qog 6dRE 129704
st em, 201089 570 AIF(E~T)= Hea4] Al
A 5 AEARETE ASkrE ARShE 222 10
Hof| Z}+ 13] Zp3}3lt). Aotz iE mato|| X
A& 3 A, 29 55782 S8t
O] Aok F gHpo|g A BAX|X](Ministry of
Environment, 2007) 9! A]ZO|oFZ bR A AZA| X
fpof gt w=2Zufol#]A HAE(Korea Food and
Drug Administration, 2007) 2] A& of &3] T2
¥} o] =35It A|Ska= 500~600 LS sk
3% 1IMDS ZE|(CUNO, Meriden, USA)o]l Eot
10 L] £=2 FIAIA Hio|H A5 F2HX &
IS TRt AR &1 F 1241 oo
g3l T2 Hio|HAE 1.5% beef extract”}
S35 pH 9.5, 0.05 M glycine bufferE o]-8-3f &)
25 1 M HCIE ©]-83}] pH 3.4~3.602
U2 5 3087F -S3A| 7|2 2500xg, 4 Co|A] 1587t
Al PRl = (pellets) 0.15 M

Table 1. Locations of groundwater sampling
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sodium phosphate(pH 9.0~9.5) 20~30 mL2 o]&
3lo] ARG A1713L9,000xg, 4°ColA] 1047 4]
R & A5 Flstol | MNaOHE o851 pH 7.0~
7.52 YFQt] vEe] 23S HREH] a5
< 0.2 um pore size2] ZE|(Pall Gelman Laboratory,
Ann Arbor, Mich.)& S3}A|7] & -2Hlo|H A HE
o AR&-sFATH

L-2HIO[HARNA 52 AES51E QiAamp microspin
columns(viral RNA mini kit, Qiagen, USA)-Z ©]-8-5]
o kitel] 223+ Wi ol whet =E3Gich

52% RNAZE wziolals $47 4% W
SAAY BAS e e e 2 SR
AES $5te] Table 29 primerE ©]-83fo] 2x
RT-PCR master mix 12.5 pL, 10 pM sense primer 2}
antisense primer Z}Z} 2 1L, 556 1L, A&
A %% RNA 2.5 ILS B5HE 25 L WS4
So] ApgalTh 92 222 9] thermocycler
(Perkin-Elmer, GeneAmp PCR system 2700, USA)=
o]-8-5}Fo 48 Col| A 4057 reverse transcriptiong =
35}l 94 Cof| 4] 32 59k reverse transcriptase S &
gt A7l 94Coll A 30, 54Coll A 302, 72°C
of 4] 4522 35 cycleE HHESH & 72 Cof|A] 787 &
ZHextention)3} T SFA RO R L-2EHlo|# A
RNAS AH51I SATE20 2 Ba SRS A6
stetck

12} PCR products O 72 Eo|xe} W75
=0]7] ¢35} semi-nested PCR ¥ © 2 22} PCR &

Year Point Location Wel(lncll)e pth Al(tggde S;r:rri)(l)lgg
A Ildodong, Jeju City 93 56 June, July, Aug., Oct., Nov., Dec.
2008 B Ildodong, Jeju City 30 14 June, July, Aug., Oct., Nov., Dec.
C Ildodong, Jeju City 105 61 June, July
D Ildodong, Jeju City 110 67 June
E Serhodong, Seogwipo City 170 215 Oct.
F Oradong, Jeju City 237 253 Oct.
2010 G Oradong, Jeju City 237 253 Oct.
H Oradong, Jeju City 237 253 Oct.
1 Daejungeup, Ilgwari Seogwipo City 100 37 Oct.
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Table 2. The sequence of oligonucleotides used for the detection of RNA of norovirus

Geno

Size

types Primers Sequences(5'—3") (bP) Application
GI-FIM CTGCCCGAATTYGTAAATGATGAT Onestep RT-PCR
Gl GI-RIM CCAACCCARCCATTRTACATYTG 313 Onestep RT-PCR/
Seminested PCR
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

ZIAIS 35130k 13} PCR product 2 uLE °]-§-
3}o] 10x PCR reaction buffer, 2.5 mM dNTP, 20 pM
primer, 1 U taq polymerase(Bioneer, Korea)& %

A 50 L BRSS A2t 5 Ao AsRch
SZAL 94T 30%, 56TC 30%, 72T 45%=% 25
cycles HHERE & 72 CoflA] 727 253l Ao
Al PCR AH=-2 1.5% LE agarose gel(Gibco, USA)©]|
719%3t & ethidium bromide(Bioneer, Korea)o]|

AMste] UV afoll] o8l GI 313bp, GII

gel 25| 17]g-55to] SQlEl DNA dus dohgt
3 QIAquick Gel Extraction kit(Qiagen, Germany)S
A}g3tol ARt on, Aeke Ae) 3uj Rale] A
ol eh5-gM(Buffer QO 78kl 50CoflA
A gajA171 T QIAquick spin colum®Z A
14,000 rpm, 1AIZF 4l2e|gt & A28 458l
(Buffer PE)= 750 L& & 7}s}kal 14,000 rpm, 127+
ARG F AFNE Hstol Aol A2 § 958
WS A AL 50 uL o] Hat5- 7= DNAE 3)5}

310bp 2] Eo]Z| 2] A47]2] G-AA} AHE-S &elstiTh o] L 2dlo| AL S AAH I} AEEFR HAS =3
Lezapol| s A 242 ffsf PCR 429 Bl
A, H71ME 24, Al LAYSH(Phylogenctic) & H71ME 242 918l FAIE DNAS =322 8t
A& SASITE 25 PCR AHRS 1.5% agarose o] 21219] §ago] Bo| 42l teto|u g Abg5te]
Table 3. Norovirus reference strains used for sequencing analysis
Strain GenBank Geno Strain GenBank Geno
name accession No. types name accession No. types
Norwalk M87661 GI-1 Hawaii u07611 GII-1
Southampton L07418 GI-2 Snow mountain agent U70059 GII-2
Desertshield U04469 GI-3 Toronto U02030 GII-3
Chiba AB022679 Gl-4 Grimsby AJ04864 GII-4
Musgrove AJ277614 GI-5 Hillingdon AJ277607 GII-5
Sindlesham AJ277615 GI-6 Seacroft AJ277620 GII-6
Winchester AJ277609 GI-7 Leeds AJ277608 GII-7
BS5-98DE AF093797 GI-8 Wortley AJ277618 GII-8
SaitamaSzUG1 ABO039774 GI-9 Alphatron AF195847 GII-9
Boxer AF538679 GI-10 Amsterdam AF195848 GII-10
SaitamaKU8 ABO058547 GI-11 VA97207-US AY038599 GII-11
SaitamaKU19a ABO058525 GI-12 M7-US AY130761 GII-12
SaitamaT35a AB112132 GI-13 Erfurt546 AF427118 GII-13
SaitamaT25 AB097911 GI-14 Fayeteville-US AY113106 GII-14
SaitamaKU80a ABO058585 GII-15
SaitamaT53 AB112260 GII-16
SaitamaT27 AY502009 GII-17
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oF& HI5FO 2 dideoxynucleotide chain termination
7|¥2 0|83} Bigdye sequencing kit(ABI prisem
Applied Biosystems, Perkin Elmer, USA)S A[8-3}
o] sequencing reaction= 3J}Th HojF AMES
Bigdye removel kit(Amersham Pharmacia, Engaland)
2 AA|gt §] automated DNA sequencer(model 377,
Applied Biosystems, USA)S ©o]-83}lo] g714L&
EA8k3ITk

A5 A7) 4 <2 DNAstar(Madison, USA) Z &2

e 5ol A7IAEY 24 A HnEAE st
%L Table 39] 7]E0] HAal¥l -gHlo|2|AFE o]
83} Clustal method2 AlS-FAsHAQ] ABEE
28} A BAEES SIS

ERF Y3t A St E oA R, B
T, & W pH 59 =23l 548 BAs3e
H, A=Y 4= DPD H|AW, %= Multiparameter
(Hanna Instruments, USA)Z, 4=~23} pH+= Orion
4-Star(Thermo Fisher Scientific, USA)E ©]-83}%]
=4gsteict

4

Ink3
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3.1. LEHI0[2{AL| QEER} UM EH

AFA ol A 2008 AFE] 201017k2] =gHto]
5 X35} rotavirus, enteric adenovirus, astrovirus
50 vpolg 2o o3t 9P ASHA HAE-E Fig. 10
LER LT 19 of| 4|9 Zho] A|F=4] & o] mlo] 2|20
ot AP HMIES 2008 1,104 F 2627
(23.7%), 2009¢ 1,1847A 3 3487(29.4%), 2010
L1314 = 4037(35.6%)°] WA= S=t|(Korea
Centers for Desease Control & Prevention, 2008 ~
2010), o]AL A% 12.8%(Lim 5, 2005), B3
15.8%(Chung 5 2006), A=-2] 20064 21.1%, 2007
| 21.8%, 2008 23.2% 2] BF¥-&(Korea Centers for
Desease Control & Prevention, 2006 ~2008) .t} c}
A =2 wRAio]9l a1, A 7)=2] 2002 HHYE 34.0%
(Huh 5, 2002)2 Al5=2]< 20109 WAYE-S H|:5)
it Ee ARH o volal2y 949 U2 HY
A= F71he AR BASE I 4 Ak

A ofe] reutole] 2o ofgt SlakeiEbo]

AEL 2008 9.2%, 20091 10.3%, 20104 12.8%
= i S71sti o, olefek Auk= el 20014
0.1%, 20031 1.3%, 20041 7.0%(Lim %, 2005), ¢l
20053 3.6%, 2006 9.9%, 20074 17.8%(Gong
5 2008) 2] "HEEI} W] SRt AIE Bl

1500

1000

o
S
S

No. of samples
Incidence rate(%)

2010 2009 2008

F=SNo. of sample —e— Sum of major virus —&— Norovirus

Fig. 1. Incidence rate of the diarrhea patients caused by sum
of major viruses and norovirus gastroenteritis in Jeju
from 2008 to 2010.

AlFA| o A 2008 AHE] 2010 E7FA] k=EHfo|H
2eof O3t FARALe] U &S Fig. 20] UEL
AT} 2008 - 2010 A7HA] F A E-2 119(25
7, 6.8%) FE| mzuto|g|A o] Frtslr| AR}
3] 129697, 18.8%), 19(887, 23.9%), 2-L(6871,
18.5%)2 AR =2 S HQl ¥ 39427,
11.4%), 49307, 8.2%)0l A} 7Faslchr} 6 QoA
94 Ato] 0.3%011 4 2.2%2] -2 S-S H o

o] wE dE 544 AR 20082 7-¢-
1194 3 A}o(807, 79.2%), 2009 -2 12 €| 4]
49 Abo] (1004, 82.0%), 20102 124 39 A}
o](1187, 81.3%)7} 2ulo|gA7} Saldiel A7)
2 FelEglon 2008W7 20109 1€o] 24zt
26.7%, 35.2%2 7} =& ¥R 1ol Hhy 20099
2 1290] 32.8%E 7P =2 WSS H.$ 11 2008
72010 of] 7P E-2 S HQl 1Yofl= 8.2% =
sttt 297 13.9%= thA| S718H7] AR
3lo] 399 11.5%, 49Y 15.6%2] S-S HYoaxy
o sl ot =2 A7 71A] 38813l

e Zufol|Al] W2 A5 Aol 7HEsht &
Z71Q1 11l A 387HA] 3341715 Holohr) o44
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710)) 2F48kH= AHdHJee, 2006; Okada 5, 2005)2 K.
oltf= H11e} Dedma 5(1998)7 Koopmans -5
(2000)°]l &JgF 10holut 11He]l F715t7] AJZFsliA]
k33l 1ol 231 o) o] 211 59 ~6Y ol UAY
o] Fasgith= Harel fARRCE vt JeAlEs
HhAo =19 B 0] A© 2006 SY(Ho 5, 2007), =+
Woll A= 20049 59(Kim 5, 2005), 20064 A3t
TEE ARG A5 6ol WAYs}o]
AEZ o2 v Al Al B E| L o)

Incidence rate(%)

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

s Total —a— 2010 —— 2009 —— 2008

Fig. 2. Monthly variation of norovirus gastroenteritis incidence
in Jeju from 2008 to 2010.

A|F=A] ol A 2008 AHE] 2010 7HA] = 2Hlo]
2o ofgt QI ATIA}e] A WY ES Fig. 3of LE}
Witk AEE ER1E 3557 3 9AF 2127(59.7%),
o2} 14371(40.3%) 02 FAP} =2 WS Bl
Jdmeas 2008 WA 597(64.1%), %A} 334
(35.9%), 2009W A} 757(62.5%), IR 457
(37.5%), 2010¥ =} 787(54.5%), IA 657
(45.5%) o2 A7} thas A WAtk & At
A= iYmel dEE ERid A F IRt
49.0%, %A} 37.9%(Lim 5, 2005)2] A HHYEA
1 FUs AuE Bl o F=o] A A2 F7)
49.3%, JZ} 50.7%(Chung =, 2006) 0.2 oJz}7} =
Al B o 2 2 Aol Aol AIkE Hof x|
W2 Zpol7t S-S & 4= AT

150.0

100.0

50.0

Incidence rate(%)

0.0

BEM oF

Fig. 3. Comparision of incidence rate of norovirus gastroenteritis
patients with sex in Jeju from 2008 to 2010.

AlFEA ol A 2008 FH-E] 2010 714] tZHpol2
20f] oft P AeAte] A WSS Fig. 40
R lct dA=do] ERlE 3447 F 0~5417}F 2667
(77.3%), 60A] oA 2574(7.3%), 6M|~9A4 167
(4.7%)= 02 e o 2 SAuTke] §-foto]
AA 7P B2 A dozlat 10Hofl4 40tj7HA]
o] AgZolrle 1.5%0lA] 2.3%712] Hla A zjo]7}
glo] W IAES Btk o= A9 14 1]
Tt 10.1%, 1~44) 36.7%, 5~19A4] 15.8%, 20~594]
11.6%, 604 o4} 4.2%2] WAY-8(Gong 5, 2008)-2
2l AT} vastl S of ofzke] Aol 7} glglont -
FofelAl 2 HlER Wt A vtk
& = ATk o2 Aik= 5A] ofst i - frof A

FQ3%F YolFoz U A ¢lo](Chikhi-Brachet 5,
2002; Guntapong -5, 2004) AFA o= A AH
SOl lemrpolg] Hehdhgo] ol 4= 1SS

HojErh
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Incidence rate(%)

0-5 6-9 1019 2029 30-39 40-49  50-59 60~
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Fig. 4. Incidence rate of norovirus gastroenteritis patients with

age in Jeju from 2008 to 2010.

3.2, L2H[0|2AL| EXIQHSHE EN
AR oA 2008 dFE 2010 7EA] HHAERE 9
A AA 253 w2uto]g A0 {HRY
utefstr] ffsf A7 E A4S Fote] SRS
EAlS AES}YL) Table 4, Fig. 5 ¥ Fig. 6] &
A& 2} %qu} U =5 e Lok
Table 40| 4] K= ule} Zro] thefst fxg o]
FYshaL o= SRkl o, FA g H R WS
Hes AmEy GI@U 45 8ol sl 307
(11.5%), G %‘4 S 1020 2l3) 23171(88.5%)2]
Aol el ozH 5 1852 l:EHMEVﬂ sl
Eglon, GI %‘011 O3t mmuo| A S0 Y
3] T2 o 4 Sl ol AHA Aol Gl?f%ﬂ 9
3 A AE©] 0.6%, GIIZol o3t 9184 A4
£0] 99.4%(Gong 5, 2008)= LFERE A X 2wk
© 2 GIg R} GlIgof ozt e Eo] =t
o] Zo| A= GII-43 0] 1847(70.5%) .2 714 uk
o] 3otz AR o= ERIE Al th3-2 GII-3
3 1671(6.1%), GI-48 117(4.2%) 02 A=A
7P EsHA st AR o= et E=3t
GII-63, GII-8%, GII-163 T 2.7%2] Hl= & 2k
Sh= AL ERIsHAAL 11 9] fArg o] 79 Rlert
- WAV WASEA] ol IHA|Y GlI-4F
69.7%, GII-38 17.2%, GII-12& 4.4%, GI-18
2%(Gong 3> 2008) 2] HhAgT} Hlwsl K 7k Tk
L HRIES Hol SHAEL G402 LT
l—i—ﬁ} | UEPHA 2 Aotel dA|skg ot GII-3
2 ﬂdﬂ‘%l thar 2 ES Helor 11 9
AR A2 A Hof| w2 2tolE B itk

Fo Rt B g &

10

2

=

Y 54 225

Ary 2ol Hiy 2008do] HEH 13% =
GII-4%) 58.3%, GI-43 9.5%, 2009\ 9% % GII-4%
77.0%, GII-8% 9.5%, 2010¥ 10% % GII-4%
75.7%, GII-38 9.7% v d GII-43 9] BiEo] 7}
2} 1=gro | GII-4% 0]9]o] 9 HRH L sjubc) Hhay
HIEE Aol7t 988 o 4 Sieh AeA SelAE
2004 G E] 20079714 91FA-L 2o 7] k- 2ufo]
2:0] §ARF-E GII- 4&‘(76 1%)°] 7V f-Alste] =

GII 3%, GII- 2%, GII 12?54o £0 7 HRAYSEO & A4
(Kim 5, 2008) =ZH}o|Z A F-HR}
olch Alo |3 HMHI 2 1 ]S of 4~
2004 R|ZEA| Aol A dhasl x|k 283 EE
AeEE o vy 99§37 GI3%(Kim
5 2005)> 37t ARl A= 121(0.4%) RE
AIBLA, 20064 417} el Sz eje) A
Azt Al oA GI-1130] A& o2 A ARk
oL P Bk R AR WA FE 9
9l $AART Aol HYS & % Ariee 5
2006).

o 30 ot
5‘&
.—L‘

.
ﬂ-i
-

il

Table 4. Genotypes of norovirus detected from gastroenteritis
patients in Jeju from 2008 to 2010

Year Year
Gl ———————— Total | Gl ———————— Total
2008 2009 2010 2008 2009 2010
1 - 1 1 1 -
2 1 3 2 - 1 - 1
3 - 1 1 3 4 2 10 16
4 8 1 2 11 4 49 57 78 184
5 2 - 2 5 -
6 3 1 4 6 2 2 3 7
7 2 3 5 7 2 1 1 4
8 - - 8 7 - 7
9 - 9
10 - - 10
11 - - 11 - - - -
12 - - 12 1 1 - 2
13 - - 13 1 - - 1
14 2 - - 2 14
15 - - - -
16 7 - - 7
17 2 - - 2
Total 16 3 11 30 |Total 68 71 92 231
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Fig. 5. Incidence frequency of genogroup (GI and GII) of
norovirus detected from gastroenteritis patients in
Jeju from 2008 to 2010.
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Fig. 6. Number of incidence of major genotypes of norovirus
detected from gastroenteritis patients in Jeju from

2008 to 2010.
roo- MBS
4 JJ1S
B ‘:marmmm
F [ Jos0e
o5 100 GIS AJZTTE M Musgrove

106749

GN METE61 Nomalk

103 JIE3r
G2 LOTA1E Southampbon
IwLI R
L1806

100 | J09344
L |—um
GO AT

Iml: Az
GI3MM46S Desert shiedd

| M4
-  —
Ot 2561
2 1308106
| s—

aos

Fig. 7. Phylogenetic tree generated using norovirus GI sequences
detected from gastroenteritis patients in Jeju from
2008 to 2010. In sample name, JJ means Jeju province.
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Fig. 8. Phylogenetic tree generated using norovirus GII sequences
detected from gastroenteritis patients in Jeju from
2008 to 2010. In sample name, JJ means Jeju province.
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Table 5. Physicochemical properties of the groundwaters sampled in this study

. Sampling o Turbidity Residual chlorine Norovirus
Site number Temperature('C) pH (NTU) (ppm) detection

A 6 6.8343.71 7.330.11 16.45+17.40 0 Yes
(2 times)

B 6 8.17+4.45 7.32+0.10 0.95+0.81 0 No

C 2 4.50+3.54 7.16+£0.22 1.24+0.47 0 No

D 1 4.00 7.90 0.70 0 No

E 1 4.00 7.40 0.12 0 No

F 1 5.00 7.90 0.23 0 No

G 1 4.00 7.20 0.18 0 No

H 1 6.00 7.60 0.20 0 No

1 1 1.00 7.10 0.41 2.0 No
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Table 6. Physicochemical properties of the groundwater samples at site A contaminated with noroviruses

Date Weather Temp.(C) pH Turbidity(NTU) Geno-type
June rainy 3.0 7.40 3.30 GI-8
July serene 12.0 7.40 1.14

Aug. rainy 9.0 7.40 24.00 GI-5
Oct. serene 9.0 7.30 47.90

Nov. serene 5.0 7.30 12.80

Dec. serene 3.0 7.10 9.54
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