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Epidemiological Study of Ground-waterborne Norovirus
Gl.3-associated Gastroenteritis Qutbreaks in Gyeonggi
Province of South Korea in May 2011

Myung-Jin Lee'?, Woon-Ho Kim', Han-Gil Cho' and Sang-Seob Lee™

! Gyeonggi-do Institute of Health & Environment 95, Pajangcheon st, Jangan-gu, Suwon-city, Gyeonggi-do,; *Department
of Biology, Kyonggi University Graduate School 94-6, lui-dong Yeongtong-gu, Suwon-city, Gyeonggi-do, Korea

In May 2011, five consecutive gastroenteritis outbreaks were reported at schools in Gyeonggi-do. Epidemiological
inspection revealed that one food manufacture company provided 'Kimchi', a traditional Korean side-dish, to these five
schools for catering services. Fecal specimens were collected from students and food-handlers to determine causative
viral agents. Norovirus genogroup GI was detected from 58 samples out of total 239 specimens by reverse-transcription
(RT)-PCR, whereas norovirus GII was found only from one sample. Epidemiological studies also revealed that the
Kimchi was processed using groundwater in the food manufacture company. Four groundwater samples were collected
from the company and around the area. Norovirus GI was detected from three samples. To determine the norovirus
genotypes of positive specimens from clinical and groundwater samples, sequencing and phylogenetic analyses were
performed. The genogroup GI from 58 clinical and three groundwater samples and the GII from one food-handler were
identified as norovirus GI.3 and GII.18, respectively. Sequence alignment analysis with norovirus GI.3 isolates revealed
that identity between clinical and groundwater samples was over than 99.1% in nucleotide level. In conclusion, norovirus
GI.3-contaminated groundwater caused the gastroenteritis outbreaks of five schools, through Kimchi. This molecular
epidemiological study was an important report in Korea that clearly identified all transmission routes of norovirus GI.3.
Key Words: Gastroenteritis, Outbreak, Norovirus, Goundwater
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Table 1. The oligonucleotides used for the detection of noroviruses
Genotype Primer Sequence (5'—3") Position Application

GI-FIM CTGCCCGAATTYGTAAATGATGAT 5342? Onestep RT PCR

I GI-RIM CCAACCCARCCATTRTACATYTG 5671° Onestep RT PCR/Seminested PCR
GI-F2 ATGATGATGG CGTCTAAGGA CGC 5357° Seminested PCR
GII-FIM GGGAGGGCGA TCGCAATCT 5058° Onestep RT PCR

1I GII-R1IM CCRCCIGCATRICCRTTRTACAT 5401° Onestep RT PCR/Seminested PCR
GII-F3 TTGTGAATGAAGATGGCGTCGART 5088° Seminested PCR

% GeneBank accession number M87661, ® GeneBank accession number X86557.

AHS AL ow, AE 1 mlS 12 mle] 1.5% Plate
count agar (Oxoid, Basingstoke, HA, England)®} %+ 4]
o] AeolA] o] =g wizbA] 30 WA|gk H 35+
0.5Coll A 482417+ F<F wietale] AlG=3I3ith
ST APAH S ARSIl o, FHAYHS
2% Lactose broth (Oxoid)S AF&3}e] 10709 A& 10 ml
A AEsto] 3540.5C A 48+3A7F vjekste] thekalE
ol 714 o] 1S ol FEAY SAew B
Agatar, sht o)/de] Aol 7] HAYe] HEE ]
< ol &AGAE-E AT A8 Brilliant green
lactose bile (BGLB) (Oxoid)E AF&-3lo] FHA| oA 7]
A7F A BE AR o2 RE oS 19go|y
Fato] FAAGE w7} 10 m¥ B0l Al 7
7} AF3sle] 3540.5ColA 4843417 vigskdT) o w)
Z1A 7 BAEA] koW FAde = yHgstal 7|A A
o] #HFIE vv FTUHAT o= AT

TN E TS SHEET AAEY FEA A
ZIA7E A JAY S0l B AP B ke A

FazAo 7 SFHAIE-E EC HlA(Oxoid)7} & A& 7o
o]25te] 44540279 7oA 241243 w3}
Atk ol 7]A) AYS #HE - glow FAdUERE
T 24, 71A Aol BEAE S %

Pyow wAstch

HIO|2{A 55 U MO =&

Hlo]# 9] &9} 55342 US EPAQ] Information
Collection Rule (ICR)= WEkth A8k 500~600 liters
AstZ ¥ 1 MDS ZE](10-inch-pore- size, CUNO Inc.
Meriden, CT, USA)ell S3A1# vlo]H2E F2A A

F2+E vlolel A& 1.5% beef extract’} -7 pH 9.5
0.05 M glycine bufferE ©]-83l &2ldich &2t &d&
1 M HCIS ©]-&3}o] pH 34~3.6% 9 3 308 B¢
A-EH[AZIAL, 4T 2,500 Xgoll A 1527 A28k
. gojl S E(pellets) 0.15 M sodium phosphate (pH
9.5) 25 ml& o]-&ato] AF-f AL F-, 1023t A8
o} 9,000 Xgoll Al 1027F YA & FS5aqS A
t}. 1 M NaOHE ©]83}o] pH 7.00.2 Zaq1, FHNS
0.2-um-pore-size2] ZE{(Pall Gelman Laboratory, Ann Arbor,
ML USA)E Stk 74 7 Aol 4 9] vfeo]#]2~ RNA
&2 QIAamp microspin columns (viral RNA mini kit:
QIAGEN, Hilden, Germany)2 ©]-835}31 0™, %5 RNA
= AR w714 70 Cell A Batstelt.
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One—step RT—PCR

w2ulole) §A4 BEL 98] Kojima 5 21)°]
Ry =2rlolgls AE] primerE A5} Tl(Table
1). RI.PCR QCE 93}lo] Lee 5 (22)°] Hardh FAUx
T8 ARgEte] g AlRT 23]9] AFAES wHEslth

One-step RT.PCRE $13} 2X RT-PCR Master mix 12.5 pl,
10 pmole sense primer} antisense primer 212+ 2 pl, DW 6
pl, RNA 2 W& 28t 25 pl vh-g-a-S A-83kt -3
A} 525 213 thermcycler (GeneAmp PCR system 9700,
Applied Biosystems, NY, USA)E ©]-&3}o] 48°CollA] 40+
ZFRTE F33kaL, 94°C 3% 3F WHgAIZ1 ] 94T 30
%, 54T 30%, 72°C 45% % 35 cyclesS WHE3F 3 72T

A TR S S,



An Outbreak Caused by Norovirus Gl.3—contaminated Groundwater 235

Semi—nested RT—PCR

RT-PCR & A& A& 2 plE ©]8€3}o] semi-nested
RT-PCRE 33} 21 PCR reaction buffer, 2.5 mM
dNTP, 20 pmol primer, 1 U Taq polymerase (Bioneer, Daejeon,

Korea)o] 323l 50 wl WH&HS Alxg $ Al A}

2313tk WL 94T oA 3k WheAZ &
94°C 30%, 56°C 30X, 72°C 45%% 25 cyclesS WM+ &
72ColA 737 WS Gtk PCR AHE2 1% LE

-

agarose gel (Gibco, Grand island, CA, USA)°ll 7] &<t
% ethidium bromide (Bioneer)ol 3443}o] UV slol| A T
3t oAl 719 bandE EHRISISIT

-

CZ2HOlH A REAE 24

PCR &t=29| EH|

FEE PCR 222 1% oP7k= A (Gibeo)2 719
= 3to] 218t 5], DNA AAS Hdehé}lal, Gel Purification
kit (Bioneer)& AH&-8to] AAekAt. S 3ulf -] <]
A g8 9hE89)Buffer GB)S #H7hskal 50TolA] A
S &3IAIZ] H, spin columnoZ &7 4T A 14,000

Table 2. Attack rate of gastroenteritis outbreaks occurred in
Gyeonggi in 2011

ogt?)treeglfs School Total Patient Atta(col/z)r ates
5.18 A 1,658 107 6.5
5.19 B 1,676 47 2.8
5.20 C 1,266 57 45
5.20 D 1,612 212 13.2
5.20 E 1,393 28 2.0
Total 7,605 451 5.9

pmo 2 [H7F YA & AFHE 58 750 W A
7F8kal 14,000 rpmol| A 187 44 =

zrol MG kE-8-olE A AL 30~50 pl] SHT
DNAE 3|5sto] vt A3l o]&sh3ich

Automatic Sequencing

A71ME B2 AT GA|(Macrogen, Seoul, Korea)oll
ojglate] Fefaqlt. 1hds] A=atH, PCRS FaliA
SZ 5 Znlo]gl2 YA PCR productE ©]-8-35fe] ZHzt
o ARG S0l H9l Zefo S Algate] %
© 2 dideoxynucleotide chain termination 7|'H-S A}&-3l=
Bigdye sequencing kit (ABI prism Applied Biosystems, Perkin
Elmer, Boston USA)S- A8} sequencing reactionS 3133
). ¥ojF 4HE-S- Bigdye removal kit (Amersham Pharmacia,
England)Z “dA| ¢+ %, automated DNA sequencer (model
377; Applied Biosystems, Boston, USA)Z 7|4 E 4&
Sk

Phylogenetic Analysis

#2415 47192 DNAstar (Madison, USA) Z 2135
3l A7IMge] A4 g9 ovatAls FaAEkglaL, 7S
of Hirel o= ol FE 0]85t] DNAStar
program (version 5.03)2] Clustal W& ©]-8-3}] alignment
g Fsigleon A EAEH F24LS neighbor-joining

methodS ©]-£3}3 )

Table 3. Clinical characteristics of patients from gastroenteritis outbreak occurred in Gyeonggi in 2011

A B C D E
No. of patients (%)

107 47 57 212 28
Diarrhea 82 (76.6%) 37 (78.7%) 36 (63.2%) 163 (76.9%) 23 (85.2%)
Vomiting 51.(47.7%) 27 (57.4%) 42 (73.7%) 102 (48.1%) 22 (78.6%)
Stomachache 84 (78.5%) 38 (80.9%) 30 (52.6%) 143 (67.5%) 20 (71.4%)
Fever 40 (37.4%) 21 (44.7%) 12 (21.1%) 51(24.1%) 6(21.4%)
Rigor 45 (42.1%) 19 (40.4%) 16 (28.1%) 81 (38.2%) 5(17.9%)
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3k RNAS o]&3le] -=nfole]2 Gl GIIol t3F one-
step RT-PCRY} semi-nested PCR-S 212} =8f o] 58710
A GIE, AFAZQA Z2SAAE A= 13914 GoEel
Eol#Ql rmrnto] 0] RS €153 tH(Table 4).

ArYA 3 Aol - 1497 5 5174(34.2%)0N A =
grfolg|27t AEHJ oW, stud FdES Anl 1270
(40.0%), Bl 1071(34.5%), C1L 1171(36.7%), DL 771
(25.0%), ExL 1173(34.4%) 2 YEFSTE stalga] 9 2%
AzQA 22 TAARE 907 T 871(8.9%)0l A =2 Hlo]
el27F AEE R oW, AFAZGA 271(9.1%), DL 671
(54.5%) .= U Z2]EARARe] 79 Do AR =
Hlo] g 27} A& % QA TH(Table 4).

Table 4. Incidence of norovirus isolated in gastroenteritis outbreak occurred in Gyeonggi in 2011

Genotype
School No. of total isolates Isolates type No. of isolates No. of positive (%)
GI-3 GII-18
Total 239 239 59 (24.7%) 58 1
Students 30 12 (40.0%) 12
A 44
Food handlers 14 0(-)
Students 29 10 (34.5%) 10
B 47
Food handlers 18 0(-)
Students 30 11 (36.7%) 11
C 43
Food handlers 13 0(-)
Students 28 7 (25.0%) 7
D 39
Food handlers 11 6 (54.5%) 6
Students 32 11 (34.4%) 11
E 44
Food handlers 12 0(-)
F?* 22 Food handlers 22 2(9.1%) 1 1
* food manufacture
Table 5. Food items associated with increased risk of norovirus infection
School No. of patients No. of control subjects Food item Adjusted odds ratio (95% CI) p-value
A 50 179 Kkakdugi 2.98 (1.004~8.83) 0.049
57 119 Baechu-kimchi 2.56 (1.07~6.09) 0.034
Baek-kimchi 1.66 (1.07~2.57) 0.023
D 212 774
Baechu-kimchi 1.65 (1.04~2.63) 0.033
E 28 84 Baek-kimchi 4.55(1.55~17.22) 0.005

CI: confidence interval
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4]

Figure 1. Locations of groundwater sampling points. Ground-
water of D and @ points used in food manufacturing. Ground
water of @ and @ points used to determine the area of
groundwater-contamination.
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Table 6. Detection of bacterial indicators in groundwater samples

Total colony Total Fecal N .
. . . orovirus
Site counts coliforms coliforms detection
(CFU/ml) (/100 ml) (/100 ml)
) 800 + + GI
@ 760 + + GI
® 0 - - -
@ 0 - - GI

ARE Az AEHT AT O, e 09 AR
g seps] A% ABAGY AR @, @ @elA
wezutole] 27k AEH L.

o
)

L Z2HIOIBA FEAE 22X A 9l A S5 24
2011 59 A=W 570 -5 - oA @3AE {

e A AAREHOA HEE E=2upolY
2 FRAA 59213 AEET H AHAS Asrol A
] FEAA 371 T F 27s vt
= semi-nested PCR ¥4 S Ao HE BakE] o
71EE MBSt Ale A EAE s, S A
58743 A8k Al 37 L83 6104 GlL3g oz
FE oM, AFAzgAe] zelFAR; A 173004
GILI8H o] FRIFALE AxH o=, GI13Y wZnjole]s
7} Fek 49 o] elo g FelEgrh fdA ¢
Ad EAAY A7 A dellA] HEE wmmErtolE
A 5 Gyeonggi 11-5-08 5 58712] 314482 GL3F <]
Desrtshield strain™} 94.4%, $AFZFE #-2]¥ Gyeonggi
11-5-117, Gyeonggi 11-5-162 2712 93.9%, 21 %-&52 AL
9 A2 RE 2% Gyeonggi 11-5-216- 93.4%2]
e BT THTable 7).

¢}
EF, 455 A0R APEE A5l hEt £
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Table 7. Comparisons of nucleotides identity among the norovirus GI.3 genotype detected from gastroenteritis outbreak associated patients
and groundwater samples

117 162 216 Rest GIL10 GL8 GI4 GI3 GLS GL10 GL12 GL11 GI9 GL14 GL13 GL6 GIL2 GL7

17 #*k 091 991 995 8.6 737 718 939 671 751 869 845 676 869 723 T51 685 746

162° ¥**k 991 995 826 723 718 939 657 742 864 831 667 864 714 742 685 737
216° ¥k 995 822 728 709 934 662 742 864 831 667 864 714 746 676 737
Rest! **k 831 737 718 944 671 751 873 84 676 873 723 756 685 746
GL.10 ¥k 744 731 823 718 754 822 79 715 766 715 711 767 754
GIL.8 ¥Rk 777 767 793 793 756 742 784 749 715 826 767 702
GlL4 ¥R 721079 78 741 736 80 763 688 744 767 728
GIL3 ¥k 702 767 844 814 718 814 721 728 721 754
GLS5 ¥k 748 681 698 872 715 678 725 761 754
GL.10 ¥** 744 722 764 712 685 748 767 75.1
GL.12 *¥** 833 711 83 715 741 73 75.6
GL11 *¥*** 702 807 705 712 722 76.6
GL9 ¥** 712 711 725 717 748
GIL.14 ¥k 722 746 759 746
GIL.13 ¥k 641 685 721
GL6 ¥Rk 734 66.2
GIL.2 ¥k T34
GL7 Hokk
Yellow-box indicated inter-identity between isolates and GI.3 reference strain at nucleotide level.
*Human/Gyeonggi 11-05-117, Human/Gyeonggl 11-05-162
¢ Groundwater/Gyeonggi 11-05-216, 4The rest included the other 56 patients and 2 groundwater samples.
shol o3 4FEoR FAHch P Pe ZARIYL. 2AAT Bks 2eFA)
W 2397 5 5971(24.7%), A3k 471 T 371(75%) 1A
S meulole A7) gRlElon, mzutole s YA
61710 Ay £443 25 GL3Fol fradsilas
wEufolg| o] WAL TR shal, V1, FEA 5 ¥ RISk 57 shal B 1~24 ool tjF-Ee] Fhel
A FbAow wAEE HAlEA 1Rl 0 7 EAESAL, vl Fe AT gl Al
kTl A= (23) 1990t FHEEE A AAIK e o] oAEs Aellen ARt 57) ehal &
o Fre/dAe] wERelA wEutole GISO] A=A

=

X
2 R H o (24~26), FUHANAE AF
013k Abala FA9 T o] B folo] mghlo A EJALREEH dENe A

)
ez bt @), & AT ol LSS Mo, AEALES

R
3

2 s 71NN 2011 59 18ARE 2027F B AR w1 AshrE AARRE Ay sixjeh e 40X
A Aofof 7 x5 - el Alae ek S8R 99 m2utele s GL3o] AEHo] /ol ofd &
@ s shHor AT Avfelth AgtAb Axt F Rl o fRor Al A, AEe|oRE
T AN ATt HAE FHoR AT T AT AR ATl felds Bl )
& dste] AFAEPANN AFETE AR TR A AACIA weRufolel X GL3E AFsIATRaL Haskoirh
shrE uldon wmupelefs ZhddE|er fAiAbge]  AeHow, 2011d 5€ 18elA 209714 mare A7)
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Human/Gyeonggi 11-5-162
Groundwater/Gyeonggi 11-5-216
Human/Gyeonggi 11-5-08 and the rest 57 isolates
Human/Gyeonggi 11-5-117
—— Desrtshield_GI1.3
SaitamaKU19a_GI.12
{—— SaitamaKU8_GI.11
SaitamaT25_Gl.14
Boxer_GI.10
SaitamaT35a_GI.13
Winchester_GL.7
Chiba_Gl.4
Norwalk_GI.1
Musgrove_GI.5
SaitamaSzUG1_GI.9
BS5-98DE_GI.8

Sindlesham_GI.6
Southampton_GI.2

—— Human/Gyeonggi 11-5-199
_| I Chiba-040502-2004 GlI.18
Alphatron-NE-_GI1.9

Fayeteville-US_GI1.14
IE SaitamaT53_Gll.16
SaitamaT27_GII.17
Hawaii_Gl1.1
] E Wortley-UK_GII.8
SaitamaKU80a_GlI.15

Erfurt546_GII.13
Hillingdon-UK6_GlII.5
SMA_GII.2
Seacroft_GII.6
— '—————————— Toronto_GII.3
Leeds_GII.7
Amsterdam_GlI.10
_|— VA97207-US_GII.11
7] M7-US_GII.12
Grimsby_Gll.4
47.7 : : : : : : : : : .
45 40 35 30 25 20 15 10 5 0

Nucleotide Substitutions (X 100)

Figure 2. Phylogenetic analysis of the partial capsid sequences of norovirus isolates from gastroenteritis outbreaks in Gyeonggi in 2011.

T 570 share] ek Al FE A} #Ae 099 Ak o 2 At O F83E T (18). ASHE AEETE
TE olgste] AxE HAAFE iR ¢ wmutoles  AREShE St FAdsAY, AR EAAE Y] H 54
GL3 f3foleta A8AS 4= 9tk 2 3 YEEAdA SOl tiE w=2htole 2 ke

TEIN ST AskE o] & At wEH, APER HAE Sl e Ao kR Anel mEW w2
A7=7F Az 59 5T m'S ARESle] 7P ol o] mbelei AEEE 20099 2,0327 T 6271(3.1%), 2010
&3k ok A3k A9 AR 2 B 22031 5 1871(0.8%), 2011 22897 T 277(1.2%) 0%
o 29 o] gL Hx FUIE

71k Aoz AEa 9lot Lol E| 931 2009 5E] 2011 A7HA] HAEHE wZHfo|#| A
Kol

75.6%= YERG O™, T F GIL4E O] 5771(48%) o= 7}
AL UatES]l A7 Bom® olof tidt 54 A A ASHAL AA w2wpolga wir] e

%0,
o
A
=
o
4
[
ox
1>
ofy
i
lo,
o,
Jo ¢
1>
ofy
Bily
>,
K
)
r
ofl



240

75~90%7F GIEol 23t Ao BuE Ay dxw o
e BT (2, 28). 1y AN HEE = w2}
olg]9] F8 FHAEL GIEolghs A E geled 4=
AATE (5). Jung T (29) AT EA & Ak 397 F
77(18%)°1 A w=Zutolel~ HES gelsle], o] & GI
g 514(71%), GIIE 271(29%)2] Bl&2 YEFIL, Lee &
Q0 B7IAY s g o R mRufoly o] 314
Tk AN} & 587 5 327(55.2%)01 4 =2 nfol
2 GIE Y AES 2915901, 2671(44.8%)°1 A4 GIIES
golatgint. =8k el 2004 59 AFER 428k
B& A TSN JHAA wAste] 249k
gztel] tigt npelef 2~ AAPAR TG ] w2}
ol#] 2 GL3& o] AEHIYIL (3), 2008 1€ A o]
nhS S Eo] FFell AAlg 00000 zkhrh A e
TN AgA A =z ube]Y 2 GL4F o] AEHAA,
0000004 ARg3h= Aol e Tdst fxtgel
FlEe] ¥ AsgE vz BAS o UER

>
1

t} (30).

Il A= Jebale] S7HEHA A B 55 il
2 g FA9EHE 4 Jd AF5e NErt Frkeka
A3, ofel] tigh Ul HYUAR w=Rulo]e]xe] FFH
ARl FaAdo] QIAEIL JUtt (@), AETE &R

Rufol]s 2y WAje] fdlo s

g
o
ot

EN
1o,
Ml

1
i
o
ol

EoF Ayl 59 Ao YeRIT (31, 32). ¥ At
AZ QA Qe oA Al 37 AL
AN AAE AAEE Qo] AR Q1% nf

2] AR g O3 wmntole]
A A8 AgFoEN A Fol
B HAFo=H 23459

o e e 4

>

A A8 HAAE Relshn FAshe Hlo] Jeieapy

Kl
Be Aot olglgo] Tk & AT o]2]
°9E AEESE Al xeld AERAZ BT
S 99 HAAE Wl Qe g Fag o
£ et @ 5 9o o] AnE B3 T A5

M-J Lee, et al.

[>

o] njolz
B33}

L ASEA

oSt LA ORI A3k NS
belshs A el Faa Wane A
840 AAF BB Bl FelA
B AFE Belg A% V)2 AR B

° 5 Qe Aeld,

N

[e==

&= njo]

KiY
op

ol
A

e

1) Chikhi-Brachet R, Bon F, Toubiana L, Pothier P, Nicolas JC,
Flahault A, et al. Virus diversity in a winter epidemic of acute
diarrhea in France. J Clin Microbiol 2002;40:4266-72.

2) Fankhauser RL, Monroe SS, Noel JS, Humphrey CD, Bresee
JS, Parashar UD, et al. Epidemiologic and molecular trends of
"Norwalk-like viruses" associated with outbreaks of gastro-
enteritis in the United States. J Infect Dis 2001;186:1-7.

3) Kim SH, Cheon DS, Kim JH, Lee DH, Jheong WH, Heo Y],
et al. Outbreaks of gastroenteritis that occurred during school
excursions in Korea were associated with several waterborne
strains of norovirus. J Clin Microbiol 2005;43:4836-9.

4) Lee SG, Jheong WH, Suh CI, Kim SH, Lee JB, Jeong YS, et
al. Nationwide groundwater surveillance of noroviruses in
South Korea, 2008. Appl Environ Microbiol 2011;77:1466-74.

5) Bon F, Ambert-Balay K, Giraudon H, Kaplon J, Le Guyader S,
Pommepuy M, et al. Molecular epidemiology of caliciviruses
detected in sporadic and outbreak cases of gastroenteritis in
France from December 1998 to February 2004. J Clin
Microbiol 2005;43:4659-64.

6) Maunula L, Miettinen IT, von Bonsdorff CH. Norovirus
outbreaks from drinking water. Emerg Infect Dis 2005;11:
1716-21.

7) Noda M, Fukuda S, Nishio O. Statistical analysis of attack
rate in norovirus foodborne outbreaks. Int J Food Microbiol
2008;122:216-20.

8) de Wit MA, Koopmans MP, Kortbeek LM, Wannet WIJ, Vinjé
J, van Leusden F, er al. Sensor, a population-based cohort
study on gastroenteritis in the Netherlands: incidence and
etiology. Am J Epidemiol 2001;154:666-74.

9) Kaplan JE, Gary GW, Baron RC, Singh N, Schonberger LB,
Feldman R, ef al. Epidemiology of Norwalk gastroenteritis and
the role of Norwalk virus in outbreaks of acute nonbacterial
gastroenteritis. Ann Intern Med 1982;96:756-61.

10) Jiang X, Wang M, Wang K, Estes MK. Sequence and genomic
organization of Norwalk virus. Virology 1993;195:51-61.



An Outbreak Caused by Norovirus Gl.3—contaminated Groundwater 241

11) Lambden PR, Caul EO, Ashley CR, Clarke IN. Sequence and
genome organization of a human small round-structured
(Norwalk-like) virus. Science 1993;259:516-9.

12) Maguire AJ, Green J, Brown DW, Desselberger U, Gray JJ.
Molecular Epidemiology of Outbreaks of Gastroenteritis
Associated with Small Round-Structured Viruses in East
Anglia, United Kingdom, During the 1996-1997 Season. J
Clin Microbiol 1999;37:81-9.

13) Belliot G, Noel JS, Li JF, Seto Y, Humphrey CD, Ando T, et al.
Characterization of capsid genes, expressed in the baculovirus
system, of three new genetically distinct strains of "Norwalk-
Like Viruses". J Clin Microbiol 2001;39:4288-95.

14) Green SM, Dingle KE, Lambdeb PR, Caul EO, Ashley CR,
Clarke IN. Human enteric Caliciviridae: a new prevalent small
round-structured virus group defined by RNA-dependent RNA
polymerase and capsid diversity. ] Gen Virol 1994;75:1883-8.

15) Ando T, Mulders MN, Lewis DC, Estes MK, Monroe SS,
Glass RI. Comparison of the polymerase reagion of small
round structured virus strains previously classified in three
antigenic types by solid-phase immune electron microscopy.
Arch virol 1994;135:217-26.

16) Okada M, Ogawa T, Kaiho I, Shinozaki K. Genetic analysis
of noroviruses in Chiba Prefecture, Japan, between 1999 and
2004. J Clin Microbiol 2005;43:4391-401.

17) Park KS, Jeong HS, Back KA, Lee CG, Park SM, Park JS, et
al. Genetic analysis of norovirus GII.4 variants circulating in
Korea in 2008. Arch Virol 2010;155:635-41.

18) Lee H, Kim M, Lee JE, Lim M, Kim M, Kim JM, et al.
Investigation of norovirus occurrence in groundwater in
metropolitan Seoul, Korea. Sci Total Environ 2011;409:2078
-84.

19) Gallay A, De Valk H, Cournot M, Ladeuil B, Hemery C, Castor
C, et al. A large multi-pathogen waterborne community
outbreak linked to faecal contamination of a groundwater
system, France, 2000. Clin Microbiol Infect 2006;12:561-70.

20) Lee C, Kim SJ. The genetic diversity of human noroviruses
detected in river water in Korea. Water Res 2008;42:4477-84.

21) Kojima S, Kageyama T, Fukushi S, Hoshino FB, Shinohara M,

Uchida K, ef al. Genogroup-specific PCR primers for detection
of norwalk-like viruses. J Virol Methods 2002;100:107-14.

22) Lee SG, Lee SH, Park SW, Suh CI, Jheong WH, Oh S, et al.
Standardized positive controls for detection of norovirus by
reverse transcription PCR. Virol J 2011;8:260.

23) Greenberg HB, Valdesuso J, Yolken RH, Gangarosa E, Gary
W, Wyatt RG, et al. Role of Norwalk virus in outbreaks of
nonbacterial gastroenteritis. J Infect Dis 1979;139:564-8.

24) Lopman B, Vennema H, Kohli E, Pothier P, Sanchez A,
Negredo A, et al. Increase in viral gastroenteritis outbreaks in
Europe and epidemic spread of new norovirus variant. Lancet
2004;363:682-8.

25) Noel JS, Fankhauser RL, Ando T, Monroe SS, Glass RI.
Identification of a distinct common strain of "Norwalk-like
viruses" having a global distribution. J Infect Dis 1999;179:
1334-44.

26) White PA, Hansman GS, Li A, Dable J, Isaacs M, Ferson M,
et al. Norwalk-like virus 95/96-US strain is a major cause of
gastroenteritis outbreaks in Australia. ] Med Virol 2002;68:
113-8.

27) Huh JW, Kim WH, Moon SG, Lee JB, Lim YH. Viral etiology
and incidence associated with acute gastroenteritis in a 5-year
survey in Gyeonggi province, South Korea. J Clin Virol 2009;
44:152-6.

28) Gallimore CI, Iturriza-Gomara M, Xerry J, Adigwe J, Gray JJ.
Inter-seasonal diversity of norovirus genotypes: emergence and
selection of virus variants. Arch Virol 2007;152:1295-303.

29) Jung JH, Yoo CH, Koo ES, Kim HM, Na Y, Jheong WH, et al.
Occurrence of norovirus and other enteric viruses in untreated
groundwaters of Korea. ] Water Health 2011;9:544-55.

30) Koh SJ, Cho HG, Kim BH, Choi BY. An outbreak of
gastroenteritis caused by Norovirus-contaminated groundwater
at a waterpark in Korea. J Korean Med Sci 2011;26:28-32.

31) Kukkula M, Arstila P, Klossner ML, Maunula L, Bonsdorff
CH, Jaatinen P. Waterborne outbreak of viral gastroenteritis.
Scand J Infect Dis 1997;29:415-8.

32) Rao VC, Metcalf TG, Melnick JL.. Human viruses in sediments,
sludges, and soils. Bull World Health Organ 1986;64:1-13.



