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Noroviruses: Recent Updates
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Noroviruses (NoVs) are one major etiologic agent in acute gastroenteritis (AGE) in all ages and are the primary 
cause of food-borne gastroenteritis worldwide. GII-4 NoVs has predominated since 1990s, and novel recombinant 
strains have been reported worldwide. Researchers face difficulties in making vaccines and therapeutic agents 
against NoVs due to the lack of cell culture and animal-model systems and the rapid emergence of novel 
variant strains. Recently, a randomized clinical trial for intranasal NoVs vaccine has been reported, which 
casts a light in the way of vaccine production. This review discusses the recent findings on the structure, 
immunity, and vaccination of NoVs. (Pediatr Gastroenterol Hepatol Nutr 2012; 15: 1∼7)
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INTRODUCTION

　Noroviruses (NoVs) are considered one of most 
common etiologic agents of sporadic acute gastro-
enteritis (AGE) in all ages; outbreaks occur in vari-
ous settings including hospitals, cruise ships, restau-
rants, and nursing homes [1-3]. After the global dis-
tribution of GII-4 genotype, NoV GE has increased 
worldwide [4]. The rapid, extensive spread of NoV 
outbreaks might be explained by transmission 
through vomitus, contaminated environmental sur-
faces, or through aerosolization [5]. NoVs have a 
positive sense, single stranded RNA, and they are ge-
netically grouped into five genogroups [6-8]. 
Recently, NoVs outbreaks have been caused by 
emerging GII-4 genotypes [9,10]. This diversity of 

GII-4 NoVs is possible through the accumulation of 
point mutations from the error-prone nature of RNA 
replication and by genetic recombination due to se-
quence exchange between related RNA viruses [11].

CLASSIFICATION AND PHYLOGENY

　NoVs (formerly called “Norwalk-like viruses”) were 
found in 1972, and belong to the genus Norovirus in 
the Caliciviridae family [12]. NoVs are non-enveloped 
RNA viruses with a single stranded positive genome 
ranging from 7.3-8.5 kb. The genome is composed of 
three open reading frames (ORF): ORF-1 encoding the 
nonstructural proteins, ORF-2 virion protein (VP1), 
and ORF-3 VP2. The classification of NoVs was possi-
ble starting only in 1990 due to the low viral load in 
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stool samples and the absence of suitable culture me-
dia and laboratory animals [13]. Initial classification 
of NoVs was carried out using cross-reactivity analysis 
by immune electron microscopy due to the lack of a 
cell culture system. For the limitation of cross-reactive 
analysis, RT-PCR and sequencing have been used as 
the major method to classify NoVs [6,7]. Zheng et al. 
[8] proposed a new classification system based on the 
predicted 3D structure after analyzing 164 deduced 
amino acid sequences of NoV major capsid protein and 
defined a new genogroup  when strains show pair-wise 
distance above the standard range (15-45%) based on 
the complete capsid amino acid sequences. NoVs can 
be divided into five genogroups (GI, GII, GIII, GIV, and 
GV), with GI and GII being the most important for 
human. GI is subdivided into at least eight genotypes 
and GII into 19 genotypes according to pairwise dis-
tribution [8]. The GII genogroup is more common in 
outbreaks of NoV gastroenteritis and GII-4 strains have 
been predominant since the 1990s [2,4,14]. GII-4 
strains evolve overtime and produce mutant clusters 
containing new antigenic properties, which may ex-
plain how they evade herd immunity [15]. GIV has 
been detected in patients with acute gastroenteritis, 
contaminated water, and shell fish [16,17] but the ex-
act prevalence is uncertain and the complete sequence 
has not been reported. 

STRUCTURE OF NOROVIRUSES

　NoVs have an outer capsid consisting of a single 
major structural protein (VP1), which has 180 copies 
in the intact virion. VP2, a minor structural protein, 
is encoded in ORF3 located at the 3’-end of the ge-
nome and incorporated in the capsid with a low 
copy number. VP1 has two domains (shell and pro-
trusion) linked by a flexible hinge [18,19]. The P do-
main can be divided into P1 and P2 subdomains, in 
particular, the P2 subdomain is associated with 
host-interactions related to human histo-blood 
group antigen (HBGA) receptors. The NoV P particle 
is an octahedral nanoparticle with a diameter of ∼
20 nm, a molecular mass of ∼840 kDa, and contain-
ing 24 monomers or 12 P dimers [19]. Recently 

identified small P particles show similar antigenic 
and properties as that of parental virus-like particle 
(VLP) and P particles, although they are half-the 
size of the P particle and contains 6 P dimmers [20]. 
The NoV P domain has a unique sequence that has 
no homology with other proteins, which enables its 
application as an effective platform for NoV vaccine 
production [21,22]. The analysis of the P2 domain 
gene is useful in searching for the common source 
of multiple outbreaks [11]. RNA-dependent RNA 
polymerase (RdRp) plays a pivotal role in the syn-
thesis and replication of genomic RNA, the structure 
which reveals an active form in a homodimer with 
a cooperative activity [23]. These findings may be 
helpful for the development of polymerase inhibitor 
to treat NoVs infection.  

PATHOGENESIS AND IMMUNITY 

　NoVs are highly infectious because they have a low 
infectious dose (less than 20 viral particles) and a high 
rate (108-1010 RNA copies/gram) of shedding in stools 
[24,25]. Chronic shedding of NoVs occurring over two 
weeks after clearance of symptoms may have an im-
portant role in outbreaks in variable settings [26]. 
　HBGAs have been known to correlate with host sus-
ceptibility to NoV infection and the genetic expression 
of functional fucosyl transferase 2 (FUT 2) is different, 
which may be the cause of resistance to NoV binding. 
Different NoVs have highly variable HBGA binding 
patterns and target different tissues, which may affect 
disease course [27]. Virus-like particles from the GII-4 
genocluster demonstrated that variation in the re-
ceptor binding domain showed differential HBGA 
binding and altered antigenicity. In recent studies, 
GII-3 NoVs also evolved at a similar rate to that of 
GII-4 NoVs in the P2 domain [28]. Interaction and 
co-variation of VP1 with VP2 may explain the func-
tionally driven hypervariability of VP2 which affects 
VP1 dimerization and self-assembly of virion [29]. The 
majority of data regarding immunity after NoV in-
fection has been obtained from human challenge 
studies with volunteers. About 50% of people exposed 
to NoVs gained short term homologous immunity, but 
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some individuals were not symptomatic. In a recent 
study, chimpanzees have been suggested as effective 
surrogates in human challenging studies of NoV repli-
cation and immunity [30].

EPIDEMIOLOGY  

　NoVs are highly contagious, and occur in sporadic 
cases or in outbreaks in hospitals, schools, cruises, 
and restaurants. Transmission of NoVs is possible by 
person to person contact, aerosolization, and con-
taminated food or water [31,32]. Water reservoir 
and filtering animals living in contaminated waters, 
such as oysters, could be an important transmission 
route [31-34]. In a nationwide Korean study, 
groundwater samples were NoV positive in 21.5% 
(65/300) in the summer and 17.3% (52/300) in the 
winter [34]. The highest disease incidence is among 
children under five years of age. NoV GE outbreaks 
can occur anytime of the year, although some sea-
sonality patterns have been observed [4,35]. 
　Until now, large pandemics (1995-1996, 2002, 
2004, 2006, and 2008) have been observed with eme-
rgence of new variant strains [2,30,36]. In Europe 
and the USA, GII-4 and GIIb have been reported as 
dominant strains in children with gastroenteritis 
[2,4,37]. In Korea, GII-4 variant strains were also 
predominant but outbreak of GIIb was not reported 
[38-40]. Besides point mutations, frequent recombi-
nation within ORF1/ORF2 junctions endowed genetic 
variability between NoVs [15,36]. In Korea, out-
breaks of GII-4/2006b and the 2008 variant strain 
were reported [38,39]. Recently, Mathijs et al. [41] 
reported that a GII-4/2010 sublineage was detected 
in Belgium, but it did not appear clearly different 
with 2008 variant strain in the phylogenetic analysis. 
These findings suggest that the characterization of 
complete capsid gene should be performed to in-
dicate a certain strain as a new genotype.

CLINICAL MANIFESTATIONS  

　Clinical manifestations of NoVs are nausea, ab-
dominal pain, vomiting, and non-bloody diarrhea. 

Most patients show mild symptoms, but some pa-
tients can have severe clinical courses. According to 
Kaplan’s criteria for diagnosis of presumptive NoV 
infection, the incubation period is 24-48 hours, and 
the mean duration of illness is 12-60 hours [42]. 
Around 30% of NoV infections are asymptomatic, but 
they could have a role in transmitting the virus. Low 
fever and abdominal pain can also be associated with 
virus infections, with the term ”stomach flu” used 
to describe the disease. In a recent study [43], great-
er virulence of GII-4 than other NoV strains has been 
suggested by showing severe clinical manifestations 
in young children with primary NoV infection. 
However, this difference may only reflect the pre-
dominance of the GII-4 strain showing antigenic 
shift which results in effective evasion of host im-
munity, so further studies supporting the greater vir-
ulence of GII-4 strain are needed. In immunocom-
promised patients after chemotherapy, organ trans-
plantation, and hematopoietic stem cell trans-
plantation NoV infection could have a fatal outcome, 
so an appropriate test for NoV in suspicious cases is 
important [44,45].
　Recently, norovirus has been suggested as a con-
tributing factor in developing of necrotizing enter-
ocolitis in neonates and pneumatosis intestinalis in 
immunocompromised hosts [46-48]. In addition, 
NoVs have been proven to be associated frequently 
with afebrile seizures in children with gastro-
enteritis although most of them have a benign neu-
rological prognosis [49-51]. NoVs may be associated 
with the exacerbation of Crohn’s disease [52]. 
Recently, the possible role of NoVs in the patho-
genesis of Crohn’s disease through virus-plus-sus-
ceptibility gene interaction has been suggested [53].  

DIAGNOSIS

　Until now NoVs could not be replicated success-
fully in a cell culture system or animal model al-
though some studies have investigated the possi-
bility of replicating them using highly differentiated 
3-dimensional cell culture model or a gnobiotic 
model [54,55]. Chan et al. [56] suggested that NoVs 
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may show tropism to nonepithelial cells such as 
cells of the lamina propria and Brunner’s gland. 
　Electron microscopy could be applied in diagnosis, 
but it is not practical to use in clinical studies due 
to several limitations. The ELISA using capsid pro-
teins of NoVs is commercially available, but it shows 
a lower (38-78.9%) sensitivity for GII strains than 
those of RT-PCR [57,58]. 
　RT-PCR is the most sensitive method to diagnose 
NoV infection in clinical settings and epidemiological 
studies. Amplification and classification of capsid 
genes or RdRp genes were performed in previous 
studies [7,8]. To investigate the presence of recombi-
nation, RT-PCR for both genes should be performed. 
NoV sequencing has assisted in epidemiological in-
vestigations related to clinical cases to determine a 
common source and to differentiate outbreaks that 
could be wrongly related [11]. Real time PCR has 
advantages over regular PCR including higher specif-
icity, sensitivity, and reproducibility. 

TREATMENT  

　Fluid therapy is usually maintained orally with iso-
tonic fluids. Hospitalization in cases of a severe dehy-
dration may be required, although rare. Symptoms 
such as headache, myalgia, and nausea can be treat-
ed with symptomatic treatments such as analgesics 
and antipyretic drugs. Nitazoxanide, a thiazolidin de-
rivative showing anti-viral activity by inhibiting the 
synthesis of viral proteins, was suggested as a possi-
ble medication for NoV gastroenteritis [59,60]. 
Recently, ribavirin and functionalized piperazine de-
rivative compounds showed anti-noroviral activities 
in a NoV-replicon harboring cell system [61,62].

PREVENTION 

　Prevention is very important due to the lack of 
effective antiviral agents for NoVs. Stopping trans-
mission is essential for prevention, especially in 
hospitals and day-care centers. Preventive meas-
ures include hand washing with water and soap 
while caring for patients with acute gastroenteritis 

patients or contacting objects contaminated with 
NoV because this virus can persist over several 
days on dry surfaces. Prevention of food con-
tamination during preparation by continuous hand 
washing is also important. It is necessary to inhibit 
NoV patients from preparing food to prevent gas-
troenteritis outbreaks [63]. In a recent random-
ized, placebo-controlled, multi-center trial, the pos-
sible application of an intranasal VLP vaccine has 
been suggested to prevent NoV infection [64]. In 
another study, systemic cross-reactive and blocking 
antibody responses toward NoV and RV were ob-
served after injection of a combination vaccine in 
BALB/c mice [65]. However, the requirement of 
multivalent vaccines for protection against both 
genogroup (GI and GII) and the necessity of peri-
odic changing of vaccines due to the antigenic drift 
of GII-4 strains should be addressed in future 
studies. 

REFERENCES

1. Lee MB, Greig JD. A review of enteric outbreaks in 
child care centers: effective infection control recom-
mendations. Epidemiol Infect 2008;71:24-32.

2. Glass RI, Parashar UD, Estes MK. Norovirus gastro-
enteritis N Engl J Med 2009;361:1776-85.

3. Mattison K. Norovirus as a foodborne disease hazard. 
Adv Food Nutr Res 2011;62:1-39.

4. Patel MM, Widdowson MA, Glass RI, Akazawa K, 
Vinje J, Parasahr UD. Systematic literature review 
of role of noroviruses in sporadic gastroenteritis. 
Emerg Infect Dis 2008;14:1224-31. 

5. Division of viral diseases, National center for immuni-
zation and respiratory diseases, CDC. Updated nor-
ovirus outbreak management and disease prevention 
guidelines. MMWR Recomm Rep 2011;4:1-18. 

6. Ando T, Noel JS, Fankhauser RL. Genetic classi-
fication of “Norwalk-like viruses.” J Infect Dis 2000; 
181;S336-48.

7. Katayama K. Shirato-Horikoshi H, Kojima S, 
Kageyama T, Oka T, Hoshino FB, et al. Phylogenetic 
analysis of the complete genome of 18 Norwalk-like 
viruses. Virology 2002;200:225-39.

8. Zheng DP, Ando T, Fankhauser RL, Beard RS, Glass 
RI, Monroe SS. Norovirus classification and proposed 
strain nomenclature. Virology 2006;346:312-23.  

9. Donaldson EF, Lindesmith LC, Lobue AD, Baric RS. 



www.kjpgn.or.kr　　　　5

Ju-Young Chung：Noroviruses: Recent Updates

Norovirus pathogenesis: mechanisms persistence and 
immune evasion in human population. Immunol Rev 
2008;225:190-211.

10. Lindesmith LC, Donaldson EF, Lobue AD, Cannon 
JL, Zheng DP, Vinje J, et al. Mechanism of GII.4 nor-
ovirus persistence in human populations. PLoS Med 
2008;5:e31.

11. Xerry J, Gallimoore CI, Iturriza-Gomara M, Gray JJ. 
Tracking the transmission routes of genogroup II nor-
oviruses in suspected foodborne or environmental out-
breaks of gastroenteritis through sequence analysis 
of the P2 domain. J Med Virol 2009;81:1298-304.

12. Green KY, Ando T, Balayan MS, Berke T, Clarke IN, 
Estes MK, et al. Taxonomy of the Caliciviruses. J 
Infect Dis 2000;S181:322-30. 

13. Jiang X, Graham DY, Wang K, Estes MK. Norwalk 
virus genome cloning and characterization. Science 
1990;250:1580-83. 

14. Bok K, Abente EJ, Realpe-Quintero M, Mitra T, 
Sosnovtsev S, Kapikian AZ, et al. Evolutionary dy-
namics of GII.4 noroviruses over a 34-year period. 
J Virol 2009;83:11890-901.

15. Donaldson EF, Lindesmith LC, LoBue AD, Baric RS. 
Viral shape-shifting: norovirus evasion of the human 
immune system. Nat Rev Microbiol 2010;8:231-41.

16. La Rosa G, Pourshaban M, Iaconelli M, Muscillo M. 
Detection of genogroup IV noroviruses in environ-
mental and clinical samples and partial sequencing 
through rapid amplification of c-DNA ends. Arch Virol 
2008;153:2077-83.

17. Kitajima M, Oka T, Haramoto E, Takeda N, Katayama 
K, Katayama H. Seasonal distribution and genetic 
diversity of genogroups I, II, and IV noroviruses in 
the Tamagawa River, Japan. Environ Sci Technol 
2010;44:7116-22.  

18. Tan M, Fang T, Chachiyo T, Xia M, Huang P, Fang 
Z, et al. Noroviral particle: structure, function and 
applications in virus-host interaction. Virology 
2008;382:115-23. 

19. Tan M, Jiang X. Norovirus-host interaction: multi-se-
lections by human histo-blood group antigens. Trends 
Microbiol 2011;19:382-8. 

20. Tan M, Fang PA, Xia M, Chachiyo T, Jiang W, Jiang 
X. Terminal modifications of norovirus P domain re-
sulted in a new type of subviral particles, the small 
P particles. Virology 2011;410:345-52.

21. Tan M, Huang P, Xia M, Fang PA, Zhong W, Mcneal 
M, et al. Norovirus P article, a novel platform for 
vaccine development and antibody production. J Virol 
2011;85:753-64. 

22. Yamminen K, Huhti L, Koho T, Lappalainen S, 

Hytonen VP, Vesikari T, et al. A comparison of im-
munogenicity of norovirus GII-4 virus like particles 
and P-particles. Immunol 2012;135:89-99. 

23. Hogbom M, Jager K, Robel I, Unge T, Rohayem. The 
active form of the norovirus RNA-dependent RNA pol-
ymerase is a homodimer with cooperative activity. 
J Gen Virol 2009;90:281-91.

24. Lee N, Chan MC, Wong B, Choi KW, Shin W, Lui 
G, et al. Fecal viral concentration and diarrhea in 
norovirus gastroenteritis. Emerg Infet Dis 2007;13: 
1399-401. 

25. Sukhrie FH, Siebenga JJ, Beersma MF, Koopmans 
M. Chronic shedders as reservoir for nosocomial trans-
mission of norovirus. J Clin Microbiol 2010;48:4303-5.

26. Siebenga JJ, Beersma MF, Vennema H, van Biezen 
P, Hartwiq NJ, Koopmans M. High prevalence of pro-
longed norovirus shedding and illness among hospi-
talized patients: a model for in vivo molecular 
evolution. J Infect Dis 2008;198:994-1001.  

27. Shirato H, Ogawa S, Ito H, Sato T, Kameyama A, 
Narimatsu H, et al. Noroviruses distinguish between 
type 1 and type 2 histo-blood group antigens for 
binding. J Virol 2008;82:10756-67. 

28. Boon D, Mahar JE, Abente EJ, Kirkwood CD, Purcell 
RH, Kapikian AZ, et al. Comparative evolution of 
GII-3 and GII-4 norovirus over a 31-year period. J 
Virol 2011;85:8656-66. 

29. Chan MC, Lee N, Ho WS, Law CO, Lau TC, Tsui 
SK, et al. Covariation of major and minor viral capsid 
proteins in norovirus genogroup II genotype s strains. 
J Virol 2012;86:1227-32. 

30. Bok K, Parra GI, Mitra T, Abente E, Shaver CK, Boon 
D, et al. Chimpanzee as an animal model for human 
norovirus infection and vaccine development. Proc 
Natl Acad Sci USA 2011;108:325-30. 

31. Cheong S, Lee C, Song SW, Choi WC, Lee CH, Kim 
SJ. Enteric viruses in raw vegetables and ground-
water used for irrigation in South Korea. Appl Environ 
Microbiol 2009;75:7745-51.

32. Yu JH, Kim NY, Koh YJ, Lee HJ. Epidemiology of 
foodborne norovirus outbreak in Incheon, Korea. J 
Korean Med Sci 2010;25:1128-33.

33. Lee JH, Lee JH, Kim MS, Park SG. Analysis of food-
borne disease outbreaks for improvement of food safe-
ty programs in Seoul, Republic of Korea, from 2002 
to 2006. J Environ Health 2009;71:51-5. 

34. Lee SG, Jheong WH, Suh CI, Kim SH, Lee JB, Jeong 
YS, et al. Nationwide groundwater surveillance of nor-
oviruses in South Korea, 2008. App Environ Microbiol 
2011;77:1466-74.

35. Marshall JA, Bruggink LD. The dynamics of norovirus 



6　　　　Vol. 15, No. 1, March 2012

Pediatr Gastroenterol Hepatol Nutr

outbreak epidemics: recent insights. Int J Environ 
Res Public Health 2011;8:1141-9.

36. Lindesmith LC, Donaldson EF, Baric RS. Norovirus 
GII.4 strain antigenic variation. J Virol 2011;85:231-42. 

37. Puustinen L, Blazevic V, Huhti L, Szakal ED, 
Halkosalo A, Salminen M, et al. Norovirus genotypes 
in endemic acute gastroenteritis of infants and chil-
dren in Finland between 1994 and 2007. Epidemiol 
infect 2012;140:268-75.

38. Han TH, Kim CH, Chung JY, Park SH, Hwang ES. 
Emergence of norovirus GII-4/2008 variant and re-
combinant strains in Seoul, Korea. Arch Virol 
2011;156:323-9.

39. Chung JY, Han TH, Park SH, Kim SW, Hwang ES. 
Detection of GII-4/2006b variant and recombinant 
noroviruses in children with acute gastroenteritis, 
South Korea. J Med Virol 2010;82:146-52.

40. Yoon JS, Lee SG, Hong SK, Lee SA, Jehong WH, Oh 
SS, et al. Molecular epidemiology of norovirus in-
fections in children with acute gastroenteritis in South 
Korea in November 2005 through November 2006. 
J Clin Microbiol 2008;46:1474-7. 

41. Mathijs E, Denayer S, Palmeira L, Bottledoorn N, 
Scipion A, Vanderplasschen A, et al.  Novel norovirus 
recombinants and of GII.4 sub-lineages associated 
with outbreaks between 2006 and 2010 in Belgium. 
Virol J 2011;8:e310.

42. Kaplan JE, Feldman R, Campbell DS, Lookabaugh 
C, Gary GW. The frequency of a Norwalk-like pattern 
of illness in outbreaks of acute gastroenteritis. Am 
J Public Health 1982;72:1329-32.

43. Huhti L, Szakal ED, Puustinen L, Salminen M, 
Huhtala H, Valve O, et al. Norovirus GII-4 causes 
a more severe gastroenteritis than other noroviruses 
in young children. J Infect Dis 2011;203:1442-4.

44. Roos-Weil D, Ambert-Balay K, Lanternier F, Mamzer- 
Bruneel MF, Nochy D, Pothier P, et al. Impact of 
norovirus/sapovirus-related diarrhea in renal trans-
plant recipients hospitalized for diarrhea. Transplan-
tation 2011;92:61-9. 

45. Schwartz S, Verqoulidou M, Schreier E, Loddenkem-
per C, Renwald M, Schmidt-Heiber M, et al. Norovirus 
gastroenteritis caused severe and lethal complications 
after chemotherapy and hematopoietic stem cell 
transplantation. Blood 2011;117:5850-6.  

46. Turcios-Ruiz RM, Axelrod P, St John K, Bullitt E, 
Donahue J, Robinson N, et al. Outbreak of necrotizing 
enterocolitis caused by norovirus in a neonatal in-
tensive care unit. J Pediatr 2008;153:339-44.

47. Stuart RL, Tan K, Mahar JE, Kirwood CD, Ramsden 
CA, Andrianopoulos N, et al. An outbreak of necrotiz-

ing enterocolitis associated with norovirus genotype 
GII.3 Pediatr Infect Dis J 2010;29:644-7. 

48. Kim MJ, Kim YJ, Lee JH, Lee JS, Kim JH, Chen DS, 
et al. Norovirus: a possible cause of pneumotosis 
intestinalis. J Pediatr Gastroenterol Nutr 2011;52:314-8.

49. Chen SY, Tsai CN, Lai MW, Chen CY, Lin KL, Lin 
TY, et al. Norovirus infection as a cause of  diar-
rhea-associated benign infantile seizures. Clin Infect 
Dis 2009;48:849-55.

50. Chan CM, Chan CW, Ma CK, Chan HB. Norovirus 
as cause of benign convulsion associated with 
gastroenteritis. J Paediatr Child Health 2011;47:373-7. 

51. Yang HR, Jee YM, Ko JS, Seo JK. Detection and geno-
typing of viruses detected in children with benign afe-
brile seizures associated with acute gastroenteritis. 
Korean J Pediatric Gastroenterol Nutr 2009;12:183-93.

52. Khan RR, Lawson AD, Minnich LL, Martin K, Nasir 
A, Emmett MK, et al. Gastrointestinal norovirus in-
fection associated with exacerbation of inflammatory 
bowel disease. J Pediatr Gastroenterol Nutr 2009;48: 
328-33.

53. Cadwell K, Patel KK, Maloney NS, Liu TC, Ng AC, 
Storer CE, et al. Virus-plus-suceptibility gene inter-
actions determines Crohn’s disease gene Atg16L1 phe-
notypes in intestine. Cell 2010;141:1135-45.

54. Straub TM, Honer zu Bentrup K, Orsoz-Coghlan P, 
Dohnalkova A, Mayer BK, Bartholomew RA, et al. 
In vitro cell culture infectivity assay for human 
noroviruses. Emerg Infect Dis 2007;13:396-403.  

55. Cheetam S, Souza M, Meulia T, Grimes S, Han MG, 
Saif LJ. Pathogenesis of a genogroup II human nor-
ovirus in gnobiotic pigs. J Virol 2006;80:10372-81. 

56. Chan MC, Ho WS, Sung JJ. In vitro whole-virus bind-
ing of a norovirus genogroup II genotype 4 strain to 
cells of the lamina propria and Brunner’s glands in 
the human duodenum. J Virol 2011;85:8427-30.

57. De Bruin E, Duizer E, Vennema H, Koopmans MP. 
Diagnosis of norovirus outbreaks by commercial 
ELISA of RT-PCR. J Virol Methods 2006;137:259-64.

58. Kele B, Lengyel G, Deak J. Comparison of an ELISA 
and two reverse transcription polymerase chain re-
action methods for norovirus detection. Diagn 
Microbiol Infect Dis 2011;70:475-8. 

59. Siddia DM, Koo HL, Adachi JA, Viola GM. Norovirus 
gastroenteritis successfully treated with nitazoxanide. 
J Infect 2011;63:394-7.

60. Rossignol JF, El-Gohary YM. Nitazoxanide in the 
treatment of viral gastroenteritis: a randomized dou-
ble-blind placebo-controlled clinical trial. Aliment 
Pharmacol Ther 2006;24:1423-30. 

61. Dou D, He G, Mandadapu SR, Aravapali S, Kim Y, 



www.kjpgn.or.kr　　　　7

Ju-Young Chung：Noroviruses: Recent Updates

Chang Ko, et al. Inhibition of noroviruses by piperazine 
derivatives. Bioorg Med Chem Lett 2012;22:377-9. 

62. Chang KO, Geroge DW. Interferons and ribavirin ef-
fectively inhibit Norwalk virus replication in re-
plicon-bearing cells. J Virol 2007;22:12111-8.

63. Monroe SS. Control and prevention of viral gastroen-
teritis. Emerg Infect Dis 2011;17:1347-8.

64. Atmar RL, Bernstein DI, Harro CD, Al-Ibrhahim MS, 

Chen WH, Ferreira JF, et al. Norovirus vaccine 
against experimental human Norwalk virus illness. 
N Engl J Med 2011;365:2178-87. 

65. Blazevic V, Lappalainen S, Nurminen K, Huhti L, 
Vesikari T. Norovirus VLPs and rotavirus VP6 protein 
as combined vaccine for childhood gastroenteritis. 
Vaccine 2011;29:8126-33.


