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Noroviruses (NoV) are the major viral pathogen causing epidemic acute gastroenteritis
and outbreaks of foodborne and waterborne illness. During the local festival in
Chungnam province, group food poisoning occurred outbreak by NoV infections in
Jan 2019. In this study, epidemiological analysis and molecular characterization
were conducted such as genotyping, phylogeny. The prevalent genotypes of food
poisoning events were NoV GIL3 and GIL17, and NoV GIL3 and GIL17 isolates of this
study were completely matched in nucleotide sequence comparison of capsid gene
region, respectively. In underground water and stream water, various multiple
genotypes of noroviruses were detected including NoV GIL3, GIL8 and GI4 in
aquatic environment of the local festival site. Among 32 worker samples, various
NoVs of five genotypes (GL.7, GL8, GIL3, GIL8, GIL.17) were detected in 12 samples
and expected to causing NoV contaminated by exposure to groundwater. NoV
genotype GIL3, which was detected from groundwater 2, was completely consistent
with that of patients and workers. Therefore, groundwater within the local festival
site could be main cause of food poisoning event. Because NoV outbreaks are
caused by fecal to oral transmission, proper management of sewage purification
facilities, groundwater and sanitary toilets is required for many visitors, and efforts
are needed to maintain clean environment.
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O &ofl= 2|4 38712 RUAELE MEste|of 2B (5~7), Ol & Al =2 2HIE 227|= RUAIAE2G6 1, G,
GIvoltt (5,8). .=2H[Ol2{AE HE S HES DPHZ JAME|of JHEFS Lod|= 2t A, oIS Z'EFOHA‘I =)
l= iEHFOIEV\OI HIES Olalist| flsiMe A F7IMEE 2450 FUAEE 25tks A0| =22H0ICt (6). =2H}0|
A= 18 ~ 1,000702] Y2 AYFS FLEY + AL, RUY OLY0| 0 =20, CiAet 8tF AEARRE =2 XYY
= 7F7| W20l 2 LHOA A HALZ = AT (9). &3, st &=, HIRE2 2[5k S Chefet 2 $EEZ0)| 2l5t0 e
C2H[0[2{ AT FYLlotil WEA MOt 7kSSIT (10). = S+4te SEEE W A SA oM Ldet 2804 T ZF
Off CHStO] 2t} 29t ZARR} 32 2|1 89| &t HAOM =280 A FHARS A HEE B[220 Uzt 2
Y Y 2 dEstd 54 Esks 222 Aol 2ME AL, 0| Enge2H Ao 02t RARR YHAZSS

20199 18 &Y 2 23 & HE AE= O A & 7LE L HASHE H0l= A =258 & 24|l 159, B

Al O{2I0|Y Otz L WAl 14, X|HZA| 2 A|LZAIR} 329F, Aot 4, otd4 27, Zot =0F 2t 17240 CiSt =25t0|

A AAE HASHICt

QA HA|

OlA| A= 2¥HECR Az|st & EZ=l 0.1 M phosphate buffered saline (PBS, Sigma, St. Louis, MO, USA) 3 mLo|| €0

Z2Igf5t, 3,000 RPMOfIA 1027t HA 225t A-US A0, HEAIRH0| AFRE W7HA| -70C0|| Eatstict

otE A

Astrs AN 2AY W 2E 22, A9 £E1X|p 122, & &3 1R, 12|1 st4s Y ofd & 20X 2HZ[otUCt
HO

32, Liquid Filtration System (1MDS-2000, 3M, Korea)®l Nano Ceram EE{(VS2.5-5, Argomde corporation,
Sanford, FL, USA)E 25t 1,500 ~ 1,800 LO| A[ot+E SHAIA BIO|HAE S2fIRAL, stdee 4L 2 3744 2|55t
o 21 UEE SoUAA BIOIMAE S2AZIC) BIO|HATE F2ME TE & HIZ B iiﬂl%*té.*ml 3f01 gel Y 55 HAl
SHHCH (11). WEO| HZE 1.5% beef extract 2F2US E1FA|H BIO|2|AE E2l5t, & =2
H20M 302 7F AT WBISICE 2142 0] 47T 4CO0|M 2,500 x g2 1527+ HelZ2 §—0ﬂ %—E 7\1|7‘| 5t0f M=o
0.15 M sodium phosphate 2FE=HS L0 ERAI7|1, A20(M 1027 Y2[SIUCH U2 4C0|M 7,000 x g2 10272t Tt
Al §IAE2| 51 pHE 7.0+0.22 RESIYUCH M 2YS Y2|5H7| Qs 50 mL ZAZ[0f 0.22 uM SRLEE Hatsio] A&

E
HZ 01}, 2|F &= ZA 20 MLE FUA 22 2T BAHZE ALESHRACEH CFEE AFHO| 20 mLe| 1.5% beef extract 222
HE LEO| SSHAIH HH S| Bio|2{AYF TEO| S2ist= 42 YAISIAUCE E£5F AP0 AMSSH 2ot =0Hs HRE HE
o= 274 ERAEOM =S5, EEl 0.1 M PBS 3 mLOj| €O 225] JIESIYFD, AIEHO| AFRE W7HR] -70ToA 2t
SHRACE.
L 2HjOl2|A RICH
L2HI0|2{AE real time RT-PCRES O|Est0] AAISIACH A 2| QUM AAR Aot AA| 200 uLE Z[ot0] HAZZHH|

(Nextractor Genolution, Korea)?l 2£7|E(NX-48 Viral NA kit, Genolution, Korea)S O|23I0] A|ZALQ| AtZEHHO| T2t
RNAZ 2Z3519Ct 2&% RNAS PowerChek™ ANorovirus GI/GIl Multiplex Real-time PCR kit (Kogenebiotech, Korea)Z O
Eot0] 2ITHStRACE 2ZE RNA 5 WLE Z2e| 7|E0i| &7t ot}edl, E5| AlotroiM 22E A2 2 RNA & 3714 225101
AlSSHRCt BE2ZR A2 50C 302 13, 95T 102 13, 95C 15, 55T 1& =9t 453| BH25t0] real-time PCR(AB7500 Fast,
Thermo Fisher Scientific, Waltham, MA, USA)O|A BF235tSCH Z3b= threshold 0.2, Ct (Threshold Cycle)2t0| 360|5tQ!
Ag YYo= THsIGICt
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C2H0[HA gAY 2Y 2 ASEY

Reverse transcription-polymerase chain reaction (RT-PCR)

PO 2 THYE L2H0|2{AE FUAY 2ME QI5H0 semi-nested RT-PCRES O|&510] HAIE RHRt= SE51QLH &
ZI RNAE= Access RT-PCR system (Promega, USA)Xt =2H0[|2{A0]| £0|2{Ql T 2l0|HE 0|25t0] AESIUCt (8,12). =24}
O|HAGI Z2t0|H= GI-FIM (5°-CTGCCCGAATTYGTAAATGATGAT-3°)2t GI-RTM (5°-CCAACCCARCCATTRTACATYTG-3°)0|
1, L-2HPO|HA Gl Z20|HE=GI-FIM (5-GGGAGGGCGATCGCAATCT-3’) It GIFRTM (5°-CCRCCIGCATRICCRTTRTACAT-3’)
2 AHESICE RNA 5 uLE ZtZ2| 7|E0|| 27t AlZl & 47C0IM 4027t <DNAE &45ta, 94C 30%, 54T 30%, 72T 45%
=0 353 BHE510] PCR Bt2E £3M5IFCE O & 1) BF2AME 2 e %[5t0 PCR system (Promega, Madison, WI, USA)S

| St semi-nested PCRE &otRUCt. = =2HIO[HA GIE20|HE=GI-F2 (5-ATGATGGCGTCTAAGGACGC-3°)2t GI-R1M,

I Z2}0|He= GII-F3 (5°-TTGTGAATGAAGATGGCGTCGART-3’)2} GI-FRTMEZ AMESHYLCE BF2RHE2 94C 30Z, 56T 30Z,

72°C 452 SO 253| BHEEIACH PCR 220 2|5 M=l QlAxcel (QIAgen, Valencia, CA, USA)S 0|25t #7|¥% o &
GI2 330 bp, Gll= 332 bp2| BHEE &HQIGIRICE.
2802 AS RHAY 2 U ASE4A
SAZNYE BHES st FHR HI|MEB2Genotech (Korea)dll 2|2/5t0 2Ast¥ D, 2ME 2t HI7|MEE2 Editseq (DNAStat,
Madison, WI, USA)O|M ™ISt =, National Center for Biotechnology Information (NCBI)2| Basic Local Alignment Search
Tool (BLAST)E S5t0] O|RO{XLCE O = GIL.3YL GIL17Y0| CHE F7|IMEBE NCBIQ| GenbankOll MK737749 ~ MK737776
o= SE5IUCt (Table 1). 0|5 O0|85t0] 2|2 HThddol| 222 2Ho[qASH 2t RUAG S| e|tz2E S AS
248 AAISHHCE Clustal-X (European Molecular Biology Laboratory, https://www.embl.org/)& O|235t0] CI=HEE £3list
5 M= 2t2+= Molecular Evolutionary Genetics Analysis (MEGA, https://www.megasoftware.net/) Z21ME 0|

gl ApRs 3tof
ASEAS MAIBHECE (13,14).

20199 12 3 SHLE U AASHOIN HSAZ2E Oy HYst A°2|0 S A 005, 82|20 0f20/3 0folS
Ol YEHOR RE U HAF SMS HOIS BAS0| LUBCE HHYHOR & AIZ 1010 S FAY U SUs Ao|
A Feife %%4% H33 HOR HOIT|M, 0| & 38(37.6%)01A 33 ~ 41412t 0[F0| TE, MAF U =& So| Z4

Table 2. Exposed persons and patients with symptoms for norovirus infection

No. of No. of illness Time from exposure to
exposed persons (incidence rate) onset of symptoms
Ch”(ircehggT %n“eAISrgte;tary 33 ( 4512% ) 33 hrafter lunch
Children azcé)aur;]lgsery in “B” 63 (332_83%) 41 hr after lunch
L 20| A HAIE AAISH BIZH= 2990, 22FOIA] L2HI0|HA GIIZF BEE0 & 75.9%2] YALS HYCtH A0l

FUAHE2 Gll.2g 19, GIL3Y 9F 12| GII.179§O| 12HO|UCt (Table 3).
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Table 3. Detection and distribution of genotypes of noroviruses in fecal samples of patients

No. of . NO'.O.f Genotype
samoles norovirus positive samples
P (positive rate) GlI.2 GlI.3 GlIl.17 Total
Children at an elementary 15 13 0 5 8 13
school in “A” city (86.6%) (0.0%) (38.5%) (61.5%) (100%)
Children at a nursery in 14 9 1 4 4 9
“B” county ©642%) (11.2%) (44.4%) (44.4%) (100%)

A A0 225 ALZAIRE 320 CHE ZAE AAlst Af 12F0A =2HI0[2{A7F HAEE|0 37.5%2] ¥HES
20|11 ULt O] & Tt Y2 SEUFCR HEH HOlZAE 13H0IY2n, MEHC2E GIL78 17, GIL8Y 3, GI3E
52, GIL.8E 174, 12|11 GII.1780| 3710|4Ct (Table 4).

Table 4. Detection and genotype distribution of noroviruses in fecal samples of food-service employees

No. of norovirus- Genotype
No. of o |
samples positive samples
(positive rate) Gl.7 Gl.8 Gll.3 GIl.8 GIIl.17 Total
Food-service D 12 1 3 5 1 3 13
employees (B75%) (77%) 231%) (335%) (77%) @231%) (100%)

FARE SAS0| YAAES AT AZOIM At=R b =0oIA 2h2t =25t 2i2(SHL, Groundwater-12 A
oto| £E=ZZ0IM LIR= ZISHEE ASstAL, LA 322 2AZAIY U 2 220 2A1Y of 2 12 OHH 2% st
:1?5' b2Ao| 280|247t HEEIA=H, 0122 RUAEE 24 “

471270 @2 ZAF 23 Groundwater THOIM ZCHE Rt 24 HOEOI 7425|o+q @wg ues 7114 §e: 5t
$ He WY 12 LOIM 2802 A HAE slet 22, O & 8 R0lA =28t0[2{A GLAYO| *%EI?iEr 0|24 2|
o+ U She 67 & ZUol| sligshks 370A01M 27 CF C28f0|AT HE

& 4 0 on
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Table 5. Detection and genotype distribution of noroviruses for groundwater, stream water and kitchen utensils

Specimens Detection of norovirus Genotype Remark
Groundwater-1 Positive Gl total coliforrP:sSiatir:/g Igcral coliforms
Groundwater-2 Positive Gll.3
Groundwater-3 Negative -

Groundwater-4 Negative -
Stream water-1 Negative -
Stream water-2 Positive Gl4

Swab with knife

used in the restaurant Negative i

Swab with cutting board

used in the restaurant Negative -

B2t CHEROM HEE =2HI0[A GIL3ED GIT7H0| CHshAM CHed-S AASIF D, 0|8 HIEHSR HSEME 3ty
Ct 2 Aot MZ=0|M HES C2H0[HA GIL3YEY HL, At SAAL 2|1 2|50 25 HEE U=, 220t 0f
SO0M ZEE L2HO|Z{ASE WAE B2 L2}t HI|IME 254bpoilM 100% L2510 SHS ZTot =28I0[2AT} S
ot 22|F0| &IZ|UCt (Fig.1). 2018 =ZLHO| CHE Z|HO|A ZCHEO| 0I0| £|YH =2H0|2{A GII.3¥2= 984 ~
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98.8%2| Al=AME E0|1 QUY, 0|29 E2|RE CHD4031, CHDC2005, CHDC52612H= 90.9 ~ 93.7%2| A5ME 20|
AACEH.

Isolates in this study

water 2 — Groundwater-2 sample
worker 2nd-13 |
worker 2nd-10
worker 2nd-3 Noroviruses isolated in workers
worker 1st-3
worker 1st-1
patient-hs11 =

patient-hs10 Noroviruses isolated in
patient-hs5 patients of day care center in “B” county

patient-hs4 =
patient-br13 -

patient-br9
Noroviruses isolated in

patient-br6 patients of elementary school care class in “A™ city

patient-br2
\_patient-br1 /.
outbreak-gg Nov 2018 — Norovirus isolated in outbreak at Gyeong-gi province in Nov 2018
—— outbreak-cb Jun 2018 —Norovirus isolated in outbreak at Chungbuk province in Jun 2018
outbreak-dg Feb 2018 — Norovirus isolated in outbreak at Dacgu metropolitan city in Jun 2018

CHDC4031-1988-US — HM072044. Norovirus isolated in USA at 1988
I CHDC2005-1975-US — HM072045. Norovirus isolated in USA at 1988

L CHDC5261-1990-US— HM072041. Norovirus isolated in USA at 1990

—_—
0.010

Figure 1. Phylogenetic analysis of isolates in this study with reference strains for 254bp of capsid gene of norovirus Gll.3

2 , B2t ZAROIM  AELUsH, 2MZ o|S0M BEE =4t

|IE 22 R S7IME255bp0liA 100% YL=|5t0] SHAtt SALAOIM R3St =2 HiO[2{AVF SUs 22|FY

t (Fig.2). 2019'A =LHQ| CI2 Z|HoflA ZTHHO| 10| ZAUH ZH[0[2{A GIL3¥2t= 99.6 ~ 100%2| &&

Mg =0l QUICE 1978E Z2tAA J|OILIoM E22]E GIL17383} 85.9%9 AEAMS EOm, 2005 0|20|M 22|F
“Katrina17°F2t= 96.9%2| &35dE H0|1 UACH.

2 20 MZE0|M ZE2E L2502 A GIlL178e AR
o

outbreak-ic Jan 2019 Norovirus isolated in outbreak at Incheon metropolitan city in Jan 2019
worker 2nd-21 Y\ ]

worker 2nd-15 Noroviruses isolated in workers
worker 2nd-1 -
Isolates in this study | patient-hs9
patient-hs8 Noroviruses isolated in
patient-hs7 patients of day care center in “B” county

patient-hs6 =

patient-br12
patient-br11

patient-br8

patient-br7 Noroviruses isolated in

patient-br5 patients of elementary school care class in “A™ city
patient-br4

patient-br3

patient-bri0 ) _|

outbreak-so Jan 2019 —Norovirus isolated in outbreak at Seoul metropolitan city in Jan 2019

outbreak-kn Jan 2019—Norovirus isolated in outbreak at Gyeongnam province in Jan 2019
K ki323-2014-JP —AB983218, Norovirus isolated in Japan at 2014

—|7 C142-1978-GUF —KC597139, Norovirus isolated in French Guiana at 1978

Katrina17-2005-US —DQ438972, Norovirus isolated in USA at 2005

—_
0.020

Figure 2. Phylogenetic analysis of isolates in this study with reference strains 255bp of capsid gene of for norovirus Gll.17
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DISCUSSION

C2H0[AE HIO[2AY HAF 20| F2F FHUAZ WA HiO|2HAY HAO| oF 10%E AASIL AL, £ dHo=2 &Y
Ste HIO[2AY ASSo| tiFE Qo= Hag(1 Ut (1), el =2H[0[2{A Yo oieh 0] A2 fFsH= A
e el YUY F2 oM AZY S40F S2glo] LYsts BlIAYFH ARIS0| B U (15,16). £&F =
ZHo|AE BEH 2000 AHgo| 0fe 2 HIO|HAR =2 AP FYelst dYHS 2Tt 53] =22 U= HEHe=
dotEls §3S 20[04, 27 nm2| 37|12 0 2{0tM EFYFIL 0I5t H20| RAZl= AlstroM= E7I12 E=0| 7tsst
Ct (10,17,18). & 7= 20199 18 SYHE W AGAAOM ZAS 280|220 o5 YH ASS0| thet Zat ot
ZME HAISI0 0|F Estnt SUCh 2 A[AZA oM Ldst AHAS T Y2 L2BI0)RAZR, FHUAS GIL3YLY
GILT7&@ & 71 RUAHQ| Blo|2AY} ME=S FEot A2 THEEH, BME BAE Ut 2219 H7IMLE0l 100%
L2I5t0] 2t RHAYO| Y HIO|HAYE RUS L7l A2 HZECH SR 1HOM FEE GIL.2™o| 3R, A7[AH2=2 27t
2 AF =0 o2lE BREN, 2 YHASSL S&l0] F0M =0 RYEUS 7tsF0l SAHTL A5kt St &
64 = 320M GIL8YL GIIL.3Y 2|1 GLAYO| HEE AGSAYU A SH0M 02 FHRYHQ| =280[2 A7 ZAY
St ASS Y o+ UUL, Groundwater-301M Z2|E GIL3FES ALt SARROIM 22| A2t FHA MB0| 100% L2I5t
Of Zlotert ASE 2d T2 AUY0| SYEUCH iU, A £= SARM FEEA2H, 2[SH0lM HEEA| 22
GIL2¥2t GILT7Ye| &2 SHF0lM Biol2{A HEYO| Y=L 3|4+829| A0l T2t ASE A US 782t 2/R0M RY
S HE AU oSN RASIAS 7tsd0l ZAStCt. OIS0 tiet 2ot Y&E #FS 2I510] AYoM AFEE AR 2F
O1F L AGURZ 7Y=l= Alste0l| Cher F7t2Ql AL 28 4 UCEH SARE 328 S 12¥(37.5%)0IM 57H2| 72t
A(GL7, GI8, GII.3, GIL8, GI.17)0] HEE A2 SARIE0| 2FE 2|5t40 YZEIAS0| old=(0], 0|2 SARIZ ZZt7|
Ehe 2 MS50| 22 dZsle A5te0| A2 a2d L2412 Be A0| Bt 2oty 12| “He=ag #2787
of g HAIZL ST 228 tidT0l d2E A2 A6k0| 2% 7Y 7582 20[0], 280|227 ZotE 2
2 EE0| =2 A2 HCEL L2H0[2AE 30 A0 ZdFE = SAS 2HS Sl BiEEI22, 2 AlZ0|820
HYS 2 YSpA[E1} 24l SiIY S9| 220t BRsIth SAEUY BES =22 2o, 2y 920t F5idel 5§ 2
SHyd S AYEN A= BAE 7HAL JAUEH|, B, 7YO| P[0 oY L o-ot-2 SO thiet ZHat 7Ret &
ARAE flet 0| 27 EC £ot SAZUY SAAES] =2 dFES 20t SARREO e 77142l 2 EuFat A N
ol fldae|7t BRSIL FIHHLE WARYO| &, €8 22 SO AI8ElE sty 2LY=FAL SO| UAL0foF & A=
ZHEct
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