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To inspect norovirus contamination of groundwater in south eastern areas of Korea, a systematic sur-
vey of groundwater in Busan, Ulsan, and Gyeongsangnam-do was performed for two years from 2009
to 2010. For this purpose, we first optimized the nested reverse transcription-PCR condition by design-
ing two sets of primers for the detection of norovirus genogroups, GI and GII. Of 145 samples, 21
(25.9%) and 15 (23.4%) were norovirus positive in the dry season (April to June) and wet season (July

to August), respectively. The

detection frequencies

of norovirus in Busan, Ulsan, and

Gyeongsangnam-do were 15%, 7%, and 32%, respectively, reflecting a geographical difference in their
distribution. The GI and GII isolates were 5 and 31, respectively, indicating the prevalence of GII in
the tested areas. According to phylogenetic analysis of their nucleotide sequences, all of the GI isolates
were identified to genotype GL.5 whilst the GII isolates were divided into two genotypes, GIL.3 and
GIL4. Neither physical-chemical parameters such as pH, temperature, oxidation-reduction potential,
and dissolved oxygen, nor microbial indicators of water quality such as total bacteria, total coliforms,
and Escherichia colf were statistically correlated with contamination of norovirus in the groundwater.
Interestingly, however, the presence of norovirus was closely correlated with low turbidity (<0.50
NTU). The present study suggests that periodical monitoring of norovirus in groundwater is necessary
to prevent epidemic waterborne diseases and to secure better sanitary conditions for public health.
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Table 1. Primers used for nested RT-PCR to detect noroviruses [21,26]

Genogroup Primer Sequence (5'—3)° Polarity Position”
FIM CTG CCC GAA TTY GTA AAT GAT GAT Forward 5342-5365

GI F2 ATG ATG ATG GCG TCT AAG GAC GC Forward 5358-5380
RIM CCA ACC CAR CCA TIR TAC ATY TG Reverse 5649-5671

FIM GGG AGG GCG ATC GCA ATC T Forward 5049-5067

Gl F3M TTG TGA ATG AAG ATG GCG TCG ART Forward 5079-5102
RIM CCR CCI GCA TRI CCR TTR RAC AT Reverse 5367-5389

R3M ACA AAA TTA TIT CTA ATC CAG GG Reverse 5241-5264

* Y=C/T, R=A/G, 1=C/G/A/T, W=A/T, K=G/T

® Norwalk virus (GeneBank accession number M87661) and Lordsdale virus (GeneBank accession number X86557) were used for

GI and GII, respectively.
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Fig. 1. Optimization of nested RT-PCR conditions for the detection of norovirus genogroups GI and GII. (A) Genomic organization
of noroviruses. ORF1 encodes nostructural proteins including2C-like” nucleoside triphosphatase (NTPase), virion protein
linked to genome (VPg), protease (Pro), and polymerase (Pol). ORF2 and ORF3 encode the major capsid and minor capsid
proteins, respectively. Arrows indicate locations of primers used for RT-PCR. (B) Evaluation of primer specificity for the
detection of norovirus genomic RNA by nested RT-PCR. M: size marker; lane 1, nested PCR of negative control (RNA
extracted from distilled water) with GI-F2/GI-RIM; lane 2: nested-PCR of GI positive control (RNA extracted from the
Gl positive sample) with GI-F2/GI-R1M; lane 3, nested PCR of negative control with GII-F3M/GII-R1M; lane 4: nested
PCR of GII positive control (RNA extracted from the GII positive sample) with GII-F3M/GII-R1M; lane 5, nested PCR
of negative control with GII-F3M/GII-R3M; lane 6, nested PCR of GII positive control with GII-F3M/GII-R3M.
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Ao oJstH, pH7E norovirus AEEC 9IS Foha

F YATHI=34, p=033).

Fee A=Y AE 9T vAE & 84 F sy
B2 &8 149T 9J3}, 15.0C~199T, 20.0T~249C 18]
31 250T o|Ao = FE3FY norovirus ASES FAMH T
|02 e 4291 149C ©]35}2] 270 A| &A= norovirus
F AEHA e wbdo] 1501T~199T <) A1E 55704 31%

oo>' _Ii

e

¢

O

N

0.35

0.3 7

0.25 -

0.2

Frequency of norovirus detection

Average Dry season Wet season

Fig. 2. Detection of noroviruses in groundwater. (A) Geographical difference in frequency of norovirus detection in Busan, Ulsan,
and Gyeongsangnam-do. (B) Seasonal difference in frequency of NoV detection in the dry (April to June) and wet (July
to August) seasons. The number of samples is shown in parenthesis.
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Table 2. General information for norovirus detected samples

823

Sample name Sampling date Sampling site/setting Drinking or Nov
(month/day/year) nondrinking genotype
Su36 4/22/2009 Busan / Training center Drinking GlL4
Su36-2 7/6/2009 Busan / Training center Drinking Gll.4
0001 7/6/2009 Busan / School Drinking GIL3
10-20 6/22/2010 Busan / Apartment Drinking GL5
10-79-2 7/13/2010 Busan / School Nondrinking GIL3
10-80-2 7/13/2010 Busan / Apartment Drinking GIL3
1099 4/15/2009 Gyeongsangnam-do / School Drinking GIL3
1098 4/21/2009 Gyeongsangnam-do / School Drinking GIL3
1078 4/21/2009 Gyeongsangnam-do / School Drinking GIL3
1056 4/21/2009 Gyeongsangnam-do / School Drinking GIL3
1137 4/21/2009 Gyeongsangnam-do / School Drinking GIL3
1079 4/21/2009 Gyeongsangnam-do / School Nondrinking GIL3
1101 4/23/2009 Gyeongsangnam-do / School Drinking GIL3
1109 4/27/2009 Gyeongsangnam-do / School Drinking GIL3
1077 4/28/2009 Gyeongsangnam-do / School Drinking GIL3
1076 4/28/2009 Gyeongsangnam-do / School Nondrinking GIL3
1112 4/28/2009 Gyeongsangnam-do / School Drinking GIL4
1127 4/29/2009 Gyeongsangnam-do / School Drinking GIL3
1105 4/28/2009 Gyeongsangnam-do / School Nondrinking GlL4
1065 5/12/2009 Gyeongsangnam-do / School Drinking GL5
1111 5/12/2009 Gyeongsangnam-do / School Drinking GL5
1075 5/12/2009 Gyeongsangnam-do / School Drinking GIL3
1070-2 7/8/2009 Gyeongsangnam-do / School Drinking GllL4
1109-2 7/8/2009 Gyeongsangnam-do / School Drinking GIL3
1099-2 7/8/2009 Gyeongsangnam-do / School Drinking GIL4
1102-2 7/10/2009 Gyeongsangnam-do / School Drinking GIL4
1112-2 7/10/2009 Gyeongsangnam-do / School Drinking GIL4
10-87 5/6/2010 Gyeongsangnam-do /Food company Drinking GIL3
10-61 6/15/2010 Gyeongsangnam-do / Apartment Drinking GIL3
10-67 6/16/2010 Gyeongsangnam-do /Factory Nondrinking GIL3
10-58-2 7/6/2010 Gyeongsangnam-do / School (E) Nondrinking GIL3
10-61-2 7/6/2010 Gyeongsangnam-do / Apartment Drinking GIL3
10-55 7/6/2010 Gyeongsangnam-do / School Nondrinking GL5
10-53-2 7/22/2010 Gyeongsangnam-do / Amusement park Drinking GII 3
2010-8 8/2/2010 Gyeongsangnam-do/Food company Nondrinking GL5
10-113-2 7/22/2010 Ulsan / School Nondrinking GII 3

o HuA & AEFES YA 200C~249C¢} 250C
ool sjFste 74709 1470 A lA 22 22%9F 21% 9]
HEES YeERN At (Fig. 4B). 3R oA B4 29, 52
< norovirus AZE7 BAA Fo4S YA &gTh=
224, p=0.52).

gre B9 5y AEE Ythlle oz
Ao} ofF T

e F2ols
gk Aol eJste] AT $EE 050
NTU o]3}e} 051 o]0 2 vrof ufo]g 2~ HAEES 4
B Az}, 051 NTU o492 11170 A 8olXE AEE0] 9%l
Bitatg A g 050 NTU ©]ate] 3470 Al 2o ME 30%2 A=
E0] EUTHFig. 40). A4 4 AR E BEE nor-
ovirus A5 FFL MAE Aoz Yeth =61, p-0.01).

28 AL (Eh e AAE ey g4 Gy d-yE
Uehlle T2 A v E9] A5 S vx= QAo
A3 A E 0 mVold}, 0.1~24.9 mV, 25.0~499 mV, 18
1 50.0 mV o] 2 U9 norovirusd ZAEEL AHE
A3, 0 mV ©]ate} 0.1~24.9 mVel s Fate 24709k 61709
ANEoA 247 20%9F 24%9] AEES YERAT uHH
25.0~499 mV ¥ 9]¢ 537 A2 e 9% AZFol E3a}
93 50.0 mV o]A+e] 77 Al B A= norovirus’} A AZE
52 %A THFig. 4D). AT, g4 B4 Aol osid 4
3 A = noroviruse] AEE S T B F ¢
ATHP=2.56, p=05).

SENAE B S0 3o} gl ¥ AEY) HaE woe
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35 | Fayeteville/GIl.14(AY 113106)

Fig. 3. Phylogenetic analysis of the norovirus isolates. The multiple sequence alignments of partial capsid sequences of (A) GI
and (B) GII isolates were performed using the software Clustal W and phylogenetic tree was constructed through the neigh-
bor-joining method.
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