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Summary

Introduction: The public health impact of HuCV infections is rieasingly
recognized. Noroviruses are the commonest causeouwbreaks of non-bacterial
gastroenteritis, the most commonly recognized fooak viral infection and second only to
rotavirus as a cause of severe diarrhea in childfée key factors underpinning this high
burden of infection are their low infectious do46-100 virus particles are enough to infect),
their stability in the environment (acids, pH, alide and temperature), the wide diversity of
strains and the lack of any long-term immunity morgfection or illness.

The recent development of sensitive real-time KRPtests for diagnosis,
quantification and characterization of these agkatsled to the recognition of the importance
of norovirus infection. Evidence suggests thatdbtection of noroviruses in fecal specimens
by conventional and real-time RT-PCRs may be lichitey factors such as low virus
concentrations in feces, improper specimen storagsficient viral RNA extraction, the
presence of fecal reverse transcriptase inhibdadsthe use of different primers. In addition,
noroviruses are genetically extremely diverse amuerof 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 dffecnucleic acid isolation
method for an effective norovirus diagnosis, tadduce the real-time RT-PCR assay for
time-saving and for a more sensitive diagnosis.tkerapid detection of norovirus antigen in
stool samples an ELISA method was introduced amnehg compared with two commercial
available RT-PCR kits. Both RT-PCR techniques ahtSBE systems are very important to
clarify the pathogenic role of noroviruses in sglicacases and in epidemics in Szeged and in
its catchment area.

Results:

1. Five different RNA purification methods were comgihr

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

time PCR method (by using the Jiang-designed pam&B (76.7%) samples were
positive by using the real-time RT-PCR and only26%) samples were positive
with the traditional RT-PCR.

3. On using the two-step real-time RT-PCR, we fourat 88 (9.92%) of the 383

samples contained HUCV. 14 (10.07%) of the 139 $ssnproved positive for
HuCV on the use of the one-step real-time RT-PCRhateby the Jiang-designed
primers. First we compared the Jiang-designed and@wly-designed primers on
110 samples by using traditional RT-PCR. We founalt 32 (29.1%) samples
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were positive by using our newly designed primérg, negative with the Jiang-
designed ones. Secondly, 66 samples were compwribe iwo two-step real-time
RT-PCR method. 12 (18.1%) proved to be positivehvitie newly-designed

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

4. The IDEIA™ Norovirus ELISA revealed 38 norovirus-positive a28 negative
samples. The sensitivity of the test was 78.9% spexificity was 100%, the PPV
was 100% and the NPV was 39.1%. By using the Arg€a&ci/Astrovirus
Consensus kit of the 61 samples, 48 were positivéltiCVs, 10 were negative, 2
were borderline and 1 contained inhibitors. Thesgpfity of the test was 92.8%,
the specificity was 100%, the PPV was 100% and\IR¥ was 69.2%. With the
Cepheid Norovirus Primer and Probe Set, 47 of thetéol samples proved to be
positive for human noroviruses; 46 were GGIl andy dnhwas GGI-positive. 8
samples were negative and only 6 contained inhi&ifdhe sensitivity of the test
was 91.2%, the specificity was 100%, the PPV waB%(nd the NPV was
64.3%.

5. Between 1 January 2004 and 31 March 2007, 1,15% st&nples were collected
from children in the age group between 0 and 3sye@f the overall 1,152 stool
samples, 187 (16.2%) proved positive for norovisudgetween 2003 and 2011,
5,031 stool samples were examined for human narses. 836 (16.6%) proved to
be positive for noroviruses. In the 9-year-peribd,norovirus accumulations were
observed at the different units of the Albert Sz8gbtrgyi Clinical Center.

Conclusion: During the study, we compared five different RNArification method,
we showed their benefits and disadvantages. Weessitdly developed first a two-step real-
time SYBR Green RT-PCR assay for the norovirus ribagics, and then translated it into
one-step real time RT-PCR. We have developed agpnpair (targeting the RNA-depending
RNA polymerase region), with which the norovirusaghostics have become safely
practicable in the European region. During our gtuee compared two commercial available
RT-PCR kits and one antigen-ELISA kit and found tinés antigen-ELISA kit is a very good
screening kit, with which the accumulations havednee detectable. For genetic analyses and
for sporadic cases the RT-PCR is the gold-standaethod. By using this commercial
available kit we can differentiate between GGI &Il without sequencing the PCR
product. In the past 9 years we investigated the abnoroviruses in sporadic cases and also

in accumulations in the different hospital wards.
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|. General characteristics of noroviruses

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

The syndrome associated with caliciviral gastrodiigewas described in the medical
literature over 70 years ago. However, it was mgaays later that a causative agent could be
linked with the condition Zahorsky described in 3% “winter vomiting disease”

Studies performed in Ohio in the late 1940s demmatesd just how much gastroenteritis could
not be attributed to known bacterial or parasiaithpgens. All of the cases ascertained over a
30-year period 75% had no adequate explan@iofihese were said to present acute,
infectious and non-bacterial gastroenteritis. Chahistudies where volunteers were exposed to
fecal extracts that had been filtered to removebatiteria, confirmed the hypothesis that a
viral agent was likely cau$e

In the autumn of 1968, 50% of the students andh&yadn an elementary school in the town
of Norwalk, were struck with an illness charactedzprincipally by nausea, vomiting and
abdominal pain. Since no bacterial agent was foandiyal case was suspected. However,
because these viruses did not grow in tissue @jlhw causative agent could be recovéted

In 1972 Kapikian discovered the etiology of theusir By IEM examinations, the Norwalk
virus, the prototype agents of the getaovirus(previously called “Norwalk-like viruses”)
was identifie. Several other viral causes of gastroenteritisstmmtably rotavirus and
adenoviruses, were elucidated in the 1970s byatreegechnique.

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

viruses that possess a linear, positive-sensdesstrganded RNA (ssRNA+) genome.

Capsid WP

A8ram particle

Figure 1. Non-enveloped, icosahedral with T=3 symmetry, &al88+40 nm in diameter.. Small empty
virions are about 23nm in diameter, and would b&afahedral 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 arBorovirus Sapovirus VesivirusandLagovirus Vesivirus
andLagovirusare important veterinary pathogens. The major oadiuman pathogens in the
family are noroviruses and sapoviruses. A standaddinomenclature was proposed to
classify noroviruses into 29 genetic clusters tladit within five genogroups. Most of the
strains relevant to the human disease belong tetigesiusters within GGI and GG (Table

1).

Genogroup Host No. of sequences Clusters New cluste
Gl 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 stfains

|.2. Physicochemical properties of human caliciviruses

Norwalk virus (genusNoroviru§ has a reported buoyant density of 1.33 to 1.4d%in
cesium chloride. The Norwalk virus retains infettyifor volunteers following a) exposure of
the stool filtrate to pH 2.7 for 3 hours at roormpeerature, (b) treatment with 20% ether at
4°C for 18 hours, or (c) incubation at 60°C for Bthutes. Norwalk virus is resistant to
inactivation following its treatment with 3.75 to26mg/L of chlorine (free residual chlorine
of 0.5 to 1.0mg/L), a chlorine concentration cotesis with that found in a drinking water
distribution system. However, Norwalk virus is ittaated following treatment with 10mg/L

chloriné”,



I.3. Genome organization of Noroviruses

Noroviruses contain a positive-sense ssSRNA genome,6:2 nucleotides; at the 3’ end
polyadenilated tail is located. The norovirus geroronsists of a single strand of positive-
sense RNA organized into 3 open reading frames EPROGRF1 encodes nonstructural
proteins such as RNA dependent RNA polymerase, GiRlERdes viral capsid protein 1, and
ORF3 encodes a small capsid protein (viral capsatkem 2) associated with stability of viral
capsid protein 1. The virus particles demonstrateamorphous surface structure when

visualized using electron microscopy and are betvase-38 nm in siZé.

5358 0950
N-term NTPase VPg 3A-like Pro Pol VP1 (Capsid) vz 77 A(n)

5 5374 7588

Figure 2. Norovirus genome structure

[.4. Clinical manifestations and management of the norovirusinfection

In the absence of other factors, infections withomouses are typically mild and self-limiting
diseases. Norovirus illnesses can present relgtsevere symptoms of vomiting and non-
bloody diarrhea, with the symptoms usually res@vin 2 to 3 days. Several studies have
shown that the median duration of the illness carldmger (4-6 days) in patients affected
during hospital outbreaks and in children <11 yezfragé®®. Vomiting is relatively more
prevalent in persons >1 year of age, whereas eildf. year more often develop diarrfiea
Fever, which is reported in 37-45% of the patietygically resolves within 24h. Sensitive
diagnostic assays have detected noroviruses it fetoap to 3 weeks in patients with either
symptomatic or asymptomatic infection.

Oral rehydration solutions that provide essentiatteolyte replacement plus sugar (glucose
or sucrose) may be administered as first-line fhefar uncomplicated diarrheal illnesses.
Patients presenting with signs and symptoms ofifsignt dehydration and those unable to

tolerate oral fluids may require early parentetaidf plus electrolyte replacement. As food



7

tolerated, patients could begin taking food eanlthe illness since adequate caloric intake

might enhance patient recovery.

[.5. Pathogenesis and immunity

Noroviruses are contracted by humans via the orgker As they are acid-stable viruses, they
pass through the stomach; replication occurs insthall intestine. Most of our knowledge
concerning the pathogenesis of noroviruses conms frolunteer studies performed in the
USA. Light and EM showed that individuals with d¢tial illness exhibit lesions on the small
intestine mucosa. The mucosa lining becomes inftkamel absorptive epithelial cells develop
an abnormal appearance. Blunting of the villi, $érwing of the microvilli, dilatation of the
ER, swollen mitochondria, and intracellular edemaalso observed microscopically. Within
2 weeks, the small intestine returns to a normstblogical appearance.

After a norovirus infection, there is some shortrtemmunity to noroviruses; long-term
immunity does not appear to be conferred by a singkection. Recent research suggest, that
host genotype is a prominent factor in the devekpnof norovirus infection since norovirus
infection depends on the presence of specific humsto-blood group antigen receptors in
the gut of susceptible hoS& The combination of the strain specific bindinglahe variable
expression of the HBGA receptors may explain theyig host susceptibility observed in
norovirus outbreaks and volunteer studies.

There is also some evidence that people with blypes B and AB may be partially
protected against symptomatic infection, but thegk blood group 0 may be at greatest risk

of severe infection.

|.6. Diagnosis of noroviruses

[.6.1. Electron microscopy

Since cell culture systems for noroviruses have lbe¢n developed, EM has been a
fundamental tool used by the investigators. Samatesprepared for EM by a simple and
inexpensive negative staining technique. Directectedn of noroviruses by EM is only
possible in samples with a viral load more thaf garticles/mf™"). These enteric viruses can
only be detected for approximately 48 hours after dnset of the symptoms. In IEM, stool
samples are visualized after reaction with antibdedyived from convalescent-phase sera

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

the Norwalk agent (Figure 3).

e

Figure 3. Norovirus GI/4 Chiba407 strain visualized by etentmicroscopy
(Source: http:/iwww.glycoforum.gr.jp/science/glydenobiology/GM02/GMO2E.html)

[.6.2. Immunological studies

There are several norovirus antigen detecting El&sig monoclonal antibodies (native
baculovirus-expressed proteins). While these asasy$ighly sensitive compared with EM
or IEM, their use in diagnostic laboratories hasrbkmited by their narrow specificity (only
norovirus GGI and GGlII)The detection limit for ELISA assays is currentstimated at 1D
to 10 particles per ml.

1.6.3. Molecular biological techniques

Amplification of the Norwalk virus by RT-PCR wasdt achieved by Jiang et al. in 192
and has since become a common diagnostic and caseaol worldwide. The complete
sequencing of a range of human caliciviruses rsol¢he development of many primer pairs
for use in RT-PCR. In comparison to EM, RT-PCR faramost sensitive diagnostic tool and
able to detect virus for 2 weeks after the infectamd possibly longéf. Due to the high
genetic diversity, it has been difficult to find appropriately sensitive and specific primer
pair to detect all noroviruses. Using sequencerin&ion of an increasing number of
Norovirus strains, several research groups suadgssfeveloped RT-PCR assays based on
improved primers targeting the POL gene (regio®#)*"'%1°2° Subsequently, different
primer sets targeting region A have been used safidly in epidemiological studies for the

diagnosis of Norovirus in fecal specimens from baotitbreaks and sporadic case§?2223
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In addition, primers directed to other regions loed Norovirus genome have been developed
including relatively conserved regions at the 3¢@fi ORF1 (region B"*?, at the 5'-end of
ORF2 (region C and E*?"% and at the 3’ end of ORF2 (regiod®P(Figure 4).

1 5358 5374 6950 75887654
| 1| | N
| LI I LI
ORF1 ORF3
ORF2
| Region A | | Region B |
Ando et al., 1995 Anderson et al., 200, Regi
. egion D
Vennema et al., 2002 Gonin et al, 2000 Recion C Vinié ef al., 2004

Kojima et al., 2001 Region E

Noel ez al., 1997

Figure 4. Schematic presentation of a norovirus genome asitipns of regions (A—E) commonly

used for detection and genotypihg

Real-time PCR systems are excellent diagnosticstidbkey are more specific and sensitive
than traditional PCRs. Real-time PCR was develdpethe production and quantification of

amplicons using intracellular dyes or fluorescewbpes or primers.

1.6.4. Epidemiological methods

Laboratory confirmation has not been possible ler majority of outbreaks. Even today, the
etiology of many outbreaks goes unconfirmed becdlisesensitive ELISAs and RT-PCRs
are not widely available outside reference laborasoand because appropriate samples are
not always collected.
A set of criteria proposed by Kaplan ef*3 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 irt50% of cases.
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|.7. Seasonality, age distribution and seroprevalence

Norovirus infection is prevalent seen during thédeo months of the year. In European
settings, it begins to increase in October or Ndwempeak around January, and tails-off by
May or June.

Norovirus infections can occur at any time. Thehleggf incidence of norovirus infection is in
children under 5 years of age and, among childilencommonest cause of gastroenteritis is
viral, with noroviruses being at least as frequentotaviru$?. It is very important to note,
that a large number of norovirus outbreaks are rtedofrom nursing homes with elderly
residents. The attack rates are only slightly loaraong staff than among elderly resid&rits

In a survey in England, Gray et al. found that he#mree quarters of those tested had
norovirus antibody. Antibody prevalence was higlasbng the middle-aged and the elderly;
at every age-group 30 years or older, antibody gleexe was nearly 90%. Prevalence was
also high among infants (<6 months old), at 75%isTik likely a measure of maternal
antibodies. Among the 6-11 months age-group, adtibprevalence was 25%, this rose
through adolescence and young adultfffodA very similar pattern was found in Sweden,

with an overall prevalence of approximately &8t

|.8. Norovirus vaccines

Without the ability to grow the norovirus in celliltures, the researchers turned to insert a
human norovirus capsid gene — capsid refers tovihes's outer shell — into a specific
location on the genome of a different virus. Thisgess creates what is known a recombinant
virus — a new viral strain formed by recombininghggc material from other viruses. The
viral host for this vaccine candidate is calledisggr stomatitis virus, or VSV. Animals
receiving the vaccine developed high levels oftaties, a robust white blood cell response
and an additional immune response in the areaeobtily most affected by this particular
infection — the gastrointestinal system. VSV-bassmbmbinant is also considered a powerful
application because it can be essentially used dsomeactor to facilitate large-scale
production of these specific virus-like particlds.addition, it saves time: the viral vector
developed virus-like particles within two days.

Because mice will not develop traditional norovigygnptoms, this study did not involve a
test of the vaccine against the pathogen itsele Tésearcher hopes to test the vaccine

candidate in a larger animal model, such as geea-fiigs, animals that have never been
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exposed to any pathogens. These animals developekain response to norovirus infection,
as do humar®

1.9. Transmission of noroviruses

Noroviruses cause outbreaks through a number of-deelmented transmission routes
including person-to-person, foodborne and wate®aoutes (Figure 5). Recently, the roles
of environmental contamination and contaminationra fruit and vegetables have been
demonstrated. Person-to-person transmission has demumented in two ways, fecal-oral

and aerosol formation following vomiting.

Person-to-pel‘son Animal reservoir?

A

/

Shellfish Infected
T food-handler
Environmental < » NWater

contamination

Fruits, vegetables, salad, etc.

Figure 5. Transmission routes of noroviruses. The relajiVaige font size of the “person-to-person”
sign represents the current understanding of ifsorance as the dominant mode of transmission.
Other routes, such as the environmentally contaedhshellfish, may seed wide epidemics, introduce
new strains to an area or cause infection mulspigns-providing the right circumstances for genet
recombination occur. Frequently, outbreaks are enatlusively spread by one route, moreover,

attributing an outbreak to a single mode of trassion is somewhat arbitrai3}
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lI. Aims of the study

This study was carried out with the following aims:

II.1. For the human calicivirus, RT-PCR becomesessary to find the most effective
nucleic acid isolation method for an effective diagis: traditional Trizol-based
extraction (Trizol-Genetron, TRI-Reagent) was coragawith the viral RNA isolation
by using commercial kits (V-Gene Total RNA PrepamatKit, V-Gene Viral
RNA/DNA Preparation kit, Roche Total RNA Preparatiit).

[I.2. A time-saving and the more sensitive realginRT-PCR technique was
introduced for comparison of the traditional RT-P@ml the two-steps real-time RT-

PCR techniques.

I1.3. By working with the Jiang-designed primers feend many aspecific products,
for example: 11th human chromosome fragment, asaloRNA or enteroviral RNA.
To decrease the aspecific products in clinical dasypve decided to create a new
primer pair, with which the norovirus detection webbe more specific.

II.4. For the detection of norovirus antigen inagdtsamples (comparison of ELISA-
based methods and different commercial PCR kits), ELISA method was

introduced.

I1.5. We decided to clarify the pathogenic rolenofoviruses in sporadic cases and in
epidemics in Szeged and in its vicinity by using RT-PCR techniques and ELISA

systems.
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[1l. Patients and methods

[11.1. Sample collection and processing

Stool samplesSamples were collected from infants, children addlta (from the pediatric
patients of family doctors and from eight differemtrds at the University of Szeged) with
clinical symptoms of acute gastroenteritis: nauseajiting and/or three or more loose stools
in 24 hours. Exclusion criteria: rotavirus, ademosior other enteral positivity. One stool
sample was collected per patient during the achiése of the infection; samples were stored
at +4°C until processindfter examination, samples were stored at -20°Gtodl suspension
from 10% to 50% in 1 ml sterile PBS was performBage sample was centrifuged at 12,000g

for 15 minutes. The supernatant was collected aaslwged for the RNA extraction.

[11.1.1. Trizol-based methods: Trizol-Genetron method and TR Reagent (Sigma, Saint
Louis, USA)

This protocol was performed for the purification wdfal RNA from 150ul stool sample.
Through many lysis, centrifugation and pipettingpst, viral RNA was precipitated to the
wall of the Eppendorf tube. Viral RNA was recongtd in 20—-40ul RNA-free water.
Extracted viral RNA was stored at -70°C.

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

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

Viral RNA was extracted according to the manufaatsr instructions. Different from the
conventional method, hazardous reagent such asophatoroform or ethidium bromide is
not used in this Kit. This protocol is performed tbe purification of viral RNA from 100pl
stool sample. Briefly, 5 buffers are incorporatedhe kit: a cell lysis buffer (R-A), a protein
removing buffer (R-B), two phase-separating bufféfRsC and R-D), a RNA extrication
buffer (R-E) and a TE buffer for the RNA reconditn. Through many lysis and
centrifugation steps, viral RNA was precipitatedite wall of the Eppendorf tube. Viral RNA

was reconstituted in 50ul buffer. Extracted virbllRwas stored at -70°C.



14

b) V-Gene viral RNA/DNA Preparation Kit (Building B2-1, Xiacheng Industrial Zone

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

Viral RNA was extracted according to the manufastigr instructions. This protocol is
performed for the purification of viral RNA from 5060ul stool sample. Briefly, 6 buffers
were incorporated in the kit: a viral lysis buff@-AV), a phase-separating buffer (G-BV), a
nucleic acid binding buffer (G-CV), two wash bufefW1l and W2) and an elution buffer
(2.5 mM Tris-HCI, pH 8.5 RNA/DNA free). Buffer G-AWses all sorts of viral particles and
releases viral RNA/DNA. Proteins, dyes, lipids aster impurities that inhibit PCR were
separated from viral RNA/DNA by a unique two-phasgtition. Highly purified viral nucleic
acid in the lower phase was then recovered by bgtb silica membrane in the presence of
high concentration of chaotropic salt. After theshiag steps the purified viral nucleic acid
on the membrane was then eluted in low-salt Trifebor water. Viral RNA was eluted from
the column with 40ul elution buffer. Extracted VIRINA was stored at -70°C.

[11.1.3. Roche Total RNA Preparation kit (Roche Diagnostics GmbH, Mannheim,
Germany)

Viral RNA was extracted according to the manufaatigr instructions. This protocol is
performed for the purification of viral RNA from @Ql stool sample. Briefly, 4 buffers are
incorporated in the kit: a binding buffer, an inkalb removal buffer, a wash buffer and an
elution buffer. Nucleic acids (NA) bind to the sagé of glass fiber fleece in the presence of
chaotropic salt. This allows the High Pure filtabé to specifically immobilize nucleic acids
(both DNA and RNA) while they are freed from contaamts. Bound nucleic acid was
washed two times and the purified RNA was eluted0pl elution buffer. Extracted viral
RNA was stored at -70°C.

[11.1.4. QlAmp Viral RNA Mini kit (Qiagen, Victoria, Australia, Ref. No. 67-120A)
QIlAamp Viral RNA Mini Kits represent a well-estasiied general-purpose technology for

viral RNA preparation. The kit combines the selethinding properties of a silica-gel-based
membrane with the speed of microspin or vacuumn@lclyy and is ideally suited for
simultaneous processing of multiple samples. Timepgavis first lysed (Buffer AVL) under
highly denaturing conditions to inactivate RNased 8 ensure isolation of intact viral RNA.
Buffering conditions are then adjusted to providaimum binding of the RNA to the
QIAamp membrane, and the sample is loaded ont@tAamp spin column. The RNA binds

to the membrane, and contaminants are efficienthghed away in two steps using two
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different wash buffers (Buffer AW1 and AW2). Highaity RNA is eluted in a special
RNase-free buffer (Buffer AVE), ready for directeusr safe storage. The purified RNA is
free of protein, nucleases, and other contaminant$ inhibitors. The special QIAamp
membrane guarantees extremely high recovery of, pot@ct RNA in just twenty minutes.
This protocol is performed for the purification wfal RNA from 140ul stool sample, the

elution volume was 60pl. Extracted viral RNA wagret at -70°C.

[11.2. Traditional PCR (RT-PCR, agarose gel-electrophoresis)

Primers were as described by Jiang et al. in 1899the HUCV sense primer p289,
5-TGACAATGTAATCATCACCATA (nt position: 48654886) and the antisense primer
p290/a, which has not been published. The sequ&fceur new primer pair was:
5-CCCTAGAAATCATGGT-3 (nucleotide position 4&0) and 5-CCAGTGGGCGAT-3’
(nucleotide position 196-185).

Reverse-transcription. The total amount of RT mix/sample was 47.5ul, whiohtained the
following components: 0.14U/ul M-MuLV-Reverse Trariptase (Fermentas GmbH, St.
Leon-Rot, Germany); 0.2U/ul rRNasin (Fermentas Gm8t Leon-Rot, Germany); 3ng/ul
p289 (synthetized in the Biological Research CenHangarian Academy of Sciences,
Szeged Centre of Excellence of the European Unith)ynM dNTP; 0.5mM MgGl(Sigma,
Saint Louis, USA); 10xPCR Buffer [100 mM Tris-HQbH: 8.3), 15mM MgCGi, 500mM
KCI, 0.01% gelatine Sigma, Saint Louis, USA]; anNdRe free water (Promega, Madison,
USA). 3ul RNA was added to the RT mix, after whiblbe mixture was incubated at 42°C for
1 hour. Phosphate-buffered saline and known HuC¥#iige specimens were used as

negative and positive controls.

PCR. The PCR master-mix contained the following componeRtdase free water (Promega,
Madison, USA); 10x PCR Buffer [100 mM Tris-HCI (p@8:3), 15mM MgC}, 500mM KClI,
0.01% gelatine; Sigma, Saint Louis, USA]; 0.5bmM Mg(CSigma, Saint Louis, USA);
0.1U/ul FastStart Tag DNA Polymerase (Roche Diaticms$smbH, Mannheim, Germany)
and 3ng/ul p290/a (synthetized in the Biologicak&wech Centre, Hungarian Academy of
Sciences, Szeged Centre of Excellence of the Earopmion). 50ul PCR master mix was
added to the above mentioned RT mix and used fleviag PCR program with the Perkin
Elmer GeneAmp PCR 9600 System, with the parametlsaturation at 94°C 1 minute,
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annealing at 37°C for 2 minutes and extension &€ 7@r 1 minute. The final extension took
10 minutes at 72°C.

Agarose gel electrophoresisPCR amplification products were resolved on 1.5%rase
gels (Top Vision, Fermentas GmbH, St. Leon-Rot, n&zery) by electrophoresis and
visualized under UV light after ethidium bromideettyg. Photos of the gels were taken with
the Kodak EDAS 290 system. As a marker, a 100bgdadGene-ruler, 100bp DNA ladder
plus) was used. The expected amplification prodias 310bp by NLV.

Sequence analysed.he nucleotide sequences of PCR-amplified fragmeete determined
by using ABI PRISM Model 3100 Version 3.7 in theoBigical Research Centre, Hungarian
Academy of Sciences, Szeged Centre of Excellen¢keoEuropean Union. Sequences were
identified in BLAST.

[11.3. SYBR Green real-time RT-PCR (RT-PCR, DNA analyses)

The real-time PCR was performed with Light Cycles fapid thermal cycler system (Roche

Diagnostics GmbH, Mannheim, Germany).

a) Two-step real-time RT-PCR: The reverse transcription was performed as destribe
above. The optimal amplification circumstances foe PCR amplification were
(/sample): 6.2ul RNase-free water (Promega, Madistl8A), 0.2ul BSA,
1.0pl 25mM MgC4, 1.0pl Master Mix with SYBR Green (Roche DiagnestiombH,
Mannheim, Germany), 0.3ul p289 (0.1ug/ul) and 0f80/a (0.1ug/ul). The total
amount of the master mix was 9ul and 1ul cDNA wdded to the master mix. The
number of PCR cycles was 35, and the following terafures were used:
denaturation at 95°C for 30 seconds; in every cyidmaturation at 95°C for
0 seconds, annealing at 37°C for 20 seconds; amehgan at 72°C for 15 seconds.
The emission was measured at the end of the egtenshen there were dsDNAs in
the amplification mix. The targets were subjectedTin analysis; the range was
65-95°C; 0.1°C/s. The melting point of the DNA waslabut 85.7°C.

b) Single-tube real-time RT-PCR method(Eppendorf cMaster RPCR System). In
this method, the RT/amplification mix contained fo#owing components: 1ul RT
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plus PCR buffer with 25mM Mg, 0.2ul dNTP (10mM) mix, 0.2ul BSA, 0.125ul
cMaster RT Enzyme (15 U/ul), 0.1ul cMaster PCR Emzyix (5U/ul), 0.1ul RNase
Inhibitor (0.5pg/ul), 1ul p289 (0.1pg/ul), 0.6ul92a (0.1ug/ul), 1ul Master Mix
with SYBR Green (Roche Diagnostics GmbH, Mannhei@ermany) and
4.675ul RNase-free water, 1ul template was used.Rhwas performed at 43°C for
60 minutes and after which samples were incubat&dl®C for 2 minutes. The PCR
denaturation, annealing and extension times andpdemtures were: 94°C for
12 seconds, 42°C for 20 seconds, and 68°C for@ihds. The number of PCR cycles
was 35. The emission was measured at the end oéxtemsion, when there were
dsDNAs in the amplification mix. The targets werghjected to Tm analysis; the
range was 705°C 0.1°C/s. The melting point of the DNA wasladwt 85.7°C.

c) Two-step real-time RT-PCR method with the newly-degned primers. The
reverse transcription was performed as describ@edeabThe optimal amplification
circumstances for the PCR amplification were (/daynp2.8ul RNase-free water
(Promega, Madison, USA), 0.2ul BSA, 1.0pul 25mM Mgdl.Oul Master Mix with
SYBR Green (Roche Diagnostics GmbH, Mannheim, Geyna&.0ul forward primer
(10nM) and 2.0ul reverse primer (10nM). The totabant of the master mix was 9ul
and 1pl cDNA was added to the master mix. The nurob®CR cycles was 35, and
the following temperatures were used: denaturaain@4°C for 30 seconds; in every
cycle denaturation at 94°C for 0 seconds, annealing2°C for 20 seconds; and
extension at 72°C for 15 seconds. The emission maasured at the end of the
extension, when there were dsDNAs in the amplificatmix. The targets were
subjected to Tm analysis; the range was988C 0.1°C/s. The melting point of the
DNA was at about 82°C.

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

RT-PCRs were carried out as specified by the matwiar’'s instructions. The Argene
Calici/Astrovirus Consensus kit, a PCR is combimgth an ELISA method. The kit allows
specific genome detection of all HuCVs (norovirusd asapovirus genera). After RNA
isolation, reverse transcription and amplificatgiaps, HUCVs are detected with a microtiter
plate, using hybridization of their amplified pradwith a biotinylated probe. The kit also

contains an internal control. For each amplification, 10ul of extracted RNA was used.



18

[11.5. Cepheid Norovirus Primer and Probe Set (Cepheid, Sunnyvale, CA, USA, real-time
RT-PCR)

The Cepheid Norovirus Primer and Probe Set coon$istio types of beads: norovirus beads
and sample preparation control (SPC) beads. Narsvieads contain primers and two FAM-
labeled probes for the detection of GGI, and onexalFluor 647-labelled probe for the
detection of GGII. The norovirus beads also confaimers and a Texas Red-labeled probe
for a separate sample preparation control sequé@ineeSPC beads contain an RNA target for
sample preparation control. By using different lgization probes, we can differentiate
between the norovirus genotypes Gl and Gll. Workitp Cepheid Norovirus Primer and

Probe Set 5ul of extracted sample was used for reathime PCR run.
111.6. IDEIA™ Norovirus ELISA Test (Dakocytomation Ltd, Ely, United Kingdom)

The IDEIA™ Norovirus ELISA Test is an enzyme immunoassay fiee qualitative
determination of noroviruses of genogroups | arid Htool samples. The IDEIX Norovirus
ELISA utilizes wells coated with GGI- and GGIlI-sjfecmonoclonal antibodies. It is a very
simple and rapid method.
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V. Results

IV.1. RNA isolation

The first aim of this study was to find the modeefive RNA isolation method to be able to
detect noroviral RNA in stool samples. Five differeRNA purification methods were
compared on 100 samples. The aspects considered: wex time spent for sample
preparation, determination of the number of samptegaining HUCV and to determine the
number of aspecific products and the cost of pegmar (Table 2). We got 11 positive
samples when we worked with the Trizol methods #redRoche kit. By working with the
V-Gene kit, we only got 8 positive samples. Witk toche kit, a significant number of PCRs
were inhibited. The most rapid purification methoas the Roche kit; we performed it within
40 minutes. With the V-Gene kit, the purificatiaok 60 minutes. The longest and the most

labor-intensive method were the Trizol methods.

Trizol methods V-Gene kits Roche
Trizol- _ V-Gene Viral
Genetron Tri-Reagent | V-Gene RNA RNA/DNA Roche
Time for
sample
_ 120 120 60 60 40
preparation
(minutes)
HuCv
positive 11 11 8 8 11
samples (N)
Number of
aspecific negligible negligible negligible negligible sigraéint
products
Cost of
preparation 0.4 0.32 2.5 2.25 2.52
(Euro/sample)

Table 2. Comparison of 5 different methods of RNA purificatfrom 100 stool samples
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We used the QIAmp Viral RNA Mini Kit for RNA purigiation when we applied the real-time
RT-PCR kits. By using the QIAmp Viral RNA Mini kitye could effectively eliminate PCR
inhibitors. The number of inhibited PCRs was onlid 61%) from 61 stool samples with the
Argene Calici/Astrovirus Consensus kit and 6 (9.68%m 61 stools with the Cepheid
Norovirus Primer and Probe Set (see Table 3). Bifferecombinant polymerases were used
in the different PCRs, the polymerases differ frone another in their sensitivity. This may

explain the different number of inhibited samples.

Assay name Total number of samples Number of inhibed

samples (%)

Argene Calici/Astrovirus 61 1(1.61)

Consensus kit

Cepheid Norovirus Primer 61 6 (9.68)
and Probe Set

Table 3. Number of inhibited samples which were preparéti wie 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 reliamle time-consuming method. If there is a
suspicion of norovirus infection in hospital wardisjs essential to examine samples and
publish result as soon as possible. We decidedttoduce 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 arsmples. There amplification accured in

capillaries containing positive control, samplesiber 145 and number 147
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Figure 7. The chart depicts negative, positive controls arsamples. Two samples were negative
(numbers 145 and 147), number 145 contained prdimers. The melting point of the dimers was
10°C below the melting point of the norovirus-camitag sample (147), which was at about 85.7°C

For the confirmation of the real-time PCR assaysagarose gel-electrophoresis was used.

An agarose gel-electrophoresis run is seen ineiéfrgure (Figure 8).
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Figure 8. The gel-electrophoretic result of the amplifieinples. In the first well, the molecular-

weight marker is seen (Gene-ruler, 100bp DNA lagdies), followed by the negative and the positive
control and the clinical samples (3443). The 310bp product is seen in the positivarobmvell and

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

After each run, some of the norovirus containingsies were sequenced.

Sample number 76:

5.
CATGGATGGAAATCCTTCAACATTATGTGTAAGCTCACAGCCGACCCCTCCTTGG
CCGTAGTGGTGGCACAGGATTTACTCTCCCCATCTGAAATGGACGTTGGCAECTA
TGTGAACAGTGTCAAAGATGGTCTGCCATCTGGCTTTCCATGCACTTCAAGGTG
AATAGCATTAACCACTGGATCCTAACCCTATGTGCACTGTCAGAAGTCACTGGCT
TGTCCCCAGATGTGATACAATCACGATCCTACTTCTCATTCTACGGTGAE'

The nucleotide sequence was inserted to the BLAfITtkze result was the following:

Nucleotide  sequence  accession number:  AJ487811.1umaHl  calicivirus
NLV/Benetusser/453/2002/Sp partial pol gene for RiNkected RNA polymerase, genomic
RNA Length=307 bp, Identities 97%.

30 samples were compared by using the traditiorethod and the two-step real-time PCR
method (by using the Jiang-designed primers). \Wath methods, there were 4 negative and
3 positive samples. 3 samples were positive wabitional PCR and negative with two-step
real-time PCR. 20 samples were positive with reaetPCR and negative with traditional
PCR (Table 4).
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Two-step real-time PCR
Positive samples Negative samples X
N
(%)
Traditional PCR 3 3
positive samples (20) (20) °
Traditional PCR 20 4
negative samples (66.7) (13.3) 24
X 23 7 30

Table 4. Comparison of 30 samples by using traditional mvaistep real-time PCR methods

On the basis of the result of our comparative stb@yween November 1, 2003 and January
31, 2005, 522 stool samples were analyzed withréhktime RT-PCR assay. On using the
two-step rt-PCR by the Jiang-designed primers,auad that 38 (9.92%) of the 383 samples
contained HuCV. Of the remaining 139 samples, 0@%) proved positive for HUCV on
the use of the one-step rt-PCR method by the Jigsggned primers.

I'V.3. Results with the new primer-pairs

A mathematical algorithm was designed by usinghedl norovirus sequences were found on
the BLAST database. The sequences were sorteddatgoro the number of norovirus
sequences they occur. The most specific forwarthgriwas chosen, and then a reverse

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

We compared both primers on 110 samples by usadjtivnal RT-PCR. We found that 32
(29.1%) samples were positive by using our newlsigieed primers, but negative with the
Jiang-designed ones. There was only one (0.9%) lsamvpich was positive with the Jiang-
designed primers, but negative with the new primgisamples were positive and 72 samples

were negative with both methods (Table 5).
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Jiang-designed primers Positive Negative
p289 and p290a N
(%)
New
primers
Positive 5 32
(4.5) (29.1)
Negative 1 72
(0.9) (65.5)

Table 5. Comparison of 110 samples using the Jiang-desigp289 and p290/a) and the newly
designed primers with the traditional RT-PCR method

The real-time PCR was optimized (Figures 9 and &a@) the confirmation of the PCR
products (130bp) were analyzed by gel-electropl®(&sgure 11) and by sequencing.
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Figure 9. The chart depicts negative, positive controls @hdamples, 520 and 521. The PCR

amplification curves are seen. There was amplibioan all capillaries
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Figure 10. The chart depicts negative, positive controls arsa@iples. One sample was negative
(number 520). The melting point of the norovirusizining sample (521) was at 82.0 £ 0.5°C

Figure 11. The gel-electrophoretic result of the amplifiedngées. In the first well, the molecular-
weight marker is seen (Gene-ruler, 100bp DNA laqidies), followed by the negative and the positive
control then samples (52829). The 130bp product is seen in the positivarobmell and in sample

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

66 samples were compared by the two (using thegHasigned and our newly-designed
primers) two-step real-time RT-PCR method. 12 (%8.Jroved to be positive with the
newly-designed primers and only 4 (6.06%) weretp@swith the Jiang-designed ones.

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

(10.9%) samples proved to be positive with thesegms. After optimization, the real-time
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RT-PCR with the new primers, we made the norovéhagnosis with this new primer pair.
We examined 183 samples with this primer-pair amaghfl 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 regsiresial equipment, devices and skills. In
the routine laboratory, a faster and simpler metisodeeded. At present, many norovirus
antigen detection ELISA systems are commerciallabis. The IDEIAM Norovirus ELISA

kit was used, as in earlier studies it was showhaee the highest sensitivity compared to
other ELISA systent¥ %)

In this comparative study 61 stool samples werem@xed for noroviruses. Th&appa
coefficient was calculated to determine the levielagreement between assays (IDEfA
Norovirus ELISA vs. Argene Calici/Astrovirus Conses kit, IDEIA™ Norovirus ELISA vs.
Cepheid Norovirus Primer and Probe Set, CepheidoWiars Primer and Probe Set vs.
Argene Calici/Astrovirus Consensus Kkit); sensiyivépecificity, positive (PPV) and negative
(NPV) predictive values were determined. A patierds adjudged to be infected with
norovirus if the stool sample proved positive watle of the two RT-PCR methods, because
the RT-PCR offers the ability to detect lower levef the virus comparing to ELISA systems.
The age of the patients involved ranged betweeay$ dnd 83 years (median age: 7.5 years,
mean age: 28.0 years). The male/female ratio w&¥629here were no cases of repeated
infections during the study period. Of the 61 sasapb2 were positive for norovirus, 47 of
the 52 positive being true-positive. The resules presented in Table 6, 7 and 8 and Figure
12.

Methods Positive | Negative | Borderline | Inhibitors
N
%)
Argene Calici/Astrovirus 48 10 2 1
Consensus Kkit* (79.1) (16.1) (3.2) (1.6)
Cepheid Norovirus Primer and 47 8 0 6
Probe Set (77.4) (12.9) (0) (9.7)
38 23 0 0
IDEIA ™ Norovirus EIA (61.3) (38.7) (0) (0)

Table 6. Comparison of three methods for the diagnosis abvirus in diarrheal fecal samples
(N=61)
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The IDEIA™ Norovirus ELISA revealed 38 norovirus-positive &8Inegative samples. The

Kappa coefficient between the ELISA and the Arg@adici/Astrovirus Consensus kit was

0.50 (standard error (SE): 0.12; 95% confidencerua (Cl): 25%-75%), the Kappa

coefficient between the ELISA and the Cepheid NowsyPrimer and Probe set was 0.42
(SE: 0.14; 95% CI: 14%-69 %). The sensitivity o tiest was 78.9%, the specificity was
100%, the PPV was 100% and the NPV was 39.1%.

By using the Argene Calici/Astrovirus Consensusokithe 61 samples, 48 were positive for
HuCVs, 10 were negative, 2 were borderline andritatned inhibitors. The sensitivity of the

test was 92.8%, the specificity was 100%, the PR¥ ®00% and the NPV was 69.2%. The
Kappa coefficient between the Argene Calici/Astrogi Consensus kit and the Cepheid
Norovirus Primer and Probe set was 0.55 (SE: @3% Cl: 27%—-82%).

With the Cepheid Norovirus Primer and Probe Setp#lihe 61 stool samples proved to be
positive for human noroviruses; 46 were GGII antydnwas GGl-positive. 8 samples were
negative and only 6 contained inhibitors. The dentsi of the test was 91.2%, the specificity

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

Kappa coefficient Standard error 95 % Confidence

(SE) interval (Cl % )
IDEIA ™ ELISA vs.
Argene Calici/Astrovirus 0.50 0.12 25-75
Kit
IDEIA ™ ELISA vs.
Cepheid Norovirus 0.42 0.14 14-69

Primer and Probe Set

Argene Calici/Astrovirus
Kit vs. Norovirus Primer 0.55 0.14 27—82
and Probe Set

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

samples
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Sensitivity (%) | Specificity (%) PPV (%) NPV (%)
IDEIA ™ ELISA 78.9 100 100 39.1
Argene
Calici/Astrovirus 92.8 100 100 69.2
Kit
Cepheid
Norovirus
Brimer and 91.2 100 100 64.3
Probe Set

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

norovirus in diarrheal fecal samples

SN

Figure 12 A: Number of positive samples with the IDEIA NorawsrELISA.B: Number of positive
samples with the Argene Calici/astrovirus ConserguusC: 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, 1,15@ stamples were collected from

children in the age group between 0 and 3 years.

Samples were sent from the Pediatric Isolation Wa&R), the In-patient Pediatric Ward
(636) and the Outpatient Pediatric Ward (146) & thniversity of Szeged and from the
pediatric patients of family doctors (188).

Conventional RT-PCR was performed with the primairgp designed by Jiang289 and
p290/a. Real-time RT-PCR with the primer pairs giesd by Jiang and/or with our own,
newly-designed primer pair; and the Norovirus HHtigen-ELISA kit (DakoCytomation),
Norovirus | and Il antigen-ELISA kit (IDEIR") methods were used for norovirus diagnosis.
Biostatistical software (SPSS15 for Windows) wapliag to compare mean ages and sex
distributions in the two groups of positive and e test results (two-sample t-test afd
test).

Of the overall 1,152 stool samples, 186 (16.2%yedopositive for noroviruses (Table 9). Of
the 182 stool samples from the Pediatric Isolatverd, 53 (29.1%) were positive, of the 636
stool samples from the In-patient Pediatric Ward(B3.7%) were positive, of the 146 stool
samples from the Outpatient Pediatric Ward 22 @.Wvere positive, and of the 188 stool
samples from the family doctors, 25 (13.3%) wersitpce.

The mean value (SD) in the case of negative samss1.179 (0.9704) and in the case of
positive samples was 1.266 (0.9813); the differamas not significant (t=-1,114, df=1150,
p=0.266). 18.06% of the 620 males and of the 5&2afes 14.09% were positive. Samples
were from 620 males and 532 females patients. 142 samples and 75 female samples
proved positive. The difference was not significeft3.313, df=1, p=0.069).
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Age (y) Negative samples Positive samples Total
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 gastroenteritid age groups

Between 1st January, 2003 and 16th June 2011, 5%@Biples were examined for
noroviruses, from which 836 (16.6%) proved to bsifpee. The following table (see Table
10) demonstrates the annual distribution of notmes, rotaviruses, enteric adenoviruses and
human astroviruses. Although twice as many stooipéas were sent for rotavirus antigen

detection, the average of positive samples remabeddw that of noroviruses (rotavirus

positives samples: 12.1%, norovirus positive samp&6%).
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Year N° of samples / N° of samples/ | N°of samples/| N° of samples/
rotavirus positives adenovirus astrovirus norovirus
(%) positives positives positives
(%) (%) (%)
2003 229/17 229/6 0 37/9
(7.4) (2.6) (24.3)
2004 497/24 496/38 0 115/23
(4.8) (7.7) (20)
2005 889/36 888/23 0 492/70
(4.1) (2.6) (14.2)
2006 2,067/262 2,096/89 150/17 537/100
(12.7) 4.3) (11.3) (18.6)
2007 1,525/169 1,525/44 84/1 883/289
(11.1) (2.9) (1.2) (32.7)
2008 2,309/459 2,309/66 266/6 686/82
(19.88) (2.9) (2.3) (11.9)
2009 2,334/282 2,334/55 137/2 795/70
(12.1) (2.4) (1.5) (8.8)
2010 2,378/198 2,376/96 0 963/106
(8.33) (4.0) (11.0)
2011 1,255/189 1,250/37 0 523/87
(15.2) (2.9) (16.6)
X 13,483/1,636 13,503/454 637/26 5,031/836
(12.1) (3.4) 4.1) (16.6)

Table 10. The number of rotavirus, adenovirus, astrovirud aarovirus positive samples between
2003 and 2011

Table 11 shows the total number of norovirus tpstsyear. It is seen that the number of test
carried out increased year by year. The averageofgiositivity was 16.6%.

We decided to analyze samples not only from epidgnbut also from sporadic cases. We
compared the number of test which were carriedfraumh in-patient children stool samples
(age below 14 years) and from out-patient childs@mples. The norovirus positivity rate was

higher in in-patient samples than in samples frapatients (results are shown in Table 12).
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Total number of tests Total number of positive samies

? 3 ? 3 z (%)
2003 22 15 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 a7 87 (16.6)
X 2,596 2,434 5,031 422 414 836 (16.6)

Table 11.The distribution by gender of samples sent toldbefor norovirus diagnosis between 2003

and 2011.
Total Number of Number of Number of Number of
number of | samples from positive samples from positive
samples from| outpatient samples from in-patient | samples from
children children outpatient children in-patient
children (%) 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)
x 3,369 1,350 138 (10.2) 1,799 397 (22.1)

Table 12.Number of positive samples arrived from childragg <14 years) for norovirus diagnosis



In Hungary, 50-100 calicivirus epidemics acquired different communities have been

registered between 2004 and 2809During our 9-year study, we only found 10

accumulations in hospital units. (Table 13).

D

1%

1%

Total number of norovirus Location of norovirus accumulations
accumulations
2003 0 -
2004 2 Chronic Ward of the Pediatric
Department (4 people)
General Ward of the Pediatric
Department (4 people)
2005 0 -
2006 First Department of Internal Medicing
(4 people)
2007 2 First Department of Internal Medicing
(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 Medicing
(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)
X 10

Table 13.Total number of norovirus accumulations at théedént units of the Albert Szent-Gyorgyi

Clinical Center between 2003 and 2011
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V. Discussion

V.1. RNA isolation

Methods based on PCR have replaced many traditione detection assays in clinical virus
laboratories. In spite of their superior sensiyivihey have also weaknesses which limit their
use in virus diagnostics. One of these problentaised by PCR inhibitors which are often
present in clinical samples and may led to falsgatiee result®. Such inhibition can be
detected by using an internal control in the PCRctien. The quality and quantity of
inhibitors vary between samples, and several kofd3CR inhibitors have been characterized
including phenolic compounds, glycogen, fats, deia, non-target nucleic acids and heavy
metal§®. Various methods have been developed to removimamtivate these inhibitors.
Many nucleic acid extraction methods can eliminsdene parts of the PCR inhibitors, but
their efficiency varies and is far from completeeRous studies have shown that inhibitors
can partly be inactivated or bound by several camgs such as betadine, bovine serum
albumin, formamide, glycerol and twéériThe amount of PCR inhibitors can also be reduced
after nucleic acid extraction, but these methodst@ne-consuming and reduce the yield of
nucleic acids, limiting their value in clinical djaostics.

We compared all RNA extraction methods, two Trirabed methods, and three Kits for viral
RNA isolation for preparing 100 fecal samples.

Using Trizol methods, the efficacy was 11%; the banof aspecific products was negligible
and are cheap methods. However, experienced stafdessary to carry out this procedure,
and it takes two-times longer to get purified RN#ann with the kits. By the Trizol RNA
isolation methods, inhibitors have been eliminated, effectively.

By working with the V-Gene kits, the efficacy wa®8the number of aspecific products was
negligible. The time for sample preparation tookngi@utes and the price was 6 times more
compared to Trizol-methods. By using these RNAasoh methods, inhibitors have been
eliminated very effectively, but we lost RNA in && cases.

The Roche kit provides a special buffer for remgvihe PCR inhibitors. In spite of this, we
got most inhibited samples by working with this. ldithough it is a time-saving and labor
friendly method, the efficacy was high (11%), butvas the most expensive one. When we
prepared nucleic acid from samples such as bloodespiratory samples, much fewer

inhibitory samples were detected compared to RNvatson from stool samples.
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Our study showed that the most effective methodlavba the traditional, Trizol-based RNA
purification method. In our laboratory, many PCRséxh diagnostic methods are available, so
we had to choose a time-saving and effective nckeleid isolation method. We decided to
use the V-Gene RNA/DNA Preparation Kit.

There are many RT-PCR kits commercially availablethe detection of noroviruses. These
kits recommend to the user which way the RNA shdwdperformed. Both Argene and
Cepheid kits recommend the use of the Qiagen YRNA Mini kit. The QIAamp Viral RNA
Mini Kit simplifies isolation of viral RNA with fasspin-column or vacuum procedures. No
phenol-chloroform extraction is required. Viral RNvinds specifically to the QIAamp silica
membrane while contaminants pass through. PCR itorsbsuch as divalent captions and
proteins are completely removed in two efficientstvateps, leaving pure viral RNA to be
eluted in either water or a buffer provided witle tkit. The time for sample preparation was
20-40 minutes. By using the QIAmp Viral RNA Minitkiwe effectively eliminated PCR
inhibitors from the examined 61 samples. The nunobénhibited PCRs was only 1 (1.61%)
with the Argene Calici/astrovirus Consensus kit] #n(9.68%) with the Cepheid Norovirus
Primer and Probe Set. Different recombinant polyses are incorporated in the different
PCR kits, the polymerases differ from one anothetheir sensitivity. This may explain the
different number of inhibited samples.

Oikarinen et al. showed that PCR inhibitors aratre¢ly common in stool samples and their
effect can strongly influence the results of PCBags. In altogether 19% of the stool samples
the amount of PCR inhibitors was so high that tleelyto false negative results when using
PCR-based assays for virus diagnosis. They alsadftlat the frequency of PCR inhibitors
was even higher in the adult population compareth&b observed in the young infants. In
their study, no inhibition was found in infants ymer than 6 months old. Oikarinen et al.
tested the effect of BSA added to both RT and P&Rtions as a factor eliminating the effect
of inhibitors. BSA treatment decreased the efficatyPCR amplification in samples which
did not contain any PCR inhibitors. However, atlddtsamples were positive when BSA was
added to the RT and PCR reactions. This indicdtas the addition of BSA reduced the
sensitivity of the RT-PCR method, but at the samme t BSA effectively inactivated the RT-
PCR inhibitor§".

V.2. Efficiency of norovirusreal-time RT-PCR technique

Since the cloning of the Norwalk virus in 1990, RTR assays have been developed for the

detection of noroviruses in clinical and environtaérspecimens, such as water and f3od
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RT-PCR assays are used widely in commercial anelarels laboratories allowing for the
detection of virus in specimens collected latelivess, when the quantity of the virus is low.
RT-PCR followed by nucleotide-sequencing has beartiqularly useful in molecular
epidemiology studies to identify point-source deution, as well as to differentiate outbreaks
that were mistakenly assumed to be connéttdteal-time quantitative RT-PCR, which is
faster and more sensitive than conventional RT-P@iR,been developed for rapid detection
of noroviruses in stool samples. The first step wagperform the PCR on a real-time
instrument. We used the Light Cycler 1.5 (Rochsjrimment, which has 3 optical channels.
SYBR Green was used in our PCR to detect dsDNABarPCR mixtureSYBR Green | bind

to dsDNAs. The resulting DNA-dye-complex absorbgeblight ¢max = 488nm) and emits
green light kmax = 522nm). SYBR Green | is marketed as a replacerwenthe mutagen
ethidium bromide, as it is both safer to work waid free from the complex waste disposal
issues of ethidium. However anything capable oflinig DNA with high affinity is a possible
carcinogen, including SYBR. Another advantage ef #¥BR Green is that we can obtain a
melting curve data. The melting curve is benefidnalverifying the presence of authentic
amplicons as well as primer dimer or spurious pobdu

We compared the traditional RT-PCR and the two-stgb-time PCR methods. There were
20 samples which were positive with the SYBR Gresal-time PCR method, but negative
with the traditional PCR. Real-time PCRs are mamsgive than traditional PCRs, thanks to
the dyes and hybridization probes. Another advaniaghat in real-time PCRs we do not
need agarose gel-electrophoresis, because theidetet the amplified product happens in
real-time. 3 samples were positive with traditioRdl-PCR, but negative with real-time PCR,;
this can be due to the fact that these samplesiweitdted in the SYBR Green assay.

Pang et al. collected their samples from sporaases and from epidemics. All of the samples
which proved to be positive with traditional PCRrevgositive with the Light Cycler real-
time PCR method. They established the detectabled Rixhount, as 5-5x£0copies
RNA/reaction, which means 25,000 copies RNA/g $fool

Our data clearly demonstrate that the real-time RgRems are excellent diagnostic tools,
because they are more specific, more sensitivfastdr than traditional PCR methods. The
only one disadvantage is that we did not need &@nnal control during real-time PCR assays.
The next step was to adapt the complete assayrgeevanscription and PCR) to the Light
Cycler 1.5 instrument. With this method, the tiroe feverse transcription has been reduced,
the one step protocol simplifies the method andiced the risk of contamination of the RNA,;
moreover, it is useful for routine diagnosis agehe no post-amplification processing of the

product. Pang et al. found in 2005 that a singdg-gtrotocol for noroviruses has resulted in
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reduced sensitivity compared to the two-step RT-BORorking with the one-step real-time
RT-PCR assay, we got as many positive results {¥)@&s with the two-step real-time PCR
(9.92%).
Richards et al. also described a SYBR Green, mea&-tRT-PCR method to detect a
commonly used research strain of noroviruses. Thethod was specific for the 8Flla
Norwalk virus cluster and for the Matsui-designeitngr pair (specific for GGI noroviruses).
They also found that the real-time RT-PCR techniggeng SYBR Green fluorescence
followed by melting temperature determination wampde and effective method in
identifying the Norwalk virus in stool, and the use SYBR Green allowed for an initial
product verification by simple examination of fidgrivate melt graph5
Scipioni et af® developed a sensitive and broadly reactive TaghMahtime RT-PCR assay
which has the unique features of detection and tffication of human GGI and GGII and
bovine GGIIl noroviruses with the same set of prsnand probe. Other advantages of this
assay are the ability to detect inhibitors of PCR®-PCR that may be present in stool and to
estimate the viral load of norovirus in the samplee method uses a one-step hot start, RT-
PCR with thermo stable DNA polymerase. Scipioniakt quantified the viral load. The
majority of positive human samples contained frabh tb 10° copies of norovirus/gram of
stool sample (this fact explains the high infe¢yiwf the virus: lots of viruses are in stool and
10-100 virus particles are enough to infect). Makie is much higher than those previously
estimated by EM
In the past years many researchers have trieduvelatea multiplex real-time system with
which not only noroviruses but also adenovirusesogiruses, rotaviruses and sapoviruses
are detectable. Of course, a big advantage of andassay is the possibility to detect viruses
only in one tube by PCR. The disadvantage of thiiphex assay is the fact that sensitivity
decreases.
Maarseveen et al. developed a multiplex real-timsag, which contained two internal
controls. By using this assay, it is possible ttedesimultaneously Astrovirus, Adenovirus
group F, Rotavirus, Norovirus GGI and GGII and Sapss. They found higher £ralues in
multiplex real-time PCR compared to the monoplesags and the resulting loss in
sensitivity, for adenoviruses were not consideratbgor disadvantage. "Since fewer than 5%
of the samples contained multiple infections incice, the observed loss of sensitivity for
norovirus GGII and sapovirus upon co-amplificatieas accepted®.

99% of the positive samples belonged in GGIlI anly dnin GGI. This is consistent
with the findings of other studies of sporadic sasé gastroenteritis in childrafrt%°3

Norovirus GGI strains constitute a minor proportiaf strains in most outbreak
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studies**>>°® Maslin et al. found that among noroviruses, Gérevpredominant as it was
previously shown in industrialized countfiés Our results show the same result:
predominantly GGII plays an important role in baoradic cases and outbreaks of acute
gastroenteritis, not only in infants and youngditgh, but also in adults.

Stelten et al. designed a new assay for the impraleection of GGI norovirus in patient
samples. Their redesigned assay demonstrated aldb4ricrease in sensitivity, a 2-log
decrease in the limit of detection, and an 18%ease in amplification efficiency, when
compared to the standard assay. The optimizedatlestdetected GGI norovirus in clinical
specimens that were initially negative by the séaddassay. Use of the optimized assay
increased the annual positivity of GGI norovirusnfr 1.2% to 4.5%, indicating that the

prevalence of GGI norovirus may be higher than ipresty identified®.

V.3. Application of the new primer-pairs

While the available primers for RT-PCR assays deteany strains of noroviruses, some
strains may escape detection. The Jiang-designietempipair is able to detect not only
noroviruses but also sapoviruses. While workinghwtis primer set, we discovered that
many aspecific products formed during the PCR. Wedkd to generate a new primer pair
with which norovirus diagnostic would become mquedfic.

66 samples were compared by the two two-step meal-RT-PCR method. 12 (18.1%)
proved to be positive with the newly-designed prsrend only 4 (6.06%) were positive with
the Jiang-designed ones. Our result shows thaproners are more specific than the Jiang-
designed onéd

It is seen that norovirus primers have to be chometording to geographical location
(different norovirus strains circulating in the @8d in Europe) and to the goal of the research
(diagnosis or epidemiological study) is to find eggiate primer with which most of the
noroviruses become detectable.

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

with which norovirus diagnostics become in the fpe@n region safely practicable.

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

Various commercial stool EIA detection methods ha@en developed. EIA assays are highly
specific for some noroviruses, but, in general, setsitive enough to detect a wide range of
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noroviruses. Newer generation EIAs based on antlsodigainst a wider range of
baculovirus-expressed viral antigens are beingldped and tested, however, the sensitivity
of ElAs still remains limite®f. The high specificity of these assays make thegefuligor
diagnosing noroviruses in outbreak investigatiom®er® many specimens may be available
and confident detection of virus in few cases mightsufficient for etiologic confirmation.
The sensitivity of these assays is genotype-depenaled results can vary based on the
diversity of circulating strains in the populatfnHowever, in clinical practice, it is
important to obtain results as soon as possiblerdier to minimize the spread of the virus
within and between hospital units.

We found 14 RT-PCR positive samples which were tmegdy the ELISA. This can be due
to the fact that the detection of norovirus in $teamples by the ELISA is based on the
detection of viral antigens and may thus be hantpdyg the antigenic diversity of
noroviruses. 3 samples were positive by using teph€id kit but negative with the Argene
kit. This can be explained by the fact that the &g RT-PCR is a real-time PCR, with
fluorescent probes and its sensitivity is much arglthan that of commercial PCR-s.
3 samples were positive with the Argene kit andatigg with the Cepheid kit and ELISA.
We believe that these 3 samples contained sappatd®NA. The ELISA kit was more
specific and sensitive, as de Bruin et al. previowescribe@®®: They found that the
sensitivity of ELISA was only 38% and the spectiic®6%.

The RT-PCR assay is a powerful alternative methardtlie laboratory diagnosis of non-
bacterial, acute gastroenteritis; however, duénéohigh genetic diversity, constant updating
of primers (and probes) is required which addshe®domplexity of RT-PCR as a diagnostic

method. Genome amplification also allows the mdkeccharacterization of viral strains.

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

With RT-PCR assays as a diagnostic tool, it has les¢éablished that human noroviruses are
the most common causes of gastroenteritis outbreakiswide®?®3%* There have been only
a few reports on the presence of noroviruses imastio case$®’. Frogatt et al. found that
during the winter season noroviruses were the seooost common agents of acute non-

bacterial gastroenterifis

Noroviruses are listed as the most common causesrobacterial gastroenteritis (ahead of
Rotavirus) worldwide. The detection of Norovirusesclinical samples has been hampered
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with the inability to propagate the virus in thebdaatory and the complexity of virus
extraction and assay by molecular methods. In #% pears we have found the best nucleic
acid extraction method, introduced the traditioRaFPCR, translated to real-time RT-PCR,
designed new primers and introduced an ELISA withctv a high number of samples are
investigated simultaneously. It is important toaalvthe importance of noroviruses not only

in epidemics but also in sporadic cases in diffehealth-care units.

Between 2004 and 2007 we examined the presenceroviruses in sporadic gastroenteritis
cases and found that in children in the age groefwdéen O and 3 years, noroviruses are
common causative agents of non-bacterial gastrogsaité&Ve also examined the presence of
noroviruses in the different pediatric wards. Mpsiitive cases come from the Pediatric
Isolation Ward (29.1%), and lower numbers of pwsitsamples from the family doctors

(13.3%) and from the In-patient (13.7%) and Oumt{15.1%) Pediatric Wartfs

Rotaviruses are the most common causes of acutebanderial gastroenteritis worldwide.
The clinical symptoms of rotavirus gastroentertianot be differentiated from those of the
other forms of viral gastroenteritis. The conse@esnof rotavirus infection include home-
nursing (1:1), doctor-visiting (1:5), hospitalizati (1:65) and death (1:293). Gastroenteritis in
young children is very often caused by astroviMisstafa et al. found that 3% of the cases of
children hospitalized because of gastroenteritisrewelue to astrovirus. 65.2% of
gastroenteritis was caused by rotaviruses, 6.3% Wwacterial infections, and adenoviruses

were the causative agents in 4%%

Several studies have found that HUCVs are secohdtorrotaviruses as the cause of viral
gastroenteritis in young childréit® Buesa et al. studied the importance of HUCVs in
sporadic cases and in outbreaks in children undggabs of age. In sporadic cases, HUCVs
were detected in 14.19%. Rotaviruses were the rfregiuent agents of gastroenteritis
(25.3%), and astroviruses and human adenovirustsagaounted for 3.15%. The majority of
HuCV outbreaks occurred either in schools (42.8%6hamursing homes (21.4%). The rate of
noroviruses as the etiologic agents of gastrodistenutbreaks was 56% Maslin et al.
investigated adults and found that the main agégastroenteritis were human caliciviruses
(25.3%) followed by adenoviruses and astroviruse8%)’. We found that noroviruses
likewise play an important role in sporadic gastiteetis cases in Hungary. 16.2% of the
stool samples contained norovirus. Most positiv@gas came from the Pediatric Isolation
Ward. As a cause of viral gastroenteritis, we fowathviruses in second place (10.5%),

followed by human adenoviruses (4.6%). We did nad finy sapoviruses between 2004 and
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2007. Sapovirus-associated outbreak in Hungaryfinstsdescribed in 2009 by Pankovics et
al’*. Some reviews examined the role of noroviruses @use of severe gastroenteritis
among hospitalized patients. Noroviruses were aueaufor approximately 12% of severe
gastroenteritis cases among children <5 yearsefagldwide’? 34776

We showed that between 2003 and 2011 norovirusesusad the most cases of sporadic
gastroenteritis (16.6%) followed by rotaviruses (12.1%). The gender disition was
49.6%:50.4% (male: female). We found more norovipgsitive cases in the in-patient
samples then in the out-patient one. This can p&amed by the fact that many children were
admitted to hospital and examined for all enteircises, rota-, adeno- and noroviruses. In
many cases, GPs do not send samples for noroviaghasbis; they send stools only for

rotavirus and adenovirus examinations.

We applied biostatistical methods to examine pdéssibrrelations between age or sex and
positive results. At the 95% confidence intervak did not find a significant difference
between these categories, which means that inghegeoup of children between 0 and 3
years, there is no age or sex preference.

Noroviruses are the most common causes of gasamtEsnin all age groups, accounting for
greater than 90% of viral gastroenteritis and ~5ff%ll-cause outbreaks worldwitlg® "®#°
Foods implicated in outbreaks of norovirus gasttestis are contaminated either directly
with fecal matter at the source (e.g., shellfishvbsted from sewage contaminated water or
raspberries irrigated with sewage) or by infecteddthandle’d. Shellfish concentrate
noroviruses through filtration. However, the mostmenon food vehicle for noroviruses
remains ready-to-eat foods, such as sandwichessalads, particularly those that require
handling but no subsequent cookihdecause of low infectious dose of noroviruses thed
large quantities of virus in feces and vomit, camtation of foods by a single food-handler

can result in large outbreaks.

Outbreaks of norovirus infections are also freglyer@ported in institutional settings such as
nursing homes, child care centers and hospitalsuhit some instances, the outbreak is
initially caused by a common-source exposure tecalfy contaminated vehicle such as food
or water. Later, the spreading of the outbreakughoperson-to-person transmission among
residents was facilitated by the enclosed livingarters and reduced levels of personal
hygiene: because of incontinence, immobility, cduged mental alertness. Lopman et al.

demonstrated that each hospital unit (or ward) ngl&d had 1.33 outbreaks in a one-year
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period. To control the spread of the disease, talspnits were closed to new admissions.
The units closed within the first 3 days of an oe#ik could be re-opened earlier than those
closed after day 4 or not closed at all (7.9 vs4 ays). They also found that a patient who
spent a year in the hospital would have an 80% ahari having a case of gastroenteritis
during an outbreak. Full-time hospital staff mensbbad a 17% chance of being affected
during the follow-up year. Norovirus was the preduent etiologic agent detected in 63% of
hospital unit outbreaks (followed Hg. difficile and Rotavirugf. In Hungary, there were 50
outbreaks in 2003, 61 outbreaks in 2005, 188 oakmen 2006, 54 outbreaks in January,
2007 and 138 outbreaks were documented in %008

Between 2003 and 2011, we found only 10 norovirtsumulations in hospital units. The
accumulation affected those hospital wards wheee garsonal hygiene was lower. The
highest accumulation was detected at the two Iatéviedicines where 3 units were affected:
Gastro-Hepatology, Hematology and the General Wattanks to the strict rules and

separations, no epidemics were observed at thatAzent-Gyorgyi Clinical Center.
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Abstract

Little is known of the frequency of norovirus infections in sporadic gastroenteritis cases. In a 4-y study, we examined 1152
rota-, adeno- and astrovirus negative stool samples for human noroviruses; 187 (16.2%) proved to be positive. Stool samples
were from paediatric patients with acute gastroenteritis. All isolates were verified as sporadic cases: there was no accumulation.

Introduction

Human noroviruses are common aetiological patho-
gens that cause winter epidemics and outbreaks of
acute, non-bacterial gastroenteritis in children and
adults worldwide [1-4]. In Hungary, 50100 calici-
virus epidemics acquired in communities have been
registered in the last 5y. 37% of the cases of
gastroenteritis were caused by HuCVs. The Hungar-
ian data demonstrate that one-third of HuCV
epidemics are observed in healthcare units [5].
There have been only a few reports on the presence
of noroviruses in sporadic cases [2-3,6-8]. The aim
of this study was to reveal the importance of sporadic
cases in paediatric healthcare units. Due to constant
control of gastroenteritis, there were neither noro-
virus accumulations nor epidemics in different
paediatric units.

Materials and methods

Between 1 January 2004 and 31 March 2007, 1152
stool samples were collected from children aged
0-3 y. Samples were sent from the Paediatric Isola-
ton Ward (182), the In-patient Paediatric Ward
(636) and the Outpatient Paediatric Ward (146)
at the University of Szeged and from paediatric
patients of family doctors (188). In all samples from
family doctors and outpatients, the diagnosis was
acute, non-bacterial gastroenteritis. The main symp-
tom was diarrhoea, followed in frequency by vomit-

ing. In some cases, fever, abdominal pain and a
feeling of discomfort were also present.

Conventional RT-PCR was performed with the
primer pairs designed by Jiang (p289 and p290/a).
Through the use of these primers, it is possible
to detect both noroviruses and sapoviruses: [9].
During the 4y of the present investigation we did
not find any sapoviruses with these primer pairs.
Real-time PCR with the primer pairs designed by
Jiang and/or with our own, newly-designed primer
pair (currently in the process of publication), and the
Norovirus I/IT antigen-ELISA kit (DakoCytoma-
tion), Norovirus I and II antigen-ELISA kit
(IDEIA™) methods were used for norovirus diag-
nosis. Not all samples were diagnosed by using all
methods. Some of the positive samples were
confirmed by sequence analyses. The human rota-
virus and adenovirus diagnosis was carried out with
enzyme immunoassay.

Biostatistical software (SPSS15 for Windows) was
applied to compare mean ages and gender distribu-
tions in the 2 groups of positive and negative test
results (2-sample z-test and ¥ test).

Results

Of the overall 1152 stool samples, 187 (16.2%)
proved positive for noroviruses (either with PCR or
with ELISA). Of the 182 stool samples from the
Paediatric Isolation Ward, 53 (29.1%) were positive;
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of the 636stool samples from the Inpatient
Paediatric Ward, 87 (13.7%) were positive; of the
146 stool samples from the Outpatient Paediatric
Ward, 22 (15.1%) were positive; and of the 188 stool
samples from family doctors, 25 (13.3%) were
positive.

The mean value (SD) in the case of negative
samples was 1.179 (0.97) and in the case of positive
samples was 1.266 (0.98); the difference was not
significant (r=—1.11, df=1150, p=0.27). 18.06%
of the 620 males and 14.09% of the 532 females
were positive.

Of the samples from 620 males and 532 female
patients, 112 and 75 female samples proved positive.
The difference was not significant (¥>=3.31, df =1,
p=0.07).

Figure 1 and Table I demonstrate the number of
HuCV-positive samples by seasons and the age-
specific ‘attack rate’. We examined 303 samples in
2004, 385 in 2005, 324 in 2006 and 140 in 2007.
The numbers of positive samples were: 42 (13.86%),
55 (14.28%), 57 (17.59%) and 33 (23.57%),
respectively.

Discussion

With RT-PCR assays as a diagnostic tool, it has been
established that human noroviruses are the most
common causes of gastroenteritis outbreaks world-
wide [10-12]. There have been only a few reports
on the presence of noroviruses in sporadic cases
[2,3,6-8]. Frogatt et al. found that during the winter
season noroviruses were the second most common
agents of acute non-bacterial gastroenteritis [7].
During the 4y, we examined the presence of
noroviruses in sporadic gastroenteritis cases and
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Table I. The incidence of human norovirus gastroenteritis in 3
age groups.

Age (y) Negative samples Positive samples Total
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 1152

found that in children aged 03y, noroviruses
are common causative agents of non-bacterial gas-
troenteritis. We also examined the presence of
noroviruses in the different paediatric wards. Most
positive cases came from the Paediatric Isolation
Ward (29.1%), and lower numbers of positive
samples from family doctors (13.3%) and from
the Inpatient (13.7%) and Outpatient (15.1%)
Paediatric Wards.

Several studies have found that HuCVs are second
only to rotaviruses as the main causes of viral
gastroenteritis in young children [2,3,6,13]. Buesa
et al. studied the importance of HuCVs in sporadic
cases and in outbreaks in children under 5 y of age.
In sporadic cases, HuCVs were detected in 14.19%.
Rotaviruses were the most frequent agents of gastro-
enteritis (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 aetiological agents of
gastroenteritis outbreaks was 56% [6]. 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 Paediatric Isolation
Ward. In second place as the main cause of viral

The presence of sporadic norovirus infections by season in Szeged (Hungary) 33
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Figure 1. The presence of sporadic norovirus infections by season in Szeged (Hungary).



gastroenteritis, we found rotaviruses (10.5%), fol-
lowed by human adenoviruses (4.6%). During the
4y of the present investigation we did not find any
sapoviruses.

In the 4-y study, we observed the highest number
of norovirus-containing samples during the winter
season and also high numbers during some of
the summer seasons. We detected 42 human nor-
ovirus-containing samples in 2004, 55 in 2005, 57 in
2006 and 33 in 2007. Most samples came from
the age group of 0- < y (52.7%); however, the
incidence of norovirus gastroenteritis was the same
in the 3 age groups (0- <1, 1- <2, 2 <3). Owing to
strict rules in Hungary, there were no norovirus
gastroenteritis accumulations in the paediatric units
in Szeged.
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Abstract

Noroviruses are uncultivable; ELISA and reverse transcription polymerase chain reaction (RT-PCR) methods are therefore widely used
for their detection. Sixty-one sporadic, diarrhoeal stool samples from various university hospital wards and from outpatients in Szeged,
Hungary, were examined. Three methods were compared: two RT-PCR methods (the Argene Calici/Astrovirus Consensus kit and the
Cepheid Norovirus Primer and Probe Set) and one ELISA method (the IDEIA™ Norovirus ELISA Test). Sensitivities of 78.9%, 92.8%, and
91.2%, and specificities of 100%, 100%, and 100% were found for the IDEIA™ Norovirus ELISA, the Argene kit, and the Cepheid kit,
respectively. The PCR and ELISA systems detected 52 norovirus-positive samples, one of which belonged to genogroup I and all the others
to genogroup II. Although the ELISA kit has a lower sensitivity compared to the PCR ones, it can be useful for large-scale testing. However,
ELISA-negative outbreaks should be retested by RT-PCR methods. Our results suggest that noroviruses, and predominantly genogroup II of
the norovirus genera, play an important role in outbreaks and sporadic cases of acute gastroenteritis, not only in infants and young children,

but also in adults.
© 2011 Elsevier Inc. All rights reserved.

Keywords: Comparative assay; Norovirus; RT-PCR; Sporadic cases; ELISA

1. Introduction and objectives

Outbreaks and sporadic cases of nonbacterial gastroen-
teritis are caused by human caliciviruses (HuCVs) in
children and adults worldwide (Bon et al, 1999; Kele
et al., 2009; Vinjé et al, 1997). HuCVs belong to the
Caliciviridae family and are divided into four genera:
Norovirus, Sapovirus, Vesivirus, and Lagovirus. The last
two of these genera naturally infect only animals (Green
et al., 2000). Norovirus infections generally cause nausea,
vomiting, acute diarrhoea, and fever. Vomiting is more
common among children, whereas diarrhoea is more likely
to predominate among adults. The symptoms usually
resolve within 2-3 days, although the median duration of
the illness can be 4-6 days (Patel et al., 2009).

* Declaration of Interest Funding: None. Competing interests: None
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Sixty-one diarrhoeal stool samples were collected and
examined for the presence of noroviruses by means of
reverse transcription polymerase chain reaction (RT-PCR)
methods (real-time and/or multiplex PCR) (Patel et al.,
2009; Rohayem et al., 2004; Trujillo et al., 2006; Vinjé et
al., 2003) and antigen ELISA (Gray et al., 2007). We
decided to use the IDEIA™ Norovirus ELISA kit, because
in earlier studies it was shown to have the highest sensitivity
compared to other ELISA systems (Burton-Macleod et al.,
2004, de Bruin et al., 2006). To the best of our knowledge,
this is the first comparative study of the Argene and the
Cepheid RT-PCR kits.

2. Material and methods
2.1. Stool samples

Samples were collected from infants, children, and adults
(from the paediatric patients of family doctors and from eight
different wards at the University of Szeged) with clinical
symptoms of acute gastroenteritis: nausea, vomiting, and/or
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three or more loose stools in 24 h. Exclusion criteria were
rotavirus, adenovirus, or other enteral positivity. One stool
sample was collected per patient during the acute phase of
the infections; samples were stored at +4 °C until processing.

2.2. Laboratory procedure and methods

For norovirus detection, two RT-PCR methods were used
(The Argene Calici/Astrovirus Consensus kit [Argene, North
Massapequa, NY, USA] and the Cepheid Norovirus Primer
and Probe Set real-time RT-PCR [Cepheid, Sunnyvale, CA,
USA]) and one ELISA method (the IDEIA™ Norovirus
ELISA, DakoCytomation, Ely, UK).

2.3. RNA extraction

A stool suspension from 10% to 50% in 1 mL sterile
phosphate buffered saline was performed. The sample was
centrifuged at 12,000 % g for 15 min. The supernatant
was collected. Viral RNA was extracted by using the
QIAmp Viral RNA Mini Kit (Qiagen, Victoria, Australia,
Ref. No. 67-120A) according to the manufacturer’s in-
structions. This protocol was performed for the purification of
viral RNA from a 140-pL stool sample; the elution volume
was 60 pL. Extracted viral RNA was stored at —70 °C.

2.4. Reverse transcriptase polymerase chain reaction

The RT-PCR methods were carried out as specified by the
manufacturers’ instructions The Argene Calici/Astrovirus
Consensus kit is a PCR system used in combination 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 microtitre plate, using hybrid-
ization of their amplified product with a biotinylated probe.
The kit also contains an internal control. For each
amplification run, 10 pL of extracted RNA was used. The
time required is 1.5 days. The Cepheid Norovirus Primer and
Probe Set consists 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 genogroup I (GGI) and one Alexa Fluor
(Molecular Probes, Inc., Eugene, OR, USA) 647-labeled
probe for the detection of genogroup II (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. With the Cepheid Norovirus Primer
and Probe Set, 5 puL of extracted sample was used for each
real-time PCR run and the time required was approximately
6 h (depending on the number of samples being examined).

2.5. IDEIA™ Norovirus ELISA system

This kit is an enzyme immunoassay for the qualitative
determination of noroviruses of GGI and GGII in stool

samples. The IDEIA™ Norovirus ELISA system utilizes
wells coated with GGI- and GGll-specific monoclonal
antibodies. It is a very simple, rapid, but labour-intensive
method for simultaneous screening of a large number of
samples. The ELISA takes approximately 2 h to carry out.

2.6. Statistical analysis

The kappa coefficient was calculated to determine the
level of agreement between assays (IDEIA™ Norovirus
ELISA versus Argene Calici/Astrovirus Consensus kit,
IDEIA™ Norovirus ELISA versus Cepheid Norovirus
Primer and Probe Set, Cepheid Norovirus Primer and
Probe Set versus Argene Calici/Astrovirus Consensus kit),
and sensitivity, specificity, positive (PPV), and negative
(NPV) predictive values were determined. A patient was
adjudged to be infected with norovirus if the stool sample
was positive using one of the two RT-PCR methods, because
the RT-PCR offers the ability to detect lower levels of the
virus compared to ELISA systems.

3. Results

During the study, we examined 61 stool samples for
noroviruses. 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, with 47
of the latter being true positive. The results are presented in
Tables | and 2 and Fig. |.

(A) The IDEIA™ 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%.

Table 1
Comparison of three methods for the diagnosis of norovirus in diarrhoeal
fecal samples (N = 61)

Methods

Positive ~ Negative Borderline Inhibitors

Argene Calici/Astrovirus
Consensus kit*

48 (79.1) 10 (16.1) 2(3.2) 1(1.6)

Cepheid Norovirus Primer 47 (77.4) 8 (12.9) 0(0) 6(9.7)
and Probe Set
IDEIATM Norovirus EIA 38 (61.3) 23 (38.7) 0(0) 0(0)

Values are shown as n (%).
* The Argene Calici/Astrovirus consensus kit is suitable for human
astrovirus detection. Human astroviruses were not detected in this study.
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Table 2
Discrepant ELISA and PCR results

Simultaneously positive  Sample number  Sex  Ward

Age (years)

Calici/NLV ELISA  Argene Calici PCR  Cepheid Norovirus PCR

Only with 1 method 20 M Outpatient 4 = + Inhibitory samples
30 F Inpatient <1 - + —~
55 F Inpatient 78 - + Inhibitory samples
56 M Inpatient 40 = = +
57 M Inpatient <1 - - +
60 F Inpatient 23 - - +
With 2 methods 06 F Outpatient 37 + + -
46 M Inpatient 71 <t + —
09 E Inpatient 6 + - +
14 E Inpatient 16 - + +
22 F Outpatient 3 = + +
37 F Outpatient 3 = + +
53 F Outpatient 53 - + +
58 M Outpatient <l = + +
59 M Inpatient <l = =+ o+
61 M Inpatient 38 = + +
62 F Outpatient 53 - + +
F = Female; M = male; inpatient = samples from inpatient ward; outpatient = samples from outpatient unit; + = positive result; — = negative result.

(B) With the use of the Argene Calici/Astrovirus
Consensus kit for the 61 samples, 48 were found
positive for HuCVs, 10 were negative, 2 were
borderline, and 1 contained inhibitors. The sensi-
tivity 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%)).

(C) 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. Eight samples were negative and only

Fig. 1. (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.

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%.

4. Discussion

By using different RT-PCR methods, we were able to
characterize and identify norovirus epidemics. 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. The high genetic and antigenic
diversity poses problems in the laboratory diagnosis of
noroviruses; in this study, therefore, we compared 3 different
norovirus diagnostic methods. The PCR detects the viral
genome, while the ELISA is directed against the viral capsid
proteins (antigen). The detection limit for PCR is very low
(depending on the PCR efficiency and assay optimization).
In an earlier study, we showed that the viral load in
norovirus-infected samples is very high (in press). In many
cases, stool samples contain a high number of PCR
inhibitors. The detection limit for ELISA assays is currently
estimated as 10* to 10° particles per millilitre.

By using the QIAmp Viral RNA Mini kit, we effectively
eliminated PCR inhibitors. 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. The Argene RT-PCR was carried out
in 50 pL, while the Cepheid RT-PCR only in 25 pL, so the
inhibitor could have been overdiluted in the Argene
mastermix, whereas in the Cepheid it could not;, this
resulted in more inhibitory samples. We used different
recombinant polymerases in the different PCRs; the poly-
merases differ from one another in their sensitivity. This may
explain the different number of inhibited samples.
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We found 14 RT-PCR-positive samples, which were
negative by ELISA. This can be due to the fact that the
detection of norovirus in stool samples by ELISA is based on
the detection of viral antigens and may thus be hampered by
the antigenic diversity of noroviruses. Three 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
PCRs. Three samples were positive with the Argene kit and
negative with the Cepheid kit and ELISA. These 3 samples
might have contained Sapporo virus RNA.

ELISA systems are fast and use a simple method for
detecting norovirus antigen in stool samples. With these
systems, we were able to screen a large number of samples at
the same time. The assays are not suitable for the diagnosis
of infection in individual patients or for genotype assign-
ment. RT-PCR assays are a powerful alternative method for
the laboratory diagnosis of nonbacterial, acute gastroenteritis
(Parashar and Monroe, 2001). Furthermore, genome ampli-
fication allows the molecular characterization of viral strains.
We found that the most sensitive and specific method is the
Argene Calici/Astrovirus Consensus kit and it can be useful
also in clinical and research settings.

Ninety-nine percent of the positive samples belonged to
GGII and only 1 to GGI. This is consistent with the findings
of other studies of sporadic cases of gastroenteritis in
children (Buesa et al., 2002; Kirkwood et al., 2005; Lau
et al., 2004). Norovirus GGI strains constitute a minor
proportion of strains in most outbreak studies (Kirkwood
et al., 2005; Frankhauser et al., 2002; Guo et al.,, 2007;
Koopmans et al., 2001). Our results suggest that
noroviruses, and predominantly GGII, play an important
role in both sporadic cases and outbreaks of acute
gastroenteritis, not only in infants and young children,
but also in adults.
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Sporadikusan eléfordulé human calicivirusok kimutatasa molekularis
genetikai modszerekkel

Kele Beatrix, Somogyvari Ferenc dr., Deak Judit dr.

Osszefoglalas

A sporadikusan eldforduld humédn calicivirusok diag-
nosztikai lehetoségeit vizsgalatuk. A kordabban Jiang dltal
leirt primer pérral torténo PCR mellett a real-time PCR
modszer kifejlesztése €s egy uj primer par tervezése €s
bevezetése volt a cél. 2003. janudr 1.-je és 2005. janudr
1.-je kozott 884 székletminta vizsgdlata (ortént meg a
Szegedi Tudomanyegyetem, Altaldnos Orvostudomznyi
Kar, Klinikai Mikrobiologiai Diagnosztikai Intézetében.
Elemeztitk a human calicivirus nucleinsavat tartalmazo
mintdk nemek és korcsoport szerinti megoszldsat. UJ
primer part terveztink, mellyel 110 véletlenszerten
kivédlasztott minta vizsgdlata valosult meg, melyek kéziil
37 (33,6%) bizonyult humdn calicivirus sequentidnak.
Ugyanezen 110 mintabol a Jiang-féle primer pdrral 6
(5,4%) mintaban taldltunk humén calicivirus specifikus
nucleinsavat. Az eredményeink alapjan a valds-ideji
PCR modszer kivdlo diagnosztikai eszkéznek bizonyult,
mert segitségével gyorsabb, és sensitivebb vizsgdalatok
valosithatok meg, mint a hagyomanyos PCR mddszerrel,
A human calicivirusok nagymértéki genetikai variabilitd-
sa miatt a molekuldris diagnosztika legnagyobb nehézsé-
ge tervezni egy olyan primer pdrt, mellyel a vizsgalatot
egyidejiileg specifikussd és sensitivvé tehetjik. A diarrho-
eds esetek 79%-dban a viralis eredetet nem sikertilt
bebizonyitanunk.

Bevezetés

A human calicivirusok (HuCV) az acut, nem bacteri-
alis gastroenteritisek gyakori korokozoi vilagszerte,
fiiggetleniil az életkortél. A fertdzés forrasa lehet a
széklettel contaminalt viz, élelmiszer, a kozvetlen
kontaktus és a virus aerosol utjan is terjedhet.!'" Szep-
tembert6l majusig gyakoribbak a calicivirusok altal

*SZTE, AOK, Klinikai Mikrobiologiai Diagnosztikai
Intézet, Szeged

Rividitések: HuCV: humaén calicivirus; NLVs: Norwalk-szerii
virusok; SLV: Sapporo-szerii virusok, RT-PCR: revers trans-
criptidhoz kapcsolt polymerase lancreakcio

okozott megbetegedések, jelenlétilkkel azonban egész
évben szamolni kell. Jarvanyok altalaban id6legesen zart
kozosségekben alakulnak ki (kérhazak, ovodak, iskolak,
idések otthona), ahova bekeriilve primer és secundaer
modon nagyon gyorsan terjed a fertdzés és rovid ido
alatt nagyszami megbetegedést okozhat.

A HuCV-k 27-40 nm atméréjii, ikozahedrélis szim-
metridju, burok nélkiili particulumok, melyeknek geneti-
kai informacidtartalmat pozitiv egyszali RNS hordoz-
za."” Kezdetben a taxonémia morphologiai hasonlosago-
kon és killonbségeken alapult. ma mar a genetikai
sequentia- és filogenetikai analizis a mérvado. A Calici-
viridae csaladba négy genus tartozik: Lagovirusok,
Vesivirusok, NLVs (Norwalk-szerli virusok) és SLVs
(Sapporo-szerii virusok). Az elsé két genusba tartozd
virusok kizarolag allatokat betegitenek meg. A NLV-k
hivatalos neve régebben 'kis kerek strukturaji virusok
volt' (SRSVs, Small round structured viruses), az NLV
és SLV ideiglenes elnevezés, névvaltoztatas varhato.®

Az NLV nemzetség filogenetikai szempontbol
legkevesebb két agra oszlik (GG1 és GG2 genocsoport)
a polymerase-ban és a capsid régidban fellelhetd geneti-
kai kiilonbségeknek koszonhetden. A genocsoporton
beliili tovabbi alosztalyokra valé bontasra még nincs
egyértelmli szabaly, elnevezésiik felfedezési helyiik
alapjan torténik. A mai allaspont szerint hozzavetoleg hét
GG1 (Norwalk, Southampton, Desert Shield, Chiba,
Winchester, Saitama. Sindlesham) és tiz GG2 (Snow
Mountain, Toronto, Bristol, Hawaii, Mexico, Grimsby,
Melksham, Lordsdale, Camberwell, White River) csoport
létezik. A CDC kutatoi szerint létezik egy harmadik, a
GG3 genocsoport, melyhez allatokat fertézd virusok
(Jena és Newbury agens-2) tartoznak, de ezek taxono-
miai helyzete még nem tisztazott.” A SLV-k is két
genocsoportra oszthatok. Az elsé genocsoportba tartozik
a névado, Sapporo virus, mig a masodik genocsoportba
a London virus sorolhaté.™

Az inkubacios id6 viszonylag rovid, 12-60 o6ra. A
betegeknél tipikus tiinetek figyelhetok meg: diarrhoea,
abdominalis fajdalom és hanyinger. Felndtteknél a
hanyas a vezetd tiinet, ami ez altal megkiilonbozteti a
NLV-t mas viralis és bacterialis korokozoktél, példaul
Salmonella-, Shigella-, S. aureus okozta fertézésektol. A
NLV jarvany kitorésének leggyorsabb felismerése a
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klinikai tlinetek és epidemiologiai jellemzok kozti Gssze-
fiiggések észrevételén alapul. A betegség lefolyasa gyors,
atlagosan 24-48 6réan at tart,”

A NLV-k és a SLV-k leggyakrabban oralis tton jut-
nak be a szervezetbe. Savstabil virusként atjutnak a
gyomron, bekeriilnek a vékonybélbe, ahol megkezdddik
areplicatio.” A calicivirus infekeid gyanija akkor meriil
fel, ha a székletminta bacteriologiai tenyésztésének ered-
ménye negativ, az atlagos inkubacids id6 24-48 ora, a
betegség lefolyasa gyors, 12-60 ora és az esetek >50%-
aban a hanyas a vezetd tiinet. Eurépaban a calicivirus
fertbzések szama oktober, november elején kezd emel-
kedni, maximumat januarban, minimumat majus, junius
tajan éri el. A calicivirus fertdzés lehetdsége életkortdl
fliggetlen.”

Jelen munkank soran a cél az volt, hogy bevezessiink
egy olyan 0j, human calicivirus diagnosztikara alkalmas
modszert, mellyel a virus kimutatasa az eddiginél gyor-
sabban és pontosabban megvalosithato.

Anyagok és modszerek

2003. januar Ol.-je és 2005. januar 01.-je kozétt a
Klinikai Mikrobioldgiai Diagnosztikai Intézetbe kiildott
székletmintakat dolgoztuk fel. A mintakbol az intéze-
tiinkben alkalmazott diagnosztikai algoritmusoknak meg-
feleléen eldszor rota- és adenovirus antigén vizsgélatot
végeztiink. Korabbi tapasztalataink szerint a rotavirus
fert6zés fordul elé leggyakrabban, valamint az altalunk
hasznélt gyorsdiagnosztikai kit a két virusantigént egy-
idejlileg mutatja ki. Amennyiben ezek a vizsgalatok ne-
gativ eredménnyel zarultak, a székletmintakbol astrovirus
antigén jelenlétét kiséreltitk meg kimutatni. Ha ez a vizs-
gdlat is negativ eredménnyel zarult, akkor végeztiik el a
calicivirus RT-PCR vizsgalatot.

A viralis nucleinsav isolalaséra a V-gene kiteket hasz-
naltuk (Building B2-1; Xiacheng Industrial Zone
(Huafeng, Shiqiao); Hangzhou 310022, P. R. China). A
Norwalk virus nucleinsavanak amplificatioja revers trans-
criptidhoz kapesolt polymerase lancreakcioval tortént.*
A revers transcriptio soran az RNS-t ¢cDNS-sé irtuk at.
Minden vizsgalatnal 47.5 ul master mixet mértiink az
eppendorf csdbe, melynek osszetétele: 0,14 U/ul M-
MuLV-RT (Fermentas); 0,2 U/ul rRNasin (Fermentas);
3 ng/pl p289 [5-TGACAATGTAATCATCACCATA (nt
pozicio: 4865-4886)]; 0.4 mM dNTP; 0.5 mM MgCl,
(SIGMA, Saint Louis, USA); 10xPCR Buffer [100 mM
Tris-HCI (pH: 8.3), 15 mM MgCl,, 500 mM KCl, 0,01%
gelatin; SIGMA, Saint Louis, USA]; RNase mentes viz
(Promega, Madison, USA). Ehhez a keverékhez adtunk
3 ul tisztitott RNS-t, majd a csdveket egy oran at 42 °C-
on inkubaltuk. Ezutan a mintakhoz hagyomanyos PCR
esetén hozzamértiink eppendorf csévenként 50 pl PCR
master mixet. Az amplificatiés elegy Osszetétele a
kdvetkezd volt: RNase mentes viz (Promega, Madison,
USA); 10xPCR Buffer [100 mM Tris-HCI (pH: 8.3), 15
mM MgCl,, 500 mM KCl, 0.01% gelatin; SIGMA, Saint
Louis, USA]; 0.5 mM MgCl, (SIGMA, Saint Louis,
USA); 0,1 U/ul Taq polymerase és 3 ng/pl p290/A

primer (a primer nucleotid sorrendje publikalas alatt all).
Az amplificatiét Perkin Elmer GeneAmp PCR System
9600-as késziilékkel végeztilk. A PCR reakcid soran az
eldédenaturacio 3 percen at tartott 94 °C-on, majd a 40
ciklusi polymerase lancreakecié koévetkezett, melynek
paraméterei: 94 °C 1 perc, 37 °C 2 perc €s 72 °C 1 perc.
A ciklusok végeztével a végsd extensio 10 percen at,
72 °C-on zajlott. A termékeket tartalmazo eppendorf
csoveket 4 °C-on helyeztik el, az amplificalt termékek
gélelectrophoresissel torténd vizsgalatdig."” Az amplifi-
calt termékek PCR utani vizsgalatat agarose gélelectro-
phoresissel végeztiik. A vizsgélathoz 1,5%-o0s agarose
(Top Vision, Fermentas) gélt hasznaltunk. Az electro-
phoresist egy 6ran at, 130 volton és 60 mA-en végeztiik.
A detektalas ethidium-bromid segitségével UV-fény alatt
tortént, a gélekrol Kodak EDAS 290-es gélfotd berende-
zéssel fotdt készitettiink, melyet a Kodak 1D 3.5-Gs
program segitségével vizsgaltunk.

A kétlépéses valos-idejii PCR alkalmazasa estén a
revers transcriptiot a mar leirt modon végeztiik, majd az
amplificatiot a LightCycler (Roche Diagnostics GmbH
D-68298 Mannheim, Germany) amplificalo és detektalo
késziilékben valositottuk meg. A 10 pl végtérfogata
amplificatios elegy oOsszetétele, mely 1 upl templatot
tartalmazott: RNase mentes viz, 2,5 mM MgCl, (SIG-
MA, Saint Louis, USA), 10x Master Mix SYBR Green-
nel (Roche Diagnostics GmbH D-68298 Mannheim,
Germany), 20 ng/ul p289, 20 ng/ul p290/A. Uj primer
par tervezése céljabol kigyiijtottiik az Interneten hozza-
férheté Norwalk-virus sequentidkat, az 0j primert az
altalunk irt szamitogépes programmal terveztilk. Az 1j
primer parral torténé diagnosztikénal a revers transcriptio
soran alkalmazott koriilmények nem véltoztak, az
alkalmazott primer kivételével. Az amplificatios elegy
dsszetétele a korabban hasznalttdl az csupan a primerek
mennyiségében kiilénbozétt. Optimalisnak mind a
forward, mind a revers primer esetén a 1,2 pM-os
mennyiség bizonyult, 10 ul végtérfogatra szamolva.

Eredmények

2003. januar l.-je és 2005. januar 1.-je kozott 884
székletminta vizsgalata tortént meg a Szegedi Tudo-
manyegyetem, Altalanos Orvostudomanyi Kar, Klinikai
Mikrobioldgiai Diagnosztikai Intézetében. Rotavirus
antigént 56 esetben (6,3%), adenovirus antigént 36 eset-
ben (4,1%), astrovirus antigén jelenlétét 16 esetben
(1,8%) mutattuk ki. A fennmaradé 645 mintabdl 77 eset-
ben (11,9%) sikeriilt human calicivirust kimutatni (1. 4b-
ra). A hasmenéses esetek 79%-aban a viralis eredetet
nem sikeriilt bebizonyitanunk.

2003. januar és 2003. december kozott 142 esetben
hagyomanyos PCR vizsgalat tortént a Jiang altal leirt
primer parral. A 142 mintabdl 12 (8,5%) esetben sikeriilt
human calicivirust kimutatnunk. 2004. januar hénapban
sikeresen adaptéaltuk a Jiang-féle primer parral torténo
HuCV diagnosztikai modszert a valos-idejii PCR-hez.
2004. oktober honapig 400 mintat dolgoztunk fel, ezek
kozil 50 (12,5%) bizonyult calicivirus sequentidnak.
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1. tablazat. HuCV vizsgalatok bekiild6k szerinti megoszlasa

2003.01.01.-2003.12.31. 2004.01.01.-2004.12.31.
Vizsgalt mintak HuCV nucleinsavat Vizsgalt mintak HuCV nucleinsavat
(N) tartalmazo minta (N) (N) tartalmazoé minta (N)
SZTE, Gyermekklinika ambulanciai 156 5 106 15
SZTE, Gyermekklinika osztalyai 114 9 267 19
SZTE, Gyermekklinika PIC 20 0 14 3
SZTE, Gyermekkoérhaz 5 0 3 0
Korzeti gyermekgyogyaszati rendelék 58 1 82 10
SZTE, Csaladorvosi Intézet 13 8 1 1
SZTE, Négyogyaszati Klinika 12 2 2 0
SZTE, Bérgyogyaszati Klinika 3 0 2 0
SZTE, Il. Belgydgyaszati Klinika 0 0 7 2
SZTE, | Belgyogyaszati Klinika 0 0 2 0
SZTE, lgazsagugyi Orvostani Intézet 2 0 2 1
SZTE, Ful-Orr-Gégészeti Klinika 0 0 1 1
SZTE, Traumatolégiai Klinika 1 0 0 0
SZTE, Szemészeti Klinika 1 0 0 0
Osszesen 385 25 499 52

2. tablazat. 2003. januar 1.-je és 2005. januar 1.-je kozott Intézetiinkbe érkezett rota-, adeno- és astrovirust nem tartalmazo
mintak HuCV vizsgalatanak eredménye korcsoport szerinti bontasban

Eletkor (év)
0-3 4-6 7-9 1012 1315 16-18 19-24 25-29 >29
Evek = + — + = + = + = = + — + = =
2003 7 5 11 1 13 1 8 1 3 1 2 11 25
2004 30 | 243 5 38 2 25 5 20 0 17 13 0 5 8 1 20
3. tablazat. HUCV pozitiv mintak korcsoport és nemek szerinti megoszlasa
Eletkor (&v)
0-3 4-6 7-9 1012 13-15 16-18 19-24 25-29 >29
Evek | Férfi| N6 | Férfi| NG | Férfi| N& | Férfi| NG | Férfi| NG | Férfi| N6 | Férfi| N& | Férfi| N6 | Férfi| Né&
2003| 7 1 2 3 1 0 1 0 1 0 0 0 1 0 0 3 3
2004 | 19 11 2 3 1 1 3 0 0 0 0 0 2 0 1

Ezen iddszakban vezettilk be az uj, altalunk tervezett
primer parral torténé valos-idejii PCR diagnosztikat,
mellyel 125 minta meghatéarozasa tortént 2004. decembe-
réig. A 125 mintabol 21 (16,8%) esetben sikertilt
calicivirus nucleinsavat kimutatnunk. Osszehasonlito
vizsgalatot végeztiink 110 véletlenszeriien kivalasztott
mintabol a Jiang-féle és az (jonnan tervezett primerek-
kel. A Jiang-féle primer parral 6 (5.4%) minta bizonyult
human calicivirus sequentianak, az (j primerekkel 37
(33,6%) minta esetén mutattuk ki a HuCV nucleinsavat.
Mindez annak kszonhetd, hogy az altalunk tervezett
primerek segitségével tobbnyire az eurdpai calicivirus
torzsek diagnosztizalhatok, mig a Jiang éltal tervezettek
'univerzalisabbak', veliik tobbféle torzs felismerheto,
mely azonban magéban hordozza a nagyobb hibalehet6-
séget. A HuCV pozitiv mintakat 13 esetben sequenaltat-
tuk, hogy a vizsgalatunk specifikussagat kontrollalhas-
suk. A sequenaltatott mintdk minden esetben Norwalk-
szeril virusok kozé tartoztak.

A vizsgalatkérd intézetek szerinti megoszlast az 1.
tablazatban foglaltuk dssze. A legtdbb kérés a Szegedi
Tudomanyegyetem Gyermekklinikdjanak osztalyairdl és
ambulanciairdl érkezett. Ennek megfelelden a legtobb,
sporadikusan eléfordulé human calicivirust a 0-3 éves
korosztaly mintaibdl, de a tobbi korcsoport mintaibal is
sikeriilt a virust, mint kérokozot azonositanunk. A HuCV
nucleinsavat tartalmazé mintdk korcsoport szerinti
megoszlasat a 2. tabldzatban tiintettiik fel.

Megvizsgéltuk a human calicivirus specifikus nuc-
leinsavat tartalmazo mintak nemek szerinti megoszlasat
(3. tdblazat). CsecsemOkorban tobb kisfii betegedett
meg human calicivirus altal okozott fertdzésben, mint
leany. A tovabbi korcsoportokban a nemek fertézottségi
aranya kiegyenlitodést mutat.
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Megbeszélés

2003. januar elseje ota végezziik Intézetiinkben a
humén calicivirus diagnosztikat. A regionalis ANTSZ-
ekkel szemben mi sporadikus esetekbél is megprobaltuk
diagnosztizalni a virust, mivel egy kozosségben, csalad-
ban, melyben egyszer kimutathato a virus, nagy valoszi-
niiséggel halmozaddott el6fordulast és jarvanyt is okozhat.
A hagyomanyos PCR-¢l, a Jiang altal leirt primer parral,
az esetek 8,5%-aban sikeriilt bizonyitanunk a virus
koérokozd szerepét. Sikeresen adaptaltuk a valods-ideji
PCR modszert, melynek segitségével mar a mintak
12,5%-aban taldltunk human calicivirus specifikus nuc-
leinsavat. A két modszer nemesak a sensitivitasban, ha-
nem a diagnosztikahoz sziikséges id6ben is kiilonbozik.
A valds idejii PCR soran az amplificatiohoz sziikséges
id6 lényegesen lerdvidiil. Ennek fobb oka volt az ampli-
ficatios ciklusok kevesebb szama; az amplificatio szili-
kativeg capillarisokban tértént, melyek sokkal révidebb
ido alatt melegithetok/hiithetok, mint az eppendorf cs6-
vek, a capillarisok olyan hdblokkban foglalnak helyet,
mely sokkal gyorsabban képes valtoztatni hdmérsékletét,
mint a hagyomanyos PCR késziilék és nincs sziikség gél-
electrophoresisre, mert a termékek analizise fluorescens
detectalassal torténik."'” A post-PCR termék vizsgalata
melting point analizis (olvadaspont analizis) segitségével
tortént. Vizsgdlataink soran deriilt fény arra, hogy a
Jiang altal leirt primer parok hasznalataval a hagyoma-
nyos és a valos-idejii PCR-ek esetén gyakran aspecifikus
termékek mutathatok ki (pl.: human 11. chromosoma
részlet, astrovirus- és enterovirus nucleinsav). Ezért
tiztiik ki célul, hogy Uj primer part terveziink egy
szamitogépes program segitségével, mellyel a calicivirus
diagnosztika az eddigieknél sensitivebbé és specifikusab-
ba valhat. Az altalunk irt szamitogépes programmal
szemben tamasztott kritériumaink a kovetkezok voltak:
1. legalabb 10-12 nucleotidbdl allé régiot keressen a
program, mely minél t6bb eddig publikalt sequentiaban
fellelhetd, 2. a program gyiijtse ki az dsszes, a kritériu-
moknak megfeleld szakaszokat és rendezze egy adatba-
zisba. Kivalasztottuk ezek koziill a legspecifikusabb
forward primert, ennek az olvadaspontjahoz kézel azonos
revers primert kerestiink, melynek specificitisa hozza
hasonlé. A pozitiv kontroll olvadaspontja a Jiang-féle
primer parral 85,7 °C, az altalunk tervezett primer parral
dolgozva: 81,5 °C. Az () primerekkel 125 mintabol 21
(16.8%) esetben sikeriilt human calicivirus specifikus
nucleinsavat kimutatnunk.

2004-ben Pang és munkatdrsai is kifejlesztettek egy
valés-idejii PCR mddszert, mellyel a Norwalk-szerii
virusok detektalhatok. Jarvanyokbol és sporadikus
estekbol szarmazo szeékletmintakkal dolgoztak. Minden
minta, mely a hagyomanyos PCR-rel pozitivnak bizo-
nyult, a valés-idejit PCR-rel is ugyanazt az eredményt
adta. Vizsgalataik soran a valds-idejii PCR modszer
érzékenyebbnek bizonyult, mint a hagyomanyos PCR.
Mennyiségileg is meghataroztak a kimutathaté RNS
szamot, ennek értéke 5-5%10° kopia RNS/reakcio, ami
25.000 kopia RNS/ széklet grammot jelent.""”

A Norwalk-szer(i virusok diagnosztikdjara alkalmas
modszert fejlesztettek ki Kageyama s munkatdrsai. 37
jarvanybol 71 székletminta bizonyult Norwalk-virus
sequentianak. Az amplificalt nucleinsavakat sequenaltat-
tak, majd a legkonzervativabbnak bizonyulé régiora (j
primer part és TagMan probat terveztek, mellyel mind a
két genocsoport (GG1 és GG2) detektalhato. Az elekt-
ronmikroszkoppal pozitivnak bizonyulo mintak 99%-abol
sikeriilt Norwalkszer(i virust kimutatniuk, tovabba 20,
elozoleg elektronmikroszkoppal negativnak bizonyult
mintaban talaltak Norwalk-virus sequentiakat. A virus
kimutathatosagat 10 kdpia/reakcioban allapitottik meg.”

Pang és munkatarsai 132, Kageyama és munkatdrsai
110 székletmintat dolgoztak fel és vizsgdltak meg real-
time PCR mddszerrel, amely csak a Norwalk-szer(i
virusok diagnosztikajara alkalmas. Az elmult két évben
Osszesen 542, sporadikusan eléfordulé mintat vizsgaltunk
meg a Jiang-altal tervezett primerekkel, hagyomanyos
PCR méodszerrel, valamint az altalunk bevezetett és
kifejlesztett real-time PCR-el mely egyidejilileg alkalmas
mind a NLV-ok és mind a SLV-ok kvalitativ kimutatasa-
ra. Az altalunk tervezett primer parral torténé valos-idejii
PCR-rel az esetek 16,8%-aban sikeriilt a Norwalk-szer(i
virust, mint kérokozot azonositanunk. Az 0j primerekkel
megvalosulo, valoés-ideji PCR modszerrel a Norwalk-
szerll virusok diagnosztikajat az eddigieknél sensitivebbé
és specifikusabba sikeriilt tenniink.
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Summary

Our objectives were to develop an assay for the
detection of human caliciviruses by using the
LightCycler SYBR green real-time PCR method with
previously published primers called p289 and p/290a and
the newly designed ones. Between 1* January, 2003 and
1* January, 2005, 884 stool samples were collected from
patients who were attending the University Hospital of
Szeged or who presented to their family doctors. All of
these were sporadic cases. We analysed the human
calicivirus positive samples according to sex and age
groups. We compared 110 samples with the Jiang-
designed and the newly designed primers. 37 proved to
be positive with the newly designed ones whereas only
6 samples were positive by using the Jiang designed
primers. Real-time PCR systems are excellent diagnostic
tools, because they are much more specific, sensitive and
faster than the traditional PCR methods. Due to the
variability of the calicivirus genom the major difficulty
in molecular the assay is that it is difficult to find a
primer pair, wherewith the human calicivirus diagnostic
could become more specific and sensitive.



