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Summary 
 

Introduction:  The public health impact of HuCV infections is increasingly 

recognized. Noroviruses are the commonest cause of outbreaks of non-bacterial 

gastroenteritis, the most commonly recognized foodborne viral infection and second only to 

rotavirus as a cause of severe diarrhea in children. The key factors underpinning this high 

burden of infection are their low infectious dose (10–100 virus particles are enough to infect), 

their stability in the environment (acids, pH, chloride and temperature), the wide diversity of 

strains and the lack of any long-term immunity to an infection or illness. 

 The recent development of sensitive real-time RT-PCR tests for diagnosis, 

quantification and characterization of these agents has led to the recognition of the importance 

of norovirus infection. Evidence suggests that the detection of noroviruses in fecal specimens 

by conventional and real-time RT-PCRs may be limited by factors such as low virus 

concentrations in feces, improper specimen storage, inefficient viral RNA extraction, the 

presence of fecal reverse transcriptase inhibitors and the use of different primers. In addition, 

noroviruses are genetically extremely diverse and none of the reported conventional and real-

time RT-PCR assays are able to detect all strains. 

Aims: The aims of this study were to find the most effective nucleic acid isolation 

method for an effective norovirus diagnosis, to introduce the real-time RT-PCR assay for 

time-saving and for a more sensitive diagnosis. For the rapid detection of norovirus antigen in 

stool samples an ELISA method was introduced and it was compared with two commercial 

available RT-PCR kits. Both RT-PCR techniques and ELISA systems are very important to 

clarify the pathogenic role of noroviruses in sporadic cases and in epidemics in Szeged and in 

its catchment area. 

Results: 

1. Five different RNA purification methods were compared. 

2. 30 samples were compared by using the traditional method and the two-step real-

time PCR method (by using the Jiang-designed primers). 23 (76.7%) samples were 

positive by using the real-time RT-PCR and only 6 (20%) samples were positive 

with the traditional RT-PCR. 

3. On using the two-step real-time RT-PCR, we found that 38 (9.92%) of the 383 

samples contained HuCV. 14 (10.07%) of the 139 samples proved positive for 

HuCV on the use of the one-step real-time RT-PCR method by the Jiang-designed 

primers. First we compared the Jiang-designed and our newly-designed primers on 

110 samples by using traditional RT-PCR. We found that 32 (29.1%) samples 
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were positive by using our newly designed primers, but negative with the Jiang-

designed ones. Secondly, 66 samples were compared by the two two-step real-time 

RT-PCR method. 12 (18.1%) proved to be positive with the newly-designed 

primers and only 4 (6.06%) were positive with the Jiang-designed ones. 

4. The IDEIATM Norovirus ELISA revealed 38 norovirus-positive and 23 negative 

samples. The sensitivity of the test was 78.9%, the specificity was 100%, the PPV 

was 100% and the NPV was 39.1%. By using the Argene Calici/Astrovirus 

Consensus kit of the 61 samples, 48 were positive for HuCVs, 10 were negative, 2 

were borderline and 1 contained inhibitors. The sensitivity of the test was 92.8%, 

the specificity was 100%, the PPV was 100% and the NPV was 69.2%. With the 

Cepheid Norovirus Primer and Probe Set, 47 of the 61 stool samples proved to be 

positive for human noroviruses; 46 were GGII and only 1 was GGI-positive. 8 

samples were negative and only 6 contained inhibitors. The sensitivity of the test 

was 91.2%, the specificity was 100%, the PPV was 100% and the NPV was 

64.3%. 

5. Between 1 January 2004 and 31 March 2007, 1,152 stool samples were collected 

from children in the age group between 0 and 3 years. Of the overall 1,152 stool 

samples, 187 (16.2%) proved positive for noroviruses. Between 2003 and 2011, 

5,031 stool samples were examined for human noroviruses. 836 (16.6%) proved to 

be positive for noroviruses. In the 9-year-period, 10 norovirus accumulations were 

observed at the different units of the Albert Szent-Györgyi Clinical Center. 

Conclusion: During the study, we compared five different RNA purification method, 

we showed their benefits and disadvantages. We successfully developed first a two-step real-

time SYBR Green RT-PCR assay for the norovirus diagnostics, and then translated it into 

one-step real time RT-PCR. We have developed a primer pair (targeting the RNA-depending 

RNA polymerase region), with which the norovirus diagnostics have become safely 

practicable in the European region. During our study, we compared two commercial available 

RT-PCR kits and one antigen-ELISA kit and found that this antigen-ELISA kit is a very good 

screening kit, with which the accumulations have become detectable. For genetic analyses and 

for sporadic cases the RT-PCR is the gold-standard method. By using this commercial 

available kit we can differentiate between GGI and GGII without sequencing the PCR 

product. In the past 9 years we investigated the role of noroviruses in sporadic cases and also 

in accumulations in the different hospital wards. 
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List of Abbreviations 

 

DMSO   Dimethyl sulfoxide 

EIA   Enzyme immuno assay 

ELISA   Enzyme-linked immuno assay 

EM   Electron microscopy 

ER   Endoplasmic reticulum 

GGI   Genogroup I 

GGII   Genogroup II 

HBGA   Histo-blood group antigen 

HuCV   Human calicivirus 

IEM   Immuno electron microscopy 

LC   Light Cycler 

NA   Nucleic acid 

NLV   Norwalk-like viruses 

NPV   Negative-predictive value 

ORF   Open reading frame 

PPV   Positive-predictive value 

PCR   Polymerase chain reaction 

RNA   Ribonucleic acid 

rRNasin  RNase inhibitor 

RT-PCR  Reverse transcription polymerase chain reaction 

SLV   Sapporo-like viruses 
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I. General characteristics of noroviruses 

 

I.1. Discovery of human caliciviruses, taxonomy and genetic classification 

 

The syndrome associated with caliciviral gastroenteritis was described in the medical 

literature over 70 years ago. However, it was many years later that a causative agent could be 

linked with the condition Zahorsky described in 1929 as “winter vomiting disease”(1). 

Studies performed in Ohio in the late 1940s demonstrated just how much gastroenteritis could 

not be attributed to known bacterial or parasitic pathogens. All of the cases ascertained over a 

30-year period 75% had no adequate explanation(2). These were said to present acute, 

infectious and non-bacterial gastroenteritis. Clinical studies where volunteers were exposed to 

fecal extracts that had been filtered to remove all bacteria, confirmed the hypothesis that a 

viral agent was likely cause(3). 

In the autumn of 1968, 50% of the students and teachers in an elementary school in the town 

of Norwalk, were struck with an illness characterized principally by nausea, vomiting and 

abdominal pain. Since no bacterial agent was found, a viral case was suspected. However, 

because these viruses did not grow in tissue culture, no causative agent could be recovered(4). 

In 1972 Kapikian discovered the etiology of the virus. By IEM examinations, the Norwalk 

virus, the prototype agents of the genus Norovirus (previously called “Norwalk-like viruses”) 

was identified(5). Several other viral causes of gastroenteritis, most notably rotavirus and 

adenoviruses, were elucidated in the 1970s by the same technique. 

The family Caliciviridae is composed of small (27 to 40 nm), nonenveloped, icosahedral 

viruses that possess a linear, positive-sense, single stranded RNA (ssRNA+) genome. 

 

 

 

Figure 1. Non-enveloped, icosahedral with T=3 symmetry, about 38–40 nm in diameter.. Small empty 

virions are about 23nm in diameter, and would be of icosahedral T=1 symmetry (Source: Viral Zone, 

http://viralzone.expasy.org/all_by_species/32.html) 
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The four genera of the family are: Norovirus, Sapovirus, Vesivirus and Lagovirus. Vesivirus 

and Lagovirus are important veterinary pathogens. The major medical human pathogens in the 

family are noroviruses and sapoviruses. A standardized nomenclature was proposed to 

classify noroviruses into 29 genetic clusters that fall within five genogroups. Most of the 

strains relevant to the human disease belong to genetic clusters within GGI and GGII(6) (Table 

1). 

 

Genogroup Host No. of sequences Clusters New clusters 

G1 Human 30 8 1 

G2 Human/Porcine 121 17 5 

G3 Bovine 9 2  

G4 Human 3 1  

G5 Murine 1 1  

Total 5 164 29 6 

 

Table 1. Genogroups and clusters of norovirus strains6 

 

I.2. Physicochemical properties of human caliciviruses 
 

Norwalk virus (genus Norovirus) has a reported buoyant density of 1.33 to 1.41g/cm3 in 

cesium chloride. The Norwalk virus retains infectivity for volunteers following a) exposure of 

the stool filtrate to pH 2.7 for 3 hours at room temperature, (b) treatment with 20% ether at 

4ºC for 18 hours, or (c) incubation at 60ºC for 30 minutes. Norwalk virus is resistant to 

inactivation following its treatment with 3.75 to 6.25mg/L of chlorine (free residual chlorine 

of 0.5 to 1.0mg/L), a chlorine concentration consistent with that found in a drinking water 

distribution system. However, Norwalk virus is inactivated following treatment with 10mg/L 

chlorine(7). 
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I.3. Genome organization of Noroviruses 
 

Noroviruses contain a positive-sense ssRNA genome of 7,642 nucleotides; at the 3’ end 

polyadenilated tail is located. The norovirus genome consists of a single strand of positive-

sense RNA organized into 3 open reading frames (ORFs). ORF1 encodes nonstructural 

proteins such as RNA dependent RNA polymerase, ORF2 encodes viral capsid protein 1, and 

ORF3 encodes a small capsid protein (viral capsid protein 2) associated with stability of viral 

capsid protein 1. The virus particles demonstrate an amorphous surface structure when 

visualized using electron microscopy and are between 27–38 nm in size(7). 

 

 

 

Figure 2. Norovirus genome structure 

 

I.4. Clinical manifestations and management of the norovirus infection 
 

In the absence of other factors, infections with noroviruses are typically mild and self-limiting 

diseases. Norovirus illnesses can present relatively severe symptoms of vomiting and non-

bloody diarrhea, with the symptoms usually resolving in 2 to 3 days. Several studies have 

shown that the median duration of the illness can be longer (4-6 days) in patients affected 

during hospital outbreaks and in children <11 years of age(8,9). Vomiting is relatively more 

prevalent in persons >1 year of age, whereas children <1 year more often develop diarrhea(8). 

Fever, which is reported in 37–45% of the patients, typically resolves within 24h. Sensitive 

diagnostic assays have detected noroviruses in stool for up to 3 weeks in patients with either 

symptomatic or asymptomatic infection. 

Oral rehydration solutions that provide essential electrolyte replacement plus sugar (glucose 

or sucrose) may be administered as first-line therapy for uncomplicated diarrheal illnesses. 

Patients presenting with signs and symptoms of significant dehydration and those unable to 

tolerate oral fluids may require early parenteral fluid plus electrolyte replacement. As food 
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tolerated, patients could begin taking food early in the illness since adequate caloric intake 

might enhance patient recovery. 

I.5. Pathogenesis and immunity 
 

Noroviruses are contracted by humans via the oral route. As they are acid-stable viruses, they 

pass through the stomach; replication occurs in the small intestine. Most of our knowledge 

concerning the pathogenesis of noroviruses comes from volunteer studies performed in the 

USA. Light and EM showed that individuals with clinical illness exhibit lesions on the small 

intestine mucosa. The mucosa lining becomes inflamed and absorptive epithelial cells develop 

an abnormal appearance. Blunting of the villi, shortening of the microvilli, dilatation of the 

ER, swollen mitochondria, and intracellular edema are also observed microscopically. Within 

2 weeks, the small intestine returns to a normal histological appearance. 

After a norovirus infection, there is some short-term immunity to noroviruses; long-term 

immunity does not appear to be conferred by a single infection. Recent research suggest, that 

host genotype is a prominent factor in the development of norovirus infection since norovirus 

infection depends on the presence of specific human histo-blood group antigen receptors in 

the gut of susceptible hosts(10). The combination of the strain specific binding and the variable 

expression of the HBGA receptors may explain the varying host susceptibility observed in 

norovirus outbreaks and volunteer studies. 

There is also some evidence that people with blood types B and AB may be partially 

protected against symptomatic infection, but those with blood group 0 may be at greatest risk 

of severe infection. 

 

I.6. Diagnosis of noroviruses 
 

I.6.1. Electron microscopy 
 

Since cell culture systems for noroviruses have not been developed, EM has been a 

fundamental tool used by the investigators. Samples are prepared for EM by a simple and 

inexpensive negative staining technique. Direct detection of noroviruses by EM is only 

possible in samples with a viral load more than 106 particles/ml(11). These enteric viruses can 

only be detected for approximately 48 hours after the onset of the symptoms. In IEM, stool 

samples are visualized after reaction with antibody derived from convalescent-phase sera 

from infected individuals with gastroenteritis(12). Antigen and antibody form immune-
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complexes, which can be negatively stained. IEM was used by Kapikian in the discovery of 

the Norwalk agent (Figure 3). 

 

 

Figure 3. Norovirus GI/4 Chiba407 strain visualized by electron microscopy  

(Source: http://www.glycoforum.gr.jp/science/glycomicrobiology/GM02/GM02E.html) 

 

I.6.2. Immunological studies 
 

There are several norovirus antigen detecting EIAs using monoclonal antibodies (native 

baculovirus-expressed proteins). While these assays are highly sensitive compared with EM 

or IEM, their use in diagnostic laboratories has been limited by their narrow specificity (only 

norovirus GGI and GGII). The detection limit for ELISA assays is currently estimated at 104 

to 105 particles per ml. 

 

I.6.3. Molecular biological techniques 
 

Amplification of the Norwalk virus by RT-PCR was first achieved by Jiang et al. in 1992(13) 

and has since become a common diagnostic and research tool worldwide. The complete 

sequencing of a range of human caliciviruses has led to the development of many primer pairs 

for use in RT-PCR. In comparison to EM, RT-PCR is a far most sensitive diagnostic tool and 

able to detect virus for 2 weeks after the infection and possibly longer(14). Due to the high 

genetic diversity, it has been difficult to find an appropriately sensitive and specific primer 

pair to detect all noroviruses. Using sequence information of an increasing number of 

Norovirus strains, several research groups successfully developed RT-PCR assays based on 

improved primers targeting the POL gene (region A)15,16,17,18,19,20. Subsequently, different 

primer sets targeting region A have been used successfully in epidemiological studies for the 

diagnosis of Norovirus in fecal specimens from both outbreaks and sporadic cases15,16,21,22,23. 
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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 B24,25,26), at the 5’-end of 

ORF2 (region C and E;18,27,28) and at the 3’ end of ORF2 (region D29) (Figure 4).  

 

Figure 4. Schematic presentation of a norovirus genome and positions of regions (A–E) commonly 

used for detection and genotyping30 

Real-time PCR systems are excellent diagnostic tools; they are more specific and sensitive 

than traditional PCRs. Real-time PCR was developed for the production and quantification of 

amplicons using intracellular dyes or fluorescent probes or primers. 

 

I.6.4. Epidemiological methods 
 

Laboratory confirmation has not been possible for the majority of outbreaks. Even today, the 

etiology of many outbreaks goes unconfirmed because the sensitive ELISAs and RT-PCRs 

are not widely available outside reference laboratories and because appropriate samples are 

not always collected. 

A set of criteria proposed by Kaplan et al.(31) stipulates that an outbreak can be attributed to a 

viral case if: 

a) stool cultures are negative for bacterial pathogens; 

b) mean incubation period is 24–48 hours; 

c) mean duration is 12 to 60 hours and 

d) there is vomiting in ≥50% of cases. 
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I.7. Seasonality, age distribution and seroprevalence 
 

Norovirus infection is prevalent seen during the colder months of the year. In European 

settings, it begins to increase in October or November, peak around January, and tails-off by 

May or June. 

Norovirus infections can occur at any time. The highest incidence of norovirus infection is in 

children under 5 years of age and, among children, the commonest cause of gastroenteritis is 

viral, with noroviruses being at least as frequent as rotavirus(32). It is very important to note, 

that a large number of norovirus outbreaks are reported from nursing homes with elderly 

residents. The attack rates are only slightly lower among staff than among elderly residents(23). 

In a survey in England, Gray et al. found that nearly three quarters of those tested had 

norovirus antibody. Antibody prevalence was highest among the middle-aged and the elderly; 

at every age-group 30 years or older, antibody prevalence was nearly 90%. Prevalence was 

also high among infants (<6 months old), at 75%. This is likely a measure of maternal 

antibodies. Among the 6-11 months age-group, antibody prevalence was 25%, this rose 

through adolescence and young adulthood(33). A very similar pattern was found in Sweden, 

with an overall prevalence of approximately 80%(34). 

 

I.8. Norovirus vaccines 
 

Without the ability to grow the norovirus in cell cultures, the researchers turned to insert a 

human norovirus capsid gene – capsid refers to the virus’s outer shell – into a specific 

location on the genome of a different virus. This process creates what is known a recombinant 

virus – a new viral strain formed by recombining genetic material from other viruses. The 

viral host for this vaccine candidate is called vesicular stomatitis virus, or VSV. Animals 

receiving the vaccine developed high levels of antibodies, a robust white blood cell response 

and an additional immune response in the area of the body most affected by this particular 

infection – the gastrointestinal system. VSV-based recombinant is also considered a powerful 

application because it can be essentially used as a bioreactor to facilitate large-scale 

production of these specific virus-like particles. In addition, it saves time: the viral vector 

developed virus-like particles within two days. 

Because mice will not develop traditional norovirus symptoms, this study did not involve a 

test of the vaccine against the pathogen itself. The researcher hopes to test the vaccine 

candidate in a larger animal model, such as germ-free pigs, animals that have never been 
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exposed to any pathogens. These animals develop diarrhea in response to norovirus infection, 

as do humans(35) 

I.9. Transmission of noroviruses 
 

Noroviruses cause outbreaks through a number of well-documented transmission routes 

including person-to-person, foodborne and waterborne routes (Figure 5). Recently, the roles 

of environmental contamination and contamination of raw fruit and vegetables have been 

demonstrated. Person-to-person transmission has been documented in two ways, fecal-oral 

and aerosol formation following vomiting. 

 

Person-to-person  Animal reservoir? 
 

Shellfish         Infected  
          food-handler 
 
Environmental        Water 
contamination 
 
 
    Fruits, vegetables, salad, etc. 

 
 
Figure 5. Transmission routes of noroviruses. The relatively large font size of the “person-to-person” 

sign represents the current understanding of its importance as the dominant mode of transmission. 

Other routes, such as the environmentally contaminated shellfish, may seed wide epidemics, introduce 

new strains to an area or cause infection multiple strains-providing the right circumstances for genetic 

recombination occur. Frequently, outbreaks are not exclusively spread by one route, moreover, 

attributing an outbreak to a single mode of transmission is somewhat arbitrary(36) 
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II.  Aims of the study 

 

This study was carried out with the following aims: 

 

II.1. For the human calicivirus, RT-PCR becomes necessary to find the most effective 

nucleic acid isolation method for an effective diagnosis: traditional Trizol-based 

extraction (Trizol-Genetron, TRI-Reagent) was compared with the viral RNA isolation 

by using commercial kits (V-Gene Total RNA Preparation Kit, V-Gene Viral 

RNA/DNA Preparation kit, Roche Total RNA Preparation Kit). 

 

II.2. A time-saving and the more sensitive real-time RT-PCR technique was 

introduced for comparison of the traditional RT-PCR and the two-steps real-time RT-

PCR techniques. 

 

II.3. By working with the Jiang-designed primers we found many aspecific products, 

for example: 11th human chromosome fragment, astroviral RNA or enteroviral RNA. 

To decrease the aspecific products in clinical samples, we decided to create a new 

primer pair, with which the norovirus detection would be more specific. 

 

II.4. For the detection of norovirus antigen in stool samples (comparison of ELISA-

based methods and different commercial PCR kits), an ELISA method was 

introduced. 

 

II.5. We decided to clarify the pathogenic role of noroviruses in sporadic cases and in 

epidemics in Szeged and in its vicinity by using the RT-PCR techniques and ELISA 

systems. 
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III.  Patients and methods 

 

III.1. Sample collection and processing 
 

Stool samples. Samples were collected from infants, children and adults (from the pediatric 

patients of family doctors and from eight different wards at the University of Szeged) with 

clinical symptoms of acute gastroenteritis: nausea, vomiting and/or three or more loose stools 

in 24 hours. Exclusion criteria: rotavirus, adenovirus or other enteral positivity. One stool 

sample was collected per patient during the acute phase of the infection; samples were stored 

at +4ºC until processing. After examination, samples were stored at -20ºC. A stool suspension 

from 10% to 50% in 1 ml sterile PBS was performed. The sample was centrifuged at 12,000g 

for 15 minutes. The supernatant was collected and was used for the RNA extraction. 

 

III.1.1.  Trizol-based methods: Trizol-Genetron method and TRI Reagent (Sigma, Saint 
Louis, USA) 
This protocol was performed for the purification of viral RNA from 150µl stool sample. 

Through many lysis, centrifugation and pipetting steps, viral RNA was precipitated to the 

wall of the Eppendorf tube. Viral RNA was reconstituted in 20–40µl RNA-free water. 

Extracted viral RNA was stored at -70ºC. 

 

III.1.2.  V-Gene Total RNA and V-Gene viral RNA/DNA Preparation kit 
a) V-Gene Total RNA Preparation kit (Building B2-1, Xiacheng Industrial Zone (Huafeng, 

Shiqiao), Hangzhou 310022, P.R. China) 

Viral RNA was extracted according to the manufacturer’s instructions. Different from the 

conventional method, hazardous reagent such as phenol, chloroform or ethidium bromide is 

not used in this Kit. This protocol is performed for the purification of viral RNA from 100µl 

stool sample. Briefly, 5 buffers are incorporated in the kit: a cell lysis buffer (R-A), a protein 

removing buffer (R-B), two phase-separating buffers (R-C and R-D), a RNA extrication 

buffer (R-E) and a TE buffer for the RNA reconstitution. Through many lysis and 

centrifugation steps, viral RNA was precipitated to the wall of the Eppendorf tube. Viral RNA 

was reconstituted in 50µl buffer. Extracted viral RNA was stored at -70ºC. 
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b) V-Gene viral RNA/DNA Preparation Kit (Building B2-1, Xiacheng Industrial Zone 

(Huafeng, Shiqiao), Hangzhou 310022, P.R. China) 

Viral RNA was extracted according to the manufacturer’s instructions. This protocol is 

performed for the purification of viral RNA from 50–160µl stool sample. Briefly, 6 buffers 

were incorporated in the kit: a viral lysis buffer (G-AV), a phase-separating buffer (G-BV), a 

nucleic acid binding buffer (G-CV), two wash buffers (W1 and W2) and an elution buffer  

(2.5 mM Tris-HCl, pH 8.5 RNA/DNA free). Buffer G-AV lyses all sorts of viral particles and 

releases viral RNA/DNA. Proteins, dyes, lipids and other impurities that inhibit PCR were 

separated from viral RNA/DNA by a unique two-phase partition. Highly purified viral nucleic 

acid in the lower phase was then recovered by binding to silica membrane in the presence of 

high concentration of chaotropic salt. After the washing steps the purified viral nucleic acid 

on the membrane was then eluted in low-salt Tris buffer or water. Viral RNA was eluted from 

the column with 40µl elution buffer. Extracted viral RNA was stored at -70ºC. 

 

III.1.3.  Roche Total RNA Preparation kit (Roche Diagnostics GmbH, Mannheim, 
Germany) 
Viral RNA was extracted according to the manufacturer’s instructions. This protocol is 

performed for the purification of viral RNA from 200µl stool sample. Briefly, 4 buffers are 

incorporated in the kit: a binding buffer, an inhibitor removal buffer, a wash buffer and an 

elution buffer. Nucleic acids (NA) bind to the surface of glass fiber fleece in the presence of 

chaotropic salt. This allows the High Pure filter tube to specifically immobilize nucleic acids 

(both DNA and RNA) while they are freed from contaminants. Bound nucleic acid was 

washed two times and the purified RNA was eluted in 50µl elution buffer. Extracted viral 

RNA was stored at -70ºC. 

 

III.1.4.  QIAmp Viral RNA Mini kit (Qiagen, Victoria, Australia, Ref. No. 67-120A) 
QIAamp Viral RNA Mini Kits represent a well-established general-purpose technology for 

viral RNA preparation. The kit combines the selective binding properties of a silica-gel-based 

membrane with the speed of microspin or vacuum technology and is ideally suited for 

simultaneous processing of multiple samples. The sample is first lysed (Buffer AVL) under 

highly denaturing conditions to inactivate RNases and to ensure isolation of intact viral RNA. 

Buffering conditions are then adjusted to provide optimum binding of the RNA to the 

QIAamp membrane, and the sample is loaded onto the QIAamp spin column. The RNA binds 

to the membrane, and contaminants are efficiently washed away in two steps using two 
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different wash buffers (Buffer AW1 and AW2). High-quality RNA is eluted in a special 

RNase-free buffer (Buffer AVE), ready for direct use or safe storage. The purified RNA is 

free of protein, nucleases, and other contaminants and inhibitors. The special QIAamp 

membrane guarantees extremely high recovery of pure, intact RNA in just twenty minutes. 

This protocol is performed for the purification of viral RNA from 140µl stool sample, the 

elution volume was 60µl. Extracted viral RNA was stored at -70ºC. 

 

III.2. Traditional PCR (RT-PCR, agarose gel-electrophoresis) 
 

Primers were as described by Jiang et al. in 1999(19): the HuCV sense primer p289, 

5’-TGACAATGTAATCATCACCATA (nt position: 4865–4886) and the antisense primer 

p290/a, which has not been published. The sequence of our new primer pair was: 

5’-CCCTAGAAATCATGGT-3’ (nucleotide position 46–60) and 5’-CCAGTGGGCGAT-3’ 

(nucleotide position 196–185). 

 

Reverse-transcription. The total amount of RT mix/sample was 47.5µl, which contained the 

following components: 0.14U/µl M-MuLV-Reverse Transcriptase (Fermentas GmbH, St. 

Leon-Rot, Germany); 0.2U/µl rRNasin (Fermentas GmbH, St. Leon-Rot, Germany); 3ng/µl 

p289 (synthetized in the Biological Research Centre, Hungarian Academy of Sciences, 

Szeged Centre of Excellence of the European Union); 10 mM dNTP; 0.5mM MgCl2 (Sigma, 

Saint Louis, USA); 10xPCR Buffer [100 mM Tris-HCl (pH: 8.3), 15mM MgCl2 , 500mM 

KCl, 0.01% gelatine Sigma, Saint Louis, USA]; and RNase free water (Promega, Madison, 

USA). 3µl RNA was added to the RT mix, after which the mixture was incubated at 42ºC for 

1 hour. Phosphate-buffered saline and known HuCV–positive specimens were used as 

negative and positive controls. 

 

PCR. The PCR master-mix contained the following components: RNase free water (Promega, 

Madison, USA); 10x PCR Buffer [100 mM Tris-HCl (pH: 8.3), 15mM MgCl2 , 500mM KCl, 

0.01% gelatine; Sigma, Saint Louis, USA]; 0.5mM MgCl2 (Sigma, Saint Louis, USA); 

0.1U/µl FastStart Taq DNA Polymerase (Roche Diagnostics GmbH, Mannheim, Germany) 

and 3ng/µl p290/a (synthetized in the Biological Research Centre, Hungarian Academy of 

Sciences, Szeged Centre of Excellence of the European Union). 50µl PCR master mix was 

added to the above mentioned RT mix and used the following PCR program with the Perkin 

Elmer GeneAmp PCR 9600 System, with the parameters: denaturation at 94ºC 1 minute, 
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annealing at 37ºC for 2 minutes and extension at 72ºC for 1 minute. The final extension took 

10 minutes at 72ºC. 

 

Agarose gel electrophoresis. PCR amplification products were resolved on 1.5% agarose 

gels (Top Vision, Fermentas GmbH, St. Leon-Rot, Germany) by electrophoresis and 

visualized under UV light after ethidium bromide dyeing. Photos of the gels were taken with 

the Kodak EDAS 290 system. As a marker, a 100bp ladder (Gene-ruler, 100bp DNA ladder 

plus) was used. The expected amplification product was 310bp by NLV. 

 

Sequence analyses. The nucleotide sequences of PCR-amplified fragments were determined 

by using ABI PRISM Model 3100 Version 3.7 in the Biological Research Centre, Hungarian 

Academy of Sciences, Szeged Centre of Excellence of the European Union. Sequences were 

identified in BLAST. 

 

III.3. SYBR Green real-time RT-PCR (RT-PCR, DNA analyses) 
 

The real-time PCR was performed with Light Cycler 1.5 rapid thermal cycler system (Roche 

Diagnostics GmbH, Mannheim, Germany). 

 

a) Two-step real-time RT-PCR: The reverse transcription was performed as described 

above. The optimal amplification circumstances for the PCR amplification were 

(/sample): 6.2µl RNase-free water (Promega, Madison, USA), 0.2µl BSA,  

1.0µl 25mM MgCl2, 1.0µl Master Mix with SYBR Green (Roche Diagnostics GmbH, 

Mannheim, Germany), 0.3µl p289 (0.1µg/µl) and 0.3µl p290/a (0.1µg/µl). The total 

amount of the master mix was 9µl and 1µl cDNA was added to the master mix. The 

number of PCR cycles was 35, and the following temperatures were used: 

denaturation at 95ºC for 30 seconds; in every cycle denaturation at 95ºC for  

0 seconds, annealing at 37ºC for 20 seconds; and extension at 72ºC for 15 seconds. 

The emission was measured at the end of the extension, when there were dsDNAs in 

the amplification mix. The targets were subjected to Tm analysis; the range was  

65–95ºC; 0.1ºC/s. The melting point of the DNA was at about 85.7ºC. 

 

b) Single-tube real-time RT-PCR method (Eppendorf cMaster RTplusPCR System). In 

this method, the RT/amplification mix contained the following components: 1µl RT 
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plus PCR buffer with 25mM Mg2+, 0.2µl dNTP (10mM) mix, 0.2µl BSA, 0.125µl 

cMaster RT Enzyme (15 U/µl), 0.1µl cMaster PCR Enzyme Mix (5U/µl), 0.1µl RNase 

Inhibitor (0.5µg/µl), 1µl p289 (0.1µg/µl), 0.6µl p290/a (0.1µg/µl), 1µl Master Mix 

with SYBR Green (Roche Diagnostics GmbH, Mannheim, Germany) and  

4.675µl RNase-free water, 1µl template was used. The RT was performed at 43ºC for 

60 minutes and after which samples were incubated at 94ºC for 2 minutes. The PCR 

denaturation, annealing and extension times and temperatures were: 94ºC for  

12 seconds, 42ºC for 20 seconds, and 68ºC for 20 seconds. The number of PCR cycles 

was 35. The emission was measured at the end of the extension, when there were 

dsDNAs in the amplification mix. The targets were subjected to Tm analysis; the 

range was 72–95ºC 0.1ºC/s. The melting point of the DNA was at about 85.7ºC. 

 

c) Two-step real-time RT-PCR method with the newly-designed primers. The 

reverse transcription was performed as described above. The optimal amplification 

circumstances for the PCR amplification were (/sample): 2.8µl RNase-free water 

(Promega, Madison, USA), 0.2µl BSA, 1.0µl 25mM MgCl2, 1.0µl Master Mix with 

SYBR Green (Roche Diagnostics GmbH, Mannheim, Germany), 2.0µl forward primer 

(10nM) and 2.0µl reverse primer (10nM). The total amount of the master mix was 9µl 

and 1µl cDNA was added to the master mix. The number of PCR cycles was 35, and 

the following temperatures were used: denaturation at 94ºC for 30 seconds; in every 

cycle denaturation at 94ºC for 0 seconds, annealing at 42ºC for 20 seconds; and 

extension at 72ºC for 15 seconds. The emission was measured at the end of the 

extension, when there were dsDNAs in the amplification mix. The targets were 

subjected to Tm analysis; the range was 65–95ºC 0.1ºC/s. The melting point of the 

DNA was at about 82ºC. 

 

III.4. Argene Calici/astrovirus Consensus kit (Argene Inc., North Massapequa, N.Y., USA) 

 

RT-PCRs were carried out as specified by the manufacturer’s instructions. The Argene 

Calici/Astrovirus Consensus kit, a PCR is combined with an ELISA method. The kit allows 

specific genome detection of all HuCVs (norovirus and sapovirus genera). After RNA 

isolation, reverse transcription and amplification steps, HuCVs are detected with a microtiter 

plate, using hybridization of their amplified product with a biotinylated probe. The kit also 

contains an internal control. For each amplification run, 10µl of extracted RNA was used.  
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III.5. Cepheid Norovirus Primer and Probe Set (Cepheid, Sunnyvale, CA, USA; real-time 

RT-PCR) 

 

The Cepheid Norovirus Primer and Probe Set consist of two types of beads: norovirus beads 

and sample preparation control (SPC) beads. Norovirus beads contain primers and two FAM-

labeled probes for the detection of GGI, and one Alexa Fluor 647-labelled probe for the 

detection of GGII. The norovirus beads also contain primers and a Texas Red-labeled probe 

for a separate sample preparation control sequence. The SPC beads contain an RNA target for 

sample preparation control. By using different hybridization probes, we can differentiate 

between the norovirus genotypes GI and GII. Working with Cepheid Norovirus Primer and 

Probe Set 5µl of extracted sample was used for each real-time PCR run. 

 

III.6. IDEIATM Norovirus ELISA Test (Dakocytomation Ltd, Ely, United Kingdom) 

 

The IDEIATM Norovirus ELISA Test is an enzyme immunoassay for the qualitative 

determination of noroviruses of genogroups I and II in stool samples. The IDEIATM Norovirus 

ELISA utilizes wells coated with GGI- and GGII-specific monoclonal antibodies. It is a very 

simple and rapid method.  
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IV.  Results 

 

IV.1. RNA isolation 
 

The first aim of this study was to find the most effective RNA isolation method to be able to 

detect noroviral RNA in stool samples. Five different RNA purification methods were 

compared on 100 samples. The aspects considered were: the time spent for sample 

preparation, determination of the number of samples containing HuCV and to determine the 

number of aspecific products and the cost of preparation (Table 2). We got 11 positive 

samples when we worked with the Trizol methods and the Roche kit. By working with the  

V-Gene kit, we only got 8 positive samples. With the Roche kit, a significant number of PCRs 

were inhibited. The most rapid purification method was the Roche kit; we performed it within 

40 minutes. With the V-Gene kit, the purification took 60 minutes. The longest and the most 

labor-intensive method were the Trizol methods. 

 

Trizol methods V-Gene kits Roche 

 Trizol-

Genetron 
Tri-Reagent V-Gene RNA 

V-Gene Viral 

RNA/DNA 
Roche 

Time for 

sample 

preparation 

(minutes) 

120  120  60  60  40  

HuCV 

positive 

samples (N) 

11 11 8 8 11 

Number of 

aspecific 

products 

negligible negligible negligible negligible significant 

Cost of 

preparation 

(Euro/sample) 

0.4  0.32  2.5  2.25  2.52  

 

Table 2. Comparison of 5 different methods of RNA purification from 100 stool samples 
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We used the QIAmp Viral RNA Mini Kit for RNA purification when we applied the real-time 

RT-PCR kits. By using the QIAmp Viral RNA Mini kit, we could effectively eliminate PCR 

inhibitors. The number of inhibited PCRs was only 1 (1.61%) from 61 stool samples with the 

Argene Calici/Astrovirus Consensus kit and 6 (9.68%) from 61 stools with the Cepheid 

Norovirus Primer and Probe Set (see Table 3). Different recombinant polymerases were used 

in the different PCRs, the polymerases differ from one another in their sensitivity. This may 

explain the different number of inhibited samples. 

 

Assay name Total number of samples Number of inhibited 

samples (%) 

Argene Calici/Astrovirus 

Consensus kit 

61 1 (1.61) 

Cepheid Norovirus Primer 

and Probe Set 

61 6 (9.68) 

 

Table 3. Number of inhibited samples which were prepared with the QIAmp Viral RNA Mini Kit 

 

IV.2. Detection of noroviral RNA by using real-time RT-PCR technique 
 

The traditional RT-PCR technique is a very reliable but time-consuming method. If there is a 

suspicion of norovirus infection in hospital wards, it is essential to examine samples and 

publish result as soon as possible. We decided to introduce widely used real-time PCR for the 

norovirus diagnosis (Figures 6 and 7). 
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Figure 6. The chart depicts negative, positive controls and 3 samples. There amplification accured in 

capillaries containing positive control, samples number 145 and number 147 

 

 

 

Figure 7. The chart depicts negative, positive controls and 3 samples. Two samples were negative 

(numbers 145 and 147), number 145 contained primer dimers. The melting point of the dimers was 

10ºC below the melting point of the norovirus-containing sample (147), which was at about 85.7ºC 

 

For the confirmation of the real-time PCR assays, an agarose gel-electrophoresis was used. 

An agarose gel-electrophoresis run is seen in the next figure (Figure 8). 
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Figure 8. The gel-electrophoretic result of the amplified samples. In the first well, the molecular-

weight marker is seen (Gene-ruler, 100bp DNA ladder plus), followed by the negative and the positive 

control and the clinical samples (144–153). The 310bp product is seen in the positive control well and 

in sample number 147. Aspecific products are also displayed among controls and samples 

 

After each run, some of the norovirus containing samples were sequenced. 

 

Sample number 76: 

5’-

CATGGATGGAAATCCTTCAACATTATGTGTAAGCTCACAGCCGACCCCTCCTTGG

CCGTAGTGGTGGCACAGGATTTACTCTCCCCATCTGAAATGGACGTTGGCGACTA

TGTGAACAGTGTCAAAGATGGTCTGCCATCTGGCTTTCCATGCACTTCAAAGGTG

AATAGCATTAACCACTGGATCCTAACCCTATGTGCACTGTCAGAAGTCACTGGCT

TGTCCCCAGATGTGATACAATCACGATCCTACTTCTCATTCTACGGTGAG-3’ 

 

The nucleotide sequence was inserted to the BLAST and the result was the following: 

Nucleotide sequence accession number: AJ487811.1| Human calicivirus 

NLV/Benetusser/453/2002/Sp partial pol gene for RNA-directed RNA polymerase, genomic 

RNA Length=307 bp, Identities 97%. 

 

30 samples were compared by using the traditional method and the two-step real-time PCR 

method (by using the Jiang-designed primers). With both methods, there were 4 negative and 

3 positive samples. 3 samples were positive with traditional PCR and negative with two-step 

real-time PCR. 20 samples were positive with real-time PCR and negative with traditional 

PCR (Table 4). 
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Two-step real-time PCR  

Positive samples Negative samples Σ 
 

N  

(%) 
 

Traditional PCR 

positive samples 

3 

(10) 

3 

(10) 
6 

Traditional PCR 

negative samples 

20 

(66.7) 

4 

(13.3) 
24 

Σ 23 7 30 

 

Table 4. Comparison of 30 samples by using traditional and two-step real-time PCR methods 

 

On the basis of the result of our comparative study, between November 1, 2003 and January 

31, 2005, 522 stool samples were analyzed with the real-time RT-PCR assay. On using the 

two-step rt-PCR by the Jiang-designed primers, we found that 38 (9.92%) of the 383 samples 

contained HuCV. Of the remaining 139 samples, 14 (10.07%) proved positive for HuCV on 

the use of the one-step rt-PCR method by the Jiang-designed primers. 

 

IV.3. Results with the new primer-pairs 
 

A mathematical algorithm was designed by using all the norovirus sequences were found on 

the BLAST database. The sequences were sorted according to the number of norovirus 

sequences they occur. The most specific forward primer was chosen, and then a reverse 

primer, the melting point of which was close to the forward primer’s melting point. 

 

We compared both primers on 110 samples by using traditional RT-PCR. We found that 32 

(29.1%) samples were positive by using our newly designed primers, but negative with the 

Jiang-designed ones. There was only one (0.9%) sample, which was positive with the Jiang-

designed primers, but negative with the new primers. 5 samples were positive and 72 samples 

were negative with both methods (Table 5).  
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Positive Negative       Jiang-designed primers 

                    p289 and p290a 

 

New 

primers 

N 

(%) 

Positive 5 

(4.5) 

32 

(29.1) 

Negative 1 

(0.9) 

72 

(65.5) 

 

Table 5. Comparison of 110 samples using the Jiang-designed (p289 and p290/a) and the newly 

designed primers with the traditional RT-PCR method 

 

The real-time PCR was optimized (Figures 9 and 10), and the confirmation of the PCR 

products (130bp) were analyzed by gel-electrophoresis (Figure 11) and by sequencing. 

 

 

 

Figure 9. The chart depicts negative, positive controls and 2 samples, 520 and 521. The PCR 

amplification curves are seen. There was amplification in all capillaries 
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Figure 10. The chart depicts negative, positive controls and 2 samples. One sample was negative 

(number 520). The melting point of the norovirus-containing sample (521) was at 82.0 ± 0.5ºC 

 

 

 

Figure 11. The gel-electrophoretic result of the amplified samples. In the first well, the molecular-

weight marker is seen (Gene-ruler, 100bp DNA ladder plus), followed by the negative and the positive 

control then samples (520–529). The 130bp product is seen in the positive control well and in sample 

number 521. It is seen that there are not formed aspecific product during the RT-PCR 

 

66 samples were compared by the two (using the Jiang-designed and our newly-designed 

primers) two-step real-time RT-PCR method. 12 (18.1%) proved to be positive with the 

newly-designed primers and only 4 (6.06%) were positive with the Jiang-designed ones. 

 

We further analyzed 514 samples by real-time RT-PCR with the Jiang-designed primers. 56 

(10.9%) samples proved to be positive with these primers. After optimization, the real-time 
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RT-PCR with the new primers, we made the norovirus diagnosis with this new primer pair. 

We examined 183 samples with this primer-pair and found 41 (22.4%) norovirus positive 

stool. 

 

IV.4. ELISA technique compared to two commercial norovirus RT-PCR kits 
 

RT-PCR is an expensive method, and its use requires special equipment, devices and skills. In 

the routine laboratory, a faster and simpler method is needed. At present, many norovirus 

antigen detection ELISA systems are commercial available. The IDEIATM Norovirus ELISA 

kit was used, as in earlier studies it was shown to have the highest sensitivity compared to 

other ELISA systems(37,38). 

In this comparative study 61 stool samples were examined for noroviruses. The Kappa 

coefficient was calculated to determine the level of agreement between assays (IDEIATM 

Norovirus ELISA vs. Argene Calici/Astrovirus Consensus kit, IDEIATM Norovirus ELISA vs. 

Cepheid Norovirus Primer and Probe Set, Cepheid Norovirus Primer and Probe Set vs. 

Argene Calici/Astrovirus Consensus kit); sensitivity, specificity, positive (PPV) and negative 

(NPV) predictive values were determined. A patient was adjudged to be infected with 

norovirus if the stool sample proved positive with one of the two RT-PCR methods, because 

the RT-PCR offers the ability to detect lower levels of the virus comparing to ELISA systems.  

The age of the patients involved ranged between 4 days and 83 years (median age: 7.5 years, 

mean age: 28.0 years). The male/female ratio was 25/36. There were no cases of repeated 

infections during the study period. Of the 61 samples, 52 were positive for norovirus, 47 of 

the 52 positive being true-positive. The results are presented in Table 6, 7 and 8 and Figure 

12. 

 

Positive Negative Borderline Inhibitors Methods 
N  

(%) 
Argene Calici/Astrovirus 
Consensus kit* 

48 
(79.1) 

10 
(16.1) 

2 
(3.2) 

1 
(1.6) 

Cepheid Norovirus Primer and 
Probe Set 

47  
(77.4) 

8 
(12.9) 

0 
(0) 

6 
(9.7) 

IDEIA TM  Norovirus EIA 
38 

(61.3) 
 

23 
(38.7) 

0 
(0) 

0 
(0) 

 

Table 6. Comparison of three methods for the diagnosis of norovirus in diarrheal fecal samples 

(N=61) 
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The IDEIATM Norovirus ELISA revealed 38 norovirus-positive and 23 negative samples. The 

Kappa coefficient between the ELISA and the Argene Calici/Astrovirus Consensus kit was 

0.50 (standard error (SE): 0.12; 95% confidence interval (CI): 25%–75%), the Kappa 

coefficient between the ELISA and the Cepheid Norovirus Primer and Probe set was 0.42 

(SE: 0.14; 95% CI: 14%–69 %). The sensitivity of the test was 78.9%, the specificity was 

100%, the PPV was 100% and the NPV was 39.1%. 

 

By using the Argene Calici/Astrovirus Consensus kit of the 61 samples, 48 were positive for 

HuCVs, 10 were negative, 2 were borderline and 1 contained inhibitors. The sensitivity of the 

test was 92.8%, the specificity was 100%, the PPV was 100% and the NPV was 69.2%. The 

Kappa coefficient between the Argene Calici/Astrovirus Consensus kit and the Cepheid 

Norovirus Primer and Probe set was 0.55 (SE: 0.14; 95% CI: 27%–82%). 

With the Cepheid Norovirus Primer and Probe Set, 47 of the 61 stool samples proved to be 

positive for human noroviruses; 46 were GGII and only 1 was GGI-positive. 8 samples were 

negative and only 6 contained inhibitors. The sensitivity of the test was 91.2%, the specificity 

was 100%, the PPV was 100% and the NPV was 64.3%. 

 

 Kappa coefficient Standard error 

(SE) 

95 % Confidence 

interval (CI % ) 

IDEIA TM  ELISA vs. 

Argene Calici/Astrovirus 

Kit 

0.50 0.12 25–75 

IDEIA TM  ELISA vs. 

Cepheid Norovirus 

Primer and Probe Set 

0.42 0.14 14–69 

Argene Calici/Astrovirus 

Kit vs. Norovirus Primer 

and Probe Set 

0.55 0.14 27–-82 

 

Table 7. Statistical analyses of the methods used for the diagnosis of norovirus in diarrheal fecal 

samples 
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 Sensitivity (%) Specificity (%) PPV (%) NPV (%) 

IDEIA TM  ELISA  78.9 100 100 39.1 

Argene 

Calici/Astrovirus 

Kit  

92.8 100 100 69.2 

Cepheid 

Norovirus 

Primer and 

Probe Set 

91.2 100 100 64.3 

 

Table 8. Sensitivities, specificities, PPV and NPV values of the methods used for the diagnosis of 

norovirus in diarrheal fecal samples 

 

 

 
 

 

 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Figure 12. A: Number of positive samples with the IDEIA Norovirus ELISA. B: Number of positive 

samples with the Argene Calici/astrovirus Consensus kit. C: Number of positive samples with the 

Cepheid Norovirus Primer and Probe Set  
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IV.5. The pathogenic role of noroviruses in sporadic cases and in epidemics 

Between 1 January 2004 and 31 March 2007, 1,152 stool samples were collected from 

children in the age group between 0 and 3 years. 

Samples were sent from the Pediatric Isolation Ward (182), the In-patient Pediatric Ward 

(636) and the Outpatient Pediatric Ward (146) of the University of Szeged and from the 

pediatric patients of family doctors (188). 

Conventional RT-PCR was performed with the primer pairs designed by Jiang, p289 and 

p290/a. Real-time RT-PCR with the primer pairs designed by Jiang and/or with our own, 

newly-designed primer pair; and the Norovirus I/II antigen-ELISA kit (DakoCytomation), 

Norovirus I and II antigen-ELISA kit (IDEIATM) methods were used for norovirus diagnosis. 

Biostatistical software (SPSS15 for Windows) was applied to compare mean ages and sex 

distributions in the two groups of positive and negative test results (two-sample t-test and χ
2-

test). 

Of the overall 1,152 stool samples, 186 (16.2%) proved positive for noroviruses (Table 9). Of 

the 182 stool samples from the Pediatric Isolation Ward, 53 (29.1%) were positive, of the 636 

stool samples from the In-patient Pediatric Ward, 87 (13.7%) were positive, of the 146 stool 

samples from the Outpatient Pediatric Ward 22 (15.1%) were positive, and of the 188 stool 

samples from the family doctors, 25 (13.3%) were positive. 

The mean value (SD) in the case of negative samples was 1.179 (0.9704) and in the case of 

positive samples was 1.266 (0.9813); the difference was not significant (t=-1,114, df=1150, 

p=0.266). 18.06% of the 620 males and of the 532 females 14.09% were positive. Samples 

were from 620 males and 532 females patients. 112 male samples and 75 female samples 

proved positive. The difference was not significant (χ2=3.313, df=1, p=0.069). 
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Negative samples Positive samples Total Age (y) 

N (%) N 

0-≤1 516 (84.8) 92 (15.2) 608 

1-≤2 239 (83.5) 47 (16.5) 286 

2-≤3 211 (81.8) 47 (18.2) 258 

Total 966 186 1,152 

 

Table 9. The incidence of human norovirus gastroenteritis in 3 age groups 

 

Between 1st January, 2003 and 16th June 2011, 5,031 samples were examined for 

noroviruses, from which 836 (16.6%) proved to be positive. The following table (see Table 

10) demonstrates the annual distribution of noroviruses, rotaviruses, enteric adenoviruses and 

human astroviruses. Although twice as many stool samples were sent for rotavirus antigen 

detection, the average of positive samples remained below that of noroviruses (rotavirus 

positives samples: 12.1%, norovirus positive samples 16.6%). 
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Year Nº of samples / 

rotavirus positives 

(%) 

Nº of samples / 

adenovirus 

positives 

(%) 

Nº of samples / 

astrovirus 

positives 

(%) 

Nº of samples / 

norovirus 

positives 

(%) 

2003 229/17  

(7.4) 

229/6  

(2.6) 

0 37/9  

(24.3) 

2004 497/24  

(4.8) 

496/38  

(7.7) 

0 115/23  

(20) 

2005 889/36  

(4.1) 

888/23  

(2.6) 

0 492/70  

(14.2) 

2006 2,067/262 

(12.7) 

2,096/89 

(4.3) 

150/17 

(11.3) 

537/100 

(18.6) 

2007 1,525/169 

(11.1) 

1,525/44  

(2.9) 

84/1 

(1.2) 

883/289  

(32.7) 

2008 2,309/459  

(19.88) 

2,309/66  

(2.9) 

266/6  

(2.3) 

686/82  

(11.9) 

2009 2,334/282  

(12.1) 

2,334/55  

(2.4) 

137/2  

(1.5) 

795/70  

(8.8) 

2010 2,378/198  

(8.33) 

2,376/96  

(4.0) 

0 963/106  

(11.0) 

2011 1,255/189  

(15.1) 

1,250/37  

(2.9) 

0 523/87  

(16.6) 

Σ 13,483/1,636  

(12.1) 

13,503/454  

(3.4) 

637/26  

(4.1) 

5,031/836  

(16.6) 

 

Table 10. The number of rotavirus, adenovirus, astrovirus and norovirus positive samples between 

2003 and 2011 

 

Table 11 shows the total number of norovirus tests per year. It is seen that the number of test 

carried out increased year by year. The average rate of positivity was 16.6%. 

We decided to analyze samples not only from epidemics, but also from sporadic cases. We 

compared the number of test which were carried out from in-patient children stool samples 

(age below 14 years) and from out-patient children samples. The norovirus positivity rate was 

higher in in-patient samples than in samples from out-patients (results are shown in Table 12). 



32 
 
 

 Total number of tests Total number of positive samples 

 ♀ ♂ Σ ♀ ♂ Σ (%) 

2003 22 15 37 2 7 9 (24.3) 

2004 49 66 115 12 11 23  

(20) 

2005 258 234 492 36 34 70 (14.2) 

2006 256 281 537 35 65 100 (18.6) 

2007 450 433 883 155 134 289 (32.7) 

2008 353 333 686 43 39 82 (11.9) 

2009 408 387 795 36 34 70 (8.8) 

2010 541 421 963 63 43 106 (11) 

2011 259 264 523 40 47 87 (16.6) 

Σ 2,596 2,434 5,031 422 414 836 (16.6) 

 

Table 11. The distribution by gender of samples sent to the lab for norovirus diagnosis between 2003 

and 2011.  

 

 Total 

number of 

samples from 

children 

Number of 

samples from 

outpatient 

children 

Number of 

positive 

samples from 

outpatient 

children (%) 

Number of 

samples from 

in-patient 

children 

Number of 

positive 

samples from 

in-patient 

children (%) 

2003 12 4 0 (0) 8 2 (25) 

2004 90 65 7 (10.7) 25 13 (52) 

2005 400 180 28 (15.5) 220 32 (14.5) 

2006 464 112 23 (20.5) 352 64 (18.2) 

2007 633 70 13 (18.6) 563 186 (33) 

2008 489 248 25 (10.1) 241 31 (12.9) 

2009 500 320 22 (6.9) 180 12 (6.7) 

2010 535 268 16 (5.9) 267 32 (11.9) 

2011 246 83 4(4.8) 163 25 (15.3) 

Σ 3,369 1,350 138 (10.2) 1,799 397 (22.1) 

 

Table 12. Number of positive samples arrived from children (age <14 years) for norovirus diagnosis 
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In Hungary, 50–100 calicivirus epidemics acquired in different communities have been 

registered between 2004 and 200939. During our 9-year study, we only found 10 

accumulations in hospital units. (Table 13). 

 

 Total number of norovirus 

accumulations 

Location of norovirus accumulations 

2003 0 - 

2004 2 Chronic Ward of the Pediatric 

Department (4 people) 

General Ward of the Pediatric 

Department (4 people) 

2005 0 – 

2006 1 First Department of Internal Medicine 

(4 people) 

2007 2 First Department of Internal Medicine 

(Hematology, 6 people) 

First Department of Internal Medicine 

(General Ward, 8 people) 

2008 1 Chronic Neurology (5 people) 

2009 0 – 

2010 1 First Department of Internal Medicine 

(Gastro-Hepatology, 4 people) 

2011 3 Psychiatry (5 people) 

First Department of Internal Medicine 

(Gastro-Hepatology, 13 people) 

Second Department of Internal 

Medicine (Cardiology, 5 people) 

Σ 10  

Table 13. Total number of norovirus accumulations at the different units of the Albert Szent-Györgyi 

Clinical Center between 2003 and 2011 
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V. Discussion 

 

V.1. RNA isolation 
 

Methods based on PCR have replaced many traditional virus detection assays in clinical virus 

laboratories. In spite of their superior sensitivity, they have also weaknesses which limit their 

use in virus diagnostics. One of these problems is caused by PCR inhibitors which are often 

present in clinical samples and may led to false negative results40. Such inhibition can be 

detected by using an internal control in the PCR reaction. The quality and quantity of 

inhibitors vary between samples, and several kinds of PCR inhibitors have been characterized 

including phenolic compounds, glycogen, fats, cellulose, non-target nucleic acids and heavy 

metals41. Various methods have been developed to remove or inactivate these inhibitors. 

Many nucleic acid extraction methods can eliminate some parts of the PCR inhibitors, but 

their efficiency varies and is far from complete. Previous studies have shown that inhibitors 

can partly be inactivated or bound by several compounds such as betadine, bovine serum 

albumin, formamide, glycerol and tween42. The amount of PCR inhibitors can also be reduced 

after nucleic acid extraction, but these methods are time-consuming and reduce the yield of 

nucleic acids, limiting their value in clinical diagnostics. 

We compared all RNA extraction methods, two Trizol-based methods, and three kits for viral 

RNA isolation for preparing 100 fecal samples. 

Using Trizol methods, the efficacy was 11%; the number of aspecific products was negligible 

and are cheap methods. However, experienced staff is necessary to carry out this procedure, 

and it takes two-times longer to get purified RNA than with the kits. By the Trizol RNA 

isolation methods, inhibitors have been eliminated very effectively. 

By working with the V-Gene kits, the efficacy was 8%, the number of aspecific products was 

negligible. The time for sample preparation took 60 minutes and the price was 6 times more 

compared to Trizol-methods. By using these RNA isolation methods, inhibitors have been 

eliminated very effectively, but we lost RNA in three cases. 

The Roche kit provides a special buffer for removing the PCR inhibitors. In spite of this, we 

got most inhibited samples by working with this kit. Although it is a time-saving and labor 

friendly method, the efficacy was high (11%), but it was the most expensive one. When we 

prepared nucleic acid from samples such as blood or respiratory samples, much fewer 

inhibitory samples were detected compared to RNA isolation from stool samples. 
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Our study showed that the most effective method would be the traditional, Trizol-based RNA 

purification method. In our laboratory, many PCR-based diagnostic methods are available, so 

we had to choose a time-saving and effective nucleic-acid isolation method. We decided to 

use the V-Gene RNA/DNA Preparation kit. 

There are many RT-PCR kits commercially available for the detection of noroviruses. These 

kits recommend to the user which way the RNA should be performed. Both Argene and 

Cepheid kits recommend the use of the Qiagen Viral RNA Mini kit. The QIAamp Viral RNA 

Mini Kit simplifies isolation of viral RNA with fast spin-column or vacuum procedures. No 

phenol-chloroform extraction is required. Viral RNA binds specifically to the QIAamp silica 

membrane while contaminants pass through. PCR inhibitors such as divalent captions and 

proteins are completely removed in two efficient wash steps, leaving pure viral RNA to be 

eluted in either water or a buffer provided with the kit. The time for sample preparation was 

20-40 minutes. By using the QIAmp Viral RNA Mini kit, we effectively eliminated PCR 

inhibitors from the examined 61 samples. The number of inhibited PCRs was only 1 (1.61%) 

with the Argene Calici/astrovirus Consensus kit, and 6 (9.68%) with the Cepheid Norovirus 

Primer and Probe Set. Different recombinant polymerases are incorporated in the different 

PCR kits, the polymerases differ from one another in their sensitivity. This may explain the 

different number of inhibited samples. 

Oikarinen et al. showed that PCR inhibitors are relatively common in stool samples and their 

effect can strongly influence the results of PCR assays. In altogether 19% of the stool samples 

the amount of PCR inhibitors was so high that they led to false negative results when using 

PCR-based assays for virus diagnosis. They also found that the frequency of PCR inhibitors 

was even higher in the adult population compared to that observed in the young infants. In 

their study, no inhibition was found in infants younger than 6 months old. Oikarinen et al. 

tested the effect of BSA added to both RT and PCR reactions as a factor eliminating the effect 

of inhibitors. BSA treatment decreased the efficacy of PCR amplification in samples which 

did not contain any PCR inhibitors. However, all stool samples were positive when BSA was 

added to the RT and PCR reactions. This indicates that the addition of BSA reduced the 

sensitivity of the RT-PCR method, but at the same time, BSA effectively inactivated the RT-

PCR inhibitors41. 

 

V.2. Efficiency of norovirus real-time RT-PCR technique 
 
Since the cloning of the Norwalk virus in 1990, RT-PCR assays have been developed for the 

detection of noroviruses in clinical and environmental specimens, such as water and food43. 
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RT-PCR assays are used widely in commercial and research laboratories allowing for the 

detection of virus in specimens collected late in illness, when the quantity of the virus is low. 

RT-PCR followed by nucleotide-sequencing has been particularly useful in molecular 

epidemiology studies to identify point-source of infection, as well as to differentiate outbreaks 

that were mistakenly assumed to be connected44. Real-time quantitative RT-PCR, which is 

faster and more sensitive than conventional RT-PCR, has been developed for rapid detection 

of noroviruses in stool samples. The first step was to perform the PCR on a real-time 

instrument. We used the Light Cycler 1.5 (Roche) instrument, which has 3 optical channels. 

SYBR Green was used in our PCR to detect dsDNAs in the PCR mixture. SYBR Green I bind 

to dsDNAs. The resulting DNA-dye-complex absorbs blue light (λmax = 488nm) and emits 

green light (λmax = 522nm). SYBR Green I is marketed as a replacement for the mutagen 

ethidium bromide, as it is both safer to work with and free from the complex waste disposal 

issues of ethidium. However anything capable of binding DNA with high affinity is a possible 

carcinogen, including SYBR. Another advantage of the SYBR Green is that we can obtain a 

melting curve data. The melting curve is beneficial in verifying the presence of authentic 

amplicons as well as primer dimer or spurious product. 

We compared the traditional RT-PCR and the two-step real-time PCR methods. There were 

20 samples which were positive with the SYBR Green real-time PCR method, but negative 

with the traditional PCR. Real-time PCRs are more sensitive than traditional PCRs, thanks to 

the dyes and hybridization probes. Another advantage is that in real-time PCRs we do not 

need agarose gel-electrophoresis, because the detection of the amplified product happens in 

real-time. 3 samples were positive with traditional RT-PCR, but negative with real-time PCR; 

this can be due to the fact that these samples were inhibited in the SYBR Green assay. 

Pang et al. collected their samples from sporadic cases and from epidemics. All of the samples 

which proved to be positive with traditional PCR were positive with the Light Cycler real-

time PCR method. They established the detectable RNA amount, as 5-5×106 copies 

RNA/reaction, which means 25,000 copies RNA/g stool45. 

Our data clearly demonstrate that the real-time PCR systems are excellent diagnostic tools, 

because they are more specific, more sensitive and faster than traditional PCR methods. The 

only one disadvantage is that we did not need an internal control during real-time PCR assays. 

The next step was to adapt the complete assay (reverse transcription and PCR) to the Light 

Cycler 1.5 instrument. With this method, the time for reverse transcription has been reduced, 

the one step protocol simplifies the method and reduces the risk of contamination of the RNA; 

moreover, it is useful for routine diagnosis as there is no post-amplification processing of the 

product. Pang et al. found in 2005 that a single-step protocol for noroviruses has resulted in 
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reduced sensitivity compared to the two-step RT-PCR46. Working with the one-step real-time 

RT-PCR assay, we got as many positive results (10.07%) as with the two-step real-time PCR 

(9.92%). 

Richards et al. also described a SYBR Green, real-time RT-PCR method to detect a 

commonly used research strain of noroviruses. This method was specific for the 8FIIa 

Norwalk virus cluster and for the Matsui-designed primer pair (specific for GGI noroviruses). 

They also found that the real-time RT-PCR technique using SYBR Green fluorescence 

followed by melting temperature determination was simple and effective method in 

identifying the Norwalk virus in stool, and the use of SYBR Green allowed for an initial 

product verification by simple examination of first derivate melt graphs47. 

Scipioni et al.48 developed a sensitive and broadly reactive TaqMan real-time RT-PCR assay 

which has the unique features of detection and quantification of human GGI and GGII and 

bovine GGIII noroviruses with the same set of primers and probe. Other advantages of this 

assay are the ability to detect inhibitors of PCR or RT-PCR that may be present in stool and to 

estimate the viral load of norovirus in the sample. The method uses a one-step hot start, RT-

PCR with thermo stable DNA polymerase. Scipioni et al. quantified the viral load. The 

majority of positive human samples contained from 107 to 1010 copies of norovirus/gram of 

stool sample (this fact explains the high infectivity of the virus: lots of viruses are in stool and 

10–100 virus particles are enough to infect). This value is much higher than those previously 

estimated by EM5. 

In the past years many researchers have tried to develop a multiplex real-time system with 

which not only noroviruses but also adenoviruses, astroviruses, rotaviruses and sapoviruses 

are detectable. Of course, a big advantage of such an assay is the possibility to detect viruses 

only in one tube by PCR. The disadvantage of the multiplex assay is the fact that sensitivity 

decreases. 

Maarseveen et al. developed a multiplex real-time assay, which contained two internal 

controls. By using this assay, it is possible to detect simultaneously Astrovirus, Adenovirus 

group F, Rotavirus, Norovirus GGI and GGII and Sapovirus. They found higher CT values in 

multiplex real-time PCR compared to the monoplex assays and the resulting loss in 

sensitivity, for adenoviruses were not considered a major disadvantage. ”Since fewer than 5% 

of the samples contained multiple infections in practice, the observed loss of sensitivity for 

norovirus GGII and sapovirus upon co-amplification was accepted”49. 

99% of the positive samples belonged in GGII and only 1 in GGI. This is consistent 

with the findings of other studies of sporadic cases of gastroenteritis in children50,51,52,53. 

Norovirus GGI strains constitute a minor proportion of strains in most outbreak 
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studies51,54,55,56. Maslin et al. found that among noroviruses, GII were predominant as it was 

previously shown in industrialized countries57. Our results show the same result: 

predominantly GGII plays an important role in both sporadic cases and outbreaks of acute 

gastroenteritis, not only in infants and young children, but also in adults. 

Stelten et al. designed a new assay for the improved detection of GGI norovirus in patient 

samples. Their redesigned assay demonstrated a 64-fold increase in sensitivity, a 2-log 

decrease in the limit of detection, and an 18% increase in amplification efficiency, when 

compared to the standard assay. The optimized test also detected GGI norovirus in clinical 

specimens that were initially negative by the standard assay. Use of the optimized assay 

increased the annual positivity of GGI norovirus from 1.2% to 4.5%, indicating that the 

prevalence of GGI norovirus may be higher than previously identified58. 

 

V.3. Application of the new primer-pairs 
 

While the available primers for RT-PCR assays detect many strains of noroviruses, some 

strains may escape detection. The Jiang-designed primer pair is able to detect not only 

noroviruses but also sapoviruses. While working with this primer set, we discovered that 

many aspecific products formed during the PCR. We decided to generate a new primer pair 

with which norovirus diagnostic would become more specific. 

66 samples were compared by the two two-step real-time RT-PCR method. 12 (18.1%) 

proved to be positive with the newly-designed primers and only 4 (6.06%) were positive with 

the Jiang-designed ones. Our result shows that our primers are more specific than the Jiang-

designed ones59. 

It is seen that norovirus primers have to be chosen according to geographical location 

(different norovirus strains circulating in the US and in Europe) and to the goal of the research 

(diagnosis or epidemiological study) is to find appropriate primer with which most of the 

noroviruses become detectable. 

We have developed a primer pair (targeting the RNA-depending RNA polymerase region) 

with which norovirus diagnostics become in the European region safely practicable. 

 

V.4. Efficacy of the ELISA technique compared to two commercial norovirus RT-PCR kits 
 

Various commercial stool EIA detection methods have been developed. EIA assays are highly 

specific for some noroviruses, but, in general, not sensitive enough to detect a wide range of 
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noroviruses. Newer generation EIAs based on antibodies against a wider range of 

baculovirus-expressed viral antigens are being developed and tested, however, the sensitivity 

of EIAs still remains limited60. The high specificity of these assays make them useful for 

diagnosing noroviruses in outbreak investigations where many specimens may be available 

and confident detection of virus in few cases might be sufficient for etiologic confirmation. 

The sensitivity of these assays is genotype-dependent and results can vary based on the 

diversity of circulating strains in the population60. However, in clinical practice, it is 

important to obtain results as soon as possible in order to minimize the spread of the virus 

within and between hospital units. 

We found 14 RT-PCR positive samples which were negative by the ELISA. This can be due 

to the fact that the detection of norovirus in stool samples by the ELISA is based on the 

detection of viral antigens and may thus be hampered by the antigenic diversity of 

noroviruses. 3 samples were positive by using the Cepheid kit but negative with the Argene 

kit. This can be explained by the fact that the Cepheid RT-PCR is a real-time PCR, with 

fluorescent probes and its sensitivity is much higher than that of commercial PCR-s.  

3 samples were positive with the Argene kit and negative with the Cepheid kit and ELISA. 

We believe that these 3 samples contained sapporoviral RNA. The ELISA kit was more 

specific and sensitive, as de Bruin et al. previously described60,61. They found that the 

sensitivity of ELISA was only 38% and the specificity 96%. 

The RT-PCR assay is a powerful alternative method for the laboratory diagnosis of non-

bacterial, acute gastroenteritis; however, due to the high genetic diversity, constant updating 

of primers (and probes) is required which adds to the complexity of RT-PCR as a diagnostic 

method. Genome amplification also allows the molecular characterization of viral strains.  

 

V.5. Significance of the pathogenic role of noroviruses in sporadic cases and in epidemics 
 

With RT-PCR assays as a diagnostic tool, it has been established that human noroviruses are 

the most common causes of gastroenteritis outbreaks worldwide62,63,64. There have been only 

a few reports on the presence of noroviruses in sporadic cases66,67. Frogatt et al. found that 

during the winter season noroviruses were the second most common agents of acute non-

bacterial gastroenteritis66. 

Noroviruses are listed as the most common causes of non-bacterial gastroenteritis (ahead of 

Rotavirus) worldwide. The detection of Noroviruses in clinical samples has been hampered 
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with the inability to propagate the virus in the laboratory and the complexity of virus 

extraction and assay by molecular methods. In the past years we have found the best nucleic 

acid extraction method, introduced the traditional RT-PCR, translated to real-time RT-PCR, 

designed new primers and introduced an ELISA with which a high number of samples are 

investigated simultaneously. It is important to reveal the importance of noroviruses not only 

in epidemics but also in sporadic cases in different health-care units. 

Between 2004 and 2007 we examined the presence of noroviruses in sporadic gastroenteritis 

cases and found that in children in the age group between 0 and 3 years, noroviruses are 

common causative agents of non-bacterial gastroenteritis. We also examined the presence of 

noroviruses in the different pediatric wards. Most positive cases come from the Pediatric 

Isolation Ward (29.1%), and lower numbers of positive samples from the family doctors 

(13.3%) and from the In-patient (13.7%) and Outpatient (15.1%) Pediatric Wards65. 

Rotaviruses are the most common causes of acute, non-bacterial gastroenteritis worldwide. 

The clinical symptoms of rotavirus gastroenteritis cannot be differentiated from those of the 

other forms of viral gastroenteritis. The consequences of rotavirus infection include home-

nursing (1:1), doctor-visiting (1:5), hospitalization (1:65) and death (1:293). Gastroenteritis in 

young children is very often caused by astrovirus. Mustafa et al. found that 3% of the cases of 

children hospitalized because of gastroenteritis were due to astrovirus. 65.2% of 

gastroenteritis was caused by rotaviruses, 6.3% were bacterial infections, and adenoviruses 

were the causative agents in 4.1%68. 

Several studies have found that HuCVs are second only to rotaviruses as the cause of viral 

gastroenteritis in young children66,69. Buesa et al. studied the importance of HuCVs in 

sporadic cases and in outbreaks in children under 5 years of age. In sporadic cases, HuCVs 

were detected in 14.19%. Rotaviruses were the most frequent agents of gastroenteritis 

(25.3%), and astroviruses and human adenoviruses each accounted for 3.15%. The majority of 

HuCV outbreaks occurred either in schools (42.8%) or in nursing homes (21.4%). The rate of 

noroviruses as the etiologic agents of gastroenteritis outbreaks was 56%70. Maslin et al. 

investigated adults and found that the main agent of gastroenteritis were human caliciviruses 

(25.3%) followed by adenoviruses and astroviruses (4.8%)57. We found that noroviruses 

likewise play an important role in sporadic gastroenteritis cases in Hungary. 16.2% of the 

stool samples contained norovirus. Most positive samples came from the Pediatric Isolation 

Ward. As a cause of viral gastroenteritis, we found rotaviruses in second place (10.5%), 

followed by human adenoviruses (4.6%). We did not find any sapoviruses between 2004 and 
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2007. Sapovirus-associated outbreak in Hungary was first described in 2009 by Pankovics et 

al71. Some reviews examined the role of noroviruses as a cause of severe gastroenteritis 

among hospitalized patients. Noroviruses were accounted for approximately 12% of severe 

gastroenteritis cases among children <5 years of age worldwide 72,73,74,75,76. 

We showed that between 2003 and 2011 noroviruses caused the most cases of sporadic 

gastroenteritis (16.6%) followed by rotaviruses (12.1%). The gender distribution was 

49.6%:50.4% (male: female). We found more norovirus positive cases in the in-patient 

samples then in the out-patient one. This can be explained by the fact that many children were 

admitted to hospital and examined for all enteric viruses, rota-, adeno- and noroviruses. In 

many cases, GPs do not send samples for norovirus diagnosis; they send stools only for 

rotavirus and adenovirus examinations. 

We applied biostatistical methods to examine possible correlations between age or sex and 

positive results. At the 95% confidence interval, we did not find a significant difference 

between these categories, which means that in the age group of children between 0 and 3 

years, there is no age or sex preference. 

Noroviruses are the most common causes of gastroenteritis in all age groups, accounting for 

greater than 90% of viral gastroenteritis and ~50% of all-cause outbreaks worldwide77,78,79,80. 

Foods implicated in outbreaks of norovirus gastroenteritis are contaminated either directly 

with fecal matter at the source (e.g., shellfish harvested from sewage contaminated water or 

raspberries irrigated with sewage) or by infected food-handlers81. Shellfish concentrate 

noroviruses through filtration. However, the most common food vehicle for noroviruses 

remains ready-to-eat foods, such as sandwiches and salads, particularly those that require 

handling but no subsequent cooking77. Because of low infectious dose of noroviruses and the 

large quantities of virus in feces and vomit, contamination of foods by a single food-handler 

can result in large outbreaks. 

 

Outbreaks of norovirus infections are also frequently reported in institutional settings such as 

nursing homes, child care centers and hospital units. In some instances, the outbreak is 

initially caused by a common-source exposure to a fecally contaminated vehicle such as food 

or water. Later, the spreading of the outbreak through person-to-person transmission among 

residents was facilitated by the enclosed living quarters and reduced levels of personal 

hygiene: because of incontinence, immobility, or reduced mental alertness. Lopman et al. 

demonstrated that each hospital unit (or ward) in England had 1.33 outbreaks in a one-year 
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period. To control the spread of the disease, hospital units were closed to new admissions. 

The units closed within the first 3 days of an outbreak could be re-opened earlier than those 

closed after day 4 or not closed at all (7.9 vs. 15.4 days). They also found that a patient who 

spent a year in the hospital would have an 80% chance of having a case of gastroenteritis 

during an outbreak. Full-time hospital staff members had a 17% chance of being affected 

during the follow-up year. Norovirus was the predominant etiologic agent detected in 63% of 

hospital unit outbreaks (followed by C. difficile and Rotavirus)82. In Hungary, there were 50 

outbreaks in 2003, 61 outbreaks in 2005, 188 outbreaks in 2006, 54 outbreaks in January, 

2007 and 138 outbreaks were documented in 200883. 

 

Between 2003 and 2011, we found only 10 norovirus accumulations in hospital units. The 

accumulation affected those hospital wards where the personal hygiene was lower. The 

highest accumulation was detected at the two Internal Medicines where 3 units were affected: 

Gastro-Hepatology, Hematology and the General Ward. Thanks to the strict rules and 

separations, no epidemics were observed at the Albert Szent-Györgyi Clinical Center. 



43 
 

VI.  Acknowledgements 

 
First of all, I would like to express my sincere gratitude to Prof. Dr. Judit Deak, who has been 

my supervisor since the beginning of my studies. She helped me with many suggestions, 

important pieces of advice, constant encouragement during the course of this work and taught 

me how to perform molecular diagnostics. 

 

I also wish to express my appreciation to Dr. Ferenc Somogyvari, who made many valuable 

suggestions, gave constructive advice and helped me to improve my real-time PCR technique 

in microbiological diagnostics. 

 

Special thanks to Dr. Gabor Reuter, who taught me the basics of norovirus diagnostics. 

 

I would like to thank Prof. Dr. Gyorgy Szucs for the opportunity to learn calicivirus 

diagnostics in his laboratory. 

 

Sincere thanks to Prof. Dr. Erno Duda, who gave me valuable suggestions that helped to 

improve the quality of my work. 

 

Special thanks to those companies, who provided us chemicals and kits for the norovirus 

diagnostics. 

 

I am particularly grateful to the staff of the viral laboratory (Maria Almasi-Lohr, Monika 

Kispeter-Gal, Eniko Lako-Toth, Bernadette Nagy and Aniko Salaki) for their patience and 

their kind assistance. 

 

Finally, I am indebted to my family for their understanding, patience and encouragement 

when I needed it the most. 



44 
 

VII.  References 

 

1. Zahorsky J. Hyperemesis hemis or the winter vomiting disease. Arch Pediatr 1929; 46: 

391-395. 

2. Hodges R. G., McCorkle L. P., Badger G. F., Curtiss C., Dingle J. H., Jordan W. S. A 

study of illness in a group of Cleveland families: XI. The occurence of gastrointestinal 

symptoms. Am J Hyg 1956; 65: 349-356. 

3. Gordon I., Ingraham H. S., Korns R. F. Transmission of epidemic gastroenteritis to 

human volunteers by oral administration of fecal filtrates. J Exp Med. 1947 Oct 31; 

86(5): 409-22. 

4. Adler J. L., Zickl R. Winter vomiting disease. J Infect Dis 1969 Jun; 119(6): 668-73. 

5. Kapikian A. Z., Wyatt R. G., Dolin R., Thornhill T. S., Kalica A. R., Chanock R. M. 

Visualization by immune electron microscopy of a 27-nm particle associated with 

acute infectious nonbacterial gastroenteritis. J Virol 1972 Nov; 10(5): 1075-81. 

6. Zheng D. P., Ando T., Fankhauser R. L., Beard R. S., Glass R. I., Monroe S. S. 

Norovirus classification and proposed strain nomenclature. Virology 2006 Mar 15; 

346(2): 312-23. 

7. Kapikian A. Z., Chanock R. M. Norwalk group viruses in Fields Virology, Third 

Edition, Lippincott-Raven Publishers, Philadelphia, 1996 ISBN: 0-7817-0253-4.  

8. Rockx B., De Wit M., Vennema H., Vinjé J., De Bruin E., Van Duynhoven Y., 

Koopmans M. Natural history of human calicivirus infection: a prospective cohort 

study. Clin Infect Dis 2002 Aug 1; 35(3): 246-53. 

9. Lopman B. A., Reacher M. H., Vipond I. B., Sarangi J., Brown D. W. Clinical 

manifestation of norovirus gastroenteritis in health care settings. Clin Infect Dis 2004 

Aug 1; 39(3): 318-24. 

10. Lindesmith L., Moe C., Marionneau S., Ruvoen N., Jiang X., Lindblad L., Stewart P., 

LePendu J., Baric R. Human susceptibility and resistance to Norwalk virus infection. 

Nat Med 2003 May; 9(5): 548-53. 

11. Doane F. W. Electron microscopy for the detection of gastroenteritis viruses. In: 

Kapikian A. Z., editor, Viral Infections of the Gastrointestinal tract. New York: 

Marcel Dekker, 1994: 101-31. 

12. Atmar R. L., Estes M. K. Diagnosis of noncultivatable gastroenteritis viruses, the 

human caliciviruses. Clin Microbiol Rev. 2001 Jan; 14(1): 15-37. 



45 
 

13. Jiang X., Wang J., Graham D. Y., Estes M. K. Detection of Norwalk virus in stool by 

polymerase chain reaction. J Clin Microbiol 1992 Oct; 30(10): 2529-34. 

14. Parashar U. D., Dow L., Fankhauser R. L., Humphrey C. D., Miller J., Ando T., 

Williams K. S., Eddy C. R., Noel J. S., Ingram T., Bresee J. S., Monroe S. S., Glass R. 

I. An outbreak of viral gastroenteritis associated with consumption of sandwiches: 

implications for the control of transmission by food handlers. Epidemiol Infect 1998 

Dec; 121(3): 615-21. 

15. Ando T., Monroe S. S., Gentsch J. R., Jin Q., Lewis D. C., Glass R. I. Detection and 

differentiation of antigenically distinct small round-structured viruses (Norwalk-like 

viruses) by reverse transcription-PCR and southern hybridization. J Clin Microbiol 

1995 Jan; 33(1): 64-71. 

16. Green, J., Gallimore, C. I., Norcott, J.P., Lewis, D., Brown, D. W. G., Broadly reactive 

reverse transcriptase polymerase chain reaction for the diagnosis of SRSV-associated 

gastroenteritis. J Med Virol 1995a; 47(4): 392–398. 

17. Vennema, H., E. de Bruin, and M. Koopmans. Rational optimization of generic 

primers used for Norwalk-like virus detection by reverse transcriptase polymerase 

chain reaction. J Clin Virol 2002; 25: 233-235. 

18. Green, S. M., Lambden, P. R., Deng, Y., Lowes, J. A., Lineham, S., Bushell, J., 

Rogers, J., Caul, E. O., Ashley, C. R., Clarke, I. N., Polymerase chain reaction 

detection of small round-structured viruses from two related hospital outbreaks of 

gastroenteritis using inosine-containing primers. J Med Virol 1995b; 45(2): 197–202. 

19. Jiang, X., Huang, P. W., Zhong, W. M., Farkas, T., Cubitt, D. W., Matson, D. O., 

Design and evaluation of a primer pair that detects both Norwalk- and Sapporo-like 

caliciviruses by RT-PCR. J Virol Methods 1999; 83: 145–154. 

20. Le Guyader, F., Estes, M. K., Hardy, M. E., Neill, F. H., Green, J., Brown, D. W. G., 

Atmar, R. L., Evaluation of a degenerate primer for the PCR detection of human 

caliciviruses. Arch Virol 1996; 141(11): 2225–2235. 

21. de Wit, M. A. S., Koopmans, M. P. G., Kortbeek, L. M., Wannet, W. J. B., Vinjé, J., 

Bartelds, A. I. M., van Duijnhoven, Y. T. H. P.,. Sensor, a population-based cohort 

study on gastroenteritis in The Netherlands: incidence and etiology. Am J Epidemiol 

2001; 154 (7): 666–674. 

22. Maguire A. J., Green J., Brown D. W. G., Desselberger U., Gray J. J. Molecular 

epidemiology of outbreaks of gastroenteritis associated with small round-structured 

viruses in East Anglia, United Kingdom, during the 1996-1997 seasons. J Clin 

Microbiol 1999; 37:81-89. 



46 
 

23. Vinjé, J., Altena, S. A., Koopmans, M. P. G., The incidence and genetic variability of 

small round-structured viruses in outbreaks of gastroenteritis in The Netherlands. J 

Infect Dis 1997; 176(5): 1374–1378. 

24. Anderson, A. D., A. G. Heryford, J. P. Sarisky, C. Higgins, S. S. Monroe, R. S. Beard, 

C. M. Newport, J. L. Cashdollar, G. S. Fout, D. E. Robbins, S. A. Seys, K. J. 

Musgrave, C. Medus, J. Vinjé, J. S. Bresee, H. M. Mainzer, and R. I. Glass. A 

waterborne outbreak of Norwalk-like virus among snowmobilers—Wyoming, 2001. J 

Infect Dis 2003; 187(2): 303-6. 

25. Gonin, P., M. Couillard, and M. A. d'Halewyn. Genetic diversity and molecular 

epidemiology of Norwalk-like viruses. J Infect Dis 2000; 182: 691-697. 

26. Fankhauser, R. L., Monroe, S. S., Noel, J. S., Humprey, C. D., Bresee, J. S., Parashar, 

U. D., Ando, T., Glass, R. I., Epidemiologic and molecular trends of Norwalk-like 

viruses associated with outbreaks of gastroenteritis in the United States. J Infect Dis 

2002; 186 (1): 1–7. 

27. Noel, J. S., T. Ando, J. P. Leite, K. Y. Green, K. E. Dingle, M. K. Estes, Y. Seto, S. S. 

Monroe, and R. I. Glass. Correlation of patient immune responses with genetically 

characterized small round-structured viruses involved in outbreaks of nonbacterial 

acute gastroenteritis in the United States, 1990 to 1995. J Med Virol 1997; 53: 372-

383. 

28. Kojima, S., T. Kageyama, S. Fukushi, F. B. Hoshino, M. Shinohara, K. Uchida, K. 

Natori, N. Takeda, and K. Katayama. Genogroup-specific PCR primers for detection 

of Norwalk-like viruses. J Virol Methods 2002; 100: 107-114. 

29. Jan Vinjé, Raditijo A. Hamidjaja, Mark D. Sobsey. Development and application of a 

capsid VP1 (region D) based reverse transcription PCR assay for genotyping of 

genogroup I and II noroviruses. J Virol Meth 2004; 116: 109–117. 

30. K. Mattison, Grudeski E., Auk B., Charest H., Drews S. J., Fritzinger A., Gregoricus 

N., Hayward S., Houde A., Lee B. E., Pang X. L., Wong J., Booth T. F., Vinjé J. 

Multicenter Comparison of Two Norovirus ORF2-Based Genotyping Protocols. J Clin 

Microbiol 2009, (12): 3927-3932. 

31. Kaplan J. E., Gary G. W., Baron R. C., Singh N., Schonberger L. B., Feldman R., 

Greenberg H. B. Epidemiology of Norwalk gastroenteritis and the role of Norwalk 

virus in outbreaks of acute nonbacterial gastroenteritis. Ann Intern Med 1982 Jun; 

96(6 Pt 1): 756-61. 



47 
 

32. Pang X. L., Honma S., Nakata S., Vesikari T. Human caliciviruses in acute 

gastroenteritis of young children in the community. J Infect Dis 2000 May; 181 Suppl 

2: S288-94. 

33. Gray J. J., Jiang X., Morgan-Capner P., Desselberger U., Estes M. K. Prevalence of 

antibodies to Norwalk virus in England: detection by enzyme-linked immunosorbent 

assay using baculovirus-expressed Norwalk virus capsid antigen. J Clin Microbiol 

1993 Apr; 31(4): 1022-5. 

34. Hinkula J., Ball J. M., Löfgren S., Estes M. K., Svensson L. Antibody prevalence and 

immunoglobulin IgG subclass pattern to Norwalk virus in Sweden. J Med Virol 1995 

Sep; 47(1): 52-7. 

35. Jiarong Li. Norovirus: Latest Study Shows Vaccine Could Help Prevent Highly 

Contagious Norovirus – Full Report. Online: http://www.mattasons.com/norovirus-

latest-study-shows-vaccine-could-help-prevent-highly-contagious-norovirus-full-

report/337641/ 

36. Lopman B. A., D. W. Brown, M. Koopmans. Human caliciviruses in Europe. J Clin 

Virol 2002; 24: 137-160. 

37. Burton-MacLeod J. A., Kane E. M., Beard R. S., Hadley L. A., Glass R. I., Ando T. 

Evaluation and comparison of two commercial enzyme-linked immunosorbent assay 

kits for detection of antigenically diverse human noroviruses in stool samples. J Clin 

Microbiol 2004; 42: 2587-2595. 

38. de Bruin E., Duizer E., Vennema H. and Koopmans M. P. G. Diagnosis of norovirus 

outbreaks by commercial ELISA or RT-PCR. J Virol Methods 2006; 137: 259-264. 

39. EPINFO, 2007. február 16. 14. évfolyam, 6. szám 

40. Valentine-Thon E. Quality control in nucleic acid testing-where do we stand? J Clin 

Virol 2002; 25(Suppl3): 13-21. 

41. Oikarinen S, Tauriainen S, Viskari H, Simell O, Knip M, Virtanen S, Hyöty H. PCR 

inhibition in stool samples in relation to age of infants. J Clin Virol. 2009 

Mar;44(3):211-4.  

42. Al-Soud W. A., Radstrom P. Purification and characterization of PCR-inhibitory 

components in blood cells. J Clin Microbiol 2001; 39: 485-93. 

43. Vinjé J., Vennema H., Maunula L., von Bonsdorff C. H., Hoehne M., Schreier E., 

Richards A., Green J., Brown D., Beard S. S., Monroe S. S., de Bruin E., Svensson L., 

Koopmans M. P. International collaborative study to compare reverse transcriptase 

PCR assays for detection and genotyping noroviruses. J Clin Microbiol 2003; 41: 

1423-1433. 



48 
 

44. Dowell S. F., Groves C., Kirkland K. B., Cicirello H. G., Ando T., Jin Q., Gentsch J. 

R., Monroe S. S., Humphrey C. D., Slemp C., et al. A multistate outbreak of oyster-

associated gastroenteritis: implications for interstate tracing of contaminated shellfish. 

J Infect Dis 1995 Jun; 171(6): 1497-503. 

45. Pang, X., B. Lee, L. Chui, J. K. Preiksaitis, S. S. Monroe.: Evaluation and validation 

of real-time reverse transcription-PCR assay using the Light Cycler system for 

detection and quantitation of Norovirus. J Clin Microbiol 2004; 42: 4679-4685. 

46. Pang X. L., Preiksaitis J. K., Lee B. Multiplex real time RT-PCR for the detection and 

quantitation of norovirus genogroups I and II in patients with acute gastroenteritis. J 

Clin Virol 2005; Jun;33(2): 168-71. 

47. Richards G. P., Watson M. A., Kingsley D. H. A SYBR green, real-time RT-PCR 

method to detect and quantitate Norwalk virus in stools. J Virol Methods 2004 Mar 1; 

116(1): 63-70. 

48. Scipioni A., Bourgot I., Mauroy A., Ziant D., Saegerman C., Daube G., Thiry E. 

Detection and quantification of human and bovine noroviruses by a TaqMan RT-PCR 

assay with a control for inhibition. Mol Cell Probes 2008 Aug; 22(4): 215-22. 

49. van Maarseveen NM, Wessels E, de Brouwer CS, Vossen AC, Claas EC. Diagnosis of 

viral gastroenteritis by simultaneous detection of Adenovirus group F, Astrovirus, 

Rotavirus group A, Norovirus genogroups I and II, and Sapovirus in two internally 

controlled multiplex real-time PCR assays. J Clin Virol. 2010 Nov;49(3):205-10. 

50. Buesa J., Collado B., López-Andújar P., Abu-Mallouh R., Rodríguez Díaz J., García 

Díaz A., Prat J., Guix S., Llovet T., Prats G., Bosch A. Molecular epidemiology of 

caliciviruses causing sporadic cases of acute gastroenteritis in Spain. J Clin Microbiol 

2002; 40(8): 2854-2859. 

51. Kirkwood CD, Clark R, Bogdanovic-Sakran N, Bishop RF. A 5-year study of the 

prevalence and genetic diversity of human caliciviruses associated with sporadic cases 

of acute gastroenteritis in young children admitted to hospital in Melbourne, Australia 

(1998-2002). J Med Virol 2005 Sep;77 (1):96-101. 

52. Lau CS, Wong DA, Tong LK, Lo JY, Ma AM, Cheng PK, Lim WW. High rate and 

changing molecular epidemiology pattern of norovirus infections in sporadic cases and 

outbreaks of gastroenteritis in Hong Kong. J Med Virol. 2004 May;73 (1):113-7. 

53. Bull RA, Eden JS, Rawlinson WD, White PA. Rapid evolution of pandemic 

noroviruses of the GII.4 lineage. PLoS Pathog. 2010 Mar 26;6(3):e1000831. 

54. Fankhauser RL, Monroe SS, Noel JS, Humphrey CD, Bresee JS, Parashar UD, Ando 

T, Glass RI. Epidemiologic and molecular trends of "Norwalk-like viruses" associated 



49 
 

with outbreaks of gastroenteritis in the United States. J Infect Dis. 2002 Jul 

1;186(1):1-7.  

55. Koopmans M., Vinjé J., Duizer E., de Wit M., van Duijnhoven Y. Molecular 

epidemiology of human enteric caliciviruses in The Netherlands. Novartis Found. 

Symp. 2001; 238:197-214. 

56. Lysén M., Thorhagen M., Brytting M., Hjertqvist M., Andersson Y., Hedlund K.O. 

Genetic diversity among food-borne and waterborne norovirus strains causing 

outbreaks in Sweden. J Clin Microbiol. 2009 Aug;47(8):2411-8. 

57. Maslin J., Nicand E., Ambert-Balay K., Fouet C., Kaplon J., Haus R., Pothier P., Kohli 

E. Detection and characterization of Human caliciviruses associated with sporadic 

acute diarrhea in adults in Djibouti (horn of Africa). Am J Trop Med Hyg 2008; 

Mar;78(3): 522-6. 

58. Van Stelten A, Kreman T.M., Hall N., Desjardin L.E. Optimization of a real-time RT-

PCR assay reveals an increase of genogroup I norovirus in the clinical setting. J Virol 

Methods. 2011 Jul;175(1):80-4. 

59. Kele B., Somogyvári F., Deák J. Sporadikusan elıforduló humán calicivírusok 

kimutatása molekuláris genetikai módszerekkel. Infektológia és Klinikai 

Mikrobiológia. 2005. 12. évf. 4. sz., p. 118–123. 

60. de Bruin E., Duizer E., Vennema H. and Koopmans M. P. G. Diagnosis of norovirus 

outbreaks by commercial ELISA or RT-PCR. J Virol Methods 2006; 137: 259-264. 

61. Kele B., Lengyel G., Deák J. Comparison of an ELISA and two  

RT-PCR methods for norovirus detection. Diagnostic Microbiology and Infectious 

Diseases, 2011. 70: 475–8. 

62. Frankhauser R. L., Noel J. S., Monroe S. S., Ando T. and Glass R. I. Molecular 

epidemiology of „Norwalk-like viruses” in outbreaks of gastroenteritis in the United 

States. J Infect Dis 1998; 178: 1571-1578. 

63. Noel J. S., Frankhauser R. L., Ando T., Monroe S. S., Glass R. I. Identification of a 

distinct common strain of „Norwalk-like viruses” having a global distribution. J Infect 

Dis 1999; 179: 1334-1344. 

64. Reuter G., Farkas T., Berke T., Jiang X., Matson D. O., Szucs G. Molecular 

epidemiology of human calicivirus gastroenteritis outbreaks in Hungary, 1998 to 

2002. J Med Virol 2002; 68(3): 390-398. 

65. Kele B., Papp Ábrók M., Deák J. Sporadic norovirus infections among hospitalized 

and non-hospitalized 0-3-year-old infants. Scandinavian Journal of Infectious 

Diseases 2009. 41: 67–69. 



50 
 

66. Froggatt P. C., Barry Vipond I., Ashley C. R., Lambden P. R., Clarke I. N., Caul E. O. 

Surveillance of norovirus infection in a study of sporadic childhood gastroenteritis in 

South West England and South Wales, during one winter season (1999-2000) J Med 

Virol 2004; 72(2): 307-311. 

67. Zintz C., Bok K., Parada E., Barnes-Eley M., Berke T., Staat M. A., Azimi P., Jiang 

X., Matson D. O. Prevalence and genetic characterization of caliciviruses among 

children hospitalized for acute gastroenteritis in the United States. Infect Genet Evol 

2005; 5(3): 281-90. 

68. Mustafa H., Palombo E. A. and Bishop R. F. Epidemiology of astrovirus infection in 

young children hospitalized with acute gastroenteritis in Melbourne, Australia, over a 

Period of Four Consecutive Years, 1995 to 1998. J. Clin. Micro. 2000; 38(3):1058-

1062. 

69. O'Ryan M. L., Mamani N., Gaggero A., Avendano L. F., Prieto S., Pena A., Jiang X., 

Matson D. O. Human caliciviruses are a significant pathogen of acute sporadic 

diarrhea in children of Santiago, Chile. J Infect Dis 2000; 182: 1519-1522. 

70. Buesa J, Collado B, López-Andújar P, Abu-Mallouh R, Rodríguez Díaz J, García Díaz 

A, Prat J, Guix S, Llovet T, Prats G, Bosch A. Molecular epidemiology of 

caliciviruses causing sporadic cases of acute gastroenteritis in Spain. J. Clin. 

Microbiol. 2002;40(8):2854-2859. 

71. Pankovics P., Kugler Z., Kátai A., Reuter G. First gastroenteritis outbreak caused by 

sapovirus (GI2) in Hungary - part of an international epidemic?]. Orv Hetil 2009 Jun 

28; 150(26): 1223-9. Hungarian.  

72. Patel M. M., Widdowson M. A., Glass R. I., Akazawa K., Vinjé J., Parashar U. D. 

Systematic literature review of role of noroviruses in sporadic gastroenteritis. Emerg 

Infect Dis 2008 Aug; 14(8): 1224-31. 

73. Sánchez-Fauquier A., Montero V., Moreno S., Solé M., Colomina J., Iturriza-Gomara 

M., Revilla A., Wilhelmi I., Gray J.; Gegavi/VIGESS-Net Group. Human rotavirus G9 

and G3 as major cause of diarrhea in hospitalized children, Spain. Emerg Infect Dis 

2006 Oct; 12(10): 1536-41. 

74. Monica B., Ramani S., Banerjee I., Primrose B., Iturriza-Gomara M., Gallimore C. I., 

Brown D. W., Moses P. D., Gray J. J., Kang G. Human caliciviruses in symptomatic 

and asymptomatic infections in children in Vellore, South India. J Med Virol. 2007; 

May; 79(5): 544-51. 



51 
 

75. Colomba C., Saporito L., Giammanco G. M., De Grazia S., Ramirez S., Arista S., 

Titone L. Norovirus and gastroenteritis in hospitalized children, Italy. Emerg Infect 

Dis 2007 Sep; 13(9): 1389-91. 

76. Rimoldi SG, Stefani F, Pagani C, Chenal LL, Zanchetta N, Di Bartolo I, Lombardi A, 

Ruggeri FM, Di Lillo D, Zuccotti GV, Gismondo MR. Epidemiological and clinical 

characteristics of pediatric gastroenteritis associated with new viral agents. Arch Virol. 

2011 Jun 4. [Epub ahead of print] 

77. Widdowson M. A., Sulka A., Bulens S. N., Beard R. S., Chaves S. S., Hammond R., 

Salehi E. D., Swanson E., Totaro J., Woron R., Mead P. S., Bresee J. S., Monroe S. S., 

Glass R. I. Norovirus and foodborne disease, United States, 1991-2000. Emerg Infect 

Dis 2005 Jan; 11(1): 95-102. 

78. Ike A. C., Brockmann S. O., Hartelt K., Marschang R. E., Contzen M., Oehme R. M. 

Molecular epidemiology of norovirus in outbreaks of gastroenteritis in southwest 

Germany from 2001 to 2004. J Clin Microbiol. 2006; Apr 44(4):1262-7. 

79. Lopman B. A., Reacher M. H., Van Duijnhoven Y., Hanon F. X., Brown D., 

Koopmans M. Viral gastroenteritis outbreaks in Europe, 1995-2000. Emerg Infect Dis. 

2003 Jan; 9(1):90-6. 

80. Reuter G., Krisztalovics K., Vennema H., Koopmans M., Szucs G. Evidence of the 

etiological predominance of norovirus in gastroenteritis outbreaks--emerging new-

variant and recombinant noroviruses in Hungary. J Med Virol 2005 Aug; 76(4): 598-

607. 

81. Patel MM, Hall AJ, Vinjé J, Parashar UD. Noroviruses: a comprehensive review. J 

Clin Virol. 2009 Jan; 44(1):1-8. 

82. Lopman B. A., M. H. Reacher, I. B. Vipond, D. Hill, C. Perry, T. Halladay, D. W. 

Brown, W. J. Edmunds, and J. Sarangi. Epidemiology and Cost of Nosocomial 

Gastroenteritis, Avon, England, 2002–2003 Emerging Infectious Diseases 2004; 

Vol:10, No. 10. 

83. EPINFO 16 (6):57-60. 

 



 



 

 

 

 

 

 

 

 

 

 

 

 

I. 



 

 



 

 



 

 



 

 

 

 

 

 

 

 

 

 

 

 

II. 



 

 



 

 



 

 



 

 



 

 

 

 

 

 

 

 

 

 

 

 

III. 



 

 



 

 



 

 



 

 



 

 

 


