
Norovirus (NoV) is an etiologic agent of human and ani-
mal acute gastroenteritis and is a member of the family 
Caliciviridae. NoV is classified based on nucleotide sequenc-
es of the VP1 gene into at least six genogroups (GI-GVI), 
among which GI, GII, and GIV are known to infect humans 
and GII is the most prevalent genogroup. In this study, VP1, 
the full gene of GII human NoV, was cloned from a human 
fecal sample and expressed using a baculovirus expression 
system. Human NoV VP1-specific monoclonal antibodies 
(MAbs) were produced using expressed recombinant VP1. 
Expressed VP1 in the recombinant virus was confirmed 
by polymerase chain reaction (PCR), indirect fluorescence 
antibody (IFA) test, and Western blot analysis. Eight hy-
bridomas secreting VP1-specific MAbs against human GII 
NoV were generated and characterized. All of the MAbs 
produced in this study reacted with human GII NoV VP1-
recombinant baculoviruses but not with other non-human 
calicivirus recombinant baculoviruses. These MAbs reacted 
specifically with human NoV GII.4-2009 virus-like par-
ticles (VLPs), and some MAbs showed cross-reactivity with 
other GII.4 variant VLPs. Expressed human GII NoV VP1-
recombinant protein and MAbs specific to this protein can 
be used as useful reagents for detecting and characterizing 
human NoV. 
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Introduction
Human norovirus (NoV) is a major cause of acute hu-

man non-bacterial gastroenteritis worldwide and is char-
acterized by high contagiousness, a short incubation 
period, and fecal-oral transmission [1-2]. These viruses 
are members of the family Caliciviridae, genus Norovi-

rus and are divided into six genogroups (GI-GVI) based 
on the amino acid sequence of the major capsid protein 
[3-4]. The NoV genome consists of a ~7.5 kb single-
stranded, positive-sense RNA containing three open 
reading frames (ORFs). ORF1 encodes six non-structural 
proteins (NSP) for viral replication. The ORF2 encodes 
major capsid protein VP1 while ORF3 encodes the minor 
structural protein VP2. VP1 is divided into the shell (S) 
domain and protruding (P) domain. The S domain forms 
the internal structural core of the particle while the P do-
main is exposed on the outer surface of the particle. The 
P domain is further subdivided into the P1 and P2 subdo-
mains. The P2 subdomain is the most exposed surface of 
the viral particle and is involved in cellular histo-blood 
group antigen (HBGA) binding and immune reactivity 
[5].

Since Human NoV (HuNoV) is uncultivable, there are 
several restrictions in studying this virus. For HuNoV 
diagnosis, electron microscopy (EM), conventional re-
verse transcriptional-PCR (RT-PCR), real-time RT-PCR, 
and enzyme-linked immunosorbent assays (ELISA) have 
been used [6]. EM is a relatively low sensitive method, 
requiring special skill and equipment. In general, con-
ventional RT-PCR or real-time RT-PCR is commonly 
used for NoV detection and diagnosis [7]. Fecal immu-
nological tests such as ELISA and immunochromato-
graphic (ICG) test are technically simple, rapid, and use-
ful for the detection of NoV outbreaks and large-scale 
tests. However, these assays are less sensitive than PCR. 
Considering both sensitivity and specificity, RT-PCR has 
become the gold standard test for diagnosis of NoV [8].

In this study, human NoV VP1 was expressed using 
baculovirus expression systems, and monoclonal an-
tibodies (MAbs) against NoV VP1 were produced and 
characterized.
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the rHuNoV-VP1-infected Sf9 cell lysates. Cell lysates 
were emulsified in an equal volume of Freund’s complete 
adjuvant (Sigma) and then inoculated into each foot pad of 
a 7-week-old female BALB/c mouse (Samtako Biokorea, 
Korea). The inoculation was repeated two times every 3 
days. After 3 days following final inoculation, popliteal 
lymph nodes and spleen were removed aseptically from 
the immunized mouse. The lymphocytes and splenocytes 
were fused with SP2/0 myeloma cells according to the 
modified procedures of a previous study [9]. The positive 
hybridomas were screened by IFA test and cloned at least 
twice by limiting dilution methods. The isotype of each 
MAb was determined by a monoclonal antibody isotyp-
ing kit (Sino Biological) according to the manufacturer 
protocol.

Reaction of produced MAbs with other non-human cali-
civiruses such as porcine Sapovirus, bovine Calicivirus, 
bovine NoV, and feline Calicivirus was determined by IFA 
test using the previously expressed recombinant baculovi-
ruses [10]. To determine the reactivity patterns of MAbs 
with various HuNoV virus-like particles (VLPs), ELISA 
was used. Briefly, 96-well plates were coated overnight at 
4°C with 5 µg/mL of different HuNoV VLPs {GI.1, GI.3, 
GI.4, GII.3, GII.4 (Asia 2003), GII.4 (Den-Haag 2006b), 
GII.4 (New-Orleans 2009), GII.4 (Sydney 2012), GII.5, 
GII.8, GII.10, GII.14, GII.16, and GII.17}, which were 
kindly provided by the Division of Vaccine Research, 
Center for Infectious Disease, Korea National Institute 
of Health. Each well was blocked with 2% skim milk in 
TBS-T for 2 hr at 37°C. After washing with TBS-T, 1:10 

Materials and Methods
Cloning and expression of human Norovirus (Hu-
NoV) VP1 gene

A primer pair set containing BamH I and BstB I restric-
tion enzyme sites (underline) was used to amplify the VP1 
gene of HuNoV. The sense primer was VP1-F (5’-GATG-
GATCCTCATGAAGATGGCGTCGAATGA-3’) while 
the antisense primer was VP1-R (5’-ATCTTCGAAGT-
TAATGCACGTCTACGCCCCGTT-3’). The coding 
regions of HuNoV VP1 gene were amplified from viral 
RNA extracted from the fecal sample, which was con-
firmed as human norovirus genogroup II (HuNoV/GII.4) 
positive by RT-PCR. Amplification of the VP1 gene was 
performed by RT-PCR at 45°C for 40 min (reverse tran-
scription), 95°C for 15 min (inactivation), 35 cycles of 
94°C for 1 min (denaturation), 58°C for 40 sec (anneal-
ing), and 72°C for 1 min (extension), followed by 72°C 
for 5 min (final extension). The PCR products were ex-
amined with 1 Kb DNA ladder (Invitrogen) on 1% aga-
rose gel containing ethidium bromide.

The amplified fragments were digested with restriction 
enzymes BamH I and BstB I (Takara), purified using the 
ExpinTM Gel SV kit (GeneAll), and then inserted into 
corresponding regions of pBlueBac4.5/V5-His-TOPO® 
vector (Invitrogen) containing V5 epitope using T4 
DNA ligase. The ligation mixture was transformed into 
competent cells (HIT DH5-α, RBC) by the heat shock 
method and grown on a LB agar plate with ampicillin 
(50 µg/mL). Recombinant vectors were collected from 
colonies and were checked for target gene insertion by 
restriction enzyme. Recombinant baculoviruses (rHu-
NoV/GII) were generated using a Bac-N-blue™ trans-
fection kit (Invitrogen) according to the manufacturer’s 
protocol. Each recombinant baculovirus was selected 
and plaque-purified using X-gal. To confirm the pres-
ence of the insertion gene in recombinant baculoviruses, 
PCR was performed using HuNoV VP1 and baculovirus-
specific primers. Expressed HuNoV VP1 in recombinant 
viruses was confirmed by IFA using commercial anti-
V5 specific antibody (Bethyl Laboratories) and FITC-
conjugated goat anti-rabbit IgG + M (ImmunoResearch 
Lab). In addition, to identify the expressed NoV VP1 in 
recombinant viruses, Western blotting was performed by 
the standard method using anti-V5 specific antibody and 
alkaline phosphatase-conjugated goat anti-rabbit IgG + 
M (ImmunoResearch Lab).

Production and characterization of monoclonal an-
tibodies (MAbs) against HuNoV VP1

HuNoV VP1-specific MAbs were produced using ex-
pressed HuNoV VP1 and characterized by using various 
recombinant viral proteins. For production of HuNoV 
VP1-specific MAbs, BALB/c mice were immunized with 

Fig. 1. Confirmation of human Norovirus VP1 recombinant 
baculoviruses by PCR. Human Norovirus VP1 gene-specific 
primer (lane 1) and baculovirus-specific primer (lane 2) were 
used to confirm recombinant baculoviruses. M :1 Kb marker.
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diluted MAbs were added to each well and incubated for 
2 hr at 37°C. Following washing six times with TBS-T, 
1:5000 dilution of horseradish peroxidase-conjugated goat 
anti-mouse IgG + M (Thermo) was added to each well and 
incubated for 2 hr at 37°C. After washing six times with 
TBS-T, 50 µL of TMB (Sigma) was added to the wells 
and incubated for 15 min at RT to develop the ELISA. 
The substrate reaction was stopped by adding 50 µL of 1 
M H2SO4, and the optical density (OD) was measured at 
450 nm.

Results
Cloning and expression of HuNoV VP1 gene

To confirm HuNoV VP1 gene in the recombinant bacu-
lovirus (rHuNoV/GII), PCR was performed using Hu-
NoV VP1 and the baculovirus-specific primer set. In this 
experiment, amplified DNA of expected sizes (1,623 bp 
and 1,726 bp, respectively) was identified (Fig. 1). Sf9 
cells infected with rHuNoV-VP1 showed specific cyto-
pathic activity and were shown to be IFA-positive using 
anti-V5-specific antibody. There were no reactions in 
mock-infected Sf9 cells (Fig. 2). As expected, Western 
blotting showed the presence of a 60 kDa protein band in 
Sf9 cell lysate infected with rHuNoV/GII (Fig. 3).

Production and characterization of HuNoV VP1-
specific MAbs

The isotype of three MAbs (1F11, 1H8, and 2G10) was 
identified to be IgG3. The isotype of two MAbs (5D2 and 
5G10) was IgM, whereas 4B8 and 5F12 were identified 
as IgG2b (Table 1). Antigenic specificity of MAbs was 
confirmed by IFA using GI and GII HuNoV recombinant 
baculoviruses (rHuNoV/GI and rHuNoV/GII), non-hu-

man Calicivirus recombinant baculoviruses (rBoNoro, 
rPoSapo, and rNB-3), and feline Calicivirus (FCV). All 
MAbs were identified as GII HuNoV-specific and did 
not react with non-human Caliciviruses (Table 1). The 
reactivity patterns of MAbs against different genotypes 
of HuNoV VLPs were examined by ELISA. All MAbs 
reacted with only GII.4 genotype. MAb 1F11, 1H8, 
2G10, and 5F12 were specific for HuNoV/GII.4 (Asia 
2003), HuNoV/GII.4 (Den-Haag 2006b), and HuNoV/
GII.4 (New-Orleans 2009) VLPs. MAb 4B8, 5D2, and 
5G10 were specific for HuNoV/GII.4 (Den-Haag 2006b) 
and HuNoV/GII.4 (New-Orleans 2009) VLPs. MAb 
1H7 was specific for HuNoV/GII.4 (Den-Haag 2006b) 
and HuNoV/GII.4 (Sydney 2012) VLPs (Table 2). None 
of the MAbs reacted with GI genotypes (GI.1, GI.3, 
and GI4) and other GII genotypes (GII.3, GII.5, GII.8, 
GII.10, GII.14, GII.16, and GII.17).

Discussion
Noroviruses are major viral pathogens causing acute 

gastroenteritis worldwide [11]. Antigenic diversity and 
lack of viral cultivation of HuNoV have impaired charac-
terization of HuNoV and development of effective vac-
cines [12-13]. To overcome this problem, development 
of vaccines with expressed viral proteins that represent 
different genotypes has been explored [14]. Baculovirus 
expression system is widely used for viral protein expres-
sion, and numerous recombinant proteins such as NoV 
VP1 have been produced using this system [15-17]. A 
unique characteristic of expressed NoV capsid protein 
VP1 is its ability to self-assemble and form empty virus-
like particles (VLPs) [15]. According to previous stud-

Fig. 2. Cytopathic effects and immunofluorescence levels of 
Sf9 cells infected with human Norovirus VP1 recombinant 
baculovirus (rHuNoV/GII). A & B: rHuNoV/GII-infected Sf9 
cells, C & D: Mock-infected Sf9 cells.

Fig. 3. Western blotting analysis of expressed human NoV VP1. 
rHuNoV/II-infected Sf9 cell lysate (lane 1) and mock-infected 
Sf9 cell lysate (lane 2) were used for Western blotting analysis 
using V5-specific antibody. M: Molecular weight marker.
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ies, recombinant NoV VP1 proteins using baculovirus 
expression systems are known to form self-assembled 
VLPs composed of 90 copies of major capsid protein di-
mers. NoV VLPs are structurally and antigenically simi-
lar to native NoV particles [18]. For this reason, VLPs 
are used as antigen substitutes for NoV for studies and 
development of vaccines.  Further, VLPs from expressed 
NoV capsid proteins are alternative antigens for immu-
nogenicity study [14, 19]. 

In this study, GII HuNoV VP1 gene was expressed in 
a baculovirus expression system using recombinant VP1 
and GII NoV VP1-specific MAbs. However, this study 
did not determine whether or not expressed VP1 of Hu-
NoV self-assembled into VLPs. IFA and Western blot-
ting analysis using commercial anti-V5 specific antibody 
confirmed that the GII HuNoV VP1 gene was success-
fully expressed in the baculovirus expression system. Im-
munogenicity of VLPs has been reported in small labora-

tory animals and non-human primates [19]. Furthermore, 
several human clinical trials using NoV VLPs have re-
ported immunogenicity of monovalent or bivalent VLPs 
formulations in adult volunteers [14, 20-21].

There have been several reports on human NoV VP1-
specific MAbs. Yoda et al [22, 23] produced MAbs using 
E. coli-expressed human NoV (GII) recombinant whole 
capsid protein and reported that some MAbs reacted not 
only to GII but also to GI recombinant proteins. Li et 
al [24] produced and characterized MAbs using human 
NoV GII/strain and found that MAb N2C3 could detect 
both human and animal-associated NoV. Parra et al [25] 
reported the characterization of a broadly cross-reactive 
MAbs raised against VP1 of GII.3 human NoV and found 
that this MAb reacted with GI, GII, GIV, and GV human 
NoV. Kou et al [26] characterized broadly cross-reactive 
MAbs using virus-like particles. For rapid detection of 
human NoV infection by ELISA, broadly reactive MAbs 

Table 1. Characterization of human Norovirus VP1-specific monoclonal antibodies

MAb Isotype
Reactivity with other animal Caliciviruses*

rHuNoV/GI rHuNoV/GII rBoNoro rPoSapo rNB-3 FCV

1F11 IgG3 − + − − − −

1H7 IgG1 − + − − − −

1H8 IgG3 − + − − − −

2G10 IgG3 − + − − − −

4B8 IgG2b − + − − − −

5F12 IgG2b − + − − − −

5D2 IgM − + − − − −

5G10 IgM − + − − − −
*rHuNoV/GI: genogroup I human Norovirus recombinant baculovirus, rHuNoV/GII: genogroup II human Norovirus recombinant 
baculovirus, rBoNoro: bovine Norovirus recombinant baculovirus, rPoSapo: porcine Sapovirus recombinant baculovirus, rNB-3: bo-
vine Calicivirus NB-3 recombinant baculovirus, FCV: native feline Calicivirus.

Table 2. Reactivity patterns of human Norovirus VP1-specific monoclonal antibodies with different genogroups/genotypes of human Noro-
virus virus-like particles (VLPs)

MAb

Reactivity against HuNoV VLPs

GI.1 GI.3 GI.4 GII.3
GII.4
(Asia 
2003)

GII.4
(Den-Haag

 2006b)

GII.4
(New-Orle 
ans 2009)

GII.4
(Sydney 

2012)
GII.5 GII.8 GII.10 GII.14 GII.16 GII.17

1F11 − − − − + + + − − − − − − −

1H8 − − − − + + + − − − − − − −

2G10 − − − − + + + − − − − − − −

5F12 − − − − + + + − − − − − − −

4B8 − − − − − + + − − − − − − −

5D2 − − − − − + + − − − − − − −

5G10 − − − − − + + − − − − − − −

1H7 − − − − − + − + − − − − − −
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role of noroviruses in sporadic gastroenteritis. Emerg 
Infect Dis 2008;14:1224-1231.

3.  Kroneman A, Vega E, Vennema H, Vinje J, White PA, 
Hansman G, Green K, Martella V, Katayama K, Koop-
mans M. Proposal for a unified norovirus nomenclature 
and genotyping. Arch Virol 2013;158:2059-2068.

4.  Zheng DP, Ando T, Fankhauser RL, Beard RS, Glass 
RI, Monroe SS. Norovirus classification and proposed 
strain nomenclature. Virology 2006;346:312-323.

5.  Green KY. Caliciviridae: The Noroviruses. In: Knipe 
DM, Howley PM (eds). Fields Virology. 5th ed. Phila-
delphia: Wolters Kluwer Health/Lippincott Williams 
and Wilkins; 2007. p. 949-979.

6.  Atmar RL, Estes MK. Diagnosis of noncultivatable 
gastroenteritis viruses, the human caliciviruses. Clin 
Microbiol Rev 2001;14:15-37.

7.  Moore C. Point-of-care tests for infection control: 
should rapid testing be in the laboratory or at the front 
line? J Hosp Infect 2013;85:1-7.

8.  de Bruin E, Duizer E, Vennema H, Koopmans MP. Di-
agnosis of Norovirus outbreaks by commercial ELISA 
or RT-PCR. J Virol Methods 2006;137:259-264.

9.  Kang SY, Saif LJ, Miller KL. Reactivity of VP4-specif-
ic monoclonal antibodies to a serotype 4 porcine rotavi-
rus with distinct serotypes of human (symptomatic and 
asymptomatic) and animal rotaviruses. J Clin Microbiol 
1989;27:2744-2750.

10.  Ryu MS, Jung EH, Cho KO, Kang SY. Expression of 
porcine sapovirus VP1 gene and VP1 specific monoclo-
nal antibody production. Hybridoma 2012;31:155-162.

11.  Patel MM, Hall AJ, Vinje J, Parashar UD. Noroviruses: 
a comprehensive review. J Clin Virol 2009;44:1-8.

12.  White PA. Evolution of norovirus. Clin Microbiol In-
fect 2014;20:741-745.

13.  Lindesmith LC, Donaldson EF, Baric RS. Norovirus 
GII.4 strain antigenic variation. J Virol 2011;85:231-
242.

14.  Richardson C, Bargatze RF, Goodwin R, Mendelman 
PM. Norovirus virus-like particle vaccines for the pre-
vention of acute gastroenteritis. Expert Rev Vaccines 
2013;12:155-167.

15.  Jiang X, Wang M, Graham DY, Estes MK. Expression, 
self-assembly, and antigenicity of the Norwalk virus 
capsid protein. J Virol 1992;66:6527-6532.

16.  Rasmussen L, Battles JK, Ennis WH, Nagashima K, 
Gonda MA. Characterization of virus-like particles pro-
duced by a recombinant baculovirus containing the gag 
gene of the bovine immunodeficiency-like virus. Virol-
ogy 1990;178:435-451.

17.  Liu F, Wu X, Li L, Liu Z, Wang Z. Use of baculovi-
rus expression system for generation of virus-like par-
ticles: successes and challenges. Protein Expr Purif 
2013;90:104-116.

are needed. However, even though the eight MAbs pro-
duced in our studies did not react with non-human Cali-
civiruses such as bovine NoV, porcine Sapovirus, and 
feline Calicivirus, we were unable to produce broadly 
reactive MAbs against HuNoV/GI and HuNoV/GII. In 
a previous seroepidemiology study, GIII bovine NoV 
antibodies are detected in human serum most likely due 
to the cross-reactive epitope between bo vine and human 
NoV [27, 28]. However, MAbs obtained in this study did 
not bind with rBoNoro.

HuNoV GII is the most prevalent genogroup world-
wide, but HuNoV infections due to other genogroups are 
also important. For this reason, broadly cross-reactive 
MAbs among different genogroups and genotypes are 
valuable reagents for the diagnosis and study of HuNoV. 
Three reactivity patterns of MAbs with various HuNoV 
VLPs have been recognized. While four MAbs (1F11, 
1H8, 2G10, and 5F12) reacted with HuNoV/GII.4 (Asia 
2003), HuNoV/GII.4 (Den-Haag 2006b), and HuNoV/
GII.4 (New-Orleans 2009), the three other MAbs (4B8, 
5D2, and 5G10) recognized HuNoV/GII.4 (Den-Haag 
2006b) and HuNoV/GII.4 (New-Orleans 2009). One 
MAb (1H7) recognized HuNoV/GII.4 (Den-Haag 2006b) 
and HuNoV/GII.4 (Sydney 2012). From these reactivity 
patterns, we could assume that at least three epitopes 
were present in HuNoV VP1. However, whether these 
epitopes recognized by our MAbs are linear or confor-
mational as well as the exact positions of these epitopes 
could not be identified, but further studies to determine 
these problems are in progress.

Ultimately, we obtained recombinant protein of GII 
HuNoV VP1 gene and at least three different groups of 
MAbs that specifically bind to different epitopes. VP1 re-
combinant protein and MAbs developed in this study are 
expected to be useful for the development of immuno-
logical assay such as ELISA and for antigenic mapping 
of HuNoV VP1 gene.
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