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Abstract

JeongWoong Park
Department of Agricultural Biotechnology
The Graduate School
Seoul National University

Noroviruses (NoVs) are the most important viruses that cause
nonbacterial acute gastroenteritis in humans. One of the virulence factors of
NoV, the great genetic diversity attributed to point mutations and
recombinations, has brought forth the result of significant changes in the
circulating NoV genotype patterns.
In recognition of the necessity for tracking and monitoring of genetic
diversity, a novel NoV variant was isolated from a patient in South Korea. To
further understand its genetic characteristics and taxonomical classification,
its genome was completely sequenced. Complete genome sequence analysis
revealed three predicted ORFs; ORF1 (5,100 bp), ORF2 (1,623 bp), and
ORF3 (807 bp). Comparative phylogenetic analysis of complete genome
sequence of the isolated NoV strain showed that it may be in the Cluster I.
Furthermore, subsequent phylogenetic analyses of three ORFs substantiated
that this strain belongs to Cluster I/2006b. Therefore, the isolated NoV strain
i

designated NoV Hu/GII-4/CUK-3/2008/KR.
To investigate the contamination levels of NoVs in groundwater
used at food catering facilities in South Korea, 1,090 groundwater samples
were collected from Gyeonggi, Chungcheong, Gangwon, Gyeongsang, Jeolla
and Jeju provinces and NoVs were detected in seven samples (three GII-4,
two GII-17, one GII-3 and one GI-6) using the method based on the
guidelines for NoVs Detection in Groundwater (Korea Food and Drug
Association, KFDA), suggesting that NoVs are present in the groundwater of
South Korea. Therefore, NoV reduction system is urgently required.
To develop the water treatment system, electropositive filters were
tested and 3M filter was selected due to its high fidelity of human NoV
reduction in water. Using this 3M filter, the combined water treatment
system was developed, consisting of electropositive filtration, UV irradiation,
and chlorine disinfection. To evaluate this system, spiking samples
containing >105 copies of human NoV particles were used and quantitative
real-time RT-PCR using the eluted sample showed that no human NoV
particle was detected in the samples, suggesting that this system indeed work
for human NoV reduction in water. Therefore, this combined water treatment
system should be used for human NoV reduction from the groundwater.

ii
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PART I: Overall Introduction

１

Noroviruses (NoVs) are the clinically most important viruses that
cause nonbacterial acute gastroenteritis in humans. People of all age groups
are susceptible to these viruses, especially the elderly people are at
increased risk of more severe disease and death, in addition to the very
young and the immune compromised individuals (Donaldson et al. 2008;
Yoon et al. 2006). They are small and non-enveloped viruses and belong to
the family Caliciviridae, genus Norovirus. NoVs have a single positivestrand NoV RNA genome of about 7.6 kb in size (Figure 1). Three open
reading frames (ORFs) have been identified in the NoV genomes. ORF1
encodes a polyprotein that is cleaved into six non-structural (NS) proteins,
which carry amino acid sequence motifs conserved in NTPase, protease and
RNA-dependent RNA polymerase (RdRp) (Lee et al. 1977; Rueckert et al.
1984). ORF2 encodes a major structural protein, Viral Protein (VP1) that
consists of two domains; the shell domain (S) and the protruding arm (P)
which is again divided into two subdomains, P1 and P2. The S domain is
highly conserved while the P domain is variable. P2 of the P domain is
hypervariable and carries immune and cellular recognition sites (Tan et al.
2003; Nilsson et al. 2003; Lochridge et al. 2005). ORF3 encodes minor
capsid protein, VP2, which is rich in basic amino acids and is proposed to
have a role in viral stability (Glass et al. 2000; Bertolotti-Ciarlet et al.

２

2003). Based on nucleotide sequence analysis that encodes the capsid
proteins, NoVs are classified into five genogroups, GI to GV, each of which
can be further divided into several clusters or genotypes (Motomura et al.
2008). Among the five genogroups, three genogroups (GI, GII and GIV)
are known to cause clinical illness in humans, and genotype GII-4 has been
the predominant circulating strain (Hale et al. 2000). The error-prone RNA
replication and recombination between viruses is primarily responsible for
great diversity among NoVs. Furthermore, the accumulated mutations of
the hypervariable P2 domain of the VP1 protein produced different GII-4
NoVs (Glass et al. 2009). The most representative of the resulting variant
of GII-4 strain, GII-4/2006b, with 3 nucleotide insertions in the P2 domain
at position 6,265 nt, emerged in the summer of 2002 which led to the major
gastroenteritis outbreak as well as an epidemic gastroenteritis worldwide in
the winter of 2002/2003 (Lopman et al. 2004; Allen et al. 2009). In South
Korea, gastroenteritis outbreaks by GII-4/2006b variants have been
reported during the period from September of 2007 to July of 2008 (Chung
et al. 2010).

３

Figure 1.1. Full genome map of NoV (Figure from : Glass et al. 2009).
ORF1 - encodes non-structural proteins, including N-terminal protein (N-term), NTPase,
3A-like protein (3A-like), genome-linked viral protein (VPg), 3C-like protease (Pro)
and RNA-dependent RNA polymerase (RdRp).
ORF2 - encodes the major capsid protein (VP1).
ORF3 - encodes a small protein (VP2) associated with VP1 stability.

４

The incubation period of NoV is generally between one and three
days. After incubation period, infected persons may develop low-grade
fever, vomiting, diarrhea and headache as prominent symptoms. These
symptoms usually subside within 2 or 3 days, although the course of illness
may be protracted in the elderly. The average attack rate is typically 45% or
more. The NoV is shed via stool and vomit, starting during the incubation
period and lasting up to 10 days and possibly longer. Foods can be
contaminated by five routes (Koopmans et al. 2004) (Figure 2). (i) The first
route is a direct contact with feces or water contaminated with feces. (ii)
The second route is a secondary contact with feces contaminated materials
(including hands). (iii) The third route is a contact with vomit or water
contaminated with vomit. (iv) The fourth route is a contact with
environments (except for aerosols) in which infected people were present.
(v) The last route is aerosols generated by infected people. The main route
of transmission is suspected to be person-to-person contact, but food and
water-based transmissions are also important routes (Donaldson et al. 2008;
Kearney et al. 2007; La Rosa et al. 2008; Koopmans et al. 2004).

５

Figure 1.2. Modes of transmission of enteric viruses, showing proven
(continuous) and suspected (dashed lines) routes of exposure (Reference,
Koopmans et al.2004).

６

Outbreaks caused by NoVs have been reported in a variety of settings
(Marshall et al. 2003; Kim et al. 2005; Medici et al. 2009; Widdowson et al.
2005; Yoon et al. 2008). NoV has the five characteristics that facilitate its
rapid, extensive spread (Lee SG et al. 2011). The first characteristic is that
an extremely low infectious dose of approximately 18 to 1,000 viral
particles. This tendency is generally found in various routes such as personto-person contact, aerosol, fomites, and even environmental contaminations.
The low infectious dose can be reflected in the secondary attack rate of 30%
or more for those in close contact with an infected individual. The second
characteristic is that a prolonged shedding period of NoV. Thus, as the risk
of secondary infection increases, spread of NoVs from food handlers
already recovered from the symptoms to family members without
gastroenteritis could be an epidemic. The third characteristic is that NoVs
are stable. This characteristic supports the surviving ability of NoVs in a
wide range of environmental conditions including drinking water and
various food items such as raw oysters, fruits and vegetables. The great
diversity of NoV strains can bring repeated infections due to the lack of
complete cross-protection and long-term immunity. Interestingly, frequent
Nov genome mutations via antigenic shift and recombination events can
endow new NoVs with the capacity to infect NoVs-resistant hosts.
According to the report of Korean Centers for Disease Control and
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Prevention (KCDC), NoV is the leading cause of water-borne and foodborne outbreaks of gastroenteritis in South Korea (Figure 3). Several cases
of broad-range contamination by NoVs have been reported in South Korea
(Lee CH et al. 2008). In 2007, water quality test results for NoVs
contamination-suspicious food catering facilities showed that 28% of
groundwater was contaminated by the NoVs. According to the nationwide
survey, known as “Nationwide Groundwater Surveillance of NoVs in South
Korea”, funded by National Institute of Environmental Research (NIER) in
2008, NoVs have been detected in 64 sites out of total 176 NoVs
contamination-suspicious sites (36.4%) where people use groundwater as
the source of drinking water. In 2006, the largest food poisoning outbreak
via NoV contamination with low infection dose and rapid transmission was
reported in South Korea. From this outbreak, people recognized the
importance of groundwater management. Therefore, it was suggested that
sophisticated

monitoring

of

human

NoV

contamination

in

the

environmental resources, especially via water, is highly required in South
Korea.

８

Figure 1.3. Incidence of water-borne and food-borne outbreaks (Reference, KCDC, 2010).

９

To prevent frequent food poisoning from NoV positive groundwater
sources, extensive research work has been carried out to eliminate viruses
from water. The most significant treatment approach is chlorination.
Chlorine is widely used as a disinfectant in groundwater treatment because
of its effectiveness in virus inactivation. According to the report of Shin et al.
(2008), two log reduction after 3 min or three log reduction of NoV after 10
min were observed in the presence of 1 mg free chlorine per liter at 5°C, pH
6, respectively. These results of that study indicate that NoV is not highly
resistant to free chlorine disinfection. However, Koopmans et al. (2004)
reported that NoV is quite resistant to chlorine treatment; NoV remains to be
infectious even after 30 min in the presence of 0.5 to 1 mg free chlorine per
liter. At higher concentrations (>2 mg free chlorine per liter), NoV is
reported to be inactivated, suggesting that NoVs may be sensitive to higher
concentration of chlorine than the general treatment concentrations. To
evaluate the survival and inactivation of NoVs, Keswick et al. (1985) has
performed human challenge study. This study showed that 3.75 mg free
chlorine per liter could inactivate other viruses but failed to inactivate NoV.
Furthermore, it has been reported that chlorine disinfection containing high
concentration of free residual chlorine can in turn induce the production of
carcinogenic substance like Trihalomathane (Rook et al., 1974). Therefore,
there is a growing need to find alternative approaches to inactivate NoV. In
10

addition, UV irradiation method has been studied as a substitute and its
inactivation efficiency has been proved by many other scientific researches.
Tree et. al. (2004) reported that, for a one log reduction of feline calicivirus
(a surrogate for NoV), a dose of 4.75 mW s-1 cm-2 was required. According to
the report of Lee et. al. (2008), three log reduction of NoV was observed by
254-nm UV irradiation in 200 sec exposure time. Furthermore, Jung et al.
(2010) found that combined water treatments including chlorine/UV
irradiation and chlorine/electropositive filter are more effective than only
chlorine water treatment for inactivation of NoV. This combined water
treatment method has advantages in preventing offensive odors and THM
formation as well as minimizing chlorine concentration for NoV inactivation.
In this study, firstly, a GII-4 strain which is responsible for highest
outbreaks in South Korea was selected and its genome sequence was
completely sequenced and analyzed in Chapter II. Interestingly, the complete
genome sequence revealed that this variant is a novel type of NoV,
designating GII-4 variant CUK-3. Comparative analysis of this strain with
other known GII-4 variants using phylogenetic analysis revealed that while
this GII-4 variant CUK-3 is genetically related with other strains, it is
positioned in the different evolutionary group in the tree, supporting its
taxonomical novelty. Secondly, total 1,090 groundwater samples were
collected from schools and preschools and the collected groundwater
11

samples were analyzed precisely according to the analysis method in Korean
Food Code to determine the prevalence of the NoV contamination. Thirdly,
NoV elimination efficiencies of the commercial electropositive filters and its
combination with chlorine and UV irradiation were determined to develop
the effective NoV elimination system from groundwater.

12

PART II: Full sequence analysis and
characterization of the South Korean
Norovirus GII-4 variant CUK-3

13

2.1. Materials and Methods

2.1.1. Stool specimen
NoV positive-stool sample was originally collected from a patient
with acute gastroenteritis in Daejeon, South Korea in November 2008. The
isolate was obtained from the Waterborne Virus Bank (Seoul, Korea).

2.1.2. RNA extraction
A 10% fecal suspension was prepared with phosphate buffered
saline (PBS, pH 7.4) buffer (Invitrogen, Carlsbad, CA, USA) and the NoV
particles were obtained by centrifugation at 10,000 x g for 10 min. The
viral genomic RNA was extracted from the NoV particles using a QIAamp
Viral RNA Mini kit (Qiagen, Hilden, Germany) in accordance with the
manufacturer’s instructions.

2.1.3. Detection of NoV
For the detection of NoV, reverse transcription PCR (RT-PCR)
was performed using the One-step RT-PCR kit (Qiagen, Hilden, Germany)
with primers based on the sequence of the NoV capsid region (Table 2.1).

14

Table 2.1. Diagnosis primer sets
Primer

Sequence (5’→3’)

Polarity

Region

GIF1M

CTG CCC GAA TTY GTA AAT
GAT GAT

+

5342-5365

GIR1M

CCA ACC CAR CCA TTR TAC
ATY TG

-

5649-5671

+

5049-5067

-

5367-5389

GIIF1M

GIIR1M

GGG AGG GCG ATC GCA ATC T
CCR CCI GCA TRI CCR TTR TAC
AT

15

2.1.4. NoV genome sequencing
To sequence the whole genome of the detected NoV strain, reverse
transcription PCR (RT-PCR) was performed using the One-step RT-PCR kit
(Qiagen) with 10 pairs of newly designed primer sets (Table 2.2). Each of
primer binding regions is indicated with Lordsdale strain (GenBank
accession no. X86557). Ten PCR products were amplified and PCR products
were then analyzed by electrophoresis on 1.5% agarose gel containing
ethidium bromide. The amplified PCR products were purified using
HiYield™ Gel/PCR DNA Extraction kit (RBC, Taipei, Taiwan). Then, the
products were cloned into the pGEM-T Easy vector (Promega, Madison, WI,
USA) and were sequenced (Genotech, Daejeon, South Korea). From
sequencing of PCR products, they were assembled by sequence overlapping
to complete genome sequencing using DNASTAR (DNASTAR, Madison,
WI, USA).

2.1.5. Bioinformatics analysis
The open reading frames (ORFs) were predicted using GeneMarkS
program

(http://exon.gatech.edu/genemarks.cgi).

The

annotation

and

functional analysis of the predicted ORFs were conducted using BLASTX
program (http://blast.ncbi.nlm.nih.gov/blast). Comparative phylogenetic

16

analysis was performed using MEGA5 with neighbor joining method
(http://www.megasoftware.net/).

2.1.6. Nucleotide sequence accession number.
Complete genome sequence of the isolated NoV is available under
GenBank accession number, FJ514242.

17

Table 2.2. Designed primer sets
Primer

Sequence (5’→3’)

Polarity

Region

ORF1-1F

GTG AAT GAA GAT GGC GTC TAA C

+

1-22

ORF1-1R

AGT TCC ACT GCA AGG TCC TCA G

-

999-1020

ORF1-2F

CTG AGG ACC TTG CAG TGG AAC T

+

999-1020

ORF1-2R

ATG AGG GAA CCA GTG GTG AGA GT

-

2018-2040

ORF1-3F

CGT GCT CGA GGC GCA TCG ATT T

+

1821-1842

ORF1-3R

TTG TAC TCA TCA TAC TCT TCA

-

2701-2721

ORF1-4F

CAT TGC TCG AGC ATC AGG GCT AC

+

2038-2060

ORF1-4R

TTG ACT ATC CTC GAC CAG ATG CT

-

3038-3060

ORF1-5F

AGC ATC TGG TCG AGG ATA GTC AA

+

3038-3060

ORF1-5R

GTG GCA CAT ATG ACA GTG TTT CC

-

3518-3540

ORF1-6F

GGA AAC ACT GTC ATA TGT GCC AC

+

3518-3540

ORF1-6R

CAG TCG TTC TTC CGC ATG TGG TGC GG

-

3935-3960

ORF1-7F

CTC AGC ACC AAG ACT AAA TTC TGG A

+

3635-3659

ORF1-7R

TGG GCG ATG GAA TTC CAT TGA GAG G

-

4485-4509

ORF1-8F

ATG GTT AAA TTC TCC CCA GAA CC

+

4355-4377

ORF1-8R

CCA CCT GCA TAA CCA TTG TAC AT

-

5367-5389

ORF2-F

ATG AAG ATG GCG TCG AAT GGC

+

5085-5105

ORF2-R

TTA TAA TGC ACG CCT GCG CCC CGT

-

6681-6704

ORF3-F

ATG GCT GGA GCT TTC TTT GCT

+

6704-6724

ORF3-R

AAA GAC ACT AAA GAA AGG AAA GAT

-

7532-7555

18

2.2. Results and Discussion

2.2.1. Complete genome sequence analysis of the isolated NoV strain
After assembly of ten PCR products in the cloned plasmids, the
complete genome sequence shows that the single-stranded RNA genome
contains 7,559-bp length with a GC content of 49.24% with three ORFs. The
sizes of these ORFs are 5,100 bp (ORF1), 1,623 bp (ORF2), and 807 bp
(ORF3). This complete genome sequence was deposited into GenBank
database with accession number FJ514242 (Figure 2.1). DNA sequences of
these three ORFs are shown in Figure 2.2 and Figure 2.3. In addition,
complete genome sequence of this strain is also shown in Figure 2.4.

19

Figure 2.1. GenBank deposition of complete genome sequence of the
isolated NoV strain.

20

Figure2.2. DNA sequence of ORF1 in the genome sequence of the
isolated NoV strain.
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Figure 2.3. DNA sequences of ORF2 and ORF3 in the genome sequence
of the isolated NoV strain.

22

Figure 2.4. Complete genome sequence of the isolated NoV strain
(continued).
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Figure 2.4. Complete genome sequence of the isolated NoV strain
(continued).
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Figure 2.4. Complete genome sequence of the isolated NoV strain.
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2.2.2. Comparison of ORF2 with reference strains
The predicted ORF2 may encode the viral capsid protein, which is
generally used for comparative analysis of viruses. Therefore, the nucleotide
and amino acid sequences of ORF2 were compared with the DNA and
protein sequences of viral capsid proteins from other reference viruses. This
comparative analysis showed that this isolated NoV strain had the highest
sequence similarity to the NoV GII-4 reference strain X76717 (GenBank
accession no.). The nucleotide similarity of the isolated NoV strain was from
60.1 to 88.0% with the selected reference strains. A protein database search
(BLASTX) with the capsid protein encoded by ORF2 yielded 59.3 to 92.0%
similarity. However, because the highest similarity (92%) between ORF2 of
the isolated NoV strain and Bristol-GBR-93 of GII-4 genotype is lower than
the cut-off value of amino acid similarity, the isolated NoV strain is not
identical to Bristol-GBR-93, but it belongs to GII-4 genotype (Table 2.3).
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Table 2.3. Nucleotide and amino acid sequence similarities between
CUK-3 strain and the full length ORF2 sequences from different
Genogroup GII reference strains
Genotype

Strain

Accession No.

GII-1

H awaii-USA94

U07611

64.9a

64.6b

GII-2

Msham-GBR95

X81879

62.8

63.9

GII-3

Toronto-CAN93

U02030

64.8

67.4

GII-4

Bristol-GBR-93

X76716

88.0

92.0

GII-5

Hilingd-GBR00

AJ277607

64.6

63.9

GII-6

Seacrof-GBR00

AJ277620

63.0

63.9

GII-7

Leeds-GBR00

AJ277608

64.3

64.8

GII-8

Amstdam-NLD99

AF195848

64.3

64.8

GII-9

VABeach-USA01

AY038599

63.7

63.5

GII-10

Eufurt-DEU01

AF421118

63.5

64.8

GII-11

SW918-JPN01

AB074893

62.3

64.6

GII-12

Wortley-GBR00

AJ277618

63.3

63.9

GII-13

Faytvil-USA02

AY113106

64.5

64.3

GII-14

M7-USA03

AY130761

64.3

64.8

GII-15

J23-USA02

AY130762

60.1

59.3

GII-16

Tiffin-USA03

AY502010

64.1

65.9

GII-17

CSE1-USA03

AY502009

63.7

65.2

a

Similarity (%)

, The nucleotide sequences of the ORF2 regions starting at nucleotide 1620
were analyzed.
b
, The amino acid sequences of the ORF2 regions starting at amino acid 540
were analyzed.
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2.2.3. Analysis of comparative evolutionary relationship in NoV
To analyze the genetic relationship between the isolated NoV strain
and the other NoV variants reported worldwide, the sequences of three ORFs
and the whole genome were processed with multiple sequence alignment
using phylogenetic tree. Each DNA sequence of ORF1 (5,100 bp), ORF2
(1,623 bp), ORF3 (807 bp) as well as the whole genome sequence (about 7.5
kb) was compared with other DNA sequences of NoV strains in the Cluster I,
which was reported in 2006. From the comparative analysis, the NoV strains
in Cluster I, which have ORFs homologous to ORF1 of the isolated NoV
strain, contain Hiroshoma1, Kumamoto1, Saga1, Hokkaido1, Aomori4,
Miayagi5, Akita1, Aichi3 and showed the highest similarity range (98.0 to
98.9%) (Figure 2.5). In the case of ORF2, the GII-4 variants from Japan in
Cluster I (2006b) contain very similar ORFs with the highest similarity range
(97.7 to 99.0%). However, other GII-4 variants in Cluster II (2006a) contain
relatively low similarity range (91.7 to 92.3%) (Figure 2.6). Furthermore,
like ORF2, comparative sequence analysis of ORF3 showed the highest
similarity to ORFs of GII-4 variants in the Cluster I with 97.9% to 99.3%
similarity. Interestingly, 02/03 group contains the GII-4 variants in Europe
showed higher similarity (93.1 - 93.6%) than other GII-4 variants from Japan
in the Cluster II (Figure 2.7). Comparative analysis of the complete genome
sequences of the isolated NoV strain and other NoV strains revealed that the
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genome sequence of the isolated NoV strain has highest similarity (98.3%) to
the 2006 epidemic strain, Aichi3/2006/JP strain. However, Ehime/530/2005/JP strain and Lordsdale/1993/UK strain showed the lowest
similarity (89.2%) (Figure 2.8).
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Figure 2.5. Phylogenetic tree constructed on the nucleotide sequence of
ORF1 (5.1 kb).
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Figure 2.6. Phylogenetic tree constructed on the nucleotide sequence of
ORF2 (about 1.6 kb).
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Figure 2.7. Phylogenetic tree constructed on the nucleotide sequence of
ORF3 (about 0.8 kb).
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Figure 2.8. Phylogenetic tree constructed on the nucleotide sequence of
complete genome (about 7.5 kb).
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These phylogenetic tree analyses of three ORFs and complete
genome sequence of the isolated NoV strain suggests that it could belong to
the GII-4/2006b cluster. Furthermore, subsequent multiple sequence
alignment of RdRp in various NoV strains also suggests that the isolated
NoV strain is highly similar to NoV strains in the GII-4/2006b cluster,
substantiating this (Figure 2.9). Additional comparative analysis of the GDD
motifs (ANNNTG) regarding catalytic domain of RdRp protein in various
NoV strains also supports this close relationship (Figure 2.9). In this Cluster,
these NoV strains were common in Hong Kong, Japan, and other regions of
North East Asia during the same period, 2006 (Motomura et al. 2008; Ho et
al. 2007). However, the NoV strain in this study was isolated in 2008,
indicating the reemergence of GII-4 variant in South Korea.
In Europe and Asia, most of NoV outbreaks occurred since 2002
have been caused by GII-4 variant strains (Figure 2.9). Interestingly,
emergences of pandemic NoV GII-4 variants have been reported every two
years such as 2002, 2004, 2006 and 2008 (Motomura et al. 2008; Ho et al.
2007; Tu et al. 2008). In 2008, the GII-4 NoV variant has also been firstly
identified in South Korea and this type of NoV variants is now rapidly
spreading worldwide.
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Figure 2.9. Partial sequence comparison of the RdRp gene. The boxed
sequence is the conserved GDD motif, ANNNTG. Nucleotide positions
are referenced to the Lordsdale-1993-UK sequence.
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Amino acid sequence of the capsid region encoded by ORF2 was
compared with a total of 39 GII-4 variants reported from various countries
including US, UK, Japan, China, Germany etc. Comparative analysis of 540
amino acids encoded in ORF2 with those of GII-4 variants showed the
pattern of changes of two amino acid in first P1 domain, aa238 (S
>2002→

T

GII-4- <2002),

aa250 (Y

GII-4- >2002→

F

GII-4- <2002).

showed five substitutions of amino acids, aa280 (A
aa346 (A
<2002),

GII-4- >2002→

aa376(Q

4- <2006).

P GII-4- <2002), aa367(F

GII-4- >2002→

The P2 domain

GII-4- >2002→

GII-4- >1995→

GII-4-

P

GII-4- <2002),

Y GII-4- >2002→ F GII-4-

E GII-4- <2002), and aa394 (G or S

GII-4->2006→

T GII-

In addition, the second P1 domain also showed two amino acid

substitutions, aa459 (L
GII-4-<2002).

GII-4->1995→

Q

GII-4- >2002)

and aa504 (P

GII-4- >2002→

Q

These analytic data showed that there had already been numerous

mutations, which led to the production of a wide range of variants, already
before 2002 and produced various variants. And as shown on the case of
aa394 of P2 domain which deleted one of amino acids, G or S, and then
substituted to T after 2006.
Although previous studies have indicated that the sequence for the
NoV capsid region is useful for the diagnosis of NoV variants, no studies
have analyzed the RdRp region of the South Korean NoV GII-4 variant. This
is the first report that describes the full-length sequence of a NoV GII-4
variant that was isolated from clinical samples in South Korea. We suggest
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that this sequence can be used as a standard for the comparison of full-length
NoV GII-4 variant sequence with other NoV strains.
The information acquired from whole genome sequencing in this study
can be useful not only for a more accurate diagnoses of NoVs but also for the
basic research for the elucidation of NoV genetic functions. Furthermore, it
will be helpful for the prediction of newly appearing pandemic variants
through comparison with GII-4 variants in neighboring countries, for
fundamental research for vaccine development, and eventually, for the field
of public health through with the provision of new emerging strains of NoV.
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2.3. Conclusion

A novel NoV strain was isolated in 2008 from a patient in South
Korea and to further understand this strain, complete genome sequencing
was conducted. The comparative genomic analysis of this isolated NoV
strain with many reference NoV strains and their phylogenetic analysis
revealed that this strain belongs to GII-4 genotype. Furthermore, ORF
prediction of the genome of this isolated NoV strain showed that this genome
contains three ORFs. Comparative phylogenetic analyses of these ORFs with
genes encoded in other reference strains showed that these ORFs are very
similar to genes in Cluster I (2006b), suggesting that this isolated NoV strain
may be in the cluster of GII-4/2006b. This strain is the first NoV strain
identified in South Korea. Interestingly, while other reference NoV strains
were found worldwide in 2006, this isolated NoV strain was isolated in 2008,
South Korea, suggesting that this GII-4 type NoV strains are rapidly
spreading worldwide.
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PART III: Prevalence of NoVs from
Groundwater in South Korea and Their
Evolutionary Relationships
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3.1. Materials and Methods

3.1.1. Overview of detection of NoVs in groundwater
The process of identification of NoV from groundwater is mainly
involved in several steps of sampling, virus concentration, nucleic acids
extraction,

reverse

transcription-PCR

(RT-PCR),

sequencing

and

phylogenetic analysis. And the whole steps were based on the guidelines for
NoVs Detection in Groundwater (Korea Food and Drug Association, KFDA)
(Figure 3.1).

3.1.2. Sampling

To investigate NoV occurrence in South Korea, 1,090 sampling sites
were chosen, located in schools and preschools. The standard sampling
system was previously developed by collaboration of KFDA, 3M and
Sanigen (Figure 3.2). Using this standard sampling system, most of
groundwater samples were collected during 8 months period from April,
2010 to January, 2011 (Figure 3.3). Sampling regions include Gyeonggi,
Gangwon, Chungcheong, Jeolla, Gyeongsang and Jeju provinces (Figure 3.4).
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Water in

Adsorption to 1MDS filter

Elution

Concentration

RNA extraction

One step RT-PCR

Semi nested PCR

DNA sequencing

Figure 3.1. Process flow chart for detection and identification of NoV in
water.
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Figure 3.2. Standard sampling system.
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Figure 3.3. Details of sampling period.
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Figure 3.4. Details of sampling regions.
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3.1.3. Virus concentration and nucleic acids extraction
Adsorption–elution method was employed to concentrate virus
particles present in the water samples based on the Guidelines for NoVs
Detection in Groundwater (KFDA). Briefly, potential virus in the water
samples was collected bypassing from 1,500 L to 1,800 L of groundwater
through a 1MDS filter in the standard sampling system. After bypass of the
groundwater, NoVs were eluted from the filter by submerging in 1.5% beef
extract (pH 9.5) for 1 to 5 min in the filter housing, and the elute containing
NoVs was transferred to a sterile beaker. After the elution process with the
beef extract was repeated, the pH of elute sample was adjusted to 7.0 to 7.5
by using 1 M HCl. The pH of elute sample was gradually adjusted to 3.5±
0.1 and stirred slowly for 30 min at room temperature. Then, the elute
sample was centrifuged at 2,500 × g for 15 min at 4°C, and the pellet was
resuspended in 30 mL of 0.15 M sodium phosphate buffer, pH 9.0 to 9.5.
The resuspended solution was centrifuged again at 7,000 × g for 10 min at
4°C and the supernatant was filtered by using sterile, 0.22-μm pore size
cellulose acetate filter (Millipore, Billerica, MA, USA). Finally, the
concentrated samples were stored at -70°C until nucleic acid extraction.
Viral nucleic acid extraction was carried out using the QIAamp® Viral RNA
Mini kit (Qiagen, Hilden, Germany) according to the manufacturer’s
protocol.
45

3.1.4. One-step reverse transcription-PCR (RT-PCR) and nested PCR
One-step RT–PCR reaction was performed as described in the manual
for the Guidelines for NoVs Detection in Groundwater (KFDA). In brief,
5μL of RNA extract was mixed with 20 μL of RT–PCR pre-mix, containing
20 pmol of each GI-F1M/GI-R1M primer set for detection of GI type (Table
3.1) or GIIF1M/GII-R1M primer set for detection of GII type(Table 3.2).
Expected PCR product sizes of G1 type and GII type are 313 bp and 310 bp,
respectively. For conversion of total RNA to cDNA, reverse transcription
was conducted: the mixture was incubated for 30 min at 45°C followed by
reverse transcriptase inactivation and subsequent cDNA denaturation for 5
min at 94°C. And then, cDNA was routinely amplified by general PCR with
the following conditions: 35 cycles of 94°C for 30 s, 55°C for 30 s and 72°C
for 90 s. A final extension step was done at 72°C for 7 min (Table 3.3).
To further increase PCR-amplified NoV DNA, the nested PCR was
conducted using the PCR-amplified NoV DNA as a template. For this
second-round nested PCR, 2μL of the first-round PCR product was added to
48 μL of the second-round PCR mixture containing 20 pmol of each
GIF2/GIR1M or GIIF3M/FIIR1M primer sets (Table 3.1 and 3.2).
Denaturation of DNA templates was carried out for 5 min at 94°C, and the
subsequent PCR amplification was carried out for 25 cycles of 94°C for 30 s,
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55°C for 30 s and 72°C for 90 s. A final extension step was done at 72°C for
7 min (Table 3.4).

3.1.5. Determination of genogroup of NoV using PCR with genogroupspecific primer sets
To determine the genogroup of NoV between GI and GII, genogroupspecific primer sets (Table 3.1 and 3.2), 1.5% standard agarose gel
electrophoresis of amplified PCR products using two primer sets was
conducted. According to the presence of specific DNA band (313-bp for GI
and 310-bp for GII) from PCR with GI- or GII-genogroup specific primer in
the agarose gel, the genogroup was determined.
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Table 3.1. Primer sequence for NoV GI detection

Primer

Sequence (5’→3’)*

GIF1M

CTG CCC GAA TTY GTA AAT GAT GAT

GIF2

ATG ATGATG GCG TCT AAG GAC GC

GIR1M

CCA ACC CAR CCA TTR TAC ATY TG

*(Y=C/T, R=A/G, I=C/G/A/T)
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Polarity
+
+
-

Table 3.2. Primer sequence for NoV GII detection

Primer

Sequence (5’→3’)*

Polarity

GIIF3M

TTG TGA ATG AAG ATG GCG TCG ART

+

GIIF1M

GGG AGG GCG ATC GCA ATC T

+

GIIR1M

CCR CCI GCA TRI CCR TTR TAC AT

-

* (Y=C/T, R=A/G, I=C/G/A/T)
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Table 3.3. 1stPCR(one-step RT-PCR) conditions
Reaction
Reverse Transcription

Conditions
45°C, 30min

1 cycle

94°C, 5min

1 cycle

94°C, 30sec
One step RT-PCR

55°C, 30sec

35 cycle

72°C, 1min 30sec
72°C, 7min
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1 cycle

Table 3.4. 2ndPCR (nested PCR) conditions
Reaction

Conditions
94°C, 5min

1 cycle

94°C, 30sec

Nested PCR

55°C, 30sec

25 cycle

72°C, 1min 30sec
72°C, 7min
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1 cycle

3.1.6. Sequencing and phylogenetic analysis
After nested PCR using PCR products from one-step RT-PCR as PCR
templates, the nested PCR products were analyzed by 1.5% standard agarose
gel electrophoresis. To sequence the nested PCR products, they were purified
using QIAquick PCR Purification Kit (Qiagen, Valencia, CA, USA). The
purified nested PCR products were sequenced using Sanger sequencing
method by Macrogen, Seoul, Korea. DNA sequences of nested PCR products
were edited and handled with DNASTAR (DNASTAR, Madison, WI, USA),
and

BLASTN

program

was

used

for

sequence

analysis

(http://www.ncbi.nlm.nih.gov/blast/). Multiple sequence alignments were
carried out with the MegAlign program in DNASTAR (DNASTAR) and
ClustalW2 (http://www.ebi.ac.uk/Tools/msa/clustalw2/). Phylogenetic trees
were generated using MEGA5 program with neighbor-joining method
(http://www.megasoftware.net/). The open reading frames (ORFs) were
predicted using GeneMarkS program (http://exon.gatech.edu/genemarks.cgi).
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3.2. Results and Discussion

3.2.1. Detection of NoVs in various provinces and periods
In 2010, 1,090 final concentrated groundwater samples were collected
and analyzed using RT-PCR/nested-PCR assay for detection of NoV.
Consequently, seven of the 1,090 samples were shown to be positive for
NoV. As a percentage of detected NoV in each province, 1.4% of samples
from Gangwon province, 0.4% of samples from Chungcheong province
and 1.4% of samples from Jeolla province were positive for NoV,
respectively (Figure 3.5 and 3.6). However, NoV positive sample was not
detected in Gyeonggi, Gyeongsang and Jeju provinces. The monthly
prevalence of NoV positive samples was as follows; 2.6% of samples were
positive in March, 0.4% in June, 0.8% in July, 1.6% in August and 1.8% in
October, respectively (Figure 3.7 and 3.8).
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Figure 3.5. The number of NoV positive samples by area.
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Figure 3.6. The percentage of NoV positive samples by area.
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Figure 3.7. The number of NoV positive samples by month.
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Figure 3.8. The percentage of NoV positive samples by month.
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3.2.2. Genogrouping of detected NoVs in South Korea
NoVs have been classified into five NoV genogroups (GI to GV)
and three human NoV genogroups (GI, GII, and GIV). Each of the human
NoV genogroups is further classified into genotypes; there are 8, 17, and 1
genotypes in GI, GII, and GIV, respectively (Zheng et al, 2006). NoVs
exhibit broad genomic diversity, and human NoV genogroups (GI, GII,
and GIV) are comprised of at least 25 genotypes and many subgroups. The
diversity of NoVs is maintained by the accumulation of point mutations
from the error-prone nature of RNA replication and by genetic
recombination due to sequence exchange between related RNA viruses.
Therefore, phylogenetic analysis of genetically diverse NoVs is very
important for their epidemiology studies.
In this study, the isolated NoVs were genetically analyzed and
compared with other reference strains to reveal the genetic relationship of
isolated NoV in South Korea. For genogrouping of detected seven NoVs,
one-step RT-PCR and standard agarose gel electrophoresis were performed.
In the agarose gel electrophoresis analysis of amplified PCR products by
one-step RT-PCR, PCR products of six samples were detected in agarose
gel lanes of GII PCR products (310 bp), determined as GII and the rest
PCR product of one sample was detected in agaorse gel lanes of GI PCR
products (313 bp), determined as GI (Table 3.5).
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Table 3.5. The genogrouping and genotyping of detected NoV positive
samples in South Korea
PCR

Nucleic acid

Samples
GI

GII

2010042241

-

+

GII-4

2010060371

-

+

GII-4

2010071392

-

+

GII-3

2010081812

+

-

GI-6

2010082762

-

+

GII-17

2010100772

-

+

GII-17

2010101112

-

+

GII-4
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sequence

3.2.3. Genotyping of detected NoVs in South Korea
To sequence PCR products encoding NoV capsid protein,
additional nested PCR was performed and the PCR primers for nested PCR
were used as sequencing primers. DNA sequences of six GII PCR products
and one GI PCR product were shown in Figure 3.9 and 3.10, respectively.
Based on the sequences of nested PCR products, their comparative
phylogenetic analyses were conducted to determine their genotypes. All
DNA sequences of the nested PCR products and reference DNA sequences
were multiple-aligned using ClustalW2 and multiple alignment results
were used for generation of comparative phylogenetic analyses. These
analyses showed that GII NoVs were classified into one GII-3, three GII-4,
and two GII-17 and GI NoV was classified into one GI-6 (Table 3.5). The
phylogenetic analysis of sample 2010071392 showed that this sample was
highly homologous to GII-3 Tronto-CAN1993, suggesting that this sample
may belong to GII-3 genotype (Figure 3.11). In addition, the phylogenetic
analysis of samples 2010042241, 2010060371, and 2010101112 showed
that they were very similar to GII-4 Bristol-GBR1993, suggesting that they
may belong to GII-4 genotype (Figure 3.11 and 3.12). However, the
phylogenetic analysis of samples 2010082862 and 2010100772 showed
that they were very similar to GII-17 CSE1-USA2002, suggesting that they
may belong to GII-17 genotype (Figure 3.12). Finally, the phylogenetic
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analysis of sample 2010081812 showed that it was highly homologous to
GI-6 Hesse-DEU1998, suggesting belonging to GI-6 genotype (Figure
3.13). Therefore, Major genotypes of NoVs in South Korea may belong to
GII-4 and it is similar to findings in other counries (Buesa et al. 2002;
Foley et al. 2001; Gallimore et al. 2004; Greening et al. 2001; Kearney et
al. 2007; Tu et al. 2006).
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(A)

(B)

(C)

Figure 3.9. The nucleic acid sequences of nested PCR products in GII
(Continued).
(A) sample No.2010042241, (B) sample No.2010060371, (C) sample
No.2010071392,
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(D)

(E)

(F)

Figure 3.9. The nucleic acid sequences of nested PCR products inGII.
(D) sample No.2010082762, (E) sample No.2010100772, (F) sample
No.2010101112.
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Figure 3.10. The nucleic acid sequence of nested PCR product in GI.
sample No.2010081812.
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Figure 3.11. Phylogenetic tree analysis of sample 2010042241,
2010060371 and 2010071392.
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Figure 3.12. Phylogenetic tree analysis of sample 2010082762,
2010100772 and 2010101112.
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Figure 3.13. Phylogenetic tree analysis of sample 2010081812.
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3.2.4. BLAST functional analysis of predicted ORFs in DNA sequences
of the nested PCR products
The prediction of open reading frames (ORFs) in all DNA
sequences of seven nested PCR products revealed that they all have three
predicted ORFs (Table 3.6). The annotation of predicted ORFs showed
that they may encode capsid proteins, RNA-dependent RNA polymerases
(RdRp), and sometimes hypothetical proteins in the nested PCR products.
The functions of capsid protein and RdRp have been known to be probably
involved in the NoV structure and its RNA replication. The sequence
identities of all ORFs are extremely high to other known NoV genes with
the range of 92 to 100%, suggesting that those ORFs are highly conserved
in various NoVs (Table 3.6).
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Table 3.6. BLAST functional analysis of predicted ORFs in the nested PCR sequences (continued)
Samples

Accession
number
AB246162.1

2010042241

AB240187.1
AB240180.1
EU003964.1

2010060371

2010071392

HQ003288.1

Max
score

Blast
NorovirusCor/Gunma/Dec-3/GII/2004/JP gene for capsid protein,
partial cds
Norovirus Hu/NV/Hokkaido/194/2004/JP genes for RNA dependent
RNA polymerase, capsid protein, partial cds
Norovirus Hu/NV/Hokkaido/186/2004/JP genes for RNA dependent
RNA polymerase, capsid protein, partial cds
Norovirus Hu/GII-4/C5-150/South Korea nonfunctional capsid protein
mRNA, partial sequence.
Norovirus Hu/GII.4/Nizhny Novgorod/1921/2008/RUS capsid protein
gene, partial cds

E
value

Max
identity

260

1e-132

99%

260

1e-132

99%

260

1e-132

99%

270

2e-69

92%

265

8e-68

92%

AB541340.1

Norovirus Hu/GII-4/Sakai1/2008/JP genomic RNA, complete genome

265

8e-68

92%

EU249135.1

Norovirus Hu/GII/C7-212/2005/KOR capsid protein mRNA, partial
cds

412

3e-112

99%

EU249140.1

Norovirus Hu/GII/C1-307/2005/KOR capsid protein mRNA, partial
cds

392

4e-106

97%

EU249132.1

Norovirus Hu/GII/C7-307/2006/KOR capsid protein mRNA, partial
cds

392

4e-106

97%
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Table 3.6.BLAST functional analysis of predicted ORFs in the nested PCR sequences (continued)
Samples

Accession
number
EU249146.
1

2010081812

EU003971.1
EU003970.1
FJ383845.1

2010082762

DQ438972.1
FJ264887.1
FJ383845.1

2010100772

Blast
Norovirus Hu/GI/C7-167/2005/KOR capsid protein mRNA, partial cds
Norovirus Hu/GI-8/C6-52/South Korea nonfunctional capsid protein
mRNA, partial sequence
Norovirus Hu/GI-8/C6-49/South Korea nonfunctional capsid protein
mRNA, partial sequence
Norovirus Hu/GII/2005/8093/Chelyabinsk/RUS RNA-dependent RNA
polymerase and capsid genes, partial cds
Norovirusgenogroup 2 strain Hu/NoV/Katrina-17/2005/US VP1 and
VP2 genes, complete cds
Norovirus Hu/GII/Chelyabinsk/9418/2006/RUS capsid gene, partial
cds
Norovirus Hu/GII/2005/8093/Chelyabinsk/RUS RNA-dependent RNA
polymerase and capsid genes, partial cds

Max
score

E
value

Max
identity

564

1e-157

99%

555

8e-155

98%

555

8e-155

98%

531

1e-147

100%

531

1e-147

99%

520

3e-144

100%

534

1e-148

100%

EF529741.1

Norovirus Hu/Briancon870/2004/France RNA-dependent RNA
polymerase
and capsid protein genes, partial cds

525

6e-146

98%

DQ438972.1

Norovirusgenogroup 2 strain Hu/NoV/Katrina-17/2005/US VP1 and
VP2 genes, complete cds

525

6e-146

98%

70

Table 3.6.BLAST functional analysis of predicted ORFs in the nested PCR sequences
Samples

2010101112

Accession
number

Blast

Max
score

E
value

Max
identity

AB541356.1

Norovirus Hu/GII-4/Toyama2/2008/JP genomic RNA, complete genome

222

6e-55

98%

AB541261.1

Norovirus Hu/GII-4/Hokkaido1/2008/JP genomic RNA, complete genome

222

6e-55

98%

AB541233.1

Norovirus Hu/GII-4/Chiba4/2008/JP genomic RNA, complete genome

222

6e-55

98%
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3.3. Conclusion

Six out of seven NoV positive samples (85.7%) were identified as
GII while the other (14.3%) was GI (Table 3.5). This is consistent with a
general recognition of GII dominance in Asian countries. According to the
phylogenetic analysis based on the NoV DNA sequences of the nested
PCR products in the capsid protein region, three of six sequences of GII
were clustered with GII-4, two were GII-17, and one was GII-3 genotypes.
GI-related sequence was clustered with genotype GI-6. This result suggests
that GII genogroup is highly dominant in NoVs of South Korea. The
subsequent genotyping via comparative phylogenetic analysis also
suggests that major genotype in GII genogroup is GII-4 in South Korea.
This extensive-scale investigating NoVs in ground water is very rare
worldwide and when considering the population density in Korea, the results
collected through this investigation is very valuable and could be practically
used in the near future.
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PART IV: Research on the Combined
Water Treatment System
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4.1. Materials and Methods

4.1.1. Evaluation of NoV reduction yield in electropositive filters
As described in Fig. 4.1, NoV reduction yield was evaluated by
measuring human NoV absorption degree of each electropositive filter,
respectively.

4.1.1.1. Test sample
After spiking 2.5 X 105 copies of human NoV which was isolated from
patient’s stool sample, it was put into 50 liters of sterilized distilled water to
produce test sample.

4.1.1.2. Electropositive filter
1MDS filter (3M, St. Paul, MN, USA), 3M filter (not for sale, 3M) and
Nanoceram filter (Argonide, Sanford, FL, USA) were selected as the
electropositive filters for this study.

4.1.1.3. Quantification of human NoV using Real-time RT-PCR
Water processed with the 1-MDS filter produced a final elute of 20 ml.
Viral RNA was extracted from 140 μl of that elute using the QIAamp® Viral
RNA Mini kit (Qiagen, Hilden, Germany) according to the manufacturer’s
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protocol to obtain the final volume of 60 μl. Real-time PCR was conducted
using a Bio-Rad iScript One-step RT-PCR Kit (Hercules, CA, USA). To
quantify the NoV, real-time RT-PCR amplifications were performed with
primer sets (Table 4.1) and real-time RT-PCR conditions (Table 4.2).
Twenty microliter of viral RNA as the template and 30μl of the premixed kit
solution were mixed for the reaction. The real-time RT-PCR was carried out
using MyiQ real-time PCR machine (Bio-Rad), according to the following
protocol.
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Figure 4.1. Procedure for quantification of human NoV.
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Table 4.1. Primer and probe of Human NoV used in Real-time RTPCR

Primer & probe

Sequence (5’→3’)

Cog2F (GII)

CAR GAR BCN ATG TTY AGR TGG ATG AG

Cog2R (GII)

TCG ACG CCA TCT TCA TTC ACA

Ring2 (GII)

FAM-TGG GAG GGC GAT CGC AAT CT-BHQ
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Table 4.2. Real-time RT-PCR conditions
Reaction

Conditions

Reverse
50℃ 10 min

1 cycle

transcription

95℃ 5 min
Initial denaturation

1 cycle
95℃ 10 sec

Amplification

55℃ 30 sec
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45 cycle

4.1.2. Evaluation of NoV reduction yield in combined water treatment
system
As described in Figure 4.2, NoV reduction yield was evaluated by
measuring human NoV absorption and elimination degree in combined water
treatment system.

4.1.2.1. Test sample
After spiking, 8.0 X 106 copies (1st trial) and 9.1 X 106 copies (2nd trial)
of human NoV which was isolated from patient’s stool sample and itwas
dispersed into 50 liters of sterilized distilled water to produce test sample.

4.1.2.2. Combined water treatment system
Combined water treatment system was composed of chlorine feeder,
UV irradiation device and electropositive filter cartridge (Figure 4.2) and
overall water treatment system consists of filtration using 3M filter, UV
irradiation (39 W/m2)and chlorine disinfection (0.5mg/L) (Figure 4.3). Virus
spiking sample was passed through the combined water treatment system
with dechlorinated tap water at flow velocity of 10 liter per min. Overall
procedure of evaluation of combined water treatment system in groundwater
using the combined water treatment system and real-time RT-PCR is shown
at Figure 4.4.
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Figure 4.2. Combined water treatment system.
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Water In

20 L / min

3M filter cartridge

5 inch electropositive filter

UV irradiation

39 W / m

Chlorine disinfection

0.5 mg / L

2

Water out

Figure 4.3. Composition and flow diagram of combined water treatment
system.
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Human NoV spiking

Combined system

Control

Adsorption to 1 MDS filter

Elution

Concentration

RNA extraction

Real-time RT-PCR

Figure 4.4. Overall evaluation procedure of reduction yield of NoV after
water treatment using combined water treatment system.
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4.1.2.3. Quantification of human NoV using Real-time RT-PCR
Water processed with the 3M filter produced a final eluate of 20 ml.
Viral RNA was extracted from 140 μl of that elute using the QIAamp® Viral
RNA Mini kit (Qiagen) according to the manufacturer’s protocol to obtain
the final volume of 60 μl. Real-time PCR was conducted using a Bio-Rad
iScript One-step RT-PCR Kit.
To quantify the NoV, Real-time RT-PCR amplification was performed
with primer sets (Table 4.1) and Real-time RT-PCR conditions (Table 4.2).
We used 20μl of viral RNA as the template and 30μlof the premixed kit
solution. The real-time RT-PCR was carried out using MyiQreal-time PCR
machine (Bio-Rad), according to the following protocol.
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4.2. Results and Discussion

4.2.1. Evaluation of NoV reduction yield in electropositive filters
Electropositive filters are effective to capture the majority of virus
particles from the water passing through the filter and several electropositive
filters of various compositions are now commercially available. Real-time
RT-PCR result of human NoV, described in Figure 4.5, shows that these
electropositive filters work efficiently for removal of NoVs. From the filter
test twice for statistical analysis, the average human NoV reduction yields of
3M filter, 1MDS filter and Nanoceram filter were 42.05%, 33.85 % and
35.30%, respectively (Table 4.3). And these two tests of each electropositive
filter showed consistent result for reduction of NoV in water and very low
standard deviations (especially for 3M filter), suggesting their high fidelity
for NoV removal. Capture capacity of human NoV on the 3M filter was
equivalent or better than those of others. Therefore, 3M filter was used for
further water treatment and evaluation of this combined water treatment
system.
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Figure 4.5. Real-time RT-PCR result of human NoV using electropositive filters.
(1) Seed titer (2) 3M fiter (3) 1MDS filter (4) Nanoceram filter (5) Negative control without NoV
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Table 4.3. Human NoV reduction yield of electropositive filters
Standard
Filter type

1st trial (%)

2nd trial (%)

Average
deviation

1-MDS

32.0

35.7

33.85

2.616

3M

42.2

41.9

42.05

0.212

Nanoceram

34.0

36.6

35.30

1.838
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4.2.2. Evaluation of NoV reduction yield in combined water treatment
system.
Due to high fidelity of 3M filter for reduction of human NoVs in water,
3M filter was selected and used for development of combined water
treatment system. This system consists of 3M filter cartridge, UV irradiator
and chlorine feeder. To evaluate this system, the human NoV reduction yield
was tested. For quantification of human NoV particles, quantitative real-time
RT-PCR was conducted. To test this, 6.9 X 105 copies of human NoV
particles in the spiking sample were quantified using this quantitative realtime RT-PCR system. The RT-PCR result showed that quantified amount of
the spiking sample is very close to the original amount, suggesting that this
method is very useful for quantification of human NoVs in water (Figure
4.6). To evaluate this combined water treatment system, two spiking samples,
6.9 X 105 and 7.9 X 105 copies of human NoV particles, were prepared
(Table 4.4). These two spiking samples were passed by the treatment system
and amount of human NoV particles in eluted samples after water treatment
were quantified using quantitative real-time RT-PCR. However, no human
NoV particle was detected in both eluted samples, suggesting that the
number of human NoV particles in the eluted samples may be lower than
detection limit or possibly human NoV particles were completely removed
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by this system. Therefore, this combined water treatment system can be very
useful for water treatment to significantly reduce more than 5 logs of human
NoV particles from the groundwater.
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Figure 4.6. Amount of NoV in spiking sample using quantitative real-time RT-PCR.
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3

1

Table 4.4. Human NoV reduction yield of combined water treatment
system
Control

Combined system*

1st trial

6.9 X 105 copies

ND

2nd trial

7.9 X 105 copies

ND

* , ND, not detected.
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4.3. Conclusion

To develop the novel combined water treatment system using
electropositive filtration, UV irradiation, and chlorine disinfection, three
commercially available electropositive filters were tested and 3M
electropositive filter was selected, due to high fidelity of human NoV
reduction in water. This filter can reduce more than 40% of human NoVs in
water, confirmed by quantitative real-time RT-PCR. After selection of
electropositive filter, the combined water system was developed and
evaluated using spiking samples containing more than 105 copies of human
NoV particles. After treatment of the spiking samples, no human NoV was
detected in both eluted samples from the system, suggesting that this
combined water treatment system can reduce more than 105 copies of human
NoV particles or can remove human NoV particles completely. Therefore,
this system should be applied for groundwater treatment in schools and
industries to make sure the safety of groundwater for drinking.
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초

노로바이러스는
바이러스로서

사람에게

최근에

급성

장염을

전세계적으로

관심이

높아지고

있는

변종을

확인하기

위해

노로바이러스에

대해

상황이다.

노로바이러스의

한국에서

발생한

complete

록

유전학적

환자로부터

genome

분리된

sequence

분석을

일으키는

실시하였고

식중독

ORF1

(5,100 bp), ORF2 (1,623 bp), ORF3 (807 bp) 로 구성되어
있음을

확인하였다.

분리된

균종에

대해

phylogenetic

analysis 를 실시하여 아시아지역에서 가장 빈번하게 나타나는
노로바이러스

GII-4

의

변종임을

확인하였고

그에

대한

complete genome 을 Genbank 등록과 함께 노로바이러스 GII4 variant CUK-3 로 명명하였다.
한국에서

식수로

사용되는

지하수

중의

노로바이러스

오염도를 조사하기 위해 1,090 개의 지하수 시료를 경기도,
충청도, 강원도, 경상도, 전라도, 제주도로부터 채취하여 분석한
결과 7 개의 시료로 부터 노로바이러스를 검출하여(3 개의 GII-4,
2 개의 GII-17, 1 개의 GII-3, 1 개의 GI-6) 한국에서도
노로바이러스

오염으로부터

지하수를

관리할

수

있는

대책이

필요함을 확인하였다.
세가지 종류의 양전하 필터에 대해 노로바이러스 제거능을
비교 평가하여 가장 성능이 우수한 3M 필터를 선정하였고 선정된
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양전하 필터와 자외선 살균기, 염소소독기를 복합적으로 이용하는
복합수처리장치를 제작하였다. 105 copies 이상의 노로바이러스를
식수에 spiking 하여 시료를 만들고 복합수처리장치를 이용한
처리구에 대해 real-time RT-PCR 을 이용하여 정량분석하였다.
그

결과

제거효과가
대한

물에

존재하는

있음을

해결책으로써

노로바이러스에

확인하였고

지하수의

복합수처리장치가

105

이상의

노로바이러스

오염에

대하여

효과적으로

적용될

수

있음을 확인하였다.

주요어 : 노로바이러스 Sequence, Phylogenetic tree, 지하수,
복합수처리장치, 양전하필터, 노로바이러스 제거
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