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Acute gastroenteritis is one of the most common illnesses in humans worldwide. Gastroenteritis 

most commonly is manifested clinically as mild diarrhea, but may also occur as more severe disease, 

ranging from upper gastrointestinal symptoms (nausea and vomiting) to profuse diarrhea leading to 

dehydration and death. The known etiology of gastroenteritis includes bacteria, viruses, parasites, 

toxins, and drugs, among which viruses are likely to be responsible for more than half of all cases 

[1]. Diarrheal diseases are a significant cause for morbidity across all age groups. 

 

Children under 5 years of age are particularly prone to develop acute gastroenteritis, and it is 

calculated that, in this group, there are more than 700 million cases of acute diarrhea every year[2]. 

Most recent estimates suggest the mortality associated with gastroenteritis in children younger than 

5 years has been estimated to be 1.8 million cases per year, the majority of which occur in 

developing countries [1]. In the developed world, the impact of the illness is seen in its high 

morbidity and in the high incidence of hospitalization that this illness necessitates [3]. 

 

Until the 1970s, diagnostic techniques for infectious diarrhea were limited to bacteria and protozoa, 

and an etiologic agent could be identified in a limited proportion of cases. However, during the 

1970s, viruses associated with gastroenteritis were discovered and their presence in the stools of 

patients with gastroenteritis was eventually correlated with the disease process. Since that time, the 

number of viral agents associated with acute gastroenteritis has increased progressively. Much of the 

gastroenteritis in children is caused by viruses belonging to four distinct families--rotaviruses, 

caliciviruses, astroviruses and adenoviruses [1]. 
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. Despite widespread use of oral rehydration therapies (ORT) and an increased understanding of the 

pathogenesis of diarrhea, 1.8 million children still die from these illnesses every year, almost all of 

them in developing countries. There are major lacunae in terms of detection, surveillance, treatment 

and prevention of these diarrheal diseases.  In a majority of developing countries, routine laboratory 

tests to detect caliciviruses are largely unavailable or inaccessible. Active research on calicivirus 

patho-physiology is also severely hampered by the absence of a cell culture system or a small 

animal model.  

 

Human Caliciviruses (HuCVs) consists of two distinct genera within the family Caliciviridae, 

namely norovirus (Norovirus) and sapovirus (Sapovirus). Norovirus is associated with 

gastroenteritis in all ages, with the distinct seasonality linked to the winter months. Sapovirus infects 

mainly infants and young children. Although sapovirus associated diarrhea is mild, many cases can 

be severe [4].  

 

The cloning and sequencing of the prototype  Norwalk virus in the early 1990s [5] allowed the 

development of the reverse transcription-polymerase chain reaction (RT-PCR) assay for diagnosis of 

HuCVs [6, 7]. Application of this new assay to surveillance of acute gastroenteritis in various 

populations by many laboratories allowed information to be accumulated rapidly on the genetic 

variation, prevalence, distribution, and importance of Caliciviruses as a cause of acute 

gastroenteritis.  

 

HuCVs commonly cause outbreaks of acute gastroenteritis in closed or semi-closed communities 

and in a variety of institutions, such as schools, restaurants, hospitals, cruise ships, nursing homes, 
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and the military. Food-borne outbreaks resulting from consumption of contaminated food such as 

uncooked shellfish and precooked foods, such as salad, ham and sandwiches, are common 

occurrences. 

 

HuCVs are resistant to various environmental stresses and are transmitted through ingestion of 

contaminated food and water, direct contact, or aerosols[8]. In addition to viral stability, clinical 

challenge studies in the 1990s discovered the existence of a group of individuals who are 

asymptomatically infected with norovirus [9].  These asymptomatic individuals act as reservoirs, 

facilitating the transmission of the HuCV. However, the rate of asymptomatic HuCV excretion and 

the genetic diversity of HuCV among children in poor communities in developing countries are 

largely unknown. 

 

In addition, identifying the source of illness (e.g., food, water, person-to-person contact) in sporadic 

cases of gastroenteritis is not possible and large outbreaks are rarely investigated, particularly in 

developing countries such as India. Even active surveillance captures only those individuals who are 

sufficiently ill to seek medical care. Thus finding ways to more precisely estimate the total burden of 

calicivirus disease in the Indian population is a challenge. There is a need to develop validated 

techniques to better define the disease burden and epidemiology of calicivirus infection in India. The 

availability of these techniques will also help in formulating strategies for better surveillance, 

outbreak investigation, research and risk assessment related to caliciviruses. 
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Chapter 2 

Review of Literature 
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History of Human Caliciviruses 

Calicivirus was first discovered as a causative agent of vesicular exanthema of swine in 1932 and 

later found in various wild and domestic animals. Since then,, studies of this group of viruses have 

been done primarily in the field of veterinary medicine [10, 11]. In 1976, after the introduction of 

direct electron microscopy (EM), Madeley and Cosgrove [12]and Flewett and Davies [13] were the 

first to find morphologically typical Caliciviruses of human origin in the stools of children with 

gastroenteritis. Over the next few years, sporadic cases and outbreaks of gastroenteritis associated 

with morphologically typical caliciviruses were reported from Norway [14], the United Kingdom 

[15], Canada [16], and Japan [17-19]. Studies of gastroenteritis outbreaks in London [20-22]and 

Sapporo [17, 23, 24] have provided convincing evidence that these viruses can cause gastroenteritis 

in people of all age groups. 

 

Discovery of Noroviruses 

In 1968, an outbreak of acute gastroenteritis (termed winter vomiting disease) occurred among 

students and teachers in a school in Norwalk, Ohio[25]. The primary attack rate was 50%, with a 

secondary attack rate of 32%. Illness was characterized by nausea and vomiting in 90% and diarrhea 

in 38% of affected individuals and the duration of illness was usually 12 to 24 h. Subsequently, 

organism-free filtrates of stools collected from affected individuals induced similar illness in human 

volunteers, and different treatments of the inoculums suggested that the causative agent was a small 

(36 nm), ether-resistant (non-enveloped), relatively heat-stable virus [26-28] . Attempts to propagate 

the agent in cell culture and organ culture were unsuccessful [26, 27]. In 1972, Kapikian et al [29] 

used immune electron microscopy (IEM) to identify 27-nm viral particles, the Norwalk agent, in a 

fecal filtrate used to induce illness in human volunteers. Virus particles were precipitated in an 
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antigen-antibody reaction using convalescent-phase serum from a volunteer who became ill 

following inoculation with the fecal filtrate. Antigen- antibody complexes were then visualized with 

an electron microscope. Because of these data, Norwalk virus, which was later classified as a 

genogroup I norovirus, was proposed to be the etiologic agent of the Norwalk, Ohio, outbreak of 

gastroenteritis [30]. 

Morphologically typical caliciviruses were first recognized in stool samples by Madeley and 

Cosgrove in 1976 [12]. These investigators
 
found calicivirus particles in the fecal specimens of 

10 children,
 
but some of the children were asymptomatic, so that no conclusions

 
as to the 

pathogenicity of the virus could be made. Later that year, Flewett and Davies [13] identified 

Calicivirus particles in the small bowel from a fatal case of gastroenteritis, but because adenovirus 

particles also were present in large numbers, the significance
 
of the calicivirus particles could not be 

determined. However,
 
in the next several years, caliciviruses were definitively associated

 
with 

several outbreaks of gastroenteritis[15, 17, 20, 21, 23] and became recognized as another virus 

group associated with
 
gastroenteritis [31, 32]. 

Discovery of Sapoviruses 

Sapovirus was first named after its discovery in an outbreak of gastroenteritis in a home for infants 

in Sapporo, Japan, in October 1977 [17]. Morphologically similar viruses were detected in a 

subsequent series of outbreaks in the same institution between 1977 and 1982. Information on 

sapovirus was gained by earlier EM and IEM studies of a virus associated with gastroenteritis 

outbreaks that occurred in the Sapporo infant home in October 1977 and August 1979 [17, 23, 24, 

33]. The home had 93 residents (1-27 months old) during the outbreaks. EM examination of fecal 

specimens from the infants revealed that of the 61 specimens examined, 29 (48%) contained 
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calicivirus particles. A relationship between fecal shedding of virus and the day of illness was 

clearly demonstrated [23] . No virus was found in stool samples obtained from children before the 

onset of illness; however, virus was found in 95% of stool samples collected within 4 days after the 

onset of illness and in 50% of samples collected during the next 5 days. The results suggested that 

infection with sapovirus is common, beginning in infancy and increasing during early childhood 

[24]. 

Structure and genome organization 

Human caliciviruses are non-enveloped, single stranded RNA viruses (ss RNA) comprising a genus 

within the family Caliciviridae. Virions consist of a capsid which is not enveloped and round, with 

icosahedral symmetry. The isometric capsid is 35-39 nm in diameter. The name Calicivirus is 

derived from the Latin calyx, meaning cup or goblet and refers to the cup-shaped depressions visible 

by electron microscopy. Virions have a buoyant density in cesium chloride of 1.36-1.41 g cm
-3

. 

Under in vitro conditions virions are stable in an acid environment of pH 4.5-7. 

 

Both norovirus and sapovirus are small (30 nm) round viruses. Sapoviruses have the typical 

Calicivirus morphology that on electron microscopy reveals the “Star of David” appearance, similar 

to many animal Caliciviruses. The surface structure of noroviruses is smooth and normally does not 

reveal the “Star of David” appearance. Noroviruses have been called “small round structured 

viruses.”(Figure 2.1 and 2.2) 
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     Figure 2.1                                                                    Figure 2.2 

Electron micrographs of Human Caliciviruses. (Norovirus, Figure 2.1) (Sapovirus, Figure 2.2)  

HuCVs contain a single-stranded, positive-sense poly A tailed RNA genome of _7.7 kb. The 

genome is protein-linked at the 5’ end and polyadenylated at the 3’ end. The viral genome contains 

three major open reading frames (ORFs) that encode a polyprotein (nonstructural proteins), the 

capsid protein, and a minor structural protein. The Norovirus genome contains three ORFs (ORF1, 

2, and 3). ORF1 encodes the nonstructural proteins that are processed co- and post-translationally by 

the viral 3C-like protease (3CLpro). The absolute number of mature nonstructural proteins and 

functional precursors is not yet clear but functions for some are known or predicted by sequence 

similarities to proteins of other virus families. The coding order in ORF1 proceeds N to C terminus, 

p48, NTPase, p22, VPg, 3CLpro, and RdRp. ORF2 encodes the major capsid protein VP1 and ORF3 

encodes the minor structural protein VP2. The ORF1 encodes non-structural proteins, including 

NTPase, protease, and RNA-dependent RNA polymerase (Figure 2.3). The Norovirus capsid protein 

is divided into N-terminal region, shell (S) domain, protruding (P) domain, and C-terminal region. 

The P domain is in turn subdivided into P1-1, P2, and P1-2 domains. Of these, P2 locates at the 

exterior surface of the capsid and predicted to bear antigenic determinants of immunological 

response of the host [4, 34] (Figure 2.4) 
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Figure 2.3 

 Norovirus genome organization (Norwalk strain). Nonstructural proteins in ORF1 are labeled 

and protease cleavage sites are indicated by open arrowheads. Amino acids numbers below the 

cleavage sites are the P1 residues of the recognition dipeptides. Filled arrowheads mark translation 

initiation codons. The VPg-linked subgenomic RNA encoding VP1 and VP2 is indicated below the 

ORFs. VPg is depicted as a circle linked to both genomic and subgenomic RNAs. 
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Figure 2.4 

VP1 domains and ribbon representation of a VP1 monomer. The schematic illustrates domains of 

VP1 and the colors correspond to the ribbon structure. The small N-terminal domain (aa 10–49, 

green) faces the interior of the particle. The shell domain (S) is colored yellow and extends from 

amino acid 50–225. The P1 subdomains are colored red and comprise amino acids 226–278 and 

residues 406–520. The P2 domain (blue) is an insertion in the P2 domain and consists of amino 

acids 279–405. The hypervariable region of VP1 is found in the P2 domain. The amino acid 

numbers denote the first residue in the following domain. 
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After the cloning of the norovirus, the prototype Sapporo virus[35] and many sapovirus, such as the 

Manchester virus, Houston 86, Parkville virus, and London 92 virus, have been cloned. Sequence 

analysis showed that these sapoviruses also contain a typical calicivirus genome, but the genomic 

sequences are more similar to those of animal caliciviruses than to norovirus, and the sapovirus 

genome contain only two major ORFs[36]. The first ORF encodes both the nonstructural and 

structural proteins, in which the structural protein is fused to the C-terminus of the nonstructural 

protein; the structural proteins of noroviruses and many animal caliciviruses are encoded in a 

separated ORF. Phylogenic analyses also showed that sapoviruses are genetically closer to animal 

caliciviruses than to noroviruses.  

 

Thus, according to the genomic organization and phylogenetic analysis, Norovirus (NoV)and 

Sapovirus (SaV) now have been classified into two separated genera within the Caliciviridae.(Figure 

2.5).There are two animal Calicivirus genera, the Vesivirus and Lagovirus [37]. Norovirus and 

sapovirus also are called human caliciviruses because they infect mainly humans and cause acute 

gastroenteritis, whereas most animal caliciviruses infect multiple tissues, resulting in mucosal 

infection, abortion, and hemorrhage. Animal caliciviruses that are related genetically to human 

caliciviruses and cause diarrhea also have been found in domestic animals [38-41]. Evidence of 

transmission of animal caliciviruses to human beings is lacking. 
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Figure 2.5 

 Phylogenetic tree of Caliciviridae. The tree was constructed by the UPGMA clustering method 

(MEG v2.1). The scale bar represents the phylogenetic distances expressed as units of expected aa 

substitutions per site. Bootstrap values are indicated as a percentage of 125 replicates. Genera, 

genogroups, and genetic clusters are indicated. 
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Classification of Human Caliciviruses 

Both norovirus and sapovirus are genetically and antigenically diverse [37, 42-45]. Before the 

cloning of Norwalk virus in 1990, individual members were named after their location of discovery. 

For example, the prototype Norwalk virus was identified in an outbreak of acute gastroenteritis in  

Norwalk, Ohio, in 1968 [25] and the prototype Sapporo virus was isolated in Sapporo, Japan, in 

1977[17]. Other members include Hawaii virus, Snow Mountain virus, Montgomery county virus, 

Taunton virus and Otofuke virus and several others. Phylogenic analyses of the viral RNA showed a 

wide genetic variation in both genera. According to the level of sequence identities, currently known 

noroviruses and sapoviruses can be divided into genogroups and genetic clusters. The norovirus 

genus contains at least 20 genetic clusters within five genogroups [46]. Noroviruses that infect 

humans have been classified into three genetically and antigenically distinct genogroups, namely, 

GI, GII, and GIV. Norovirus  genogroups are further classified into 26 genetic clusters, 8 in GI, 17 

in GII and  1 in GIV [47].The common  genogroup I strains include GI-1 (Norwalk virus), GI-2 

(Southampton virus), GI-3 (Desert Shield virus), and GI-4 (Valetta virus) and the genogroup II 

strains include GII-1 (Hawaii virus), GII-2 (Melksham virus), GII-3 (Mexico virus), and GII-4 

(Grimsby virus). However, genogroup II strains are the predominant strains responsible for 

outbreaks of gastroenteritis worldwide. The sapovirus genus is less diverse than the norovirus genus. 

Sapoviruses that infect humans can be divided into four genogroups, GI, GII, GIV and GV and 

contains at least 9 clusters. The sapovirus includes the type species Sapporo virus Parkville virus 

and London virus. 

 

In general, the genetic classification and nomenclature used for human Caliciviruses remain largely 

inconsistent among laboratories, although the International Taxonomy Committee for Viruses issued 
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a guideline for caliciviruses in 2000[37]. Without a virus culture system, genetic analysis becomes 

the principal method to classify norovirus strains. Currently, classification of norovirus strains 

beneath the species level has been based on sequences from different regions of the viral genome. 

Classification of norovirus and sapovirus is subject to change as new strains from both human and 

animal origin are detected constantly [48, 49].The capsid inter-genus nucleotide sequence 

differences between norovirus and sapovirus range from 84-86%. Classification of HuCVs is  based 

mainly on the whole capsid sequence because the capsid determines the antigenic relatedness of 

viruses and because the existence of recombinants results in different trees when based on  the 

RNA-dependant RNA polymerase (RdRp) sequence [50]. More extensive sequence data is required 

for classification because conserved regions among distant strains such as within the RdRp could 

not differentiate genotypes whereas highly variable sequences in the genome including the P domain 

in the capsid gene or in the VP2 (small basic protein) could not separate genogroups or genus, 

respectively [45].  

To avoid confusion and to provide clear criteria for classification of norovirus and a consistent 

reliable basis for norovirus nomenclature Zheng et al, analyzed 164 deduced amino acid (AA) 

sequences of the norovirus major capsid protein, including all sequences from five genogroups 

available at the time [47]. A well-defined phylogenetic scheme of norovirus was established, and 

strain clustering was evaluated by multiple methods of distance calculation. Based on the 

phylogenetic relationships of 164 entire capsid sequences norovirus was classified within 29 genetic 

clusters, 8 in G1, 17 in GII, 2 in GIII, and 1 each in GIV and GV. The GII/4 is the most active 

cluster and contains the strains that have caused the most outbreaks worldwide since 1993, including 

the most recent US outbreaks (on land and aboard cruise ships) and national outbreaks in United 

Kingdom [51-53]. Except for GII/ 11, all sequences in GI and GII were from human viruses. 
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Another human genogroup, the newly defined GIV, to date contains only 1 cluster [54, 55]. Two 

other genogroups, GIII and GV, include strains from cows and mice and have 2 and 1 clusters, 

respectively. The murine strain, MNV-1, is the only norovirus that has been grown successfully in 

cell culture and in a small animal model [46, 56]. (Figure 2.6) 

Based on evolution and their genetic diversity, noroviruses and sapoviruses  are  further classified 

into 3 levels: strain (S), cluster (C), and genogroup (G) [47]. The diversity of sapoviruses is 

substantially less than that for noroviruses, with differences of 1–5%, 19–25%, and 49–55% for 

intra-cluster, inter-cluster, and inter-genogroup, respectively [57]. For norovirus inter-genogroup, 

inter-genocluster and intra-cluster nucleotide differences are 47-56%, 24-37% and  1-4%, 

respectively [57]. 

The proposed nomenclature for norovirus and sapovirus is: species infected/ virus genus/ strain 

designation/ year of isolation/ country of isolation [58]. The prototype strains of each cluster are 

usually referred to by their common name which usually corresponds to the location of the isolation. 

For example, Melksham virus in the genus norovirus would be written as Hu/Norovirus/ 

Melksham/1989/UK, and SLV in the genus sapovirus would be Hu/ SLV/Sapporo/1982/JP [37]. 
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Figure 2.6. Phylogenetic analysis of the complete capsid amino acid sequence of Norovirus 

strains (from D. Zheng et al., 2005, reference #51). 

 

 

 



 26

Burden of disease 

Worldwide, children younger than 5 years suffer from an estimated 1.4 billion episodes of diarrhea 

each year, leading to 123 million clinic visits, 9 million hospitalizations, and 1.8 million deaths 

[1].From several studies, it appears that, HuCVs  are the second most common agent of non 

bacterial acute gastroenteritis in children after rotavirus [59-63]. A recent estimate puts at more than 

1 million the number of hospitalizations and more than 200,000 deaths caused by  Norovirus each 

year among children less than 5 years of age worldwide[64]. 

The role of HuCVs in developing countries has been less firmly established. However, children 

under 5 years of age in developing countries experience the highest rates of illness and death due to 

diarrhea[65]. However, in many Asian and African countries, most children appear to acquire serum 

antibodies to norovirus early in life, suggesting that the virus probably plays a pre-eminent role in 

pediatric diarrhoeal diseases [66-68]. 

Because these viruses are highly contagious, HuCV associated outbreaks usually cause severe 

incapacitation of involved institutions and public concern; HuCVs have been listed as Category B 

agents in the NIH/CDC Biodefense Program. To help the global control of noroviruses, several 

reporting systems have been created and include CaliciNet (calicinet@cdc.gov) by the United States 

Centers for Disease Control and Prevention and food-borne virus in Europe 

(www.eufoodborneviruses.net) by the European Union. 

Both norovirus and sapovirus infections occur year-round, although a winter seasonal peak has been 

suggested. The importance of HuCVs as a cause of illness in children also has been demonstrated by 

detection of the viruses in stool specimens. Although the detection rates of HuCVs in children have 
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varied from study to study and from country to country, norovirus gastroenteritis affects people of 

all age groups with the symptoms being most severe among children < 3 years of age [69]. 

Norovirus were detected commonly in children with acute gastroenteritis among hospitalized 

patients (4–53%, mean 15%),[70-73] in the emergency room (31%) [74], and in outpatient clinics 

(1.26–16%) [75-78], indicating that norovirus may cause severe diarrhea in children. In general, 

HuCVs have been considered to be the second most important cause of acute gastroenteritis in 

children, next to rotavirus, although the overall clinical symptoms of HuCV -associated diarrhea are 

less severe than are those of rotavirus. 

Worldwide epidemiology of human calicivirus infection 

HuCVs have been found to be the most important cause of nonbacterial acute gastroenteritis in all 

ages in both developing and developed countries. HuCVs commonly cause outbreaks of acute 

gastroenteritis in closed or semi closed communities and in a variety of institutions, such as schools, 

restaurants, hospitals, cruise ships, nursing homes, and the military. 

One interesting observation in surveillance of norovirus in different countries is that norovirus -

associated acute gastroenteritis is found to be equally important in developing and developed 

countries. In Argentina, Chile, Mexico, China, Indonesia, and South Africa, the detection rates vary 

from 3 to 25 percent, with hospitalized children having rates higher than those of outpatients [69, 76, 

77, 79-82]. In highly developed countries such as the United Kingdom, Ireland, France, Spain, 

Japan, and Australia, the detection rates vary from 4 to 30 percent, also with the higher rates being 

in hospitalized patients [60, 61, 71, 73-76, 83-91]. This seems contradictory to the finding of lower 

seroprevalence rates of norovirus in children in the developed than in developing countries. 

However, the wide variation of detection rates of HuCVs in different countries could be caused by 
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various methods used in different laboratories. In some studies, small numbers of subjects from 

highly selected populations were studied, making it difficult to establish direct comparisons. In 

addition, the major circulating strains in different countries may vary because of the high genetic 

diversity of HuCVs. Thus, the question of the true prevalence of HuCVs in different countries 

remains open to debate. Some studies had high detection rates, but also had high rates (as much as 

50%) of mixed infections of noroviruses with other enteric pathogens, particularly rotavirus and less 

frequently adenovirus, astrovirus, and mixed infections of norovirus and sapovirus [61, 73, 85].  

In comparison with noroviruses, the study of sapoviruses is less advanced, which could be because 

sapoviruses infect mainly young children and the illness is milder. In addition, the methods for 

establishing the diagnosis of sapovirus remain limited. In contrast to the results of detection of 

sapoviruses in stool specimens, the antibody prevalence studies showed that virtually all children are 

infected with sapoviruses by the time they are 5 years of age, indicating that sapovirus infection is 

widespread, although the illness most likely is sporadic with a high rate of asymptomatic infections 

[92]. Using a highly conserved primer set that detects both noroviruses and sapoviruses, a study of a 

child cohort in Mexico has shown that 40 percent of all human calicivirus diarrhea was associated 

with sapoviruses [69]. By using improved methods and more broadly reactive primers, new strains 

of sapovirus continue to be isolated.  

Both noroviruses and sapoviruses are genetically diverse, and multiple strains with distinct genetic 

identities usually co-circulate in a community at the same time. Among the norovirus genus, the GII 

strains have been found to be more common than the GI strains in countries worldwide (except 

Brazil)[93] and are more evident in sporadic cases than in outbreaks[54, 61]. One study showed that 

the GI was detected commonly among military personnel in the U.S. Navy[94]. Each genogroup 
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also has predominant clusters. GII/4 cluster (Bristol/Lordsdale, includes Grimsby) is the 

predominant of GII (80%), with GII/1 (Hawaii), GII/3 (Toronto/Mexico), GII/2 (Snow 

Mountain/Melksham) seen less frequently. The GI strains include GI/2 (Southampton), GI/4 

(Chiba), and GI/3 (Desert Shield virus)[42, 95]. The cluster of Sapovirus that is reported most 

frequently belongs to the GI/1 cluster (Sapporo/82)[57, 96].  

Recent reports also included human caliciviruses in the long list of pathogens that infect immuno-

compromised individuals. Noroviruses have been reported as a cause of diarrhea in stem-cell 

transplant recipients[97], as the cause of severe prolonged secretory diarrhea in a recipient of an 

intestinal and liver transplant [98], and as a cause of chronic diarrhea in children infected with 

human immunodeficiency virus (HIV) [99]. 

Epidemiology of human caliciviruses in Asia 

The importance of norovirus infection in children has been well demonstrated in developed 

countries; however, little is known about their role in sporadic cases or outbreaks of pediatric 

gastroenteritis in Asia. Reports from different parts of Asia namely China, Mongolia and India show 

that HuCVs are  associated with 6-25% of acute gastroenteritis cases [100-103] . 

 In a report from Thailand, 14.1%  of stool specimens were positive for norovirus and 1.2% were 

sapovirus positive [104]. In another study from Thailand, norovirus was identified in 14 % and 

sapovirus in 11% children with gastroenteritis [105]. In a study from northern Taiwan, 29.3%  were 

positive for norovirus among a pediatric population with acute diarrhea [106]. Studies from Vietnam 

shows that norovirus GII was found in 56 samples (5.5%) whereas sapovirus was detected in a low 

proportion of 0.8%, respectively [107]. Both GI and GII  norovirus strains were identified in 61.5 % 
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among  outbreaks in the Saitama area, Japan [62]. Also another study carried out in from four 

different regions in Japan showed that norovirus GII  was detected in  139 (18.5%) fecal specimens  

infants and children with acute gastroenteritis [108]. Norovirus infections were detected in 114 of 

762 (15%) children with
 
acute gastroenteritis in South Korea from November 2005 to November

 

2006. Twelve (10.5%) of the 114 specimens were determined
 
to belong to GI strains, and 102 

(89.5%) of the 114 specimens
 
belonged to GII strains.

 
[109] In a study from Pakistan  norovirus was 

detected in 41.8%  and sapovirus was found in 13.9% among children with acute gastroenteritis 

[110]. Norovirus was detected in 4.5%  followed by 2.7% of sapovirus in   stool specimens from 

infants and children with acute gastroenteritis in a Children Hospital in Dhaka City, Bangladesh 

during 2004-2005 [111, 112] (Table 2.1). 

As reported worldwide among the norovirus genus, the GII strains have been found to be more 

common than the GI strains and GI Sapovirus is found to be the most predominant strain in Asia.  
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Table 2.1: Epidemiology of Human caliciviruses in Asia 

             Single positives   Mixed positives   

S.No 

Site of 

study Year of study Age(yr) 

No. tested 

(n) NoV n(%) 

SaV  

n(%) 

NoV/SaV  

n(%) Ref 

1 Thailand 

March 2002 to Dec 

2004 

4 months up to 3-

years 248 35 (14.1%) 3 (1.2%) NA 104 

2 Thailand 

Nov 2002 and April 

2003  < 5 80 11 (14%) 9 (11%) 3 (4%) 105 

3 Taiwan Oct 2003 to Sep 2004 Birth to 15 years 82 24(29.3) ND NA 106 

4 Vietnam Oct 2002 to Sep 2003 37 days to 9 years  1,010 56(5.5%) 8(0.8%) NA 107 

5 Japan Jan 1997 and May 2002 NA 416 256(61.5%) ND NA 62 

6 Japan July 2004 to June 2005 < 5 752 139(18.5) ND NA 108 

7 Korea Nov 2005 to Nov 2006 < 5 762 114(15%) ND NA 109 

8 Pakistan Jan 1990 to Dec 1994 < 5 517 51(41.8%) 17(13.9%) NA 110 

9 Dhaka Oct 2004 to Sep 2005 2 months to 3.2 years 917 41 (4.5%) 25(2.7%) NA 111,112 

ND: Not done,NA: Not available 
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Epidemiology of human caliciviruses in India 

Despite the advances in diagnostics, there is limited data available from India. Only few studies 

have been published from  India using molecular methods for detection of HuCVs,two  from Vellore 

(South India) in 2000 and 2007[101, 113], , two  from Delhi (North India) in 2002 and 2008 [114, 

115]. Data from India show that HuCVs are associated with 6 to 20% of acute gastroenteritis. The 

genetic distribution of  HuCVs in India shows that  genogroup II norovirus were more prevalent in 

children, and belonged to multiple genotypes as reported from other parts of the world [116].   

Transmission  

HuCVs are transmitted primarily by the fecal–oral route. Fecal contamination of food, water, and 

fomites, as well as direct person-to-person spread, accounts for most outbreaks. Contamination of 

food may occur at any point during its production. For example, shellfish and raspberries that were 

contaminated at the site where these foods are harvested or produced have been implicated in 

outbreaks, whereas other foods, such as salads, cold foods, and sandwiches, have caused outbreaks 

after being contaminated by food handlers at the site of food preparation [117]. Virus transmission 

can occur during recreational activities, including canoeing, rafting, and football, either through 

consumption of contaminated water or by more direct exposure to ill participants[118]. There is a 

high rate (often >30%) of secondary attacks among contacts of infected persons, which often leads 

to amplification of an outbreak in closed settings, including hospital wards, cruise ships, and 

shelters. Continued transmission of HuCV infection can occur as the result of difficulties in 

eradicating these viruses from contaminated areas because of their relative resistance to many 

disinfectants. The multiple routes of transmission can make it difficult to institute interventions that 

interrupt transmission successfully. This characteristic has led to the closure of hotels and cruise 
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ships that were involved in serial norovirus outbreaks so that more extensive measures could be used 

to disinfect potentially contaminated areas [119, 120]. 

Virus is present in vomitus, and the act of vomiting generates an infectious aerosol. Thus, Norovirus 

transmission has been observed in persons who walked through an emergency room where a 

vomiting patient was being evaluated [121]. Another outbreak occurred in a restaurant where a 

norovirus-infected diner vomited; patrons who were sitting at other tables in the restaurant 

developed gastroenteritis in the next 1 or 2 days. The risk of infection was related inversely to the 

distance of a diner's table from the index case [122] . In both of these outbreaks, persons became ill 

without having direct contact with the index case or with the environment immediately around that 

case. 

The HuCV infectious dose is low although few studies have examined this question systematically. 

Lindesmith and colleagues [123] infected volunteers with less than 10
4
 viral genomes (measured as 

reverse-transcription polymerase chain reaction [RT-PCR] units) of HuCV. Expert opinion has 

placed the infectious dose at less than 10 to 100 virions, and this assessment is supported by data 

from experimental human challenge studies that were presented at international meetings. 

An unresolved question is the length of time that an infected individual remains infectious. Early 

studies identified virus shedding only in the first 100 hours after infection [9]. New, more sensitive 

molecular assays demonstrated that many infected persons have virus in their stools for several 

weeks after the resolution of symptoms [124, 125]. Transmission can occur following recovery from 

symptomatic infection. 
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Distribution of human calicivirus strains over time 

Nucleotide sequence data for norovirus strains collected over 30 years have demonstrated high 

levels of genetic diversity. Since noroviruses have an RNA genome and replicate rapidly using a 

polymerase that lacks proofreading activity, they would be expected to mutate quickly. This was 

demonstrated by Nilsson et al. [126] , who found 32 amino acid changes in the capsid protein of a 

norovirus shed chronically over 1 year by an immuno-compromised patient. Longer nucleotide 

sequences could therefore allow the relationships among outbreaks in healthcare settings to be 

determined by detecting the small numbers of mutations which occur over short periods of time. The 

evolutionary mechanisms governing the persistence and emergence of new norovirus strains in 

human populations are unknown. In general RNA viruses have a mutation rate of approximately 10
-3 

(whereas for DNA viruses it is 10
-9

) because the RdRp in RNA viruses have no proofreading 

activity [127].  

In the case of RNA viruses, every population is composed of varied genome alternatives (quasi-

species) whereby one clone is predominant under the existing conditions because it is more fit 

[128].When conditions change (for example in an alternative host) other clones may be more fit to 

the new conditions and a different clone will dominate. Quasi-species have been described for the 

feline calicivirus (FCV ) [129] (356), Rabbit haemorrhagic disease virus (RHDV) [130] and other 

RNA viruses [127]. Therefore, it is likely that this is also the case for norovirus populations. 

However because there is no cell culture system to grow human norovirus, it has not been possible 

to confirm these characteristics for this group of viruses.  

It has been shown that most of the gastroenteritis outbreaks in healthcare settings are often caused 

by Lordsdale virus-like noroviruses [131], also referred to as GII 4 strains. A study showed that in 
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the general human population during a 3 year period (1996-99), the consensus sequence of 

Lordsdale-like strains changed 3% in the RdRp region [132] . 

The increased number of outbreaks during 2002 and 2003 may be explained by alterations to the 

capsid structure compared to the previous norovirus strain. The norovirus epidemic strain differed 

from its closest previously described relative by 11.4 to 13.6% in the outer P2 domain of the capsid 

[133] . 

Sequence comparison of sapovirus genomes from strains isolated in a 10 year period suggests that 

this genus is more stable genetically than noroviruses based on its high level of sequence identity 

[134] . 

Recombinant Norovirus and Sapovirus strains  

Several reports of naturally occurring norovirus recombinant strains [135, 136] have been reported 

and this may be a common phenomenon although the mechanism cannot be studied in the absence 

of a cell culture system. Recombination within the norovirus genus can affect their classification 

when using the RdRp region compared to the one that obtained using the capsid sequence as the 

recombination usually occurs between ORF1 and 2  [45, 136-138] . A strain designated Arg320 was 

sequenced from a 3.3 kb cDNA from the RdRp region to the 3' end of the genome. The capsid 

region shared 95% amino acid identity with Mexico virus, but 68% identity with Lordsdale virus, 

whereas the RdRp region shared 95% identity with Lordsdale virus, but 87% identity with Mexico 

virus. Pair-wise sequence comparisons identified a potential recombination site at the RdRp/capsid 

junction [139]. 

Recombination may also occur within the norovirus capsid gene. This was evaluated in 94 complete 

ORF2 sequences where recombination was detected in about 8% of norovirus strains  [140] .  
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Two potential recombinant porcine sapoviruses (QW270 and MM280/Cowden) have been reported. 

These recombinant Sapovirus clustered together with the PEC/Cowden strain (90% sequence identity 

similarity) based on the capsid sequence, but they had only 76-83% similarity when comparing the 

partial RdRp sequence. In sapoviruses, the recombination site was also at the RdRp/capsid junction 

although these are both located within ORF1 in the sapovirus genome in contrast to the ORF1-2 

localization in the norovirus genome [49]. 

Clinical manifestations of human caliciviral infections 

Clinical symptoms of norovirus-associated acute gastroenteritis have been described based on 

volunteer studies and descriptions of outbreaks of acute gastroenteritis. The syndrome of HuCV-

associated gastroenteritis includes diarrhea, vomiting, nausea, abdominal cramps, fever, and 

malaise. Emesis is a characteristic finding in outbreaks associated with norovirus infection. 

Longitudinal studies performed in the Netherlands and Finland showed that clinical features of 

gastroenteritis are similar for norovirus and sapovirus. The major symptoms also were similar, but 

vomiting occurred more commonly with norovirus and diarrhea more commonly with 

sapovirus[86]. Sapovirus were detected more frequently in infants and toddlers than in school-aged 

children, whereas norovirus frequently were found in infants, toddlers, and individuals of older ages 

[124]. 

Volunteer studies show that the incubation period for norovirus gastroenteritis  ranged from 18 to 48 

hrs, whereas clinical symptoms (mild fever, nausea, vomiting, abdominal cramping, and diarrhea) 

were generally self-limiting in nature and typically resolved within 24-48 hrs [9, 141]. In infected 

volunteers [142, 143], the incubation period for sapovirus was 12-72 hrs and illness lasted 1-11 

days. The diarrheal stool is non-bloody, lacks mucus, and may be loose or watery. 
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These characteristics led Kaplan and colleagues [144] to develop clinical criteria for recognizing 

outbreaks of norovirus infection: a short incubation period (24–48 hours), a short symptomatic 

illness (12–60 hours), a high frequency (>50%) of vomiting, and absence of bacterial pathogens. 

More recent studies showed that norovirus illnesses can last for a longer period of time. In a 

community study that examined the natural history of norovirus infection in The Netherlands, the 

median duration of illness decreased with increasing age (6 days for <1 year of age versus 4–5 days 

for 1–11 years of age versus 3 days for ≥12 years of age) [124] . In a study of persons who were 

involved in 271 outbreaks in nursing homes and hospitals in the United Kingdom from 2002 to 

2003, the median duration of illness was 2 days (range, 1–21 days); 75% of the illnesses resolved by 

4 days [145]. Hospitalized patients had a longer median duration of illness of 3 days (75th percentile 

= 5 days). Forty percent of hospitalized patients older than 80 years of age remained symptomatic 

after 4 days. Thus, norovirus-associated illness can last longer than was recognized previously.  

HuCV infections are self-limited, and healthy patients generally recover without sequelae; however, 

volume depletion with hypokalemia and renal insufficiency can occur, especially in elderly persons 

and patients who have underlying disease [9]. Severe disease, including disseminated intravascular 

coagulation, was observed in otherwise healthy soldiers who were exposed to significant 

environmental stresses [117]. Aspiration of vomitus may lead to death, as it can worsen underlying 

diseases [9]. Immuno-compromised patients (eg, transplant recipients) may develop chronic diarrhea 

and shed virus for months to years [9, 124]. Recipients of small bowel transplants are a special 

patient population in whom symptoms that are related to norovirus infection must be differentiated 

from allograft rejection [9] 
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Asymptomatic Infection  

HuCVs are resistant to various environmental stresses and are commonly transmitted through 

ingestion of contaminated food and water,
 
direct contact, or aerosols [8]. Several studies have 

reported
 
that not all infections with HuCVs result in clinical symptoms [9, 60, 146]. It is plausible 

that asymptomatic individuals act
 
as reservoirs, facilitating the transmission of the HuCV. However,

 

the rate of asymptomatic HuCV excretion and the genetic diversity
 
of HuCV among children in poor 

communities in developing countries
 
are largely unknown.  

Only a few past studies focused on asymptomatic HuCV infection. In a community-based study in 

The Netherlands, noroviruses were detected in fecal samples from control subjects at a rate of up to 

5%
  
[60]. A recent study in Japan reported that 6% of fecal specimens

 
collected from asymptomatic 

infants were infected with norovirus [147].
 
Five out of 66 asymptomatic stool samples (7%)  

collected from a birth cohort of Mexican children were positive for HuCVs [69]. Based on enzyme-

linked immunoassay and immunosorbent electron
 
microscopy, 11 of 14 children (78.6%) infected 

with HuCVs were found to be asymptomatic in a day care center study carried
 
out in the United 

States [148]. This suggests that these asymptomatic infections constitute a significant reservoir for 

infection in the community, and may act as a source of both endemic and epidemic disease. 

Ideally, virus shedding from asymptomatic children should be divided
 
into viral shedding from post-

symptomatic norovirus gastroenteritis
 
versus primary asymptomatic norovirus infection. In a  study 

carried out in Mexico [149] ,  asymptomatic stool
 
specimens were collected from children without 

clinical symptoms
 
(diarrhea, vomiting, or fever, etc.) for at least 8 days prior

 
and at least 2 days after 

the sample collection and norovirus were detected in 30% of the asymptomatic samples. In a 

previous challenge study, infected adult were found to excrete norovirus in their stool specimens for 
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up to 22 days [124].  Therefore
 
it is not always possible to ascertain whether asymptomatic virus is 

shed from a recent symptomatic gastroenteritis or whether it is a primary asymptomatic infection. 

Previous volunteer studies indicated that a significant proportion
 
of infected persons after norovirus 

challenge remained asymptomatic [146]. It is not understood what factors would determine the
 

development of clinical symptoms. Recent studies suggest that
 
human histo-blood group antigens, 

such as secretor factor or
 
blood type, could determine the human susceptibility to norovirus

 
[150, 

151]. In addition, host immunity response, the genotypes
 
and virulence of norovirus strain, or a 

combination of both are likely
 
related to host susceptibility and asymptomatic infection of

 
norovirus 

[123, 150, 152]. Asymptomatic individuals shed virus and mount a HuCV -specific antibody 

response, however, they have no disease. These asymptomatic individuals, as well as those who 

recover from the acute symptomatic form of the disease, can shed virus particles for up to three 

weeks after exposure, much longer than previously realized, and these virus carriers can transmit the 

disease unknowingly[9, 124, 125]. 

Pathophysiology 

The pathogenesis of HuCV infections has been explored in experimental human infection studies. 

Biopsies obtained at the duodenojejunal junction from infected persons showed broadening and 

blunting of intestinal villi, epithelial cell disarray, crypt cell hyperplasia, cytoplasmic vacuolization, 

and infiltration of inflammatory cells into the lamina propria[153, 154] (Figure 2.7) . These 

histological changes can be noted a few hours before the onset of symptomatic illness as well as in 

asymptomatically infected persons, and they also have been seen in symptomatically infected 

patients with small intestine transplants[154, 155]. Increased apoptosis is seen in the superficial 

epithelial cells and in the lamina propria. The histopathologic changes are more prominent in 
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proximal portions of the small intestine, although the distal small intestine also is involved. No 

histopathologic changes have been seen in the stomach[142]. Resolution of the pathologic changes 

occurs by 2 weeks in healthy subjects and at the time of virus clearance in patients who underwent 

an intestinal transplant[153, 155].  

The mechanisms that lead to symptomatic infection are unknown. No changes in intestinal adenylate 

cyclase activity occur, as is seen with toxin-mediated disease that is associated with Vibrio cholerae 

and some E. coli infections[156, 157]. Small intestinal brush border enzymatic activities (sucrase, 

trehalase, alkaline phosphatase) decrease in association with symptomatic infection and an 

associated transient carbohydrate mal-absorption and steatorrhea occurs[153]. D-xylose absorption 

decreases by 50% 2 days after inoculation and the decreased absorption persists for several days 

even after resolution of illness [143]. Gastric emptying is delayed, but the secretory function of the 

stomach (pepsin, hydrochloric acid, intrinsic factor) is not altered[158]. Attempts to measure 

interferon induction locally or systemically (in serum) failed to demonstrate measurable responses to 

infection [159]. Nausea and vomiting may result from a transient gastroparesis that occurs with the 

viral infection and most often resolves with resolution of the illness[158].  
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Figure 2.7 Biopsies obtained at the duodenojejunal junction (A) Normal villi (B) Villi from 

infected persons after 48 hours showing broadening and blunting of intestinal villi (From Dolin 

R et al 1975 reference # 135) 
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In vivo human volunteer studies  

Human noroviruses do not grow in cell culture and there is no animal model available hampering 

the study of their pathogenesis. Several human volunteer studies to identify the agent of nonbacterial 

gastroenteritis were performed in United States, United Kingdom and Japan from the 1950s to the 

1970s using stool filtrates. In every case results were inconclusive as only a percentage of  the 

volunteers became infected [160]. Furthermore, some volunteers who were resistant to the infection 

did not seroconvert and did not appear to have preexisting immunity to protect them. A clinical 

study demonstrated that 3 clinical outcomes were possible when volunteers were inoculated with the 

same fecal filtrate preparation: only vomiting; only diarrhea; or both symptoms [28] . These studies 

also showed that Norwalk virus caused enteritis in the proximal small intestine and no lesions could 

be detected in the stomach and lower intestine [143, 158]. 

Recently, intestinal transplant pediatric patients diagnosed with norovirus infection,  presented with 

secretory or osmotic diarrhea  [98, 155, 161]. Biopsies from these patient’s jejunum and ileum 

allografts showed infiltration of lymphocytes and plasma cells into the lamina propria, mild villus 

broadening and shortening, superficial epithelial cell disarray, nuclear enlargement, mucin depletion 

and increased glandular apoptosis. Apoptotic bodies were present in epithelial cells and 

macrophages containing apoptotic bodies were observed in the villus lamina propria. These lesions 

should be considered carefully taking into account that these individuals were taking 

immunosuppressive drugs that could have their own effect on the gut mucosa although they were 

compared to a control group of transplanted children without norovirus infection. As a consequence 

of the immunosuppression, these patients had an extremely long period of diarrhea (17-326 days) 

that could make lesions much more severe and extended than in a non-transplanted individual. Some 
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of these lesions were common to allograft rejection but increased superficial apoptosis was 

characteristic of norovirus enteritis. 

In vitro binding of recombinant Norwalk virus-like particles (rNV VLPs) on cell lines  

To date, no human norovirus strains have been grown in cell culture. Many attempts have been 

made, but all have failed with some being published and many more that were not [162]. Organ 

culture as well as many cell lines of human, monkey, feline, rat, mouse, canine and bovine origin 

were tested under various conditions, with different additives (proteases, hormones and intestinal 

contents) and using several norovirus strains of different clusters within both GI and GII [162]. 

The expression of the recombinant capsid protein VP1 (rVP1) of human norovirus and sapovirus in 

insect cells results in the self-assembly of virus-like particles that are antigenically similar to native 

viruses [163, 164]. In the past several years, increasing evidence has emerged that human 

noroviruses bind to histo-blood group antigens (HBGAs). These carbohydrate epitopes are present 

in mucosal secretions and throughout many tissues of the human body, including the small intestine, 

which may be specifically targeted by certain norovirus strains.  

A report that used 13 different cell lines and Norovirus VLPs   showed that D-Caco-2 cells (a colon 

cancer derived cell line) bind rNV VLPs most efficiently and probably internalize enough particles 

to initiate a productive infection [165] . This may be an appropriate cell culture for virus cultivation.  

The only sapovirus that can be grown in cell culture is the PEC/Cowden strain that belongs to a 

separate genogroup (GIII) from the human GI and GII. This strain was first adapted to growth in 

primary porcine kidney  cell cultures with the addition of porcine intestinal contents [166] and then 

in two continuous porcine kidney cell lines [167] (LLCPK and PK-15 derived from epithelial-like 

cells in the proximal renal tubule). 
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In vitro binding of Norovirus infectious particles on cell lines 

Earlier studies demonstrated the attachment and entry of recombinant Norovirus-like particles to 

differentiated Caco-2 cells [165] . Efforts to grow purified norovirus virus particles in different cell 

lines were tried based upon the current understanding of the binding and replication sites of 

Norovirus in vivo [156, 168] . Cell culture systems were created in vitro that mimic the epithelium 

using gastric cells (AGS and Kato-3), duodenal cells (HuTu-80) and small intestinal enterocyte like 

cells (Caco-2) and allowing them to differentiate. None of the cell culture combinations was 

successful in producing in vitro norovirus replication, using purified virus obtained from stool 

samples from different outbreak settings. Other enteric viruses (adenoviruses and enterovirus) were 

detected, indicating that stool samples from outbreaks can contain other viruses and that the 

handling of the stool samples did not lead to the inactivation of all enteric viruses [169]. 

Recently, the complete genome of a human norovirus GII strain was cloned into a vaccinia virus 

expression system under the control of a T7 RNA polymerase promoter and expressed in human 

embryonic kidney 293T/17 cells [170] . Positive and negative polarity RNA segments of 7.6-kb and 

a 2.6-kb positive-strand subgenomic-like RNA were detected in infected cells. However, no viral 

particles were recovered from supernatants and structural proteins could not be detected by Western 

blot. 

Murine Norovirus (MNV-1) 

Although most noroviruses have been associated with gastrointestinal disease in humans, 

noroviruses of cattle, swine and mice have also been identified [171-173]. Of these potential 

experimental models, the murine Norovirus (MNV) is the only norovirus that replicates in cell 

culture and in a small animal [171, 174].  The first Norovirus to infect mice, MNV-1, was described 

in 2003 [171]. The most important characteristics of MNV for the analysis of the biology and 
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pathogenesis of norovirus are the biological and molecular properties that MNV shares with other 

noroviruses and with caliciviruses in general. MNV-1 can be grown in primary cultures of 

macrophages and dendritic cells [56] , and RAW cells (a macrophage derived cell line). In vivo, this 

strain infects macrophage-like cells. Although the cell/tissue tropism of MNV-1 (temporarily 

classified as Norovirus GV) differs from the human norovirus strains, this system may be useful to 

study the replication of the virus which is still poorly understood. 

A study showed that a viral protein, VPg of MNV binds translation initiation factors in infected 

cells. Previous reports suggest  that VPg of two human norovirus  strains, the Norwalk (NV) and 

Snow Mountain (SMV) strains of human norovirus bound translation initiation factor eIF3, 

providing the first direct evidence that VPg may function in ribosome recruitment to viral RNA 

[175]. Human norovirus strains are not cultivable, and thus experimental evidence of interactions 

between VPg and eIFs in infected cells has been lacking. These cultivable murine norovirus MNV-1 

were used as a model to study interactions between VPg and eIFs in infected cells. As shown 

previously for human norovirus VPg, MNV-1 VPg bound eIF3, eIF4GI, eIF4E, and S6 ribosomal 

protein in cell extracts by GST pull-down assay. The interactions between MNV-1 VPg and eIFs 

completely mimic those reported for the human norovirus VPg, illustrating the utility of MNV-1 as 

a relevant molecular model to study mechanisms of human norovirus replication [176]. 

Immune Response 

Studies of HuCV immunity have been hampered by the inability of these viruses to be cultivated in 

cell lines, and thus, in vitro neutralization assays are not available. HuCVs have developed unique 

strategies to adapt to the host immune system and have established a ‘peaceful’ relationship with the 

host, in which norovirus can only replicate in the intestine, cause a brief (2–3 days) illness of acute 
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gastroenteritis [152]  and are quickly released in a large quantity through watery diarrhea, with 

progeny viruses ready for a new cycle of infection in new hosts. Because of the simple life cycle, 

HuCVs may not induce a strong host immune response and do not need complicated machinery for 

additional functions, such as invading other organs. HuCVs are highly adaptable. The high mutation 

rate of the single stranded RNA genome and the high antigenic diversity of HuCVs are examples of 

this adaptability, which provides a survival advantage against host immunity. Interestingly, there are 

individuals who can be exposed to norovirus repeatedly in large doses and never get infected, while 

others can have recurrent infections. Studies examining the genetic basis for this phenomenon 

suggest that susceptibility to norovirus infection correlates with blood group antigen 

expression[151]. 

Infection by the HuCV induces a specific IgG, IgA and IgM serum antibody response, even if there 

has been previous exposure [177]. Immunoglobulin A (IgA) is the predominant antibody at mucosal 

surfaces, is locally produced at a level that exceeds that of all of the other immunoglobulins (23, 41), 

and is important for mucosal immunity. Two weeks after infection by any HuCV, an increase in 

jejunal synthesis has been demonstrated for IgA [178], and most patients are resistant to re-infection 

for 4–6 months [177].  Nevertheless, a lack of long-term protection has been observed. Hence, it is 

likely that an effective oral norovirus or related vaccine will need to induce a specific intestinal IgA 

response. To date, the immune status of NV-infected individuals has not been well defined and the 

constituents of a protective immune response are not known. 

Diagnosis 

Neither human noroviruses nor sapoviruses can be cultivated in cell culture or passed in an animal 

model. Numerous methods developed for diagnosis before the molecular cloning of noroviruses, 
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including electron microscopy, immune electron microscopy, radioimmune assays, enzyme-linked 

immunosorbent assays, adherence hemagglutination assays, and Western blot, relied heavily on 

reagents from humans. Because of the limited supply of these reagents, they were not used widely. 

EM is a relatively insensitive method with a detection limit of approximately 10
6
 virus particles per 

gram of feces and requires skilled personnel and sophisticated equipment [179]. Assay sensitivity 

can be increased by using specific antisera to aggregate viruses, which makes them easier to detect, 

but the antisera are not widely available. 

After the Norwalk virus was cloned and sequenced in 1990, two major types of assays for 

diagnosing human caliciviruses were developed. One detects the viral antigens or antibodies against 

the antigens by recombinant enzyme immunoassays (EIAs),[9] and  the other detects the viral RNA 

by reverse transcriptase polymerase chain reaction (RT-PCR) [6, 7]. The RT-PCR is readily 

available and has been adapted widely by many research laboratories.  

 

Enzyme immunoassays (EIAs) 

EIAs are generally easy to perform without the need for sophisticated equipment. However, due to 

the lack of sufficient quantities and quality of HuCV antigens the availability of EIAs for  detection 

has been restricted to in-house assays rather than assays that are available commercially [180].  

Antigen-detection EIAs 

A sandwich format of assays using hyperimmune antisera from animals immunized with 

recombinant capsid antigens was developed for detection of the viral antigens in stool specimens 

[9]. Because high titers of the antibodies usually are obtained, these assays are highly sensitive. 
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However, because human caliciviruses are antigenically diverse and the assays are highly specific, 

they are not useful for broad detection of a range of noroviruses.  Commercial kits are currently 

available for HuCV screening and use a mixture of several monoclonal antibodies, but are most 

useful in an outbreak setting with limited diversity of strains  

Antibody-detection EIAs 

Baculovirus-expressed recombinant human calicivirus capsid proteins also are used to coat 

microtiter plates for detection of antibody in serum specimens [181]. This format initially was 

developed to measure total immunoglobulin (Ig) in human sera, and later was adapted for detection 

of Ig isotypes (A, G, and M) [182, 183]. These EIAs have been used in serosurveys and in diagnosis, 

recent infection, and measuring mucosal antibodies. The baculovirus-expressed human calicivirus 

capsid antigens self-assemble into virus-like particles that are morphologically and antigenically 

similar to the viruses found in stool specimens.  

Commercial ELISA kits currently available and their evaluations 

Antigen detection enzyme immunoassays (EIAs), based on the use
 
of hyperimmune antisera raised 

against recombinant norovirus capsids, are predominantly type specific and may detect only strains 

of the same or genetically similar genotypes [184]. The production of monoclonal antibodies to 

recombinant norovirus capsid proteins
  
allows the construction of a multivalent antibody panel

 
with 

wide-ranging reactivities capable of detecting a broad
 
range of norovirus genotypes within the two 

norovirus genogroups [185, 186]. 

Evaluations of three commercially available EIAs [SRSV(II)-AD
 
(Denka Seiken, Chuo-Ku, Japan), 

IDEIA Norovirus (Dako, Ely,
 
United Kingdom), and RIDASCREEN norovirus (R-BioPharm, 



 49

Darmstadt,
 
Germany)] for the detection of norovirus antigen have been conducted

  
in a number of 

countries, and several reports have been published [179, 187-191]. These published evaluations are 

based on the results of testing 244, 137, 158, 479, 52, 130, and 130 clinical samples, respectively, 

and give widely varying
 
sensitivities and specificities ranging from <30 to >70%

 
and 69.0 to 100%, 

respectively. Also a multicenter European evaluation of the IDEIA Norovirus (version
 
2; Dako, Ely, 

United Kingdom) and RIDASCREEN norovirus (R-BioPharm,
 
Darmstadt, Germany) EIAs was 

undertaken, and samples well characterized
 
as positive or negative for norovirus by RT-PCR were 

analyzed. Discrepant
 
results were resolved through repeat PCR and EIA testing.

 
The sensitivities of 

the IDEIA and RIDASCREEN norovirus
 
assays ranged from 44.63 to 75.86% and 36.33 to 69.54%, 

respectively, when the results were analyzed across each country. The results of this study and other 

published studies show that both the IDEIA norovirus and the RIDASCREEN assays have 

limitations when used to detect norovirus in clinical samples. Nevertheless,
 
they should be used in 

conjunction with RT-PCR and proper referral
 
patterns established in order to confirm positive 

findings and
 
further test negative samples [192].  

Nucleic Acid Detection by RT PCR 

The successful cloning of Norovirus led to the development of new reagents and methods for the 

diagnosis of infections caused by HuCVs. When the norovirus capsid protein was expressed in a 

baculovirus expression system, virus-like particles (VLPs) were generated through self-assembly of 

the capsid protein [164]. These VLPs were subsequently shown to be morphologically and 

antigenically similar to native virus particles [193]. The virus sequence was used to design primer 

pairs for the detection of HuCVs using RT-PCR. Currently, RT-PCR assays are the most common 

approach for establishing a diagnosis of HuCV infection [159]. The first RT-PCR assays were 
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described within 2 years of the initial report of the successful cloning of the norovirus genome [7, 

194] . Since then a number of different RT-PCR assay formats have been developed, and these 

assays have become one of the principal means for the diagnosis of HuCV infections. A number of 

factors can affect the sensitivity and specificity of RT-PCR assays, including the sample being 

assayed, the method used for purification of viral nucleic acids, the primers used in amplification, 

and the method used for interpretation of test results. The sensitivity and specificity of RT-PCR 

assays depend in large part on primer selection. Several factors affect the ability of a primer pair to 

detect a given norovirus or sapovirus strain, including primer sequence, the amount of virus present 

in the sample to be assayed, and the temperature used for primer annealing during the PCR 

amplification process. 

The genetic diversity of norovirus and sapovirus has made it difficult to select a single primer set 

with adequate sensitivity and specificity to detect all noroviruses. In general, regions of the genome 

with the greatest degree of conservation between strains within the genera and within genogroups 

have been targeted for amplification and primer design. But even within these regions, the 

nucleotide identity can be as little as 36% (2C helicase region) to 53% (3D polymerase region) 

between strains of different genogroups [159]. The majority of primers that have been designed to 

amplify the most conserved region of the genome is the region A,  which is the RNA-dependent 

RNA polymerase region[159]. In addition, primers directed to other regions of the norovirus 

genome have been developed including relatively conserved regions at the 3′-end of ORF1 (region 

B) [54]and at the 5′-end of ORF2 (region C) [55, 138, 195, 196].  

Confirmation of RT-PCR products 

A number of methods can be used to interpret the results of a PCR method. One of the simplest is 

gel electrophoresis. If a band of the size predicted from primer selection is seen following 
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electrophoresis, the PCR is considered positive. This method has been used for RT-PCR assays 

[197, 198] , but it can yield false-positive results [199, 200]. Nonspecific amplification of DNA 

occurs, particularly when more than 30 cycles of amplification are used, and the nonspecifically 

amplified DNA will occasionally migrate in a fashion similar to that expected for virus-specific 

amplicons. If this happens, the nonspecific amplification products may be misinterpreted as being 

virus-specific amplicons. Specificity of the amplification is established by hybridization with a 

virus-specific probe or by direct sequencing of the amplicons. Although DNA sequencing is more 

laborious and expensive, it yields the greatest amount of information for detection and classification 

of caliciviruses. 

HuCV and foodborne outbreaks  

In recent years, noroviruses  have been increasingly recognized as important causes of outbreaks of 

foodborne disease [201-204]. The burden of foodborne disease is well documented in some 

industrialized countries. For example, in the United States, foodborne pathogens cause an estimated 

76 million illnesses, 325 000 hospitalizations and 5000 deaths each year[205]. While less well 

documented, it is likely that the burden of foodborne illness is far greater in developing countries 

where levels of hygiene and sanitation are poorer. Most cases of foodborne disease are sporadic and 

are often not reported. 

The foods affected can be classified into two distinct groups based on the route of contamination: 

one group includes bivalve shellfishes such as oysters, which are contaminated with Norovirus in 

their sea life[206-211], and the other group includes various kinds of foods other than bivalve 

shellfishes, which are secondarily contaminated with Norovirus from infected food handlers during 

food processing and/or food serving. Nursing homes[212], hospitals[213], cruise ships[120], 

universities [214] and restaurants [215] are some common settings where outbreaks have been 
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reported. Contaminated food samples have been implicated in a number of outbreaks and include 

foods such as vegetables, fruits, dairy products, and shellfish [216].  

Concentration of food samples is a necessary pre-requisite for the testing of Norovirus in foods.  A 

number of different procedures are available for concentration such as precipitation, filtration, and 

ultracentrifugation[217-219] .  Molecular methods such as RT-PCR serve as the best tool for 

detection of noroviruses [213].  

In one study from Vellore, diarrheal samples collected over a three month period were tested for 

norovirus.  Even though 4 infected patients had consumed food from the same restaurant, food 

samples that may have been responsible had not been collected for testing.  In another study from 

Delhi, where an outbreak of gastroenteritis occurred in a nurses' hostel, specimens of implicated 

food were not available for testing [114].Thus, till date there are no reports where the foods 

implicated in an outbreak have been tested for the presence of norovirus in India.  

Genetic susceptibility 

A hypothesis of a genetic factor being involved in norovirus host-specificity was suggested in the 

early 1970s after some unique observations were made of norovirus infection and immunity in 

outbreaks and volunteer studies. Volunteers who had a high level of antibody against Norwalk virus 

were more susceptible to norovirus challenge than were volunteers who did not have the antibody. 

Some individuals without detectable levels of antibodies were not infected after challenge with 

norovirus. Some studies showed that short-term immunity to norovirus (6 to 14 weeks) exists[141], 

and other studies showed that individuals can be re-infected by norovirus after repeated challenge 

during the course of 27 to 42 months[220]. Finally, infection with noroviruses tended to be clustered 
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in families during large outbreaks. These observations suggested that genetic factors, in addition to 

acquired immunity, must play a role in the susceptibility or resistance to norovirus infection. 

Human blood group antigens (HBGAs) are complex carbohydrates on the surface of many cells, 

including erythrocytes. The linkage of HBGAs with norovirus infection was suggested first by 

studies on the prototype Norwalk virus after a report of the rabbit hemorrhagic disease virus, an 

animal calicivirus, recognizing the H-type 2 antigens[221]. The first study showed that the prototype 

virus recognized human HBGAs in the intestinal tissues and saliva of secretors (expressing H 

antigen) but not of nonsecretors[168].In a retrospective study of volunteers challenged with Norwalk 

virus, the individuals with blood type O had a significantly higher relative risk of acquiring Norwalk 

virus infection than did individuals with other blood types, and the individuals with type B had the 

lowest risk[146]. Direct evidence that Norwalk virus  recognizes the H antigens (secretor gene 

product) as receptors for infection was not obtained until another volunteer study was performed by 

Lindesmith and coworkers[150].  In a total of 77 volunteers challenged with Norwalk virus, 22 were 

nonsecretors and the remaining 55 were secretors according to typing using saliva samples. Of the 

22 nonsecretors, none was infected after challenge with Norwalk virus and none with the 22 saliva-

bound Norovirus. More interestingly, saliva of the individuals with type B did not bind or bound 

weakly to Norwalk virus, and these volunteers had the lowest susceptibility to Norwalk virus 

infection compared with individuals of other blood types. The predicted host-specificity explains the 

fact that some of the volunteers who do not have pre-existing antibody against Norwalk virus do not 

become infected after challenge because they lack genetic susceptibility. It also explains why some 

individuals who have a high level of antibody against noroviruses are more susceptible than are 

individuals who do not have the antibody[220, 222].  
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The finding of the potential Norwalk virus receptors may have a significant impact on other fields of 

norovirus research. The understanding of the host-specificity may lead to methods of cultivation of 

Norovirus in cell culture and an animal model. In addition, the study of interaction between the virus 

and HBGA receptors may add insight into the general area of the co-evolution between pathogens 

and human host. 

In summary, our review of literature shows that the role of HuCVs as etiological agents for pediatric 

gastroenteritis has been underestimated worldwide. The advent of and advances in molecular 

techniques have increasingly clarified the epidemiology and pathology of HuCVs from communities 

in the developed world, but such evidence is lacking in India. Thus there is a need to understand the 

epidemiology of HuCVs among different settings in the Indian population and for intensive 

surveillance of this increasingly recognized enteric pathogen. 
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The main aim of this study was to develop and standardize protocols for detection and 

characterization of HuCVs and to define the epidemiology of HuCVs in children under 5 years of 

age hospitalized with diarrhea, at the Christian Medical College (CMC) hospital in Vellore and 

children in the community who were recruited for follow-up from birth to the age of three years. 
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Asymptomatic infections were also assessed using samples collected from the hospital and in the 

community population. Using standardized protocols, epidemiological and clinical features as well 

as disease burden of HuCVs were determined in the defined populations. In addition we also wanted 

to evaluate a concentration technique for detection of norovirus in food samples and use this 

technique to test samples collected from various sources during non-outbreak situations to determine 

if there is any baseline contamination of foods with norovirus.  

The specific objectives for this study were: 

1) To estimate the prevalence of human caliciviruses (HuCVs) in symptomatic and asymptomatic 

children <5 years of age in the hospital and characterize the strains circulating in those 

population  

2)  To study the incidence and characterize the HuCV strains in symptomatic and asymptomatic 

children <5 years of age in the community.   

3) To compare disease severity of HuCV infections between hospitalized children and children 

with acute gastroenteritis in the community. 

4) To cross validate the standardized RT PCR techniques between two centers namely, the 

Christian Medical College (CMC), Vellore and All-India Institute of Medical Sciences (AIIMS) 

Delhi. 

5) To develop and evaluate a concentration technique for detection of Norovirus in food samples.    

Chapter 4 

Materials and Methods 
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Hospital study population  

The studies were carried out at the Christian Medical College (CMC), a 2200-bed tertiary care 

hospital in Vellore, south India with 83 pediatric beds. Vellore is situated in south India, 130 km 

from the coast and has a tropical climate. The region receives rains in winter from the northeast 
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monsoons. The hospital serves a local population of approximately 400,000, as well as referrals 

from other states.  

The under 5 population is estimated to be around 42,000. Children requiring hospitalization for 

diarrhea were
 
usually residents of the town or of neighboring areas. There are approximately 400 

pediatric admissions every month. This includes about 40 cases presenting with diarrhea requiring 

hospitalization for dehydration.  

Community study population 

For the community based study, samples collected from a cohort of 452 children who had been 

recruited for follow-up from birth to the age of three years in an urban slum population. The primary 

aim of setting up the birth cohort was to study rotavirus infections. The study was based at 3 

adjacent urban slums in Vellore: Ramnaickanpalayam, Chinnallapuram and Kaspa, covering an area 

of 2.2 sq. km. Vellore municipality had an estimated population density of 1660 per km in 2001, but 

density in the slum was approximately 17,000 per sq. km. A household baseline survey was 

conducted between November 2001 and August 2002. Women of child-bearing age were visited to 

identify new pregnancies. Children of pregnant women intending to remain in the area for 3 years 

were eligible for enrolment except if they lived in a brick-built house with 5 or more rooms (n-46). 

Babies with a birth weight of less than 1500 g were excluded (n-2). Recruitment was consecutive, 

following written informed consent. A physician-run clinic was set up in June 2002 to provide free 

health care to study children. 

Each household in the cohort was visited soon after delivery to obtain baseline information on 

demography, socio-economic indicators, health-seeking behavior, environment, diet and the delivery 
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and birth. Socio-economic status was assessed on a five-point scale modified from the Kuppuswamy 

scale [223] and hygiene on a 24 point scale [224]. 

 After birth, fieldworkers visited each household twice-weekly to observe the study child and 

surveillance samples were collected during the visit. They interviewed the caregiver about any 

illness on each day since the last visit. 

 

 

 

 

 

 

 

 

 

 

 

 

                         Children from the urban slum area in Vellore 
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     People from the study area collecting drinking water from a municipal tank 

                                             

 

Food samples 
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Both uncooked and cooked food samples were tested in the study.  The uncooked samples included 

a variety of seafoods, raw vegetables and meat while cooked foods included bread, fried chicken, 

idly (steamed rice cake), vada (doughnut shaped fried lentil snack) and sambar (broth made of 

tamarind and lentils).  The sources of food include the local supermarket, street vendors around the 

hospital, the hospital canteen as well as from the residence of students in the laboratory. Fish and 

prawns were obtained from shops in the local fish market while oysters, mussels and clams that are 

generally not available in this region, were picked from different fishing boats in a nodal fishing 

harbour and from an estuary 200 km away from Vellore. 

Sample collection 

All stool samples collected in the hospital and urban slum community were transported within two 

hours to the laboratory and stored at 4ºC till testing for other enteric pathogens. Aliquots of samples 

were stored at -70 ºC for HuCV characterization studies. Fecal samples from the hospital were 

collected for a period of three years (December 2001 to December 2004). Symptomatic and 

asymptomatic fecal samples from the community were collected for a period of sixteen months 

(October 2003 to April 2005). Blood was drawn from every child enrolled in the study during 24 to 

30 months of age and blood grouping was done on all children. Blood samples were transported 

from the study area to the Department of Clinical Pathology, Christian Medical College, Vellore and 

the blood group was determined.ABO and Rh blood groupings were done by agglutination test using 

anti-A, anti-B and anti-D human sera. 

Detection of Human Calicivirus in stool samples 

Both symptomatic and asymptomatic stool samples from children hospitalized with acute 

gastroenteritis and from the community collected during the first year of the study were used to 

standardize molecular detection techniques. RNA extraction and RT-PCR protocols for molecular 
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characterization of HuCVs were standardized during the first year of the study. RT – PCR was 

performed using published primer sets that detect norovirus and sapovirus. These standardized 

methods were cross-validated using positive controls kindly provided by the Health Protection 

Agency, Colindale, UK. The standardized technique was used to characterize HuCVs during the 

study period. The detailed methodologies to detect HuCVs in stool samples are described below. 

 

RNA extraction  
 

Viral RNA was extracted from 200 μl of 20% fecal suspension in MEM. Two hundred μl of fecal 

suspension was added to 1ml of lysis buffer L6 containing guanidine isothiocyanate (GTC), Tris 

HCl, EDTA (Sigma-Aldrich, USA) and Triton X 100 (BDH Chemicals, United Kingdom) and 20μl 

of size fractionated silica (Sigma-Aldrich, USA). The mixture was vortexed briefly, incubated at 

room temperature for 15 minutes and centrifuged at 13,000 rpm for 15 seconds. The pellet was 

washed twice with 1ml of lysis buffer L2 (GTC and Tris HCl), twice with 1ml 70% ethanol and 

once with 1ml acetone. The pellet was dried at 56
o 

C for 5 minutes and resuspended in 50μl of 

RNase-free distilled water containing 40 units of RNase inhibitor (Ambion, United Kingdom) at 56 

ºC for 15 minutes. The silica was pelleted by centrifugation at 13,000 rpm for 3 minutes and 40μl of 

RNA was eluted. 

Reverse Transcription 

Forty µl of the extracted RNA were denatured at 95ºC for 5 minutes and immediately chilled in ice 

for 2 minutes. Thirty µl of reverse transcriptase (RT) mix containing random primers (hexamers; 

Pd(N)6, Pharmacia Biotech, Amersham, UK) and 100U/µl Moloney
 
murine leukemia virus (M-

MuLV) RT  (Invitrogen, CA, USA) were added to the extracted RNA and incubated for 37ºC for 1 

hour. Subsequently, the tubes were incubated at 95ºC for 5 min and chilled on ice for 2 minutes. 
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Norovirus RT-PCR 

The cDNA was used directly for detecting both genogroup I and genogroup II noroviruses. Single 

round PCRs were performed using published oligonucleotide primers, Ni and E3 which amplify a 

113 bp region of the RNA polymerase gene to detect GII norovirus, [225]  and SG1 and D1 primers 

which amplify 150 bp product of the RNA polymerase gene to detect GI strains[225]. To amplify 

the 597 bp norovirus GI ORF1-ORF2 junction region, a PCR was carried out using a mixture of 

three forward primers, GIFF-1, -2 and –3 [226] and a reverse primer, GISKR [196]. Similarly, to 

amplify the norovirus GII ORF1-ORF2 junction region (468-bp), a PCR was also performed with a 

mixture of three forward primers, GIIFB -1, -2 and –3 and [226]the reverse primer G2SKR [196]. 

Products were amplified using the following conditions; 95°C for 2 min, then 40 cycles of 95°C for 

30sec, 48°C  for 30 sec and 72°C  for 2 min, followed by 1 cycle of 72°C  for 5 min and then hold at 

15°C (Table 4.1).  

 

 

 

 

 

 

Table 4.1 PCR primers and cycling conditions used for Norovirus detection 
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PCR Cycling conditions Primer Primer sequence Amplicon  

size 
GI  Norovirus RT PCR 94°C - 2 min    

  94°C - 30sec SG1 GAIGGKTICCATCWGGITTYCC 150 bp 

                                                35x 40°C - 30 sec D1 ACIATYTCRTCATCICCRTARAA  

 72°C  - 30 sec    

 72°C  - 7 min     

 15°C -  hold 

 

 

   

GII Norovirus RT PCR 94°C - 2 min    

 94°C - 30sec Ni GAA TTC CAT CGC CCA CTG GCT 113 bp 

                                                35x 40°C - 30 sec E3 ATC TCA TCA TCA CCA TA  

                                                 72°C  - 30 sec    

 72°C  - 7 min     

 15°C -  hold 

 

 

   

Norovirus GI ORF1-ORF2 junction PCR 95°C - 10 min GIFF-1 ATHGAACGYCAAATYTTCTGGAC  

 95°C - 30sec GIFF-2 ATHGAAAGACAAATCTACTGGAC 597 bp 

                                                 40x 48°C - 30 sec GIFF-3 ATHGARAGRCARCTNTGGTGGAC  

                                                 72°C  - 2 min G1SKR CCAACCCARCCATTRTACA  

 72°C  - 5 min     

 15°C -  hold 

 

 

   

Norovirus GII ORF1-ORF2 junction PCR 95°C - 10 min GIIFB -1 GGHCCMBMDTTYTACAGCAA  

 95°C - 30sec GIIFB -2 GGHCCMBMDTTYTACAAGAA 468 bp 

                                                 40x 48°C - 30 sec GIIFB -3 GGHCCMBMDTTYTACARNAA  

                                                 72°C  - 2 min GIISKR CCRCCNGCATRHCCRTTRTACAT  

 72°C  - 5 min     

 15°C -  hold    
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Sapovirus RdRp-specific PCR 

The cDNA was amplified by hemi-nested PCR using previously described methods with first round 

primers SR80 and JV33 which amplify a 320bp region of the RdRp gene [48, 51] and second round 

primers SR80 GI 1-3 (5’CTR KCV GAT ATT GGA RAG ATT T 3’) at position 4405-4425 on 

Manchester virus (GenBank X86560), SR80 GI 2 (5’ AGT CTY TCC ATC TTA GAG AGA 3’) at 

position 25-45 on Parkville virus (GenBank U73124), SR80 GII 1-2 (5’ GCT GCR TCY TTG KCA 

ATC CT 3’) at position 4400-4419 on Bristol virus (GenBank AJ249939) and JV33, amplifying a 

280bp, 293bp and 289bp region of the RdRp, respectively. Amplicons were electrophoresed in 

agarose gels and stained with ethidium bromide as described above.  

ORF1/ORF2 junction – specific PCR for Sapovirus  

For the sapovirus genotyping , PCR amplification from cDNA used previously described first round 

primers SLV5317 and SLV5749 [227] which amplified a 432 bp region and second round primers 

Svpol3’-A (5’ AAG GMR CSY MCA AAA ATA GTG 3’) at position 5144-5164 on Manchester 

virus (GenBank X86560), SVpol3’-B (5’ GAA GRK RCW MCC AAA TTA GTG 3’) at position 

5147-5167 on Bristol virus (GenBank AJ249939), amplifying a 371bp and 375bp region of the 

RdRp/capsid junction, respectively. Cycling conditions were 94°C for 5 min, then 35 cycles of 94°C 

for 30 sec, 50°C  for 1 min and 72°C  for 1 min, followed by 1 cycle of 72°C  for 5 min and then 

hold at 15°C (Table 4.2).  
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Table 4.2 PCR primers and cycling conditions used for Sapovirus detection 

PCR Cycling conditions Primer Primer sequence Amplicon  

size 
Sapovirus RdRp PCR- 1st round 95°C - 4 min SR 80 - F TGGGATTCTACACAAAACCC 320bp 

  95°C - 30sec JV 33 - R GTGTANATGCARTCATCACC   

                              35 x 55°C - 1 min       

  72°C  - 1 min       

  72°C  - 4 min        

  15°C -  hold       

Sapovirus RdRp PCR - 2nd 

round 

95°C - 4 min SR80 GI 1-3  CTRKCVGATATTGGARAGATTT 280 bp 

  95°C - 30sec SR80 GI 2  AGTCTYTCCATCTTAGAGAGA  293 bp 

                            35 x 55°C - 1 min SR80 GII 1-2 GCTGCRTCYTTGKCAATCCT  289 bp 

  72°C  - 1 min JV 33 - R     

  72°C  - 4 min        

  15°C -  hold       

Sapovirus ORF1-ORF2 junction 

PCR 

94°C - 5 min Svpol3’-A  AAGGMRCSYMCAAAAATAGTG  371bp  

  95°C - 30sec SVpol3’-B  GAAGRKRCWMCCAAATTAGTG  375bp 

                            35 x 50°C - 1 min       

  72°C  - 1 min       

  72°C  - 5 min        

  15°C -  hold       

 

 

 

 

 

 

 

 



 67

DNA sequencing and analysis 

DNA sequencing was done by both direct sequencing and for shorter products, by cloning followed 

by sequencing. 

Direct sequencing and analysis 

Direct DNA sequencing was performed using a dye terminator
 
cycle sequencing kit and a CEQ 2000 

XL DNA analysis system (Beckman
 
Coulter, High Wycombe, UK) directly from the purified 

norovirus GI ORF1-ORF2, GII ORF1-ORF2 junction region and all sapovirus PCR amplicons. All 

amplicons were sequenced in both directions using the same oligonucleotide primers used in the 

PCRs described above.  

Cloning and sequencing 

Cloning and sequencing was performed on PCR amplicons generated from the RNA polymerase 

gene to detect GII and GI noroviruses described above. The PCR amplicons were cloned into 

PCR®2.1-TOPO® vector by using the TOPO-TA cloning kit (Invitrogen, United Kingdom). The 

PCR product was ligated to the plasmid and used to transform TOP10F' competent cells (Invitrogen, 

United Kingdom). The transformed cells were selected on an LB agar plate containing ampicillin 

(Sigma-Aldrich, USA), Xgal (Sigma-Aldrich, Italy) and IPTG (Invitrogen, USA), using the 

manufacturer's instructions. From each transformation, 10 – 12 white colonies were chosen and sub-

cultured. The plates were incubated at 37 °C overnight. Colonies were then suspended in 50 μl of 

water and plasmids were isolated using a plasmid miniprep kit (Sigma-Aldrich, USA). PCR was 

carried out using 1 μl as template with primers pTag-F (5' GCTATGACCATGATTACGCCAA 3') 

and pTag- R (5' TGTAAAACGACGGCCAGTGAA 3') using the Expand High-Fidelity PCR 

System™ (Roche Molecular Biochemicals, USA). PCR products were purified with GeneClean® 
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Spin Kit (Sigma-Aldrich, USA) and sequenced in both directions with the pTag primers (Invitrogen, 

United Kingdom). 

Sequences and phylogenetic analyses were carried out using the Bionumerics 2.5 (Applied Maths, 

Kortrijk, Belgium) and/or the BioEdit (http://www.mbio.ncsu.edu/BioEdit/bioedit.html) software 

packages. Following the classification criteria for norovirus and sapovirus, strains were assigned to a 

genogroup if the polymerase and/or capsid region shared >70% homology at the nucleotide level to 

those of strains within a recognized genogroup. Genotypes were assigned based on >90% homology 

at the nucleotide level with other strains within a given genotype. Dendrograms were constructed 

using the maximum parsimony method. 

The techniques described were used to characterize HuCVs during the study period. Strain 

characterization by DNA sequencing provided an understanding of virus circulation in both the 

community and hospital setting in India. In addition, DNA sequenced samples served as positive 

controls for validation of RT-PCR technique between the two centers (CMC, Vellore and AIIMS, 

New Delhi). 

Concentration technique for detection of norovirus in food samples 

Virus concentration in food samples 

Twenty grams of each sample to be tested was homogenized by blending in 150 ml normal saline 

buffer containing 0.05M glycine (pH 9.0). The homogenate was filtered through three layers of 

cheese cloth and centrifuged at 3500g for 10 minutes. The pH of the resulting supernatant was 

adjusted to 7.2 - 7.3 and supplemented with 500µl of 0.3M NaCl and 6% PEG 8000(w/v). The 

solution was then stirred on ice for 2hrs and left overnight at 4°C. The pellet was recovered at 4000g 

for 20 minutes at 4
0
C and resuspended in 15 ml of 50 Mm Tris -0.2 Tween 80 (pH 9.0), followed by 
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incubation at room temperature for 1 hr and vortexing at periodic intervals. This was centrifuged at 

3500g for10 mins at room temperature to remove extraneous particulate matter. The resulting elute 

containing a volume of around 15 ml represented a twofold concentration of the original sample. 

The second PEG precipitation was performed by adjusting pH of elute to 7.2-7.3 followed by 

addition of 100µl 0.3M NaCl and supplemented with 12% PEG 8000. After stirring on ice for 2 hrs, 

the virus was precipitated by centrifugation at 7500g for 15 minutes at 4
0
C. The pellet was 

resuspended in 1.5 ml of 50 mM Tris -0.2% Tween 80 (pH8) and vortexed vigorously for few 

minutes. The resulting volume was a 10-20 fold concentration of the original sample. 

Complementary DNA (cDNA) was synthesized and norovirus RT PCR was done on the 

concentrated food sample as per standardized protocol used to detect norovirus in stool samples. 

Alternate RNA extraction method for foods tested negative in spiking experiments 

For all samples from which the virus could not be recovered during the spiking experiments, an 

alternate method of RNA extraction using Trizol (Invitrogen) was evaluated. Briefly, 500µl of 

concentrated food samples was thoroughly mixed with equal volume of Trizol reagent and incubated 

at room temperature for 5 minutes. Following addition of 100µl chloroform, the mixture was 

incubated at room temperature for 3 minutes and centrifuged at 13 000 rpm for 15 minutes at 4°C. 

The aqueous phase was transferred to a fresh tube containing 250µl of isopropanol. After incubation 

for 10 minutes at room temperature, the mixture was centrifuged at 14 000 rpm for 10 minutes at 

4°C. The supernatant was discarded and the tubes were washed with 500µl of 75% ethanol at 10 000 

rpm for 5 minutes at 4°C. The pellet was air dried for 10 minutes and the RNA was resuspended in 

50µl of diethyl pyrocarbonate treated water by incubating at 60°C for 10 minutes followed by  

previously standardized RT PCR for norovirus detection. 
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                                                                          Results and Discussion 
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5.1) Estimate the prevalence of HuCV in symptomatic and asymptomatic children <5 years of 

age in the hospital and characterize the strains circulating in those population  

The main aim of this study was to evaluate the relative contribution of HuCVs in symptomatic and 

asymptomatic children <5 years of age in the hospital over an extended time period and to 

investigate the genotype of the strains involved. 

Enrollment criteria   

For the symptomatic group, all children under 5 years of age presenting to the hospital with acute 

gastroenteritis and requiring hospitalization for rehydration for at least 6 hours were enrolled in the 

study. All the samples were obtained after written informed consent was obtained from the 

parents/guardian and the study was approved by the institution’s Research and Ethics committee. 

Detailed clinical information on onset and duration of diarrhea and vomiting, fever and dehydration 

were collected. One stool specimen was collected from each child enrolled in the study. Any child 

>60 months with diarrhea or not requiring supervised oral or intravenous rehydration was excluded.  

Children <5 years age without gastroenteritis presenting to the Child Health out patient service at the 

Christian Medical College (CMC) hospital were included as asymptomatic subjects in the study.  

Stool samples were tested for the presence of norovirus and sapovirus using a RT-PCR as described 

in chapter 4.  Complementary DNA (cDNA) synthesized as per standardized protocol was used as 

template for norovirus and sapovirus RT-PCRs using specific oligonucleotide primers followed by 

gel electrophoresis (Figure 5.1,5.2). DNA sequencing was performed on randomly selected samples 

for strain characterization. Phylogenetic analysis of the genome of selected sapovirus and norovirus 

strains has been performed to classify the strains co-circulating in the study population. 
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Figure 5.1: Sapovirus RT PCR showing amplification of 320bp RdRp region 

 

Lane 1: 100bp Marker, Lane 2 to Lane 5: Samples, Lane 6: Positive control , Lane 7: Negative control 

 

Figure 5.2 Norovirus RT PCR showing amplification of 113bp RdRP region 

 

Lane 1: 100bp Marker, Lane 2 to Lane 7: Samples, Lane 8: Positive control , Lane 9: Negative control 
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Results 

Detection of HuCVs in symptomatic children 

A total of 350 children were admitted with diarrhea during the study period (December 2001 to 

December 2004). HuCVs were detected in 68 (19.4%) samples of the 350 children hospitalized with 

diarrhea. The age range of children presenting with HuCV-associated diarrhea to the hospital was 8 

to 52 months with a median of 13 months. A larger proportion of HuCV-positive children admitted 

to hospital with diarrhea were male (60.2%), but this is a reflection of male children constituting 

approximately 60% of all children brought to the hospital for gastroenteritis in this and previous 

studies.  

Fifteen (4.2%) of 350 samples from children hospitalized with acute gastroenteritis were positive for 

sapovirus, and 53 (15.1%) for norovirus.Multiple pathogens were detected in samples collected from 

33 children; this was 9.4% of the total numbers of children tested in the hospital, with a second 

pathogen identified in 48.5% of the children in whom a HuCV was found. (Table 5.1) 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



 74

Table 5.1 Incidence of HuCVs as single infections and in association with other pathogens in 

hospitalized children  

 

   

 Pathogen detected Number % 

Human Calicivirus 68 19.4 

Norovirus alone 27 7.7 

Sapovirus alone 7 2.0 

Sapovirus + Cryptosporidium 1 0.3 

Sapovirus + Rotavirus 6 1.7 

Sapovirus + Vibrio 1 0.3 

Sapovirus + Giardia 0 0.0 

Norovirus + Cryptosporidium 1 0.3 

Norovirus + Aeromonas 1 0.3 

Norovirus + rotavirus 21 6.0 

Norovirus + sapovirus + rotavirus 3 0.9 

Total Number of samples tested 350   
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Detection of HuCVs in asymptomatic children 

HuCVs were in detected in 11% (n= 11/100) asymptomatic samples in the hospital. sapovirus were 

detected in 4 samples (4%) and norovirus in 7 samples (7%) respectively. Noroviruses were mainly 

detected in children aged between 2 to 12 months of age. We did not observe any gender bias as 

both male and female children were positive in equal proportions (50% each) for noroviruses. 

However, for sapovirus infections, all positive children identified were males aged between 1 to 6 

months. Multiple infections were not detected in any of the asymptomatic samples.  

Diversity of HuCVs in hospitalized children 

Twenty seven samples positive for norovirus were subsequently sequenced for strain 

characterization. Multiple sequence alignment and phylogenetic analyses indicated that the strains 

identified in this study could be classified within the norovirus genogroup II. It was found that GII-3 

was the most frequently identified genotype (33.3%) followed by GII-1 and GII-4 in equal 

proportions (18.5%). The GII-3 norovirus capsid gene reported in this study shows 95% identity to 

nucleotide sequence of  HuNoV/Toronto24/1990/CA. The nucleotide identity between GII-1 and the 

prototype norovirus strain HuNoV/Hawaii/1971/US was 96%, and the amino acid identity was 99%. 

All GII-4 norovirus strains showed 98% identity at nt level to HuNoV/Lordsdale/1993/UK and GII-

7 were 98% close to HuNoV/Guynedd/1994/US at nt level.Three children had norovirus strains of 

unidentified genotypes. These strains were most closely related (>92% homology at the nucleotide 

level) to a strain previously found in the Mediterranean region in the year 2000 and which does not 

share sufficient homology with any of the recognized genotypes to be classified within them.(Table 

5.2) (Figures 5.3,5.4 ) 

Six samples that were positive for sapovirus were genotyped. Three samples were related to GII-1, 

which was the most frequently identified genotype followed by GII-3 (Cruise ship/ US/2000), GI-1 
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(Lyon 1998/FR) and GII-2 (Mex340/1990/MX) respectively. (Table 5.3) (Figure 5.5, 5.6 and 5.7). 

Two of the GII-1 genotypes showed 82% identity at capsid level and >90% identity at polymerase 

levels to London 1992/UK. The other GII-1 was closely related to Lyon 1997/FR (>85% at capsid 

and >90% at polymerase level).  
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Table 5.2 Distribution of norovirus strains among hospitalized children 

 

Norovirus 

genotypes 

No % 

GII-1 5 18.5 

GII-2 2 7.4 

GII-3 9 33.3 

GII-4 5 18.5 

GII-6 1 3.7 

GII-7 2 7.4 

GI-3 0 0 

GII-Undefined 3 11.1 

TOTAL: 27   
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Sapovirus Genotypes No % 

GI-1 1 16.7 

GI-2  0 

GI-3  0 

GII-1 3 50 

GII-2 1 16.7 

GII-3 1 16.7 

TOTAL 6   

Table 5.3 Distribution of sapovirus strains among hospitalized children 
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Figure 5.3 Maximum Parsimony Norovirus Capsid gene comparison of genogroup II (GII) 

strains from Vellore  

 

Hospital samples code: RV 

Community samples code: CRI 
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Figure 5.4 Maximum Parsimony norovirus genogroup GII.1 Capsid comparison of amino acid 

sequences of strains from Vellore 
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Figure 5.5 Maximum Parsimony Sapovirus Polymerase gene comparison of genogroup I (GI) 

strains from Vellore 
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Figure 5.6 Maximum Parsimony Sapovirus capsid gene comparison for genogroup II (GII) 

strains from Vellore 
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Figure 5.7 Maximum Parsimony Sapovirus Polymerase gene comparison for genogroup II 

(GII) strains from Vellore 
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Discussion 

HuCVs are a common cause of epidemic gastroenteritis in adults and older children in developed 

countries. However, little is known about the role of HuCVs in endemic pediatric gastroenteritis in 

developing countries. 

The main aim of this study was to evaluate the relative contribution of HuCVs in symptomatic and 

asymptomatic children <5 years over an extended time period and to investigate the genotype of the 

strains involved. HuCV was detected in 68 (19.4%) samples of the 350 children hospitalized with 

diarrhea. This study highlights the importance of Calicivirus as a causative agent of sporadic cases 

of acute gastroenteritis in young children who require hospitalization. Our study shows good 

agreement with previous surveys of the incidence of HuCV  infection in children hospitalized with 

acute gastroenteritis in France, China, and South Africa, Malawi, China, Vietnam, Mongolia and 

India[75, 81, 82, 100, 101, 103, 228, 229]. 

The genetic analysis on HuCVs in this study revealed that the predominant norovirus strains 

belonged to GII-3 followed by GII-1 and GII-4. This finding is new, as epidemiological studies 

carried out in several parts of the world including  Japan, Thailand, Vietnam, South Korea, Hong 

Kong, Madagascar, Brazil, Australia, Germany, United States and a study from India around the 

same time period shows that GII-4 was the most predominant norovirus strain [85, 102, 104, 108, 

229-237] but studies from  Japan and Malawi revealed that GII-3 strains were detected in 69%  and 

44% of the samples that were sequenced [228, 238]. Comparison of the norovirus GII-3 sequences 

in this study and the sequences from Malawi do not show similarity at both nt and amino acid level. 

All norovirus GII-3 from this study clustered together and were 95% identical at nt level to the 

prototype strain HuNoV/Toronto24/1990/CA (Figure 5.8 and 5.9).  
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Figure 5.8: Dendrogram showing the comparison of norovirus GII-3 from the present study 

and norovirus GII-3 from Malawi study 
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Figure: 5.9 Aminoacid sequences  GII-3 from the present study and norovirus GII-3 from 

Malawi study 

 

             ....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  

                 5          15         25         35         45         55                      

Toronto24/   -MKMASNDAX SI**WCRLPR PRDQQ*GNGA RASGRFSDSS SPHWPAKYN* SLDYE*FCTX  

RV 225|      -MKMASNDAX SI**WCSRPR PRDQQ*GNGA RSSGGCSDSS TPHWSAKYN* SLDYE*FCAX  

RV 245|      -MKMASNDAX SI**WCRRPR PRDQQ*GNGA RSSGGCSDSS TPHWSAKYN* SLDYE*FCAX  

RV 253|      -MKMASNDAX SI**WCSRPR PRDQQ*GNGA RSSGGCSDSS TPHWSAKYN* SLDYE*FCAX  

RV 268|      -MKMASNDAX SI**WCRRPR PRDQQ*GNGA RSSGGCSDSS TPHWSAKYN* SLDYE*FCAX  

RV 282|      -MKMASNDAX SI**WCRRPR PRDQQ*GNGA RSSGGCSDSS TPHWSAKYN* SLDYE*FCAR  

RV 340|      -MKMASNDAV SI**WCRRPR PRDQQ*GNGA RSSGGCSDSS TPHWSAKYN* SLDYE*FCAX  

MW 446       QQRAVLXSSX LTSW*GSLLN HS*HKXXSRR PASTKCG*RG *LQXSPXXNE GLPSX--CAL  

MW 600       QQRAVLXSSX LTSW*GSLLN HS*HKXXSRR PASTKCG*RG *LQXSPXXNE GLPSX--CAL  

 

 

 

 

             ....|....| ....|....| ....|....| ....|....| ....|....| ....|....|  

                 65         75         85         95        105        115                    

Toronto24/   HLVVSLQCHP GIPLVKCFLT XGVRSRNKXX LFGSSR*X-- ---------- ----------  

RV 225|      HLVVSLQYPL GIPLVKCSLI XGIGPRNKXX LFGSSC*NV* XDMQX----- ----------  

RV 245|      HLVVSLQYPL GIPLVKCFLI XGIGSRNKXX LFGPSC*X-- ---------- ----------  

RV 253|      HLVVSLQYPL GIPLVKCSLI XGIGPRNKXX LFGSSC*NV* LDMQ------ ----------  

RV 268|      HLVVSLQYPL GIPLVKCFLI XGTGPRNKXX LFGPSC*X-- ---------- ----------  

RV 282|      HLVVSLQYPL GIPLVKCFLI XGTGPRNKXX LFGPSC*NV* SDMTGSDRYG RGLL*H*TLA  

RV 340|      HLVVSLQYPL GIPLVKCFLI XGTGPRNKXX LFGPSC*NV* XDMQGX---- ----------  

MW 446       HLTVELHCPL VAYSVCPF*S DRTRSRHHTS *FHVLFX--- ---------- ----------  

MW 600       HLTVELHCPL VAYSVCPF*S DRTRSRHHTS *FHVLFX--- ---------- ------ 
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The most predominant sapovirus strain circulating on this study population was GII-1. Our findings 

contrast reports from other parts of the world including Japan, Thailand, Vietnam and a previous 

report from India showing that GI-1 was the predominant strain found in hospitalized children [102, 

105, 229, 232, 239]. One study from  Europe examined the diversity of sapovirus strains co-

circulating in the UK between 1989 and 2004 and the results show that GI-1 was the predominant in 

each year from 1989 to 2003 but in 2004, GII 1 was more commonly circulating in the UK [240].  

Norwalk virus human volunteer infection studies [9, 182] showed that 41 of 50 (82%) of the 

volunteers became infected and that, of these, 28 of 41 (68%) were symptomatic, 5 of 41 (12%) had 

mild symptoms and 8 of 41 (20%) were asymptomatic. Another report from Europe shows 23 of 87 

(26%) asymptomatic samples were positive for norovirus. Only very few reports are available in the 

literature that described the asymptomatic infection of HuCVs, thus, we were interested in detecting 

the prevalence of HuCVs in asymptomatic children in our study cohort.   

The detection of 11% HuCV positives among the asymptomatic children indicates the asymptomatic 

carriage and wide circulation of these viruses in the community. Ideally, viral shedding from 

asymptomatic children should be divided into viral shedding from a recent symptomatic HuCV 

gastroenteritis versus primary asymptomatic HuCV infection. Information as to whether the children 

were symptomatic with HuCV gastroenteritis prior to the study is not available. We cannot therefore 

be certain in our study whether HuCV was shed from a recent symptomatic Norovirus 

gastroenteritis or whether the subjects were experiencing primary asymptomatic infections. 

In conclusion, our results show that HuCVs are an important cause of sporadic cases of acute 

gastroenteritis in infants and young children requiring hospitalization in India and also our results 

provide a foundation for understanding the molecular epidemiology of pediatric HuCV infection in 

developing countries. Our findings of different genotypes of noroviruses and sapoviruses in relation 
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to other reports from India and elsewhere underscores the genetic diversity of these caliciviruses in 

different populations and the importance of community/region specific surveillance programs.  
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5.2) To study the incidence and characterize the HuCV strains in symptomatic and 

asymptomatic children <5 years of age in the community. 

The main objective of this study was to estimate the incidence HuCVs in symptomatic and 

asymptomatic children in the community and also to investigate the different genotypes of the 

strains circulating in those populations. Samples were collected from a cohort of 452 children who 

had been recruited for follow-up from birth to the age of three years in an urban slum population in 

Vellore, South India. Details on living environment, household hygiene of the children enrolled in 

the study were also collected. 

Enrollment criteria   

If any gastrointestinal illness was reported the samples were collected and the children were treated 

accordingly. Gastrointestinal illnesses were defined as diarrhea (3 watery stools in a 24 hour period) 

or vomiting (1 to 4 times) lasting for at least 24 hours. A new episode of gastrointestinal illness was 

defined if it occurred at least 48 hours after the last episode. Symptomatic stool samples were 

collected whenever the child had diarrhea and screened for HuCV. Fieldworkers visited each 

household twice-weekly to observe the study child and surveillance samples were collected during 

the visit. Symptomatic and asymptomatic fecal samples collected for a period of thirty one months 

(October 2002 to April 2005). A total of 559 symptomatic samples collected from 243 children with 

diarrhea and 210 asymptomatic surveillance fecal samples were screened for HuCVs during the 

study period. 

Viral RNA was extracted from 20% fecal suspensions using the guanidine thiocyanate-silica based 

method as previously described [241].  RNA extraction was carried out on the stool samples 
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collected from the study populations. Complementary DNA (cDNA) synthesis using  random 

primers (hexamers; Pd(N)6, Pharmacia Biotech, Amersham, UK) and 400  units of Moloney murine 

leukemia virus reverse transcriptase (M-MLV RT)  (Invitrogen, Life Technologies, UK) followed 

by RT-PCR done using standardized primer sets to detect Norovirus and Sapovirus. Genotyping by 

DNA sequencing was performed on randomly selected positive samples. 

Results 

Detection of HuCVs among children in the community with acute gastroenteritis 

HuCvs were in detected in 58 of 559 (10.3 %) symptomatic samples of children with diarrhea in the 

community. Norovirus genogroup II was found in a majority of (n=38, 6.8%) symptomatic children 

from this cohort while, sapovirus were detected in 20 (3.5%) samples. Eleven (18.9%) of 58 

children with diarrhea had a second pathogen (Table 5.4). The median age of detection in HuCV 

positive children was 12 months with an age range of 0 to 30 months (p=0.04). 
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Table 5.4 Incidence of HuCVs singly and in association with other pathogens in children with 

and without diarrhea in the community 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 Name of the pathogen 

detected No % 

Human Calicivirus 78 10.1 

Norovirus alone 52 6.7 

Sapovirus alone 26 3.3 

Sapovirus + Cryptosporidium  0 

Sapovirus + Rotavirus 1 0.1 

Sapovirus + Vibrio  0 

Sapovirus + Giardia 3 0.4 

Norovirus + Cryptosporidium  0 

Norovirus + Aeromonas  0 

Norovirus + rotavirus 7 1 

Norovirus + sapovirus + 

rotavirus  0 

Total Number of samples tested 769   
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Detection of HuCVs among children in the community without acute gastroenteritis 

HuCVs were in detected in 9.5% (n= 20/210) asymptomatic samples in the community. Sapovirus 

were detected in 6 (2.8 %) samples from children in the community and 14 samples (6.6%) had 

norovirus. Repeat infections with HuCV were identified in two children. One child had two 

infections with a genogroup II  norovirus, six months apart, on both occasions and another child had 

two asymptomatic infections 11 months apart with sapovirus of different genogroups.  

Repeat infections with HuCV were identified in nine (3.7%, 9/243) children in the community. 

These occurred in children aged between 6 months to 2.4 years. All of them were reported during a 

9 month period between February to October 2004.  The time duration ranged from 1 to 9 months 

for the recurrence of infections. Further characterization of these infections showed that seven out of 

the nine children had norovirus repeat infections and two children had sapovirus repeat infections. 

Except one norovirus repeat infection all the second infecting genotype of both norovirus and 

sapovirus was different from that associated with the first infection suggesting that immunity against 

one genotype is not protective against another infecting genotype. Demographical household 

hygiene on these particular repeat infections in the cohort show that 55.5% had good hygiene 

followed by 22.2 % each with poor and very poor. 66.6% of the families of the children with repeat 

infections belonged to low Socio-Economic Status (SES) and 33.3% families belonged to high 

Socio-Economic Status (Table 5.5).  
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Table 5.5: Repeat infections in symptomatic children 

 

    

Codes for house hold hygiene:  

1 - Very poor hygine, 2 – Poor hygiene, 3 – Good hygiene 

Code for social class:  1 – Class I (low SES), II – Class 2 (high SES) 

 

 

 

 

 

 

 

CHILD 
NO 

AGE DURING 
PRIMARY INFECTION 
(IN DAYS) 

AGE DURING 
SECONDARY 
INFECTION (IN DAYS) SEX 

PRIMARY 
INFECTION 

SECONDARY 
INFECTION 

HOUSE HOLD 
HYGIENE 

SOCIAL 
CLASS 

1 594 717 F Norovirus GII-2 Norovirus GII-4 2 1 

2  879 591 F Norovirus GII-2 Norovirus GII-1 3 1 

3 266 357 M Sapovirus GII 1 Sapovirus GI 3 3 2 

4 511 597 F Norovirus GII-2 Norovirus GII-2 1 1 

5 
 
 446 338 M Norovirus GII-4 Norovirus GII-2 1 2 

6 441 446 F Sapovirus GII 1 Sapovirus GI 3 3 2 

7 242 250 M Norovirus GII-1 Norovirus GII-2 3 1 

8 426 448 M Norovirus GII-2 Norovirus GII-4 3 1 

9 267 331 M Norovirus GII-2 Norovirus GII-4 2 1 
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Detection of HuCVs among children in the community without acute gastroenteritis 

HuCVs were in detected in 9.5% (n= 20/210) asymptomatic samples in the community. Sapovirus 

were detected in 6 (2.8 %) samples from children in the community and 14 samples (6.6%) had 

norovirus. Repeat infections with HuCV were identified in two children. One child had two 

infections with a genogroup II norovirus, six months apart, on both occasions and another child had 

two asymptomatic infections 11 months apart with sapovirus of different genogroups.  

 

Diversity of HuCVs among symptomatic children in the community  

Thirty eight norovirus positive samples were sequenced and the results show that GII-4 was the 

most frequently (39.5%) identified genotype, followed by GII-2 (26.3%) (Table5.6). Among the 

sapovirus genotypes GII-1 was the most frequently identified genotype in the community (52.9%) 

although the numbers of strains of each genotype were too small for meaningful statistical analysis 

(Table 5.7) (Figures 5.1, 5.2 and 5.3) 
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Table 5.6 Distribution of Norovirus Genotypes in the community 

 Norovirus 

Genotype  

Community 

with diarrhea 

Community without 

diarrhea 1 

 No % No % 

GII-1 8 21.1 0 0 

GII-2 10 26.3 2 25 

GII-3 4 10.5 1 12.5 

GII-4 15 39.5 4 50 

GII-6 0 0 0 0 

GII-7 1 2.6 0 0 

GI-3 0 0 1 12.5 

GII-

Undefined 

0 0 0 0 

TOTAL: 38 100 8 100 

 

                              1 One child had a dual Norovirus infection with GII-2 and GI-3 strains. 

 

 

 



 96

  

 

Table 5.7 Distribution of Sapovirus Genotypes in the community 

     

 Sapovirus 

genotype  

Community -

diarrhea 

Community without 

diarrhea 2 

 No % No % 

GI-1 2 11.8 2 25 

GI-2 1 5.9 1 12.5 

GI-3 4 23.5 1 12.5 

GII-1 9 52.9 2 25 

GII-2 1 5.9 2 25 

GII-3 0 0 0 0 

TOTAL 17 100 8 100 

2 
Two children had dual Sapovirus infections, one had GI-2 +GII-1 and the other GII-1 + GII-2. 
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Diversity of HuCVs among asymptomatic children in the community  

GII-4 norovirus was the most frequently identified genotype (50%), followed by GII-2 (25%). The 

only genogroup I strain found was a GI-3 in a co-infection with a GII-2 strain (Table 5.6). Among 

the sapovirus genotypes GII-1 (25%) was the most frequently identified genotype and infections 

with multiple sapovirus strains were found in two children (6.4%) (Table 5.7) (Figure 5.4, 5.5 and 

5.6) 

Blood group distribution among the symptomatic HuCV positive children 

Distribution of blood groups on the 243 children showed 37% were O Rh positive followed by 34% 

B Rh positives, the remaining 29% children were A Rh positive (18%), AB Rh positive (7%), O Rh 

negative (2%), A2 Rh positive (1%) and A2B Rh positive (0.4%) respectively 

Fifty eight HuCV positives were detected from a total of 49 children. Blood group data on HuCV 

positive children showed that 21 (42.8%) were B Rh positive, 17 (34.6%) were O Rh positive 

followed by 9 (18.3%) were A Rh positive followed by 1 (2.2 %) each typed as A2 Rh positive and 

AB Rh positive.  

Association of the blood groups to norovirus positives showed that 13 (26.5%) were B Rh positive, 

11 (22.4%) were O Rh positive followed by 6 (12.2%) and 1 (2 %) typed as A Rh positive and AB 

Rh positive. Of the 18 sapovirus positive children 8 children (16.3%) were typed as B Rh positive, 6 

(12.2%) were O Rh positive,3 (6.1%) were A Rh positive followed by 1 (2%) were A2 Rh positive 

(Table 5.8) (Figure 5.10). These data are limited, but do not indicate an increased or decreased 

susceptibility to noroviral infections in these children.  
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Table 5.8 Association of Blood group with norovirus and sapovirus positives 

 

 

 

 

 

 

 

Figure 5.10 Distribution of blood groups among symptomatic Norovirus and Sapovirus positive 

children in the community 

Blood group No. of  Norovirus positives % Norovirus 

No. of Sapovirus 

positives 

% 

Sapovirus  

A Rh 

positive 6 12.2 3 6.1 

AB Rh 

positive 1 2 0 0 

A2 Rh 

positive 0 0 1 2 

O Rh 

positive 11 22.4 6 12.2 

B Rh 

positive 13 26.5 8 16.3 

TOTAL 31   18   
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HuCVs are increasingly recognized as an important public health problem, with very high incidence 

rates in people of all ages. HuCV infections are largely self-limiting within a few days and sporadic 

infections are not usually reported, which means that only limited data is available on the prevalence 

of norovirus infections in the community as opposed to hospitals and public places.  However, a few 

recently reported community-based studies give some idea of the extent of the problem. 

A UK community-based study reported in 1999 and involving some 460,000 participants indicated 

that as many as one in five people in the general UK population develop infectious intestinal disease 

each year, with an estimated 9.4 million cases occurring annually.  The study indicated that for 

every 1 reported case of norovirus infection, about 1,500 cases respectively go unreported. From this 

data it is  estimated that of the 9.4 million annual cases of IID, around 16% are caused by norovirus 

[242]   

From a community–based study carried out in the Netherlands in 1999, de Wit and co-workers 

[60]concluded that the overall incidence of gastroenteritis in the Netherlands was estimated at 283 

per 1,000 persons per year. Noroviruses were detected in 11% of cases. The incidence at the 

general-practice level from 1996 to 1999 was estimated at 14 per 1,000 person-years; 5% was 

attributed to norovirus and 5% to rotavirus. By extrapolation de Wit et al estimated that in the 

population of the Netherlands (16 million), 650,000 norovirus gastroenteritis cases occur annually. 

In the US, Widdowson [8] estimated that noroviruses are responsible for 50% of all food-borne 

gastroenteritis outbreaks and are a major contributor to illness in nursing homes and hospitals. There 

is however currently no data to indicate the extent of norovirus circulating in the community. 

The data from the present community based study will be useful to determine the burden of illness 

and the health costs to the society due to viral gastroenteritis, caused by HuCV in India. The 

incidence of sapovirus and norovirus gastroenteritis in the community was 3.5 % (17/500) and 6.8% 
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(38/500), respectively. This is lower than reported previously in community-based studies in 

children in developed countries which have found norovirus  in 18-21% cases of gastroenteritis in 

children <5 years of age [86].  

It is also interesting to note that in 8 of 9 repeat infections identified in the community, the 

genotypes seen in the second infection were different from those first encountered. This highlights 

the high incidence and diversity of HuCVs in this setting. Another important factor which 

determines the occurrence of symptoms on infection with these viruses is the development of 

immunity. Immunity to HuCV infection is poorly understood.  It is believed that only short term 

immunity exists after a single HuCV infection which might not be protective against another 

genotype and repeated infections do not lead to more long term immunity [243]. Also repeat 

infection in an urban slum is more common because the slums are overcrowded, with closely 

clustered houses, many rubbish dumps, and open drains. The drinking water source for the slum is 

from a common source. Sewage and drinking water sources are often close to each other increasing 

the probability of repeat infections as seen in this study.Proper sanitation facilities are not seen in the 

slum and so defecation closer to drinking water sources are common which increases not only the 

possibility of repeat infections but also the spread of the all enteric pathogens throughout the slum. 

Although waterborne outbreaks are far less common than foodborne outbreaks, HuCV 

gastroenteritis outbreaks have been associated with sources of contaminated water, including 

municipal water, well water and stream water [243], in addition to water-related food sources such 

as shellfish. 

Only a few past studies have examined asymptomatic HuCV infection. In a community-based study 

in The Netherlands, norovirus was detected in fecal samples from control subjects at a rate of up to 

5% [60]. A recent study in Japan reported that 6% of fecal specimens collected from asymptomatic 
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infants were infected with norovirus [147]. Approximately 8% of human calicivirus was detected in 

non-diarrheal stool specimens collected from a birth cohort of Mexican children [69]. 

A significant finding of our study was the high incidence of HuCVs (9.5%) in asymptomatic 

children in the community settings which has not been reported previously from India. Comparable 

data on rates of asymptomatic carriage are also not available for this age group, but de Wit et al 

[60], in a nested case-control study, reported that noroviruses were associated with symptomatic 

infection in 16.1% of cases of gastroenteritis and asymptomatic infection in 5.2% of controls. 

Detection of HuCVs in asymptomatic children signifies that these viruses can circulate in the 

general population in the absence of disease in young children. 

Blood group analysis on the HuCV positive children in the community showed that children with  

‘B’ Rh positive blood group were more susceptible to both norovirus (26.5%) and sapovirus 

infections (16.3 %)  followed by ‘O’ Rh positive children (22.4%  norovirus positive and 12.2% 

sapovirus positive ), respectively (Table 5.8). But this data is inconsistent with previous published 

reports [146] that have shown that ‘B’ positive individuals are more resistant and ‘O’ positive 

individuals are more susceptible to norovirus infections. However, the association between the 

blood group and HuCV infections reported in our study based on genogroups may be insignificant 

and only a further analysis at the genotype level can confirm the role of blood group antigens in 

norovirus pathophysiology. 

In summary, this is the first study in India to have studied the prevalence, and strain characterization 

of HuCVs in the community and has shown the importance of these viruses in causing acute 

gastroenteritis in young children. 

 



 103

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

5.3) To compare the disease severity and strain characterization of HuCV infections between 

hospitalized children and children with acute gastroenteritis in the community 

The severity of the disease and strain distribution was compared between the hospitalized children 

and the symptomatic children in the community populations enrolled in the study. HuCVs were 

detected as per standard protocols described in chapter 4. They were detected in 68 (19.4%) samples 

of the 350 children hospitalized with diarrhea and 58 of 559 (10.3 %) samples in the community. 
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Assessment of severity 

Diarrhea was defined as the passage of three watery stools in a 24 hour period. An episode was 

defined as at least one day of diarrhea, preceded and followed by two or more days without diarrhea. 

The severity of diarrhea was assessed using the 20 point scale of the Vesikari scoring system [244] 

which was originally developed for scoring severity of rotavirus diarrhea but incorporates duration 

and frequency of diarrhea and vomiting, associated fever and dehydration. Information was 

collected on duration of diarrhea, maximum number of stools passed per day, duration and peak 

frequency of vomiting, degree of fever, presence and severity of dehydration, and treatment. To 

permit calculation of this score, an episode was considered mild for scores 0–5, moderate for a score 

of 6–10, severe for a score of 11–15 and very severe for scores 16–20. 

Results 

Comparison of disease severity between the hospitalized children and children with acute 

gastroenteritis in the community 

In the community, 58.2% of the episodes of HuCV diarrhea were mild, 38.2% were moderate and 

3.6% were severe. In contrast, only 7.5% of HuCV diarrheal cases admitted in the hospital were 

mild, 39.6% moderate and 52.8% were severe (p<0.001). The median Vesikari score was also higher 

in the hospital as compared to the community (11.0 vs. 5) (p<0.001). However, there was no 

significant difference in severity of diarrhea in those infected with norovirus or sapovirus alone and 

those multiply infected with a human Calicivirus and another enteric pathogen in either the hospital 

or the community (p=0.2, p=0.85 and p=1, p=0.95 for norovirus and sapovirus in the hospital and 

the community, respectively, Wilcoxon rank sum test). (Table 5.9) 
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Table 5.9 Comparison of Severity of diarrhea between Community and Hospital infections 

 

 

 

 

Community median severity 

score  

 

Hospital median severity 

score  

 

 n (Inter-quartile range) n (Inter-quartile range) 

No. of diarrheal episodes 55 5 (5,7) 
a
 68 11.5 (9,13) b 

No. of Norovirus infection 36 5 (5,5) 14 10.5 (9,13) 

No of Sapovirus infection 17 5 (5,7) 47 12 (9,13) 

Mixed infection with Norovirus and 

Sapovirus 

— — 3 12 (11,14) 

Comparison of severity between single 

caliciviral or mixed infection (P-value) 
c
 

 0.3  0.33 

Infection with Calicivirus (either Sapovirus 

or Norovirus) alone 

44 5 (5,7) 33 11 (9,13) 

Calicivirus infection with another infection 9 5 (5,7) 31 12 (10,14) 

Comparison of severity between single and 

mixed infection (P-value) 
c
 

 0.94  0.23 

Norovirus alone 31 5 (5,7) 25 11 (9,13) 

Norovirus with another infection 5 5 (5,7) 22 12 (10,14) 

Comparison of severity between single and 

mixed infection (P-value) 
c
 

 1  0.2 
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Sapovirus alone 13 5 (5,5) 7 11 (8,13) 
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a
Severity scores available for 53 episodes of diarrhea. 

b
Severity scores available for 64 episodes of diarrhea. 

c
Wilcoxon Rank sum test. 

 

 

 

 

 

 

 

 

 

 

 

 

Sapovirus with another infection         4 5 (4,7.5) 7 10 (9,12) 

Comparison of severity between single and 

mixed infection(p value) 
c
 

 

 

 

0.95  0.85 
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Comparison of the genotypes between hospitalized children and children with acute 

gastroenteritis in the community  

In the community, GII-4 norovirus strains were the most frequently identified genotype (39.5%), 

followed by GII-2( 26.3 %), while in the hospital; GII3 was the most frequently identified genotype 

(33.3%) followed by GII-1 and GII-4 in equal proportions(18.5 %). However, statistically 

significant differences were found in the distribution of genotypes but not genogroups between the 

hospital and community (Tables 5.2 and 5.6). 

GII-1 sapovirus was the most frequently identified genotype (50% among hospitalized children and 

25% in the community) in both settings although the numbers of strains of each genotype were too 

small for meaningful statistical analysis. A significantly larger number of children (p<0.001) in the 

hospital had HuCVs, when compared to the symptomatic children in the community (Table 5.3 and 

5.8). 

Discussion 

This assessment of disease severity attempted to obtain a comprehensive clinical picture of 

gastroenteritis caused by HuCVs in children >5 years of age in the hospital and the community.  

Analysis of clinical disease through severity scores and of sequence diversity showed that disease in 

the community associated with HuCVs was mild or moderate whereas disease severity ranged from 

moderate to severe among the hospitalized children and that there was a difference in the 

distribution of genotypes between children with diarrhea in the community and those presenting to 

hospital. These findings were comparable to those found in other study cohorts.  In a study carried 

out in Recife, Brazil the disease severity caused by HuCVs was assessed in hospitalized children 

and it was found that norovirus  infection during infancy can be as severe as that of rotavirus and 



 110

that norovirus is found as frequently as rotavirus in young children [245]. Community based study 

on disease severity of HuCVs suggest that infections caused by HuCVs are usually mild, and the 

clinical severity score for these infections was lower than that for rotavirus infection[246]. Reports 

published from South India on comparison of rotavirus epidemiology between hospitalized children 

and symptomatic children in the community also show that the hospitalized children had more 

severe diarrhea than children in the community [247]. The difference in the severity scores between 

hospitalized children may be because the children with severe disease will require hospital-based 

treatment and can not be managed at home. Also, since the children in this community cohort were 

closely monitored so that infections were identified at earlier stage before it gets severe and were 

treated immediately at the onset of the infection. 

Based on early antigenic analyses, and more recently, extensive sequence analysis, the circulations 

of both norovirus and sapovirus in nature have been shown to be highly variable. Genetic analysis of 

Norovirus in Chiba, Japan from 1999 to 2004 demonstrated that 31.8% of samples collected from 

sporadic or outbreak cases were positive for norovirus. Phylogenetic analysis of these Norovirus 

isolates showed a great genetic diversity and at least 13 and 16 genotypes were identified in GI and 

GII genogroups, respectively [248]. Recently, molecular epidemiological studies of sapovirus have 

been conducted in several countries, including Australia, Japan, Thailand, UK, USA, and Vietnam, 

and it was found that the rates of detection and overall prevalence of sapovirus infections varied 

from one country to another, with usually much less frequency than norovirus infections  [171, 229, 

249-252]. Based on the clustering methods determined previously, norovirus GII-4 genotypes was 

the most predominant genotype (80%) [42, 95]. For Sapovirus detection, the most prevalent 

genotype was GI-1 [57, 96]. 
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Due to the large genomic and antigenic diversity of noroviruses, it
 
is essential know about the strains 

circulating within a population.  In the present study GII-4 norovirus strains were the most 

frequently identified genotype (39.5%), followed by GII-2 in the community (26.3 %), while in the 

hospital; GII3 was the most frequently identified genotype (33.3%) followed by GII-1 and GII-4 in 

equal proportions (18.5 %). It is possible that the difference in strain distribution between 

community and hospital may be due to differences in (i) strain virulence, with strains causing more 

severe disease being seen in hospital, (ii) strain transmission, with newly introduced strain resulting 

in more severe disease requiring hospitalization and (iii) survival characteristics of strains, with 

hardier strains being able to persist in the environment and cause infectionsHowever, we did not 

identify any of the GII-3 or GII-4 variants that have been reported in other parts of the world. GII-1 

sapovirus was the most frequently identified genotype in hospitalized children and symptomatic 

children in the community (50% and 52.9 %).  

The majority of the sporadic and the outbreak strains in hospitalized children belongs to genotypes 

GII-4 and GII-3, with the
 
former having been previously identified as a dominant genotype,

  
world-

wide. The polymerase type GII-b emerged in Europe in 2000–2001 and is known to be associated in 

recombination with four different capsid genotypes GII-1, GII-2, GII-3, and GII- 4 among which 

GII-4 and GII-3 variants are more common. From 1996 onward, specific variants of GII-4 such as 

the Lordsdale, Farmington Hills, and Hunter strains and, more recently, the 2006a and 2006b strains, 

have emerged
 
in various geographic regions and spread around the world [253, 254]. Gallimore and 

coworkers found that within
 
a 3-year period a single specific variant of GII.4 emerged in

 
the United 

Kingdom and became predominant for a period until
 
it was replaced by another variant[255] 

.Another study from Nicaragua a GII-4 variant emergenced within a 1-year period[256]. 
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Among all reported GII-3 variants GII.b/GII.3 is the most common type of recombination found. 

Epidemiological studies from New South Wales reported on  variants of  GII.3 strains, Sydney 2212 

and Sydney C14, showing  the emergence of recombinant GII-3 strains[257]. Another report from 

Japan have shown the  emergence of another recombinant GII-3 which is related genetically to the 

SaitamaU1-like polymerase and Arg320 like capsid (GII-b/GII-3).A recent published report from 

India has identified GII-b in combination with a novel capsid type (GII-18) for the  first time. This 

variant (GIIb/ GII-18 type) was found to be the  predominant strain during the study[258].  

These data and the results from present study show that HuCVs are genomically diverse in different 

populations and sheds important information on transmissibility of these strains based on 

demography and geography. 
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5.4) To cross validate RT PCR techniques between two centers CMC (Vellore) and AIIMS 

(New Delhi) 

The objective of the study was to compare methods for the molecular detection of HuCVs between 

two centers, the Christian Medical College (CMC, Vellore) and All India Institute of Medical 

Sciences (AIIMS, New Delhi).Validation was done on RNA extraction methods and RT PCR 

detection techniques that were followed in the two centers. 

All stool samples collected from CMC were stored at -70°C and shipped to AIIMS in an ice pack. 

Samples from AIIMS included either 10% fecal suspensions in phosphate-buffered saline or raw 

stool specimens stored at -70°C that were shipped from AIIMS to CMC in ice packs. The samples 

were immediately frozen upon arrival and then processed for RNA extraction and RT PCR. 

RNA extraction, cDNA synthesis and RT PCR for HuCVs were performed on a total of 108 samples 

from both centers (n=50 and 58 samples from CMC and AIIMS, respectively) using the techniques 

standardized at both centers. Out of the 50 samples from CMC 37 samples were positive for either 

norovirus or sapovirus and remaining 13 samples were negative for these viruses. Samples from 

AIIMS included 50 HuCV positive samples and 8 HuCV negative samples. Negative samples were 

included in the panel of testing in order to check for false positives DNA sequencing was performed 

on a total of 44 randomly picked samples, of which 27 were from CMC and 17 were from AIIMS. 

RNA extraction and RT PCR 
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 Viral RNA was extracted from the panel samples according to standard procedures used in each 

center. CMC used a silica-based method [241] and AIIMS used CF II cellulose method for RNA 

extraction followed by cDNA synthesis using random primers. RT-PCR assay was performed for 

genogroup I and genogroup II norovirus and sapovirus by both the centers. 

At CMC, the RT-PCR to detect HuCV was done by a single round norovirus PCR using published 

oligonucleotide primers Ni and E3 which amplify a 113 bp region of the RNA polymerase gene to 

detect GII norovirus[43], and SG1 and D1 primers which amplify 150 bp product of the RNA 

polymerase gene to detect GI strains [43]. Similarly for sapovirus detection at CMC, the cDNA was 

amplified by primers SR80 and JV33 which amplify a 320bp region of the RdRp gene [48, 51] 

(Table 5.10).  

AIIMS used the following sets of primers to detect HuCVs, NRG1EA, NRGIES (for GI norovirus) 

[226]; NRG2ES, NRG2EA(for GII norovirus) [48]  and SV36 and SRGA primers for sapovirus by 

single round PCR. Semi-nested PCR was used for screening G-II norovirus using  NRG2IS,GR22 

[102] and G-I and G-III sapovirus were detected using using  SRGA, SVSI ( for G-I of sapovirus 

and SV36,SRGA (G-III of sapovirus) primer sets respectively (Table 5.11). Amplification products 

were examined by gel electrophoresis of the PCR amplicon in 2% agarose gels stained with (0.5 

µg/ml) ethidium bromide and photographed under UV light using a GelDoc system. 
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Table 5.10 List of primer sequences used by CMC,Vellore 

Primer 

name 

HuCV 

detected Primer sequence 

Position 

(nucleotides) Orientation 

Amplicon 

size Reference 

SG1 

GI 

norovirus GAIGGKTICCATCWGGITTYCC 4679-4701 Sense 150 bp 66 

D1   ACIATYTCRTCATCICCRTARAA 4871-4853 Antisense     

Ni 

GII 

norovirus 

GAATTC CATCGC CCA CTG 

GCT 4756-4776 Sense 113 bp 66 

E3   ATC TCA TCATCA CCA TA 4869-4853 Antisense     

SR 80  sapovirus TGGGATTCTACACAAAACCC 4366-4385 Sense 320bp 6,7 

JV 33    GTGTANATGCARTCATCACC 4666-4685 Antisense     

 

 

Table 5.11 List of primer sequences used by AIIMS.New Delhi 

Primer 

name 

HuCV 

detected Primer sequence 

Position 

(nucleotides) Orientation Amplicon size Reference 

NRG1EA GI norovirus 

GAT GCW GATTACACRGCHTGG 

GA 4561–4583 Sense 814 4 

 NRGIES    CTTAGACGCCATCATCATTTAC 5375–5354 Antisense     

NRG2ES 

GII 

norovirus GCR GCH RTDGARATCATGGT 4340–4359 Sense 761 7 

NRG2EA   TCGACGCCATCT TCA TTCACA 5100–5080 Antisense     

NRG2IS 

GII 

norovirus GTGRTKGATGTGGGTGACTTCA 4403–4426 Sense 283 28 

GR22   GCTGTCAGTTTCTCTGGGTC 4685–4666 Antisense     

SRGA GI sapovirus CWGTABATGCARTCATCA CC 4685–4666 Sense 230 28 

SVSI    CCCTGGCAATATTGGAGAGATTTG 4421–4442 Antisense     

SV36 

GIII 

sapovirus  GTTTCTGTTGGC ATTAACA 4273–4291 Sense 413 28 

SRGA    CWGTABATGCARTCATCA CC 4685–4666 Antisense     
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Results 

Validation of RT-PCR on samples from CMC using CMC and AIIMS methods 

Out of the 37 HuCV positive samples previously detected by RT PCR at CMC 35 (97.2%) were 

positive when RT PCR was repeated at CMC and 14 (37.8%) were positive when tested at  AIIMS 

using techniques standardized at each centre. Of the 37 positives 18 were norovirus GII, 1 was 

norovirus GI and 18 samples were sapovirus positive. All norovirus GII samples and 17(97.2%) 

samples were sapovirus positive by re RT-PCR performed at CMC. The norovirus GI was not re-

amplified by the primer sets used at CMC. Nine norovirus GII positives (50%) and 4 (22.2%) 

sapovirus positives were amplified by the primer sets used by AIIMS. The norovirus GI was 

positive by the AIIMS RT PCR. (Table 5.12). Three out of 13 HuCV negative samples (23%) were 

detected as norovirus GII by AIIMS RT PCR. 

Validation of RT-PCR  on samples from AIIMS using CMC and AIIMS methods 

A total  of 50  HuCV positive samples that were previously RT PCR positives were included for the 

validation. Of the 50 positives, 7 samples (14%) were picked up as positives by CMC method and 

45 samples (90%) were positive when tested at AIIMS. Among the 50 samples, 22 were norovirus 

GII, 8 were norovirus GI, and 19 samples were sapovirus positives. One norovirus and sapovirus 

mixed infection was also included in the panel of testing. RT PCR performed at CMC picked up 2 

(8.6%) norovirus GII, 4 (21%) sapovirus and the mixed infection sample. None of the norovirus GI 
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were positive by the CMC method. Twenty-one (95.4%) norovirus GII, 7 (87.5%) norovirus GI and 

17 (89.4%) sapovirus samples were positive when retested by RT PCR at AIIMS. The mixed 

infection sample was not picked up when RT PCR was repeated (Table 5.13) 

 

 

 

Table 5.12 RT PCR validation results on CMC samples using CMC and AIIMS methods 

Pre validation RT PCR result No. Repeat CMC RT PCR result Repeat AIIMS RT PCR result 

Total Norovirus GII 18 18 (100%) 9 (50%) 

Total Norovirus GI 1 0 (0%) 1 (100%) 

Total Sapovirus 18 17 (94.4%) 4 (22.2) 

Total 37 35 (97.2%) 14 (37.8%) 

 

 

Table 5.13 RT PCR validation results on AIIMS samples using CMC and AIIMS methods 

Pre validation RT PCR result No. Repeat CMC RT PCR result Repeat AIIMS RT PCR result 

Total Norovirus GII 22 2(8.6%) 21(95.4%) 

Total Norovirus GI 8 0(0%) 7(87.5%) 

Total Sapovirus 19 4(21 %) 17(89.4%) 

Norovirus + sapovirus  1 1(100%)  0(0%)  

Total 50 7 (14%) 45 (90%) 
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Given the discrepancy in the two sets of testing methods, the repeat RT PCR data was validated by 

DNA sequencing. A total of 44 samples from both centers were sequenced among which 27 were of 

CMC origin and the remaining 17 from AIIMS. 

Validation of RT PCR results against sequenced samples 

Samples from CMC:  

A total of 27 samples were sequenced at CMC among which 14 were norovirus GII, 12 were 

sapovirus and 1 was norovirus GI. All norovirus GII and sapovirus sequence positive samples were 

also RT PCR positive  retested at CMC, but the norovirus GI was negative by RT PCR using CMC 

primers. Six norovirus GII (42.8%) and 3 (25%) sapovirus samples were positive when tested at 

AIIMS. The norovirus GI was picked up by AIIMS primers(Table 5.14). Overall 37% HuCV 

sequence positives showed concordant results when tested at AIIMS. 

Samples from AIIMS: 

Seventeen samples were sequences and used to validate the RT PCR results from both participating 

centers. Of the 17 samples sequenced, 6 were norovirus GII, 5 were norovirus GI, 5 were sapovirus. 

The mixed infection sample (norovirus and sapovirus) was also sequenced. One norovirus GII 

(15.9%) and 2 (40%) sapovirus were detected by CMC primers and the mixed infection  was also 

picked up by our technique. Around 80% norovirus GII, norovirus GI  and 60% sapovirus sequence 

positives were also RT PCR positives when tested with AIIMS primer sets. AIIMS RT PCR method 
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did not re-detect the mixed HuCV infection (Table 5.15).Four out of 17 sequence positives (23.5%) 

were RT PCR positive by CMC. 

RNA extraction and RT PCR was repeated on ten Norovirus positive samples from CMC origin that 

had discrepant results. The repeat results were all positive suggesting that freeze thawing samples 

during transportation might have affected the stability of the virus. 
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Table 5.14 Evaluation of RT-PCR assay on samples from CMC 

 

 

 

 

 

Table 5.15 Evaluation of RT-PCR on samples from AIIMS 

    

  RT-PCR positivity 

Samples sequenced at AIIMS No. CMC AIIMS 

 Norovirus GII   6 1(15.9%) 5(83.3%) 

 Norovirus GI  5 0 (0%) 4(80%) 

Sapovirus  5 2 (40%) 3(60%) 

Norovirus + sapovirus  1 1(100%) 0(0%) 

Total  17 4(23.5%) 12(70.5%) 

 

 

  RT-PCR positivity 

Samples sequenced at CMC No. CMC AIIMS 

 Norovirus GII   14 14 (100%) 6(42.8%) 

 Norovirus GI  1 0 (0%) 1(100%) 

Sapovirus  12 12(100%) 3(25%) 

Total  27 26(96.2%) 10(37%) 
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Discussion 

Molecular detection of HuCVs has found widespread use since the development of RT-PCR assays. 

These assays allow successful amplification of viruses that are often shed in low numbers and are 

genetically extremely heterogeneous. In the present study, RT-PCR assays between two centers 

were tested with a panel of 108 stool specimens.  

Out of the 37 RT PCR positive samples from CMC, 14 (37.8%) were positive when re-tested by RT 

PCR at AIIMS and of the 50 HuCV positives from AIIMS only 7 (14%) were RT PCR positive 

when re-tested at CMC. Due to the high discrepancy in the RT PCR results, the sensitivity of RT-

PCR was evaluated with a subset of samples that were sequenced at both centers. A sensitivity of 

37% by RT PCR was observed on testing the HuCV sequence positives from CMC by AIIMS 

method, whereas 23.5 % of AIIMS HuCV sequence positive were RT PCR positive while tested at 

CMC raising questions regarding the stability of the viruses in these false negative samples. The 

majority of the samples from AIIMS were shipped as 10% fecal suspensions in phosphate-buffered 

saline. The preferred storage condition for diagnostic work is fresh stool specimens at 4°C, but 

samples can be divided into aliquots and frozen for long term storage. It has been reported 

previously that the viruses in these samples may deteriorate during storage, shipment, or freeze-

thawing [259].Therefore, it is recommended to use raw stool samples stored at -70°C for future 

primer evaluation studies and also avoid freeze thawing of the samples while shipping. 

RT-PCR assays evaluated in the present study include primers that target the RNA polymerase gene 

(CMC) and 3′-end of ORF1 (AIIMS).The norovirus GI from CMC was not detected when retested 

at CMC but was picked up by AIIMS and also none of the norovirus GI positive samples from 

AIIMS were positive when tested at CMC. This suggests that the primers used by CMC to amplify 
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norovirus GI is less efficient when compared to the primers used at AIIMS. Overall the RT PCR 

sensitivity of CMC was found to be more than that of AIIMS method. The 23% false negatives 

observed by AIIMS detection method suggests that the primers targeting the RNA polymerase gene 

are more sensitive than the primers that target 3′-end of ORF1. The  majority of  norovirus strains 

can be detected using primers targeting  polymerase and capsid region [138], but as more and more 

norovirus sequence database are available now and  the emergence of new  recombinant HuCVs,  

primers targeting the polymerase region, makes this region appropriate for the detection of HuCVs. 

Also, it  has been shown that the polymerase gene has the most conserved sequence when compared 

to other regions which show high genetic diversity [95]. 

No single assay at the two centres stood out as the best by evaluation of RT PCR sensitivity, but 

based  on our current validation results RT PCR technique developed at CMC can be recommended 

for HuCV  genogroup II detection. 
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5.5) To develop and evaluate a concentration technique for detection of Norovirus in food 

samples 

With Norovirus being the most common cause of food borne gastroenteritis worldwide and 

increasing evidence of Norovirus infections in India, it is important to have an established system 

for detection of these viruses from food samples both for outbreak investigations as well as routine 

testing of food samples. The primary objective of this study was therefore to evaluate a precipitation 

technique using polyethylene glycol (PEG) for concentration of Noroviruses in foods, particularly 

with reference to Indian foods and to apply this technique to test for the presence of Norovirus in 

some foods from canteens, street vendors as well as common household foods.  

Food Samples  

Both uncooked and cooked food samples were tested in this study.  The uncooked samples included 

a variety of seafoods, raw vegetables and meat while cooked foods included bread, fried chicken, 

idly (steamed rice cake), vada (doughnut shaped fried lentil snack) and sambar (broth made of 

tamarind and lentils).  Each food sample tested was obtained from five different sources. The 

sources of food include the local market, street vendors around the hospital, the hospital canteen as 

well as from the residence of students in the laboratory. Fish and prawns were obtained from shops 

in the local fish market while oysters, mussels and clams that are generally not available in this 

region, were picked from different fishing boats in a nodal fishing harbour and an estuary 200 kms 

away from the study center. Since it was not possible to identify five individual source points for 

these seafoods, five aliquots were taken for from the total sample for testing. Additionally a total of 

85 food samples from 16 different types of food substances were tested for Norovirus in this study. 

The various food samples tested in the study and their sources are summarized in Table 5.16.  
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Type of food Number of samples (n) Source of samples 

Uncooked Foods 

    

Seafood 

Fish 5 Shops in local fish market 

Prawn 5 Shops in local fish market 

Clams 5 Collected from various fishing boats arriving at a nodal fishing harbour in Nagapattinam district, Tamilnadu 

Oysters from river beds 5 From river bed close to the nodal fishing harbour, picked from areas close to human fecal contamination 

Mussels 5 From river bed close to the nodal fishing harbour, picked from areas close to human fecal contamination 

Oysters from estuary 5 Collected from an estuarine system near Chidambarm, Tamilnadu, known for its unique mangrove ecosystem 

Vegetables 

Tomatoes 5 Local supermarket, street vendors near hospital, other residential areas in Vellore 

Potatoes 5 Local supermarket, street vendors near hospital, other residential areas in Vellore 

Greens 5 Local supermarket, street vendors near hospital, other residential areas in Vellore 

Salad 5 Local restaurants near hospital 

Meat  
 

Chicken 5 Street vendors around hospital, hospital canteen, residence of a student 

Cooked Foods 

    

Table   5.16 : List of food samples tested for norovirus and their sources 
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Bread 5 Local supermarket, bakeries around hospital, hospital canteen 

Idly 5 Street vendors around hospital, hospital canteen, residence of a student 

Sambar 5 Street vendors around hospital, hospital canteen, residence of a student 

Chicken 5 Street vendors around hospital, hospital canteen, residence of a student 

Milk Sweet 5 Street vendors around hospital 

Vada 5 Street vendors around hospital 

TOTAL 85   



 127

Methods 

To determine the efficiency of test methods in detecting norovirus from food samples, one sample 

each of five types of cooked and five types of uncooked foods were seeded with stool suspension 

from a child hospitalized with acute gastroenteritis that was tested positive for norovirus by RT-PCR 

and confirmed by sequencing as genogroup II norovirus. Fifty microlitre of stool suspension was 

added to 20 g of food sample and allowed to incubate for 45 minutes.  The spiking experiments were 

carried out independent of the testing experiments on separate days. Glassware was autoclaved 

between each set of experiments and disposable plastic ware was used for each experiment to avoid 

laboratory contamination. Detailed methodology is described in chapter 4. 

Results 

Spiking experiments were carried out on ten types of food samples including five cooked (bread, 

idly, sambar, vada and sweet) and five uncooked foods (chicken, tomatoes, oysters, mussels and 

clams). RNA extraction was carried out using Boom's method and norovirus could be detected in all 

samples except the three types of seafood tested (Figure 5.11 and 5.12). RNA extraction using 

Trizol was done for the negative samples and was still found to be negative for norovirus.  The 

results of the food spiking experiments are summarized in table 5.17. Out of the 85 samples from 16 

types of food substances tested for noroviruses in this study, none of the samples tested positive for 

norovirus.  
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Table 5.17 Testing for noroviruses from food samples spiked with norovirus positive stool 

suspension 

Food RNA extraction Protocol Norovirus 

Bread Boom's method Pos 

Idly Boom's method Pos 

Sambar Boom's method Pos 

Vada Boom's method Pos 

Milk Sweet Boom's method Pos 

Chicken Boom's method Pos 

Tomatoes Boom's method Pos 

Oyster Boom's method/Trizol method Neg 

Mussels Boom's method/Trizol method Neg 

Clams Boom's method/Trizol method Neg 
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Figure 5.11 RT PCR for detection of noroviruses from spiked food samples 

 

 

 

Lanes 1 and 12: Marker, Lane 2: Bread, Lane 3: Idly, Lane 4: Sweet, Lane 5: Sambar, Lane 6: 

Tomato, Lane 7: Vada, Lane8: Chicken, Lanes 9 and 10: Positive control, Lane 11: Negative control 
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Figure 5.10 RT PCR for detection of noroviruses from spiked seafoods 

 

Lane 1: Marker, Lane 2: Positive control, Lane 3: Oysters, Lane 4: Mussels, Lane 5: Clams, Lane 6: Negative 

control 
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Noroviruses are the commonest cause of food borne gastroenteritis worldwide.  In this study, a 

precipitation technique using polyethylene glycol was used for concentration of noroviruss in food 

samples.  Testing for GII noroviruses was carried using RT PCR for detection of a 113 bp region of 

RNA polymerase gene. Norovirus could be recovered from all spiked food samples except oysters, 

mussels and clams. None of the test samples were positive for GII norovirus. To our knowledge, this 

is the first report of testing for norovirus in food samples in India. 

Although food samples are often implicated in norovirus infections, experimental confirmation is 

frequently not possible. The co precipitation of inhibitors with the viral RNA during extraction as 

well as relatively low viral load in food samples also pose problems for detection of noroviruses in 

foods[260, 261].  There are several virus concentration and extraction procedures available for the 

detection of noroviruses from various types of foods. Concentration methods like precipitation using 

polyethylene glycol (PEG), ultracentrifugation, and ultra filtration are currently used [217-219]. 

Similarly, a number of methods of RNA extraction such as Trizol, silica beads and commercially 

available kits have also been evaluated for detection of norovirus in different types of foods.  These 

studies have shown, for efficient recovery and detection of noroviruses, the choice of concentration 

technique as well as extraction method depends greatly on the nature of food sample to be tested 

[260].   

Seeding experiments were done to assess the efficiency of PEG precipitation method for 

concentration of norovirus followed by RNA extraction using Boom's method.  Inhibition of virus 

detection in foods was determined by addition of external virus in to food. Norovirus could be 

recovered from most spiked foods, thereby establishing a testing system for norovirus detection 

from food samples in our setting.  However, the virus could not be recovered from oysters, mussels 
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and clams. Detection of norovirus from shellfish has been done using specialized protocols for 

concentration and recovery in several studies [262-265].   

None of the test samples in this study were positive for Norovirus.  The aim was to assess if any 

norovirus contamination occurred in foods from canteens and street vendors, that could serve as 

settings of potential outbreaks as well as to test commonly consumed household foods.  This is 

particularly significant in the context that asymptomatic infections with norovirus have been 

documented in our settings. The reasons for none of the samples testing positive could be that these 

samples were collected when there were no apparent gastroenteritis outbreaks and hence may have 

had no contamination or very low viral loads. The antibacterial activity of Indian spices against 

common food borne pathogens has been demonstrated [266].  Even though virus could be recovered 

from cooked Indian foods seeded with norovirus, it would be interesting to evaluate the role of these 

spices for their antiviral activity.   
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Chapter 6 

Summary and Conclusion 
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Pediatric gastroenteritis is a major cause of childhood morbidity and mortality worldwide. In 

developing countries, diarrhea remains the second most common cause of death among children 

under 5 years of age, with the majority of disease occurring in infants under 1 year of age. Infection 

rates in young children and infants living in developing countries may have been underestimated in 

previous studies due to the lack of sensitive diagnostic techniques for identification of viral particles 

in stool specimens. 

The role of HuCVs in causing acute gastroenteritis in young children has not been comprehensively 

studied in India due to the lack of sensitive and specific diagnostic techniques. This is clear by the 

limited number of published data (n=4) from India. The present study, for the first time in India, has 

developed and standardized methods for molecular characterization of HuCVs, and estimated their 

prevalence in a large cohort of  symptomatic and asymptomatic children in both the community (n = 

559 and n= 210, respectively) and hospital settings (n= 350 and n=100, respectively) .   

The relative contributions of HuCVs in hospitalized children (n= 350) were evaluated for an 

extended time period (December 2001 to December 2004) and the genotype of the strains circulating in 

the hospital population was also investigated. A prevalence of   19.4% of HuCV was detected 

among this group. Although it is lower than 25-30% incidence of rotavirus gastroenteritis in 

hospitalized children in this region of India, it indicates that HuCVs are also an important cause of 

sporadic cases of acute gastroenteritis in infants and young children in India.  

There is little information on the asymptomatic carriage among children and on the implication in 

the transmission of HuCVs from these individuals. The application of a RT-PCR assay to test 

asymptomatic fecal specimens collected from children <5 years age without gastroenteritis 

presenting to the Child Health out patient service at the Christian Medical College (CMC) hospital 

was undertaken to ascertain if HuCVs were present in those populations. The detection of 11% 
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HuCV positives among a total of 100 children without gastroenteritis indicates the asymptomatic 

carriage of HuCVs in the community. Our findings on asymptomatic HuCVs suggest that young 

children could be an important reservoir for the transmission of HuCVs and their  surveillance may 

be required to   to control HuCV outbreaks. 

The data from the community based studies shows that there is a significant burden of illness due to 

HuCV related sporadic gastroenteritis in India, although the proportion of HuCV associated disease 

is less than in hospitalized children in the same town. The incidence of sapovirus and norovirus 

gastroenteritis in the community was 3.5 % (17/500) and 6.8% (38/500), respectively. These figures 

are is relatively lower when compared to other community based studies done in developed 

countries, and may be reflective of the fact that in developed countries, gastroenteritis in children is 

less common, but mainly contributed to by viral infections, whereas in developing countries, 

gastroenteritis occurs more frequently in young children, and bacteria and parasites form a 

significant proportion of the aetiologic agents.  

It is also interesting to note that in 8 of 9 repeat infections identified in the community, the 

genotypes seen in the second infection were different from those first encountered. This highlights 

the high incidence and diversity of HuCVs in our setting. Immune responses to homotypic and 

heterotypic viruses have been insufficiently studied in Calicivirus infection, in part due to the 

diversity of the agents and the lack of appropriate assays. A prospective cohort study aimed at 

genotyping infecting strains in conjunction with measurement of immune responses would allow 

dissection of the immune response and the presence or lack of protection from infection and/or 

disease, but no such studies have been conducted. 

Only a few past studies have focused on asymptomatic HuCV infection in the community. Our 

present study showed a high rate of asymptomatic infection (9.5%) in children living in an urban 
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community in Vellore, South India. The living conditions and poor hygienic measures could 

facilitate the transmission of enteric infections Higher rates could be caused by other factors, such as 

the season or year of the study, or be related to the sensitive RT-PCR methods used.  

Detection of HuCVs in asymptomatic children signifies that these viruses can circulate in the 

general population in the absence of disease in young children. Asymptomatic infection may be 

widespread in young children as, although immunity is of short duration, the frequency of infection 

in this age group may result in fewer symptomatic infections. These asymptomatic infections 

however constitute a significant reservoir for infection in the community, and may act as a source of 

both endemic and epidemic disease. Future studies are needed to understand the importance of 

asymptomatic HuCV infection in children as it relates to the transmission of infection and 

gastroenteritis.  

Recent studies suggest that human histo-blood group antigens, such as secretor factor or blood type, 

could determine the human susceptibility to Norovirus [150, 151]. Blood group analysis on the 

HuCV positive children in the community showed no association, but this was a limited 

assessment.Previous published reports [146] have shown that B Rh positive individuals are more 

resistant and O Rh positive individuals are more susceptible to norovirus infections. 

A significantly larger number of children (n=68/350, Vs n=58/559, p<0.001) in the hospital cohort 

had HuCVs when compared to the symptomatic children in the community. Analysis of clinical 

disease through severity scores and of sequence diversity showed that disease in the community 

associated with HuCVs was mild or moderate whereas disease severity ranged from moderate to 

severe among the hospitalized children. Differences in the distribution of genotypes of HuCVs 

between children with diarrhea in the community and those presenting to hospital were also 

observed in the present series, indicating different reservoirs acting as the source of infection. 
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This study has also carried out molecular typing of HuCVs for the first time from India by DNA 

sequencing. Phylogenetic analysis of the regions of the genes encoding the RdRp, capsid, and/or the 

region spanning the ORF1/ORF2 of the genome of selected sapovirus and norovirus strains has been 

performed to classify the strains co-circulating in the study populations during a defined surveillance 

period. As reported from other parts of the world, genogroup II Norovirus were more prevalent in 

children in the hospital and the community, and belonged to multiple genotypes. It is instructive to 

note that the norovirus GII 4 strains are widely distributed in the world. This strain was seen in both 

the community (39.5 %) and the hospital (18.5%) in this study, but in the hospital cohort GII-4 was 

not the most prevalent genotype. Among the sapoviruses, genogroup II strains were more common 

than genogroup I and this finding differs from reports from other parts of the world where 

genogroup I sapoviruses are found to be the predominant strain. These data confirm that different 

strains of HuCV may predominate in different parts of the world as environmental factors may 

influence the transmissibility of HuCVs. Thus there is also a need for any preventive strategy (i.e, 

vaccine development) to be tailored to different geographical and demographic requirements. 

In order to compare methods for the molecular detection of HuCVs, the detection technique was 

cross validated between two centers, the Christian Medical College (CMC, Vellore) and All India 

Institute of Medical Sciences (AIIMS, New Delhi). RT-PCR assay sensitivity evaluated in the 

present study included primers that target the RNA polymerase gene (CMC) and 3′-end of ORF1 

(AIIMS). A sensitivity of 37% by RT-PCRs was observed in CMC detection method and 23.5% by 

the AIIMS method. This data suggests that primers targeting the RNA polymerase gene are more 

sensitive than the primers that target 3′-end of ORF1. Several factors can affect the sensitivity of 

RT-PCR assays, including the viral RNA extraction method, the primers used in amplification, and 

the methods used for confirmation of test results. Differing efficacy of RNA extraction and reverse 
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transcription might also explain concordance discrepancies seen in these validation experiments that 

could be addressed with viral cDNA as the starting material.  

Noroviruses are the commonest cause of food borne gastroenteritis worldwide.  In this study, a 

precipitation technique using polyethylene glycol was used for concentration of norovirus in food 

samples.  Norovirus could be recovered from all spiked food samples except oysters, mussels and 

clams. None of the test samples were positive of GII norovirus. Detection of norovirus in food 

samples is an important part of outbreak investigations as well as for routine testing of food samples. 

To the best of our knowledge, this is the first report of testing for norovirus in food samples in India. 

In summary, we have described the prevalence of co-circulating HuCVs in children with or without 

gastroenteritis in Vellore, southern India using sensitive and validated molecular diagnostic tools. 

The public health impact of HuCVs will not be fully appreciated, nor will interventions be 

completely evaluated, until methods to detect these viruses are more routinely used. Frequent 

symptomatic HuCV infections in infants and young children living in developing countries may 

impact quality of life substantially and contribute to dehydration and malnutrition.  

 

These studies have provided valuable insights to the current understanding of the burden of HuCV 

related diarrheal disease in India and will form the base for further elucidation of the epidemiology 

and pathogenesis of HuCV infections. Further information on the molecular epidemiology of HuCV 

infections, transmission patterns, and immunity is needed to support the development of effective 

public health interventions to reduce the burden of pediatric HuCV disease in this part of the world. 
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Recomendations 
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Research on human caliciviruses has advanced significantly in the past decade as the result of the 

introduction of new molecular technology. However, little is known about the role of caliciviruses in 

endemic paediatric gastroenteritis in India and other developing countries. The present study has 

provided evidence for the role of HuCVs  in paediatric gastroenteritis in India. Detailed molecular 

epidemiological studies using the advanced techniques described here, and others in development, 

should be carried out in different regions of India to define the true burden of disease.  

 

Possibly because of the diversity of these viruses, there is no  cross-protection or  long-term 

immunity to these infections. Host susceptibility factors have been identified, including histo– blood 

group antigens that likely function as initial receptors for some noroviruses. The patterns of 

susceptibility are complex and not understood. Therefore it is necessary to undertake immunologic 

studies to understand the patterns of immunity and protection in infections with specific genogroups 

and genotypes.  

 

Fecal-oral spread is probably the primary transmission mode, although transmission by air particles 

may also facilitate spread of HuCVs. It has been shown that cooking (e.g., steaming) might not 

completely inactivate Norovirus. Food contamination by infectious food handlers is another 

potential mode of food borne transmission. Therefore food handlers should be required to maintain 

strict personal hygiene at all times. Shellfish (e.g., oysters or clams) tend to concentrate viruses in 

their tissues thereby contributing to the wiser spread of these viruses. Measures to prevent the 

contamination of waters with human waste are probably a useful means of preventing shellfish-

associated gastroenteritis outbreaks. HuCV gastroenteritis outbreaks have been associated with 

sources of contaminated water, including municipal water, well water and stream water. Prevention 
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methods should focus on reducing human waste contamination of water supplies and proper 

sanitation methods. If drinking or recreational water is suspected as being an outbreak source, high-

level chlorination (i.e., 10 mg per L for greater than 30 minutes) might be required for adequate 

disinfection. Person to person spread can be prevented by frequent hand washing with soap and 

water. The recommended procedure for hand washing is to rub all surfaces of lathered hands 

together vigorously for more than ten seconds and then thoroughly rinse the hands under a stream of 

water. These methods of interruption or prevention of transmission must be widely disemminated in 

order to decrease the disease burden due to these agents. 

 

The studies on pathogenesis of these viruses are hampered by the lack of in vitro cultivation 

methods or animal models. Several attempts to develop a method for the cultivation of these viruses 

till date have failed. Some studies have shown preferential attachment of these viruses with Htype 1 

antigen from histo-blood group antigen secreting individuals. Since there is a need for a method to 

culture human caliciviruses and to demonstrate their pathogenicity, further attempts are needed 

using novel approaches to develop a cell culture system.  
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APPENDIX 

VESIKARI CLINICAL SEVERITY SCORING KEY 

                                                                                                                SCORE 

DURATION OF DIARRHOEA (DAYS)                      1-4                        1 

                                                                                         5                           2 

                                                                                        >6                          3 

MAX NO. DIARRHOEAL STOOLS / 24 HRS            1-3                         1 

                                                                                        4-5                         2 

                                                                                        >6                          3 

DURATION OF VOMITING (DAYS)                          1                            1 

                                                                                         2                            2 

                                                                                         >3                          3 

MAX. NO. VOMITING EPISODES/24 HRS                 1                           1 

                                                                                          2-4                        2 

                                                                                          >5                         3                    

FEVER                                                                   37.1-38.4°C                    1 

                                                                                38.5-38.9°C                     2 

                                                                                    > 39°C                        3 

DEHYDRATION                                                       NONE                        0 

                                                                                       5%                           2 

                                                                                     > 5%                          3 

TREATMENT REHYDRATION                                                                 1 

HOSPITALIZATION                                                                                    2 

TOTAL SCORE 
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