
APPLIED AND ENVIRONMENTAL MICROBIOLOGY, July 2007, p. 4152–4161 Vol. 73, No. 13
0099-2240/07/$08.00�0 doi:10.1128/AEM.00222-07
Copyright © 2007, American Society for Microbiology. All Rights Reserved.

Molecular Identification and Genetic Analysis of Norovirus Genogroups I
and II in Water Environments: Comparative Analysis of Different

Reverse Transcription-PCR Assays�

G. La Rosa,* S. Fontana, A. Di Grazia, M. Iaconelli, M. Pourshaban, and M. Muscillo
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Noroviruses have received increased attention in recent years because their role as etiologic agents in acute
gastroenteritis outbreaks is now clearly established. Our inability to grow them in cell culture and the lack of
an animal model hinder the characterization of these viruses. More recently, molecular approaches have been
used to study the genetic relationships that exist among them. In the present study, environmental samples
from seawater, estuarine water, and effluents of sewage treatment plants were analyzed in order to evaluate the
role of environmental surface contamination as a possible vehicle for transmission of norovirus genogroups I
and II. Novel broad-range reverse transcription-PCR/nested assays targeting the region coding for the RNA-
dependent RNA polymerase were developed, amplifying fragments of 516 bp and 687 bp in the nested reactions
for genogroups II and I, respectively. The assays were evaluated and compared against widely used published
assays. The newly designed assays provide long regions for high-confidence BLAST searches in public data-
bases and therefore are useful diagnostic tools for molecular diagnosis and typing of human noroviruses in
clinical and environmental samples, as well as for the study of molecular epidemiology and the evolution of
these viruses.

Noroviruses (NoVs) cause the majority of acute viral gas-
troenteritis cases worldwide (2, 9, 24). These viruses belong to
the genus Norovirus within the family Caliciviridae and are
divided into five separate genogroups (GI, GII, GIII, GIV, and
GV) further divided into genetic clusters or antigenic types, of
which GI, GII, and GIV have been detected in humans (59).
NoV infections cause symptoms of severe vomiting, watery
diarrhea, nausea, abdominal cramps, fever, and general mal-
aise (17, 58). Primary infection results from the ingestion of
fecally contaminated food or water, while secondary infection
results from person-to-person contact, aerosolized vomitus,
fomites, and infected food handlers (6, 23, 25, 28, 33, 46).
Low-level transmission can occur via contaminated drinking
supplies when surface water or groundwater supplies are con-
taminated (4, 16, 26, 31, 47). Fresh and marine waters are
subjected to fecal contamination because of intense human
activities which lead to continuous inputs in specific areas.
Unintentional ingestion of contaminated recreational waters
while swimming can then lead to gastrointestinal illness, even
in nonoutbreak settings (41). Moreover, filter feeders, such as
oysters, that live in contaminated waters become contaminated
food sources (44, 48, 54).

NoVs have traditionally been detected using molecular
methods since they cannot be cultured in cells; among these
methods, reverse transcription-PCR (RT-PCR) is currently the
most sensitive diagnostic assay for the detection of NoVs in
stool and environmental samples. Coupled with sequence-

based approaches, RT-PCR has begun to unravel the complex
epidemiology of NoV infections. The application of these
newer assays has significantly increased the recognition of the
importance of human NoV as the cause of sporadic and out-
break-associated gastroenteritis.

Italy, unlike other countries, has no specific surveillance
system for viral gastroenteritis, and laboratory diagnosis is
rarely performed; therefore, few epidemiological data are
available regarding NoV gastroenteritis (34, 39, 43).

Moreover, even if the role of water as a viral dissemination
vehicle is widely known and reported for NoVs, to our knowl-
edge no documentation exists regarding water environment
diffusion of NoVs in Italy.

In this work we investigated the presence of human NoV GI
and GII in seawaters, estuarine waters, and effluents of sewage
treatment plants in Rome in order to evaluate environmental
surface contamination. Finding enteric viruses in the water
contributes to the understanding of the mechanisms of viral
transmission and to the determination of the possible role
played by water as a vehicle for transmission.

Further, in order to study the similarity of viruses found in
water to those causing clinical problems in the community, we
analyzed clinical samples collected from children with symp-
toms of acute sporadic gastroenteritis hospitalized at the Poli-
clinico Umberto I in Rome.

Sequencing and phylogenetic analysis of a highly conserved
region of the RNA-dependent RNA polymerase (RdRp) re-
gion were used to detect and characterize NoVs in clinical and
environmental samples.

Molecular characterization of NoV isolates was first per-
formed using previously published seminested RT-PCR assays.
Newly designed nested RT-PCR tests able to amplify longer
PCR products were designed for GI and GII, in order to
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increase the detection rate of NoVs and to further display the
high genetic polymorphism of different strains.

MATERIALS AND METHODS

Environmental samples. (i) River, estuarine, and seawater samples. Fourteen
river, estuarine, and seawater samples were collected in June 2004 at the major
and minor branches of the Tiber River (Table 1, samples 323 to 336) with the
help of the Coast Guard of Roma-Fiumicino, who kindly provided a suitable boat
and specialized personnel. Nineteen seawater samples were collected in swim-
ming areas during 2005 by the Arpalazio Environmental Agency (Table 1, sam-
ples 632 to 651) along 120 km of the Lazio coast (Fig. 1). Ten liters of each
sample was collected with a tank and stored at �4°C upon arrival in the labo-
ratory; each sample was assigned a code in our PostgreSQL database based on
its location and history. Samples were usually processed within 1 day in order to
concentrate viral particles.

(ii) Sewage samples. Ten sewage samples (raw influent at the wastewater
treatment plant) of 50 ml (samples 671 to 704) were collected, two every 15 days,
during 2006 and stored at 4°C upon arrival in the laboratory (Table 1, samples

671 to 704). They were immediately centrifuged at 3,000 � g to remove debris
and then ultracentrifuged at 200,000 � g for 2 h to pellet viruses. Pellets were
resuspended in 1 ml of phosphate-buffered saline (PBS) and stored at �80°C for
future use.

(iii) Concentration of river and seawater samples by PrepScale tangential flow
filtration. A PrepScale tangential flow filtration membrane cartridge (type
PTHK) of polysulfone, 0.23 m2 in size and with a 10-kDa nominal molecular size
limit, equipped with a peristaltic pump, adapters, and a holder tool kit, was used
(Millipore Corporation, Bedford, MA).

Briefly, a sandwich of two prefilters of 80 and 25 �m was set up before the
cartridge and the whole system was cleaned with 20 liters of water and then
pretreated with 250 ml of 3% Todd-Hewitt broth at pH 7.4. The cleaned pre-
filtered sample was collected in a cleaned tank. Concentration of the samples
proceeded until 100 ml of retentate was obtained. Elution of the concentrated
suspension was carried out by washing the suspension with 250 ml of 3% Todd-
Hewitt broth at pH 9 for 35 min. A total of 100 ml of the eluate was collected and
added to the concentrates. A postconcentration step was carried out by precip-
itation with 10% polyethylene glycol 6000 (Promega Corporation, Madison, WI)
overnight at 4°C. Pellets were recovered at 12,000 � g for 30 min at 10°C in a

TABLE 1. Environmental samples

Sample ID Water source Sampling site
Date of sampling

PCR result Genogroup(s)
Yr Mo

323 River Fiumicino 2004 June �
324 Estuary Ostia 2004 June �
325 Seawater Fiumicino 2004 June �
326 River Fiumicino 2004 June �
327 Estuary Fiumicino 2004 June �
328 Seawater Fiumicino 2004 June �
329 Estuary Ostia 2004 June �
330 Seawater Ostia 2004 June �
331 Seawater Fiumicino 2004 June �
332 Seawater Fiumicino 2004 June �
333 Estuary Fiumicino 2004 June �
334 Estuary Fiumicino 2004 June �
335 Seawater Ostia 2004 June �
336 Seawater Ostia 2004 June �

632 Seawater Anzio 2005 July �
633 Seawater S. Marinella 2005 August �
634 Seawater Fiumicino 2005 August �
635 Seawater Nettuno 2005 August �
636 Seawater Cerveteri 2005 August �
637 Seawater Ardea 2005 August �
638 Seawater Cerveteri 2005 August �
639 Seawater Fiumicino 2005 August �
640 Seawater Ladispoli 2005 August �
641 Seawater Pomezia 2005 August �
642 Seawater Roma 2005 September �
644 Seawater Fiumicino 2005 September �
645 Seawater Fiumicino 2005 September � GII
646 Seawater Anzio 2005 September �
647 Seawater Ardea 2005 September �
648 Seawater Pomezia 2005 September �
649 Seawater Cerveteri 2005 September � GII
650 Seawater Civitavecchia 2005 September � GII
651 Seawater Fiumicino 2005 September �

671 Sewage Roma Sud 2006 January � GII � GI
672 Sewage Roma Sud 2006 January � GII
677 Sewage Roma Sud 2006 February � GII � GI
678 Sewage Roma Sud 2006 February � GII � GI
679 Sewage Roma Sud 2006 March � GII � GI
680 Sewage Roma Sud 2006 March � GII � GI
699 Sewage Ostia 2006 April � GII
700 Sewage Ostia 2006 April � GII
703 Sewage Roma Sud 2006 May � GII
704 Sewage Roma Sud 2006 May � GII � GI
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fixed-angle rotor and recovered in 10 ml PBS. The sanitation step for the
cartridge was carried out with 20 liters of distilled water and 5 liters of 0.1 N
NaOH at 50°C for 40 min as recommended by the manufacturer. Viruses were
recovered by ultracentrifugation at 200,000 � g for 2 h at 4°C, and the pellet was
resuspended in 2 ml of PBS.

Clinical samples. Nineteen stool samples were collected during 2006 from
children with symptoms of acute sporadic gastroenteritis hospitalized at the
Policlinico Umberto I of Rome. Upon arrival, each sample was assigned a code
(identification [ID]) in the PostgreSQL database based on its location and
history. A convenient web interface allows internet connection to this database,
available to registered users at https://cosmos.bio.uniroma1.it. The repository
keeps track of all primers, PCRs, and samples used. All specimens were prepared
in a 10% suspension in phosphate buffer (PBS), clarified by low-speed centrif-
ugation, and stored at �80°C until processing.

Four positive GII samples (already characterized as NoV GII) were kindly
provided from the National Institute for Infectious Diseases Lazzaro Spallanzani
(INMI), Rome (samples 372 and 374), and from the Institute of Microbiology,
University of Parma (samples 616 and 617). Moreover, a positive control (653)
was provided from the Health Protection Agency (HPA; United Kingdom).
Table 2 shows the complete list of clinical samples used in this study.

Extraction of nucleic acid. Nucleic acids were extracted from 300 �l of PBS-
resuspended pellet for environmental samples by using the EXTRAgen kit
(Amplimedical, Torino, Italy) according to the manufacturer’s instructions. RNA
from clinical samples was extracted from 140 �l of stool suspension by using the
QIAamp viral RNA kit (QIAGEN, Hilden, Germany), according to the manu-
facturer’s instructions. The NoV GII sample provided from the HPA was in-
cluded in each round of extraction, to control for the quality of the extraction.
Extracted RNA was diluted in 60 �l of sterile water and used directly in RT-PCR
assays or stored at �80°C for future use.

RT-PCR assays. Clinical and environmental extracts were tested with a pub-
lished seminested RT-PCR assay, based on the method of Vennema et al. (56).
It consists of an amplification of both GI and GII of NoV in the RdRp gene
region by RT-PCR (RT-PCR 443; see Table 3), followed by specific seminested
PCR assays for each genogroup (PCRs 444 and 446 for GII and GI, respectively).
The target amplicon sizes are 327 bp in the RT-PCR (for both genogroups), 188
bp in the seminested PCR for GI, and 237 bp in the seminested PCR for GII.

To discriminate true-negative results from false-negative results due to PCR
failure, a NoV internal amplification control (IAC) RNA (NOROIAC; York-
shire Bioscience Ltd., Biocentre, York, United Kingdom), which contains the
target region for primers used in each round, was included. The IAC amplicon
sizes are 369 bp in the first cycle, 228 bp in the GI seminested PCR, and 277 bp
in the GII seminested reaction. A positive reaction control and a negative
reaction control (ultrapure water) were included with each series of tests. All
standard precautions were followed and strict laboratory practices were adhered
to in order to prevent any PCR contamination. The pre-PCR manipulations
(RNA isolation and PCR setup) were performed in a clean room that was
physically isolated from the post-PCR processing area; dedicated pipettes and
reagents were used for each location and washed daily with Microsol 3� labo-
ratory decontaminant (Anachem, Luton, United Kingdom).

In the first cycle (RT-PCR 443), 10 �l of the extracted RNA and 22 pmol of
each primer (1421 and 1422) were used in a final mixture of 50 �l, for reverse
transcription amplifications using the GeneAmp RNA PCR kit (Applied Bio-
systems) according to the manufacturer’s instructions. RT-PCRs were carried
out in a GeneAmp PCR System 9600 Thermocycler (Applied Biosystems) under
the following conditions: reverse transcription at 50°C for 30 min; one cycle of
template denaturation at 94°C for 5 min; and 40 cycles of 94°C for 30 s, 45°C for
30 s, and 72°C for 1 min, followed by one cycle of elongation for 10 min at 72°C.
At the end of the amplification 2 �l of product amplicon was used for each

FIG. 1. Sample collection sites along 120 km of the Latium coast. Symbols: circles, seawater samples; squares, sewage samples.
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seminested reaction for GI and GII (PCR 446 and PCR 444, respectively) in 35
cycles of amplification at the same temperature as that of the first cycle.

All clinical and environmental extracts were then also amplified by newly
designed nested RT-PCR assays for GI and GII in order to verify the typing
results obtained by the method of Vennema et al. and to further explore genetic
diversity within the two genogroups by phylogenetic analysis. Two different
strategies were used to design the new assay for the two genogroups in order to
amplify roughly the same target region: for detection of GII NoVs, in the first
cycle of amplification (RT-PCR 437 [see Table 3]) a combination of published
primers (1356 and 1367) in the RdRp gene was used (15, 19), modified by us, in
order to obtain a fragment of 1,048 bp. To increase the sensitivity of the assay,
a nested PCR (PCR 438) was performed with a combination of published
primers (1364 and 1319) (18, 19) to obtain an amplification product of 516 bp.

For detection of GI NoV, newly designed primers were engineered on the
basis of the multialignment of GI sequences in the database. An amplification of
1,013 bp of NoV GI was obtained (RT-PCR 475) by using primers 1449 and
1448; in the nested PCR (PCR 476) primers 1423 and 1316 were used to amplify
a fragment of 687 bp. Table 3 shows the list of PCRs and primers used in this
study with ID codes and references.

For the new PCR assays, the annealing temperature was increased to 50°C in
both the initial and nested cycles. Visualization of amplification products was
carried out by horizontal electrophoresis in a 1.5% agarose gel stained with
ethidium bromide. A marker with a known molecular size (1-kb DNA ladder;
Invitrogen) and a negative control (diethyl pyrocarbonate-treated water) were
run on the same electrophoresis gel to confirm the validity of results. Gel images
were visualized under a UV transilluminator and digitally recorded. The PCR
products were purified prior to sequencing by using the Wizard SV Gel and PCR
Clean-Up System (Promega Corporation, Madison, WI), following the manu-
facturer’s instructions.

Gene sequencing and data analysis. Amplicons were sequenced from both
directions with the ABI Prism BigDye Terminator Cycle Sequencing Ready
Reaction kit (Applied Biosystems, Foster City, CA) following the manufacturer’s
instructions, by using the same primers as those for the PCRs. After cycle
sequencing, unincorporated dyes were removed with the Montage SEQ96 Se-
quencing Reaction Cleanup Kit (Millipore Corporation, Billerica, MA). Se-
quencing analysis was performed in a capillary automatic sequencer (ABI
PRISM 310 Genetic Analyzer; Applied Biosystems) as previously described (35).

The consensus sequences were constructed by comparing forward and reverse

TABLE 2. Clinical samples collected from the Policlinico Umberto I, Rome, and elsewhere

Sample Collection date (yr, mo) Origin Symptoms PCR result Genogroup

668 2006, January Policlinico Umberto I Vomiting and diarrhea � GII
669 Vomiting, diarrhea, fever � GII
670 2006, February Vomiting and diarrhea � GII
673 Vomiting, fever, abdominal pains �
675 Vomiting and diarrhea �
676 Vomiting and diarrhea �
681 Vomiting, diarrhea, abdominal pains �
682 Vomiting, diarrhea, fever �
683 Vomiting, diarrhea, fever �
684 Vomiting, diarrhea, fever �
685 2006, March Vomiting, diarrhea, fever �
686 Vomiting, diarrhea, fever �
691 Vomiting, diarrhea, abdominal pains � GII
692 Vomiting and diarrhea � GII
693 Vomiting and diarrhea �
694 Vomiting and diarrhea �
695 Vomiting, diarrhea, and fever �
928 2006, August Vomiting, diarrhea, and fever �
929 Vomiting, diarrhea, abdominal pains �
372 2002, October INMI � GII
374 2002, February � GII
616 2005, May University of Parma � GII
617 � GII
653 2005, September HPA � GII

TABLE 3. PCRs used in this work for PCR and cloning purposes

PCR ID Primer ID Sequence (5�33�) Product
length (bp)

Primer position,
5� to 3�a

443 1421-f ATACCACTATGATGCAGAYTA 327 4279–4299
1422-r TCATCATCACCATAGAAIGAG 4605–4585

444 1421-f ATACCACTATGATGCAGAYTA 237 4279–4299
1424-r AGCCAGTGGGCGATGGAATTC 4515–4495

446 1423-f TCNGAAATGGATGTTGG 188 4691–4707
1422-r TCATCATCACCATAGAAIGAG 4878–4858

437 1356-f AGCCNTNGAAATNATGGT 1,048 4342–4359
1367-r CGATTTCATCATCACCATA 5389–5367

438 1364-f YTCYTTCTATGGYGATGATGA 516 4585–4605
1319-r TCGACGCCATCTTCATTCACA 5100–5080

475 1449-f GGGACTCAACACAAAATAGAC 1,013 4581–4604
1448-r ACATCACCGGGGGTATTRTTT 5593–5571

476 1423-f TCTGAGATGGATGTAGG 687 4691–4707
1316-r TCCTTAGACGCCATCATCAT 5377–5358

a For PCRs 443 to 438, the primer positions are based on GenBank sequence accession no. X86557; for PCRs 475 and 476, the primer positions are based on
GenBank sequence accession no. M87661.
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electropherograms using the AutoAssembler sequence assembly software, ver-
sion 2.1.1 (Applied Biosystems, Foster City, CA), and exported in GCG format
to a Sun Blade 2000 workstation (Sun Microsystems, Palo Alto, CA) imple-
mented with Wisconsin GCG version 10.3 (University of Wisconsin Genetics
Computer Group, Madison, WI). Database searches were run using the BLAST
(Basic Local Alignment Search Tool) service provided by the National Center for
Biotechnology Information (NCBI, Bethesda, MD) web server.

Multiple alignment was carried out using the GCG PILEUP program, and the
subsequent phylogenetic analyses were performed using the Clustal W program,
version 1.8 (51), with the neighbor-joining method based on a matrix of dis-
tances. The significance of constructed phylogenies was estimated by bootstrap
analysis with 100 pseudoreplicate data sets, with values above 70% being con-
sidered significant.

The trees were displayed with the Njplot program (40), and the postscript files
were imported in the CorelDraw (version 10) program for adjustments.

Cloning PCR product. Since environmental samples may contain multiple
virus strains (30), positive PCR products were cloned into the PCR4-TOPO
vector (Invitrogen) by the TA cloning strategy, according to the manufacturer’s
protocol, in order to obtain a cDNA library of NoV sequences. The amplified

products ligated into the TA cloning vector were plated onto Luria-Bertani
medium–ampicillin agar plates containing 5-bromo-4-chloro-3-indolyl-�-D-galac-
topyranoside (X-Gal).

At least five colonies that appeared to be white when screened for the
appropriate-size insert by PCR were sequenced using vector-specific primers
(T3 and T7).

Nucleotide sequence accession numbers. The nucleotide sequence data ob-
tained in this study have been submitted to GenBank and assigned accession
numbers AM712389 to AM712434.

RESULTS

An amplicon of 237 bp for GII was detected by using RT-
PCR 443, followed by PCR 444 for 10 samples (five reference
samples and five clinical samples from the Policlinico Umberto
I of Rome [Table 2]); no GI signals were detected. A fragment
of 277 bp for NOROIAC in the negative samples was ampli-

FIG. 2. Phylogenetic tree constructed in the RdRp region (56). The type of sample from which the sequence was obtained is listed in
parentheses (C, clinical samples; S, seawater, SW, sewage; R, reference).
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fied, excluding the presence of inhibitors in amplification re-
actions or other causes of false-negative results.

Concordant results were obtained with the newly designed
assays for GI and GII: an amplicon of 516 bp was obtained by
using the newly designed assay for NoV GII (RT-PCR 437
followed by the nested PCR 438) from the 10 GII samples (five
reference samples and five clinical samples); no GI signals
were detected.

Genotyping of the five clinical NoV strains detected in our
study showed that three strains (668, 669, and 692) belonged to
the GII.4 cluster, one strain (691) belonged to the GII.3 clus-
ter, and one strain (670) belonged to the GIIb cluster. Of the
five samples used as reference strains, four belonged to the
GII.4 group (653, 616, 372, and 374) and one (617) belonged to
the GIIb cluster.

Environmental samples were first tested with the method of
Vennema et al. (56). None of the 15 river, estuarine, and
seawater samples collected during 2004 were positive for GI or
GII NoV. Of 19 seawater samples collected during 2005, three
(samples 645, 649, and 650) turned out to be positive for NoV
GII (Table 1). All 10 sewage samples collected during 2006
were positive for NoV GII; moreover, in six samples (671, 677,
678, 679, 680, and 704) both GI and GII were detected. All
samples yielding negative PCR results for GI and GII pro-
duced the expected band corresponding to the internal stan-
dard control.

When environmental samples were tested with the newly
designed assays for GI and GII, concordant results were ob-
tained in comparison with the reference method: a fragment of
516 bp for NoV GII was obtained from the three seawater
samples collected during 2005 and from all sewage samples
collected during 2006. In 6 out of the 10 sewage samples (Table
1), in addition to the signal for GII, a fragment of 687 bp for
GI was amplified, indicating a simultaneous contamination by
the two genogroups. Moreover, two sewage samples (703 and
704) were contaminated besides strains of different geno-
groups even with different strains of GII.

Genotyping of GII strains showed that the three seawater
samples belonged to the GII.4 group while the sewage samples
contained, in addition to GII.4 strains (6 out of 10), three GIIb
strains and one GII.3 strain (Table 1).

Sequences obtained from both environmental and clinical
samples from the different tests used in this study were used to
construct different phylogenetic trees, in order to characterize
NoV strains and to study their genetic relationships.

Figure 2 shows the tree constructed on the basis of mul-
tialignment of GI and GII sequences obtained with the Ven-
nema method. In the tree, prototype sequences from GI and
GII obtained from GenBank (accession numbers M87661 and
X86557, respectively) and an outgroup sequence from a Sap-
poro virus (Manchester; X86560) were included.

The tree shows two separated clusters for GI and GII sam-
ples, supported by high bootstrap values; moreover, a within-
cluster variability is evident for both genogroups. In particular,
GII samples all differ from each other; GII samples showed a
certain degree of genetic diversity but no clearly distinct clus-
ters supported by significant bootstrap values. A group of sam-
ples were indistinguishable because of 100% identical nucleo-
tide sequences. Figure 3 shows the tree constructed with GI
and GII sequences obtained from the newly designed nested

assays. Besides the Sapporo virus Manchester (X86560) as
outgroup, prototypes from GenBank were included for each
GII cluster (AY502023, ab089871, and X86557 for GII.4;
AY773210 for GIIb; and AF414415 for GII.3) and for each GI
cluster (af414404 for GI.4, M87661 for GI.1, and ay694413 for
GI.2). The tree shows two clearly separated clusters for GI and
GII samples, supported by high bootstrap values; moreover,
the tree shows a greater genetic diversity within GII samples.
In particular, tree clusters referring to GII.4, GIIb, and GII.3
are clearly separated (bootstrap value, �98.3%). For samples
703 and 704, in which two different sequences were simulta-
neously detected by direct sequencing and by cloning of PCR
products, the different strains are indicated as 703.2 and 704.2.
In particular, of 26 GII sequences, 19 belonged to the GII.4
cluster, 5 to the GIIb cluster, and 2 to the GII.3 cluster; of six
GI strains, two belonged to the GI.4 group, one to the GI.1
cluster, and three to the GI.2 cluster.

DISCUSSION

Human NoVs are important pathogens associated with
food- and waterborne outbreaks of acute gastroenteritis in
children and adults. These viruses, transmitted by the fecal-
oral route, are estimated to be responsible for almost all non-
bacterial gastroenteritis worldwide. Contaminated water poses
an especially serious health risk, and waterborne outbreaks
have been caused by contaminated surface water, groundwa-
ter, drinking water, and mineral water (4, 26, 46, 53).

A large European project called VIROBATHE (Methods
for the Detection of Adenoviruses and Noroviruses in Euro-
pean Bathing Waters with Reference to the Revision of the
Bathing Water Directive 76/160/EEC) is under way to acquire
data about “emerging waterborne pathogens” such as NoVs
and adenoviruses, in order to standardize reliable techniques
for the detection and quantification of such viruses in water
samples for water quality assessment.

While the occurrence of these viruses in oysters or other
seafood has been widely reported (3, 15, 20), the fate of viruses
in seawater is unknown and reports of detection of NoVs from
seawater are limited. Nevertheless, the viral contamination of
seawater is one of the important epidemiological issues.

In the present study, environmental samples from seawater,
estuarine water, and effluents of sewage treatment plants were
analyzed in order to evaluate the role of environmental surface
contamination as a possible vector for transmission of NoVs
from GI and GII. Moreover, in order to study the similarity of
viruses found in water to those causing clinical problems in the
community, we analyzed clinical samples collected from chil-
dren with symptoms of acute sporadic gastroenteritis hospital-
ized at the Policlinico Umberto I of Rome.

Sequencing and phylogenetic analysis in the highly con-
served region of the RdRp region were used to detect and
characterize NoVs in environmental and clinical samples col-
lected from 2004 to 2006.

Firstly we used a published assay (56) able to amplify a
fragment of 237 bp for GII and 188 bp for GI in seminested
reactions. The use of double-round PCR is needed when an-
alyzing water samples due to the low concentration of viruses.
Because NoV detection in water samples requires concentra-
tion of viruses from large volumes of water, a process that can
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coconcentrate inhibitors which may test falsely negative by
conventional RT-PCR methods (42, 53), an IAC was used in
the PCR assays to discriminate a true-negative result from a
false-negative result due to PCR failure.

Nucleotide sequences obtained from GI and GII clinical and
environmental samples were used to construct a phylogenetic
tree. In the tree, GI and GII strains are clearly separated into
different clusters and genetic diversity within each genogroup
is shown. Still, two groups of sequences in the GII cluster
showed 100% nucleotide sequence identity. Because of the
short length of the analyzed region and the conserved genomic
region targeted by the primers used, we cannot confirm if those
viruses are identical or if we are unable to discriminate be-
tween them.

To address the problem, in addition to published primers,
we have also designed a new broadly reactive RT-PCR/nested

assay for GI and GII NoV within the RNA polymerase region
which gives longer amplicons (516 bp for GII and 687 bp for
GI), in order to better display the high genetic polymorphism
of NoVs and to understand the relatedness and phylogeny of
different strains.

The Vennema method is a useful tool for rapid detection
and identification of NoVs belonging to GI and GII; neverthe-
less, because of the short length of PCR products, it yields
limited phylogenetic information of the sort useful for reveal-
ing variability within the genogroups. In fact, it is well known
that sequence data generated from small regions should be
interpreted with caution. To our knowledge, to date, published
nested assays (required when analyzing environmental sam-
ples) produce fragments of no more than 158 bp (15, 21, 37, 38,
43, 50, 57). The newly designed assays for GI and GII provided
more extensive regions of the polymerase gene, which allows

FIG. 3. Phylogenetic tree constructed in the RdRp region for NoV (this study). The abbreviations in parentheses are the same as those listed
in the legend to Fig. 2.
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high-confidence BLAST searches of the public database. The
new assays are therefore a useful tool for molecular typing of
NoVs, able to display the high genetic polymorphism of these
viruses and to help us understand the relatedness and phylog-
eny of different strains.

In order to discriminate a true-negative result from a false-
negative result due to PCR failure we are preparing an IAC for
the new primer sets, for detection of inhibitory effects.

In conclusion, the two novel assays, coupled with phylogeny-
based clustering in the RdRp region, should be of use not only
for the rapid diagnosis and typing of human NoVs in environ-
mental and clinical samples but also for global epidemiological
study of these viruses. Although this work shows only prelim-
inary epidemiological data based on a relatively low number of
samples, results appear to be promising. Further studies with
more field isolates are needed in order to evaluate the sensi-
tivity of the new primers to detect a wide variety of NoV
genetic types, to confirm the value of this approach.

Of 19 clinical samples analyzed 26% were infected with
NoV, all belonging to GII; negative samples showed infection
with enteric viruses other than NoV (data not shown). Despite
the small number of clinical samples analyzed in this work,
these data confirm NoVs as important causative agents of
pediatric gastroenteritis and underline the importance of NoV
GII strains as the main cause of the majority of sporadic cases
of infantile gastroenteritis. Moreover, this result is in agree-
ment with previous reports of a higher prevalence of GII than
of GI strains in outbreaks, as well as studies of sporadic gas-
troenteritis (5, 11, 12, 13, 22, 32, 36, 49, 52).

Regarding environmental contamination by NoVs, different
types of water were contaminated by viruses differently. River,
estuarine, and seawater samples were scarcely contaminated: 3
out 33 (0.9%) samples were positive for GII; sewage samples
were 100% positive for NoV, of which 60% presented multiple
NoV contaminations (simultaneous presence of both GI and
GII). Moreover, mixed infections with different strains of GII
were detected in two samples (703 and 704) by direct sequenc-
ing of the amplified products or by sequencing of the cloned
fragments by using vector-specific primers. While directly se-
quencing PCR products without first cloning the fragment pro-
vides distinct advantages in terms of time and cost, the draw-
back is that where “single bands” are really two or more
superimposed products—not a particularly rare event if am-
plifying related but nonidentical sequences—only the much
more representative product is visible. Since environmental
samples may contain multiple virus strains, cloning before se-
quencing of RT-PCR products is important to highlight ge-
netic variability.

It is interesting that despite the broad diffusion of both GI
and GII NoVs in sewage samples, human diseases are mainly
caused by GII strains (5, 12, 13, 22, 32, 36, 49, 52). The reason
for this is unknown, although differences in biological proper-
ties such as virulence, routes of transmission, or stability of the
virus in the environment are possible explanations (7). This
discrepancy, already described by different authors, suggests
the need for further investigation of possible differences in the
pathogenic potential of different genogroups, different degrees
of immunity, and water environmental stability.

Even though the clinical and environmental sample numbers
are small, we noted correlations between sewage samples (SW)

and clinical samples (C) collected during 2006 (Fig. 3). Partic-
ularly, the 670 (C) and 679 (SW) samples, which are identical
and belong to genotype GII.b, were collected in February-
March; samples 691 (C) and 699 (SW), which were collected in
March-April, clustered together in the GII.3 group; sample
692 (C) clustered with sample 680 (SW) in the GII.4 group,
both collected in March 2006.

The wide circulation of NoVs and a widespread dissemina-
tion of NoV variants in raw and treated sewage waters, with a
predominance of GII strains, are already known (55), and
waterborne outbreaks of NoV in community settings caused by
sewage contamination of wells and recreational water have
been described elsewhere (6, 18, 27). In fact, sewage treatment
processes, when present, are only partially effective at viral
removal and discharges constantly release human viruses into
the marine environment. Once in the environment, viruses can
survive for weeks to months either in the water or by attaching
themselves to particulate matter and accumulating in sedi-
ments. While viral presence in seawater samples decreases
with distance from the pollution source, even slightly contam-
inated waters are potentially a risk because of NoV character-
istics: low infectious doses (8, 29), prolonged asymptomatic
shedding (14), great strain diversity (1, 10), and environmental
stability (45).

Moreover, the coexistence of several GI and GII NoVs and
different genotypes of each genogroup as detected in this study
can lead to exposure of human or animal hosts to multiple
NoV strains with a potential risk of recombination: emerging
new strains which may be more virulent and pathogenic than
strains currently circulating in the population can better adapt
to infect susceptible individuals or better survive in the envi-
ronment, with new potential risks for the community (55).

To complement qualitative PCR assays, we are performing
quantitative PCR assays to detect NoV concentrations in en-
vironmental samples by broadly reactive one-step TaqMan
RT-PCR assays (unpublished data). Quantitative data on the
concentrations of NoVs present in recreational water are in-
dispensable for assessment of the public health risks caused by
NoV infections.

Few studies have investigated the prevalence and epidemi-
ology of NoVs in Italy, and, to our knowledge, this work is the
first to demonstrate the diffusion of NoV GI and GII in water
environments in Italy. Finding enteric viruses in water helps us
to understand the mechanisms of viral transmission and to
determine the possible role played by water as a vector for
transmission. As virally contaminated waters can serve as ve-
hicles for NoV transmission and can be expected to cause
further outbreaks, continued surveillance of NoVs and typing
in clinical samples as well as in surface water are warranted,
and in our opinion, legislative measures for viral monitoring as
part of the microbial risk assessment in seawater should be
seriously considered.
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