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ABSTRACT
Noroviruses are recognized as an important cause of outbreaks of acute nonbacterial gastroenteritis.
This review deals with the current status and future directions for noroviruses detection in water.
Currently there are no standard methods available for the concentration of noroviruses from water
or other environmental samples. Noroviruses cannot be cultivated in cell culture nor passed in
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animal models. RT-PCR assays are currently the most widely used method for detection of
noroviruses in water and other environmental samples. However, the analytical sensitivity for
molecular methods is unknown. Molecular methods need to be refined and standardized through
further development of procedures to simplify viral nucleic acid extraction, the RT-PCR process, and
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the development of primers and probes that can detect a majority of noroviruses present in
environmental samples. Moreover, methods need to be developed to determine the infectious virus.
Key words
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INTRODUCTION
Since the discovery of the Norwalk virus in 1972, noro-

during 1994–1998 (Hedlund et al. 2000), conﬁrming the

viruses (NVs), previously called small, round, structured

aetiological signiﬁcance of these viruses.

viruses (SRSVs), human caliciviruses and ‘Norwalk-like

The family Caliciviridae has recently been divided

viruses’ (NLVs), have emerged as the single most common

into four genera: Norovirus (type strain Norwalk virus),

cause of acute nonbacterial gastroenteritis in humans.

Sapovirus (type strain Sapporo virus), Vesivirus (type

NVs are the major cause of outbreaks in all age groups,

strain vesicular exanthema of swine virus) and Lagovirus

whereas Sapoviruses (SVs), previously called classic

(type strain rabbit haemorrhagic disease virus) (ICTV

human calicivirus, ‘Sapporo-like viruses’ (SLVs), have

meeting, Paris 2002). Norovirus and Sapovirus are the two

been primarily associated with paediatric gastroenteritis

genera that have been implicated in human diseases and

and are rarely associated with outbreaks. The Center for

are generally viewed as human caliciviruses, although

Disease Control and Prevention (CDC) determined that

members of both genera have been detected in husbandry

NVs account for 93% of reported outbreaks of nonbacterial

animals as well (Sugieda et al. 1998; Dastjerdi et al. 1999;

gastroenteritis that have been examined over a period of

Guo et al. 1999; Liu et al. 1999). The other two genera,

3 years in the United States (Fankhauser et al. 2002). NVs

Lagovirus and Vesivirus, are known to cause diseases in

have been implicated in 82% of 184 outbreaks reported to

animals. However, a recently isolated Vesivirus (SMSV-5)

municipal public health centres in the Netherlands during

has been demonstrated to cause pathogenic lesions in a

1991–1999 (Koopmans et al. 2000), 68% of outbreaks (64

human (Smith et al. 1998a). Humans were thought to be

of 94) during 1996–1997 in East Anglia, United Kingdom

the only reservoir of NVs; however, recent reports of NVs

(Maguire et al. 1999), and 89% of 455 outbreaks in Sweden

in farm animals (van der Poel et al. 2000) and the possible
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Grouping of noroviruses by genetic relatedness

Genogroup

Cluster

Fields prototype1

CDC2 cluster

four genetic groups, called genogroups (G), GI–GIV, of

I

1

Norwalk

GI.1

which genogroup III has so far been found to cause

I

2

Southampton

GI.2

I

3

Desert Shield

GI.3

[Stavanger]*

GI.3b

Based on sequence analysis, NVs can be divided into

disease only in cattle (Ando et al. 2000). NVs within
genogroups can be further divided into at least 18 genetic
clusters or genotypes (Table 1). Similarly, SVs can be
divided into at least three genogroups (GI–GIII), compris-

I

4

Chiba

GI.4

detected in humans and genogroup III comprises one

I

5

Musgrove

GI.5

porcine (Cowden) strain (Schuffenecker et al. 2001).

I

6

Hesse

GI.6

stranded RNA of approximately 7.6 to 7.7 kb in length and

I

7

Winchester

GI.7

is composed of three open reading frames (ORFs) (Jiang

II

1

Hawaii

GII.1

[Wortley]*

GII.1b

ing ﬁve genotypes; genogroup I and II strains have been

The genome of NVs possesses a positive sense, single-

et al. 1993). For Norwalk virus, the largest ORF, ORF1,
located at the 5′ end of the genome, encodes a large

II
II

2

Melksham

GII.2

II

3

Toronto

GII.3

polymerase proteins of picornaviruses (Jiang et al. 1990,

II

4

Bristol

GII.4

1993). The second ORF, ORF2, encodes the viral capsid

II

5

Hillingdon

GII.5

6

Seacroft

GII.6

II

7

Leeds

GII.7

II

NA

Amsterdam

GII.8

[Virginia Beach]*

GII.9

polyprotein of 1,738 amino acids (aa). This polyprotein
contains short motifs of amino acid that are analogous to
the helicase, cysteine protease, and RNA-dependent RNA

protein (Jiang et al. 1993). The third and the smallest ORF,
ORF3, encodes a minor structural protein (Glass et al.
2000). The genome of the SVs is organized differently from
NVs and is more similar to animal calicivirus belonging to
the genus Lagovirus. The single stranded RNA genome is
about 7.5 kb long with three predicted ORFs and a 3′
polyadenylated tail (Liu et al. 1995, 1997; Numata et al.
1997). Unlike NVs, ORF1 of SVs codes for both putative
nonstructural proteins (helicase, cysteine protease and
RNA-dependent RNA polymerase) as well as the capsid
protein (Liu et al. 1995; Numata et al. 1997). ORF2, corresponding to the ORF3 of NVs, situated at the 3′ end of the
genome, encodes a basic protein of unknown function.
SVs contain a third ORF overlapping the capsid coding
region, which encodes a small basic protein (Liu et al.
1995; Numata et al. 1997). ORF3 of SVs has no correspond-

II
NA

NA

Jena

GIII.1

NA

NA

Bo/NLV/CH126/1998/NL

GIII.2

NA

NA

Alphatron

GIV.1

NA=not assigned
1
Green et al. (2001)
2
Center for Disease Control and Prevention
*Pairs with uncorrected amino acid differences in the 15–20% range: Desert Shield and
Stavanger (GI.3 & GI.3b) Hawaii and Wortley (GII.1 & GII.1b)
Source: CDC, personal communication

ing ORF in NVs. The signiﬁcance of this ORF3 is unclear.
Unlike many bacterial pathogens, which have been
controlled largely by water and wastewater treatment

indicators are not considered adequate indicators of viral

practices, the incidence of water-related viral diseases

contamination and the use of bacteriophages (viruses that

has remained virtually unchanged over the past several

infect bacteria) as viral indicators is still under evaluation.

decades (Metcalf et al. 1995). Commonly used bacterial

NVs are on the USEPA Contaminant Candidate List
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for regulatory consideration for drinking water (USEPA
1998). Because methods for detecting NVs in water
samples are still under development, the prevalence of NV
contamination of drinking water and other water types
and the impact of such contamination on consumers and
the water industry remain unclear. Therefore, there is a
need to develop a detection method that is rapid, sensitive
and selective for infectious NVs. This paper reviews the
current methods available for the detection of NVs in
water and environmental samples and provides future
research directions.

EPIDEMIOLOGY

Figure 1

|

Mode of transmission of 348 outbreaks of norovirus gastroenteritis reported
to CDC during January 1996 to November 2000 (source: MMWR Weekly
Report 2001).

NVs and SVs are recognized as an important cause of
acute nonbacterial gastroenteritis. Numerous food and
waterborne outbreaks of NVs have been reported
throughout the world (Vinjé et al. 1997; Maguire et al.

studies from 12 year-round surveys conducted during

1999; Bon et al. 1999; Hedlund et al. 2000; Koopmans et al.

1978 to 1998 in eight countries indicate that the peak

2000; O’Ryan et al. 2000; Nakata et al. 2000; Pang et al.

incidence of NVs occurs during the winter months

2000). A Norwalk-like virus strain (95/96-US) with global

(Mounts et al. 2000).

distribution has been identiﬁed (Noel et al. 1999). NVs

NVs have been detected in surface water (Jiang et al.

caused 93% and 73.4% of nonbacterial gastroenteritis

2001), groundwater (Abbaszadegan et al. 2003), drinking

outbreaks in the United States and Japan, respectively,

water (Kukkula et al. 1999), mineral water (Beuret et al.

over a 3-year period (Iritani et al. 2000; Fankhauser et al.

2002), and are a well-documented cause of waterborne

2002).

outbreaks of acute gastroenteritis (Kaplan et al. 1982;

NVs outbreaks have been reported in many different

Kukkula et al. 1997; Beller et al. 1997; Brugha et al. 1999;

settings, such as schools (Adler and Zickl 1969), nursing

Boccia et al. 2002). Contaminated drinking water con-

homes (Green et al. 2002), hospitals (Hedlund et al. 2000),

sumption has been reported to be associated with NV

cruise ships (Herwaldt et al. 1994; Khan et al. 1994;

outbreaks (Taylor et al. 1981; MMWR 1982; Kukkula et al.

MMWR 2002), tourist resorts (Boccia et al. 2002), child-

1997, 1999; Beller et al. 1997; Boccia 2002; Anderson et al.

care centres (Hedlund et al. 2000) and Navy ships

2003). Contamination of untreated groundwater due to

(McCarthy et al. 2000). NVs are primarily transmitted

geological conditions, overloaded sewage disposal sys-

through the faecal–oral route, although airborne transmis-

tems, back-siphonage or backﬂow, inadequate chlorina-

sion has been suggested (Sawyer et al. 1988). Outbreaks

tion of municipal drinking water supplies or breakdowns

caused by the consumption of shellﬁsh are common

in the water system have been implicated in the outbreaks.

(Shieh et al. 2000). During an outbreak, primary cases

Outbreaks associated with swimming have also been

usually result from exposure to a faecally contaminated

reported (Kappus et al. 1982; Baron et al. 1982).

vehicle such as food or water (Daniels et al. 2000; Deneen

For 348 outbreaks of NV gastroenteritis reported to

et al. 2000; Boccia et al. 2002), whereas secondary and

CDC during January 1996–November 2000, food was

tertiary cases among contacts of primary cases result from

implicated in 39%, person-to-person contact in 12%, and

person-to-person transmission (Becker et al. 2000).

water in 3%; 18% could not be linked to a speciﬁc trans-

Despite the transmission of NVs throughout the year,

mission mode (Figure 1). However, owing to the lack
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of a reliable detection method and a reliable surveil-

19 and 14% of the seeded Pan-1 were recovered from

lance system, the actual disease burden of water-related

ﬁnished, ground and surface waters, respectively (Huang

norovirus infection might have been under-reported.

et al. 2000). A similar method using an organic ﬂoccula-

Collaboration among local, state and national public

tion procedure for reconcentration of viruses was used to

health authorities and development of a reliable detection

detect NVs in a large volume (1,512 l) of groundwater

method would help to deﬁne the actual disease burden

(Abbaszadegan et al. 2003).

that might be attributed to waterborne noroviruses.

A three-step method has been developed for concen-

Immunity to NV is short-lived (Estes et al. 2000) and

trating NVs from 1 l of freshwater or river water using

vaccine development studies using recombinant Norwalk

electropositive ﬁlters (Gilgen et al. 1997). Brieﬂy, 1 l of

virus-like particles (rVLP) are in the early stages of devel-

water was ﬁltered through a positively charged membrane

opment (Guerrero et al. 2001; Harrington et al. 2002).

by use of a ﬁbreglass preﬁlter. Viruses were eluted from the
membrane with 50 mM glycine-NaOH, pH 9.5, containing
1% beef extract. Further concentration to 100 µl was
achieved by use of a Centricon-100 microconcentrator.

CONCENTRATION OF NOROVIRUSES FROM
WATER

Following RNA extraction from the sample concentrate,
NVs were detected by reverse transcriptase polymerase
chain reaction (RT-PCR). The method was used to recover

Even though methods for concentration of many enteric

NVs from untreated water, treated water and tap water

viruses have been developed, limited studies have been

(Kukkula et al. 1999).

done into concentrating NVs from water (Table 2). One of

NVs were concentrated from 200 l of surface water

the major limitations in NV concentration methods devel-

using 1MDS electropositive ﬁlters followed by elution

opment is the lack of a supply of virus stock. At present

with 1 l of 1% beef extract glycine (Schwab et al. 1996).

NVs cannot be cultivated in cell culture nor passed in

The eluate was further concentrated and puriﬁed with

animal models. Clinical sources of NVs are not available

PEG precipitation, ProCipitate (a commonly available

to many laboratories interested in environmental methods

protein precipitating reagent) precipitation and a second

developments. Hence, animal caliciviruses, such as pri-

PEG precipitation. Aliquots of the second PEG precipitate

mate calicivirus Pan-1 and feline calicivirus have been

were further processed by the antibody capture method

used as surrogates for NVs in some concentration studies

for subsequent RT-PCR. The detection limit for this

(Myrmel et al. 1999; Huang et al. 2000).

method was 103 PCR units of Norwalk virus (Schwab

Huang et al. (2000) described a method for concen-

et al. 1996).

tration of NV from 40 l of water using electropositive

In another study, Norwalk-like viruses were concen-

ﬁlters where Pan-1 was used as a model organism. Deion-

trated from 10 l of tap water, river water, seawater and

ized, ﬁnished, ground and surface water samples were

sewage efﬂuent using 0.45 µm negatively charged cellulose

seeded with infectious Pan-1 and then ﬁltered using

nitrate membranes (Wyn-Jones et al. 2000). The pH of the

1MDS ﬁlters, eluted with beef extract, and reconcentrated

water was preconditioned to 3.5 and was passed through a

by polyethylene glycol (PEG) precipitation. Pan-1 was

composite ﬁlter stack consisting of a glass ﬁbre preﬁlter

found to be sensitive to high pH. At pH 9.0, a beef extract

before passing through the cellulose nitrate membrane

solution recovered 35% more infectious Pan-1 virus com-

ﬁlter. Viruses were eluted from the ﬁlter with 200 ml of

pared with same the method at pH 9.5. Using this method,

0.1% (w/v) skimmed milk at pH 9.5 and then further

Pan-1 was recovered from small volumes (200 ml) of

concentrated by acid ﬂocculation at pH 4.5 and brought to

deionized, ﬁnished, ground and surface water at efﬁcien-

a ﬁnal volume of 10 ml. Viruses were detected in the

cies of 94, 73, 67 and 64%, respectively, when samples

sample concentrate using RT-PCR (Wyn-Jones et al. 2000).

were assayed after elution without further concentration.

Recently, a new procedure for concentration of

When larger volumes of water (up to 40 l) were tested, 38,

enteroviruses and Norwalk virus using a negatively
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Plaque assay; 2Reverse transcription PCR

RT-PCR

RT-PCR

RT-PCR

RT-PCR

Antibody capture
– RT-PCR

RT-PCR

10 to 100 RNA containing
particles

5–10% (using feline
calicivirus as a model
organism)

61–73% (using poliovirus-1
as a model organism)

Lodder et al. 1999

Myrmel et al. 1999

Katayama et al.
2002

Wyn-Jones et al.
2000

Schwab et al. 1996

2 PFU of poliovirus-1, 103
PCR units of Norwalk virus
Not tested

Abbaszadegan et al.
1999

Not tested

Gilgen et al. 1997

105 dilution of NLV stool
sample per litre of water (the
actual titre of virus in the
stool sample is not known)

RT-PCR

Huang et al. 2000

14–8% (using primate
calicivirus Pan-1 as model
organism)

PA1/RT-PCR2

References

Percentage recovery/detection limit

Method of detection

Detection of noroviruses in water

1

Raw sewage

Membrane ﬁlter

10 l

Deionized water, raw
water

Seawater

Tap water, river water,
seawater and raw sewage

Raw surface water

Groundwater

Fresh water, river water,
untreated and treated
water, tap water

Membrane ﬁlter

1–2 l

200 l

1MDS cartridge
ﬁlter

Membrane ﬁlter

1,512 l

1MDS cartridge
ﬁlter

20–100 ml raw
sewage, 10 l of
water

1l

Membrane ﬁlter

Finished water, ground
water and surface water

Type of water

|

Cellulose nitrate
membrane

40 l

1MDS disk ﬁlter

water

Initial volume of
Mohammad R. Karim and Mark W. LeChevallier

Negatively
charged ﬁlters

Positively
charged ﬁlters

Type of filter

Summary of methods used for concentrating noroviruses from water and environmental samples

Filter absorptionelution method

Table 2
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charged membrane ﬁlter was described by Katayama et al.

(1999) examined three different amino acid (lysine, glycine

(2002). Brieﬂy, 2 l water samples were ﬁltered through a

and arginine) eluants to recover adsorbed Norwalk virus

90 mm diameter negatively charged membrane ﬁlter with

from positively charged ﬁlters (virosorb 1MDS). Uses of

0.45 µm pore size followed by an acid rinse (0.5 mM

the amino acid eluants resulted in efﬁcient recoveries of

H2SO4, pH 3.0) and elution with 1 mM NaOH (pH 10.5).

Norwalk virus from seeded tap water samples and were

The eluates were neutralized with 0.1 ml of 50 mM H2SO4

less inhibitory than beef-extract containing eluants for the

and 0.1 ml of 100 × Tris-EDTA buffer followed by further

detection of NVs by RT-PCR. Although there have been

concentration to 1 ml by ultraﬁltration and detection by

several methods for the concentration of viruses from

RT-PCR. The recovery efﬁciency of this method using

water, currently no standardized protocol exists for the

seeded poliovirus from natural seawater was 61 to 73%.

concentration of NVs from water and other environ-

Using this method, Norwalk virus was detected in 2 l of

mental samples.

unseeded seawaters. The method is free from beef extract
elution, which could have an inhibitory effect in the subsequent viral genome detection by RT-PCR.
NVs were recovered from 10 l of raw sewage using the
conventional ﬁlter adsorption-elution method followed by

DETECTION METHODOLOGIES

a modiﬁed two-phase separation method by Dextran T40

NVs cannot currently be cultivated in cell culture nor

and 10% PEG 6000 (Lodder et al. 1999). After separation,

passed in animal models. Studies attempting to induce

the bottom phase and the interphase were further puriﬁed

illness in several types of animal have not been successful

by spin column gel chromatography using Sephadex G200

(Kapikian and Channock 1985). However, animal calici-

and by ultraﬁltration. Using this protocol Norwalk-like

viruses such as the porcine enteric calicivirus (PEC) have

virus RNA was detected by RT-PCR in sewage water

been successfully grown in cell cultures (Flynn and Saif

concentrate (Lodder et al. 1999).

1988; Parwani et al. 1991).

A ﬁlter-elution method using 47 mm diameter ﬂat

Knowledge of the virus–cell receptor interaction for

electronegative ﬁlters (0.45 µm pore size) for NLV con-

poliovirus has provided insight into many aspects of virus

centration from 500 ml of deionized water, raw drinking

infection. The protein capsid that surrounds many animal

water and bog water has been described by Myrmel et al.

viruses plays an important role in viral infection. Upon

(1999). Feline calicivirus (FCV) was used as a model

encountering a target cell, the capsid must interact with a

organism for the seeding experiments. Samples were pre-

cell surface receptor and release the viral nucleic acid into

treated with MgCl2 and pH adjusted to 5 to adsorb viruses

the cell. Studies for identiﬁcation of the NV binding site in

to the ﬁlter. Filters were eluted with a urea-arginine-

the capsid protein and cell surface receptors are in the

phosphate buffer, viruses in the eluates were ﬂocculated,

early stage of development. Experiments with recom-

the ﬂoc was centrifuged and RNA was extracted for

binant Norwalk virus (rNV) capsids suggest that the

RT-PCR. The estimated recovery of the FCV using this

C-terminal region of the capsid protein is involved in

method was 5–10%. Humic acid and metal ions prevented

speciﬁc binding of rNV virus-like proteins (VLPs) to

detection of NLV in the bog water.

human Caco2 cells (White et al. 1996). The binding of

One of the problems associated with virus concen-

VLPs on cell surfaces is mediated by a protein–protein

tration methods is the co-concentration of unrelated

interaction and VLPs appear to bind to a 105-kDa cellular

material, such as humic substances, which may interfere

binding protein in Caco-2 cells, which is termed the NV

with the methods used for virus detection in the sample

attachment (NORVA) protein (Tamura et al. 2000). A

concentrates (Wilson 1997). This is especially important

recent human volunteer study suggests that histo-blood

because NVs are currently not cultivable and the

group antigens may serve as receptors for noroviruses

co-concentration of inhibitory substances may prevent the

(Lindesmith et al. 2003). Identiﬁcation and characteriza-

detection of NVs by nucleic acid ampliﬁcation. Sobsey

tion of NV receptors in human cells may help to develop
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recombinant continuous cell lines that are capable of

used to perform seroprevalence studies and to investigate

facilitating NV replication. Despite the lack of a cell

outbreaks of gastroenteritis (Goodman et al. 1982; Baron

culture system, several methods have been developed for

et al. 1984).

the detection of NVs. These include electron microscopy,
immunological methods and molecular methods.

Enzyme immunoassasy (EIA) and enzyme linked
immunosorbent assay (ELISA) are more sensitive than
RIA. Early enzyme immunoassays were reliant on human
sera and viral antigen from infected individuals. Later,

Electron microscopy

expression of the capsid proteins of NVs in baculoviruses

Under the electron microscope (EM), deﬁnite identiﬁ-

(Jiang et al. 1992) that self-assemble into stable recom-

cation of NVs in faecal specimens is difﬁcult because of

binant virus-like particles (VLPs) has allowed the produc-

the lack of a distinctive surface morphology. Immune

tion of hyper-immune antibodies in laboratory animals.

electron microscopy (IEM), which utilizes antigen–

VLPs are also used as a source of antigen. VLPs have been

antibody

particles,

used to generate polyclonal and monoclonal antibodies.

improves the sensitivity of EM, but still the virus titre

interactions

to

aggregate

virus

This allowed the development of antigen and antibody

should be 105–106 ml − 1. The application of the IEM

detection EIAs for use in clinical and epidemiological

technique resulted in the discovery of Norwalk virus

studies. Both the antigen and antibody detection EIAs are

(Kapikian 1972). Solid-phase IEM, a variation of IEM,

highly sensitive and have been invaluable for the detection

increases the sensitivity of the diagnosis of EM up to

of virus infections (Herrmann et al. 1995; Brinker et al.

100-fold (Biel and Gelderblom 1999) and has been used

1999) and antibody and antigen detection in epidemiologi-

for the classiﬁcation of NVs into antigenic groups (Lewis

cal studies (Smit et al. 1997; Honma et al. 1998; Nakata

et al. 1995).

et al. 1998). However, the high speciﬁcity of antigen detec-

The advantages of using the EM for detection of NVs

tion EIA limits its application because of the antigenic

are rapid diagnosis and having a catch-all method for

diversity of the NVs. The more broadly reactive antibody

other enteric viruses with a distinct morphology (e.g.

detection EIA has important applications in epidemiologi-

rotavirus, adenoviruses and astroviruses). The disadvan-

cal investigations, in particular for determining seropreva-

tages of the EM techniques are the requirement for a

lence, geographic and temporal distribution. Like EM

high-titre puriﬁed sample and in the case of IEM the lack

methods, immunological methods are very useful for clini-

of readily available sera that are reactive to all antigenic

cal diagnosis of NV infections and for epidemiological

types of NVs. Moreover, EM requires a skilled micro-

studies; however, they lack the sensitivity to reliably detect

scopist and expensive equipment. For these reasons, EM

low levels of NVs in water and environmental samples.

techniques have little usefulness for detection of NVs in
water and other environmental samples and are better
suited for diagnosis of clinical illness and epidemiological
investigations.

Molecular methods
Knowledge of the sequence of the NV genome has led to

Immunological methods

the development of molecular methods such as RT-PCR
assays for the detection of NVs in clinical specimens as

Immune adherence hemagglutination assay (IAHA) can

well as in food, water and other environmental samples.

also be used for the detection of NVs and its antibodies.

The RT-PCR assay is more sensitive than microscopic

However, this technique is not efﬁcient for the detection

and immunological methods and if primers are carefully

of viruses or antigens in stool samples (Kapikian et al.

chosen may be broadly reactive to a large number of

1978). Radioimmunoasay (RIA) is more efﬁcient and sen-

strains. However, a number of factors may affect the

sitive than IEM and detects both particulate and soluble

sensitivity and speciﬁcity of RT-PCR. These factors

antigens (Kapikian and Chanock 1990). RIA has been

include the types of sample processed, methods used for
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the extraction/puriﬁcation of viral nucleic acids, the pres-

Jiang et al. (2001) evaluated a number of viral extrac-

ence of inhibitors, primer selection, use of appropriate

tion methods to remove PCR inhibitory substances from

enzymes and the conﬁrmation of PCR products. Currently

water concentrates. These included the CTAB method

there is no standard method for the detection of NVs from

(a cationic detergent), the trizol method, a silica gel-

water and other environmental samples.

membrane method and a high-salt trizol method. CTAB
was added to samples after concentration by polyethylene
glycol (PEG) precipitation. The trizol method relies on

RNA extraction methods

GITC to lyse the viral capsid followed by phenol/
chloroform extraction of viral RNA. The silica-membrane

Environmental samples may contain humic acids and

method selectively adsorbs nucleic acids, after lysis of the

other substances that can inhibit enzymes used in the

virion by GITC, effectively removing polysaccharides and

RT-PCR reaction. Thus, it is necessary to purify the viral

proteoglycans. The high-salt trizol method removes

nucleic acid prior to RT-PCR. The important considera-

polysaccharides and proteoglycans by selectively precipi-

tions in selecting an extraction method are the ability to

tating the RNA in the presence of a high salt concen-

remove PCR inhibitory substances, the efﬁciency of viral

tration. The trizol method was effective and simple for

nucleic acid recovery, the ease of performance and the

removal of RT-PCR inhibitors from water samples. The

number of samples that can be processed at one time

silica-membrane and high-salt trizol method were useful

(Atmar and Estes 2001). Several approaches for the

for extraction of viral RNA from more polluted water

extraction/puriﬁcation of NV RNA have been reported

samples (Jiang et al. 2001). Commercial viral RNA extrac-

(Boom et al. 1990; Schwab et al. 1997; Myrmel et al. 2000;

tion kits are now available which are convenient and

Jiang et al. 2001). Most methods developed to recover or

reduce contamination. These kits are based on the Boom

purify viral RNA from clinical or environmental samples

principle of adsorption to silica but are much easier to use

involve multistep extraction and elution procedures using

than previous methods.

a combination of reagents such as guanidinium thiocy-

Size exclusion chromatography is another method

anate (GITC), cetyltrimethylammonium bromide (CTAB),

that can be used for removing PCR inhibitory substances

trizol, polyethylene glycol, silica, Sephadex, Chelex,

from environmental samples. Abbaszadegan et al. (1993)

phenol-chloroform and ethanol (Tables 3, 4 and 5). Cur-

compared ﬁve different methods for removing the

rently there is no standard method available for sample

PCR inhibitory substances from sample concentrates,

puriﬁcation and RNA extraction from water and other

including

environmental samples.
The GITC-silica method was originally developed for

1

ethylene

glycol-bis

(β-aminoethyl

ether)-

1

N,N,N , N -tetraacetic acid (EGTA), and size exclusion
chromatography

using

Sephadex

G-200,

Sephadex

puriﬁcation of viral RNA from clinical samples (Boom

G-100 + Chelex-100, Cheles-100, and mixed bed resin.

et al. 1990). This method is based on lysing the virus

The best results were obtained when Sephadex G-100

particles by guanidinium thiocyanate followed by separ-

in combination with Chelex-100 was used for the treat-

ation of nucleic acids using size-fractionated silica parti-

ment. However, recovery efﬁciency of these methods has

cles. The GITC-silica method has been used for extraction

not been tested and virus loss may occur during the

of NV RNA from environmental samples (Wyn-Jones et al.

puriﬁcation process.

2000). In a comparative study between four different RNA

Heat release of viral RNA is accomplished by heating

extraction methods (RNA extraction using Chelex-100,

virus-containing samples at 95°C for 5 min (Schwab et al.

Sephadex G200 column chromatography, GITC-silica

1997). When compared with the conventional CTAB RNA

method and CTAB method) for the detection of NVs in

extraction method in stool samples, heat release had simi-

faecal specimens, the GITC-silica method was found to be

lar detection sensitivity to the CTAB method (Schwab

the best method for the extraction of viral RNA from

et al. 1997). However, this method may not be suitable for

faecal samples (Hale et al. 1996).

environmental samples.
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GITC-silica

PEG precipitation followed by
ProCipitate and a second PEG
precipitation. Further puriﬁed
either by guanidine extraction of
RNA or antibody capture followed
by guanidine RNA extraction

PEG precipitation followed by
ProCipitate and a second PEG
precipitation. Further puriﬁed by
spin column gel chromatography
using Sephadex G200 followed by
ultraﬁltration. Viral RNA was
released by heating 99°C for 5 min

Trizol method

SepaGene RV-R

Phenol containing tripure reagent
and precipitated with ethanol

QIAmp HCV viral extraction kit

Spin column gel chromatography
using Sephadex G200 and
ultraﬁltration in a Centricon 100
microconcentrator followed by
GTIC-silica method

QIAmp HCV kit

Sea water, river
water and sewage

Surface water

Beef extract
mock elutes

Deionized,
ﬁnished, ground
and surface water
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Water
concentrate

10% stool
suspensions,
sewage or
concentrated
water

Mineral water

Sewage

Tap water, river
water

Gilgen et al.
1997

Lodder et al.
1999

Beuret et al.
2002

53.6

Nested PCR

DNA sequencing

DNA sequencing

Kukkula et al.
1999

Katamaya et al.
2002

|

Taq polymerase

AmpliTaq

Taq polymerase

PCR product was conﬁrmed with
the microplate hybridization
method by use of streptavidincoated white microplates and
luminometric detection

Taqman probes
(TET)AGATYGCGATCYCCTGT
CCA(TAMRA)
(FAM)TGGGAGGGCGATCGC
AATCT(TAMRA)

Huang et al.
2000

Journal of Water Supply: Research and Technology—AQUA

SRI-1, SRI-2, SRI-2, SRII-1,
SRII-2, SRII-3

JV 12 and JV 13

SRI-2, SRI-3, SRII-2, SRII-3
Mon 431, 432, 433, 434

Not known

Not known

Southern hybridization using
pan-1 genome speciﬁc probe

Schwab et al.
1995

Schwab et al.
1996

Wyn-Jones et al.
2000

References
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NVp 110, NVp 69 and NI

COG1F, COG1R, COG2F,
COG2R

Taq polymerase

Southern hybridization

Southern hybridization

DNA sequencing

Method of conformation/ probes used

|

Pan-1 36, and Pan-1 35

Taq polymerase

Taq polymerase

Taq polymerase

DNA polymerase
used

Mohammad R. Karim and Mark W. LeChevallier

5′CAAATTATGACAGAAT
CCTTC
3′GAGAAATATGACATGG
ATTGC

5′CAAATTATGACAGAAT
CCTTC
3′GAGAAATATGACATGG
ATTGC

CDR 1U and CDR L1B

Primers/primer set designations
used

Sample purification/RNA extraction and PCR product confirmation methods used for water and other environmental samples

Sample purification/RNA extraction

|

Sample type

Table 3

367

|
2004

Proteinase K- phenol
chloroform extraction followed
by ethanol precipitation and
CTAB-NaCl extraction

Glycine-PEG-Tri-reagentmagnetic poly(dt) beads (GPTT
extraction procedure)

Trizol–phenol chloroform
extraction–alcohol precipitation

GITC-silica

GITC-silica

Silica gel membrane

Trizol–chloroform
extraction–alcohol precipitation

GITC-silica

PEG-CTAB

Shellﬁsh

Shellﬁsh

Food

Shellﬁsh

Shellﬁsh
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Oyster

Food

Stool

Stool

AmpliTaq

AmpliTaq

Not known

Not known

Taq polymerase

Southern hybridization

Southern hybridization

DNA sequencing

Southern hybridization

Nested PCR

Vinjé and Koopmans
1996

Vinjé et al. 1997

Daniels et al. 2000

Shieh et al. 1999

Green et al. 1998

Lees et al. 1995

Schwab et al. 2000

Kingsley and
Richards 2001

Atmar et al. 1995

Reference

Detection of noroviruses in water

JV12 and JV 13

JV12 and JV 13

G1 and G2 primer set, mon 381
and mon 383

SR33, SR46, SR48, SR50, SR52

G1, G2, SM31, N1 and E3

Southern blot
hybridization/sequencing

Southern blot
hybridization/sequencing

DNA sequencing

Slot blot/southern
hybridization

Method of
conformation/probes used

|

Taq polymerase

Taq polymerase

Taq polymerase

Taq polymerase

DNA polymerase
used

Mohammad R. Karim and Mark W. LeChevallier

NI and E3

NVp35 and NVp36

M5 and M3

NVp35 and NVp 36

Primers used

Sample purification/RNA extraction and PCR product confirmation methods used for food and clinical samples

RNA extraction/sample purification

|

Sample type

Table 4
368
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CTAB-NaCl extraction followed
by ethanol precipitation

Protinease K
digestion-CTAB–ethanol
precipitation

Sephadex G 200
chromatography

GITC-silica

GITC-silica

Virus particles were isolated by
use of Sephadex G-200 spin
column. Viral RNA was puriﬁed
by guanidine-urea-phenol
extraction

Ultraspec-3 isolation system

Oyster, stool

Stool, shellﬁsh

Stool

Stool

Faecal specimen
from animals

Stool

Stool

Continued

RNA extraction/sample purification

|

Sample type

Table 4

rTth polymerase

Taq polymerase

DNA polymerase
used
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G1 and G2 primers
SR33, SR 48, SR50, SR52

JV 12 and JV 13

Taq polymerase

Not known

AmpliTaq

Southern
hybridization/sequencing

DNA sequencing

Southern blot and
sequencing

Southern hybridization
and sequencing

Iritani et al. 2000

Deneen et al. 2000

Van der Poel et al.
2000

Vinjé et al. 2000

DeLeon et al. 1992

Schwab et al. 2001

Le Guyader et al.
1996

Reference

|

JV 12 and JV 13

AmpliTaq

Oligoprobe hybridization

Southern
hybridization/DNA
enzyme immunoassay

Slot blot
hybridization/sequencing

Method of
conformation/probes used

Mohammad R. Karim and Mark W. LeChevallier

NV35, NV36, JV2, JV3, SR33,
SR80 JV33

5′CAAATTATGACAGAATCCTTC AmpliTaq
3′GAGAAATATGACATGGATTGC

NVp35 and NVp36

NVp 110, NVp36, NVp69, NI,
SR33, SR48, SR50 and SR52

Primers used
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GITC-silica

QIA Amp RNA kit

Trizol method

QIA Amp RNA kit

GITC-silica

Ultraspec-3

Phenol-chloroform
extraction followed by
GTIC-silica extraction and
ethanol precipitation

Heat release

PEG-CTAB

Phenol-chloroform
extraction and puriﬁed by
GTIC-silica method.
Puriﬁed RNA was
concentrated by ethanol
precipitation

GITC-silica

Stool

Stool

Stool

Stool

Stool

Stool

Downloaded from https://iwaponline.com/aqua/article-pdf/53/6/359/402500/359.pdf
by guest

Stool

Stool

Stool

Stool

Stool

NI and E3

SR33, SR46, SR48, SR50,
SR52

Taq polymerase

AmpliTaq

AmpliTaq

Sequencing

Southern hybridization by
ﬁve different probes

Reverse line blot
hybridization (RLB) using
18 different probes for
simultaneous conﬁrmation
and genotyping

Hybridization and detection
by slot blot

Southern hybridization

DNA sequencing

Maguire et al. 1999

Ando et al. 1995

Vinjé and Koopmans
2000

Schwab et al. 1997

Ando et al. 1997

Gonin et al. 2000

Johansson et al. 2002

Yuen et al. 2001

O’Ryan et al. 2000

Bon et al. 1999

Pang et al. 2000

Reference

Detection of noroviruses in water

JV 12 and 13

Taq polymerase

Taq and Pwo DNA
polymerase mixture

Oligo (dT)30 latex, VN, TT,
Mon 189, SR33, SR46, SR 48,
SR 50, SR 52, CL6, CL10,
CL14, CL18, CL22, CL26,
CL28, SR34, SR62, SR60
NVp35 and NVp36

Tth DNA polymerase

SR33, SR 46, SR 50, SR52
CVF, CVR

Reverse-line blot
hybridization/sequencing

DNA sequencing

Gel electrophoresis

Sequencing

Southern hybridization

Method of conformation/probes
used

|

Not known

Superscript II
RT/Taq mix

Taq polymerase

Taq polymerase

DNA polymerase used

Mohammad R. Karim and Mark W. LeChevallier

JV 12, JV 13, NVp69 and
NVp110

NV4562, NV 4611, NV 4692,
NV5296, NV5298, NV5366

P 289, p 290

Degenerate primer NVp 110
NVp36, NVp 69, SR 48-50-52
and NI

SVs- SLV-r-c and Sapp 36

Primers used

Sample purification/RNA extraction and PCR product confirmation methods used for clinical samples

RNA extraction/sample
purification

|

Sample type

Table 5
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suitable for use in RT-PCR ampliﬁcation of genetically
diverse NVs.

(IMC) or immunocapture) has been demonstrated to be an
effective method to capture and concentrate different
enteric viruses in samples and separate them from inhibiting substances for subsequent RT-PCR. Immunomagnetic separation utilizes paramagnetic beads coupled
to a virus-speciﬁc antibody that allows separation of virus
from a sample concentrate. Rabbit polyclonal antibodies,
raised against a recombinant capsid protein from a genogroup I NV, were used to separate NVs from water concentrate (Myrmel et al. 2000). The advantage of the IMS
method is that free viral RNA present in a sample is not
likely to be detected by IMS. Therefore, the IMS method
detects intact virus particles and hence potentially infectious viruses indicating the public health signiﬁcance.
Moreover, it reduces the RT-PCR inhibitory substances in
the samples and increases the efﬁciency of detection
(Schwab et al. 1996; Sunen and Sobsey 1999; Gilpatrick
et al. 2000). The AbCap method was found to be more
efﬁcient than direct RNA extraction and the cell culture
infectivity method for enteroviruses. When compared with
direct RNA extraction and the cell culture method, the
antibody capture method resulted in signiﬁcantly more
enterovirus-positive ﬁeld samples (Schwab et al. 1996).
The antigenic diversity among NVs makes it difﬁcult
to detect all NVs in a sample owing to the lack of broadly
reactive antibodies. An antibody raised against genogroup
I NVs was found to be less effective in capturing genogroup II NVs (Myrmel et al. 2000). However, the AbCap
method with broadly reactive polyclonal antisera using
pooled human immunoglobulins (HSIG) was shown to
isolate a number of different human enteric viruses simul-

RT-PCR
The use of different DNA polymerases during the PCR
ampliﬁcation of NVs has been reported. Usually RT-PCR
protocols for NV amplify targets of a few hundred base
pairs using a single DNA polymerase. However, Ando
et al. (1997) used a mixture of Taq DNA polymerase and
Pwo DNA polymerase that could amplify a 3-kb product
from 24 NLV strains from stool samples and overcome the
secondary structures between the RNA polymerase gene
and the 5′ end of the second open reading frame. Use of
an rTth polymerase, which functions as both a reverse
transcriptase and DNA polymerase, was found to be comparable to that of two enzymes containing both avian
myeloblastosis reverse transcriptase and Taq polymerase
(Schwab et al. 1998).
For environmental samples it is important to prevent
the carryover contamination of samples by previously
ampliﬁed PCR products. The use of a single enzyme allows
the use of thermo-liable uracil N-glycosylate (HK-UNG)
for prevention of carryover contamination in the RT-PCR
(Schwab et al. 1998, 2001). dUTP is used in place of dTTP
in the RT-PCR reaction mix. Samples are treated with
HK-UNG before RT-PCR to destroy any dUTP containing
amplicons that may have contaminated the sample during
preparation. Then the HK-UNG enzyme is inactivated by
heating and the viral RNA is ampliﬁed. This procedure
prevents contaminating amplicons from being ampliﬁed
(Schwab et al. 2001).

taneously (Schwab et al. 1996). The sensitivity of the
AbCap method for poliovirus 1 was shown to be 0.1 PFU
(Schwab et al. 1996).

Selection of primers

Despite multi-step viral RNA puriﬁcation and extrac-

The sensitivity and speciﬁcity of RT-PCR assays largely

tion, RT-PCR inhibitors may still persist in the puriﬁed

depends on the selection of primers. RT-PCR assays tar-

samples and thus produce false negative results. Use of an

geting the capsid protein of NVs have been described

RNA internal standard permits the detection of inhibitors

(Green et al. 1997; Noel et al. 1997; Haﬂiger et al. 1997;

present in the sample, allowing the identiﬁcation of false

Shieh et al. 2000). However, the majority of primers have

negatives (Atmar et al. 1995, 1996; Schwab et al. 1997, 2000;

been designed to amplify the most conserved region of the

Daniels et al. 2000). However, the currently developed

genome, the RNA-dependent RNA polymerase region.

internal controls are genotype speciﬁc and may not be

Although a number of primer pairs have been developed

Downloaded from https://iwaponline.com/aqua/article-pdf/53/6/359/402500/359.pdf
by guest

372

Mohammad R. Karim and Mark W. LeChevallier

|

Detection of noroviruses in water

Journal of Water Supply: Research and Technology—AQUA

|

53.6

|

2004

(Tables 3, 4 and 5), few studies have reported the detection

of probes that can detect all possible NV sequences (Le

sensitivity of primers, and the genetic diversity among

Guyader et al. 1996).

NVs has made it difﬁcult to select a single primer pair to

Overcoming the genetic diversity has been attempted

detect all NVs in clinical or environmental samples

by using multiple probes. A reverse-line blotting (RLB)

(Atmar and Estes 2001). Several approaches have been

strategy using multiple probes (18 probes) has been

described for broad detection of NVs. These include the

described (Vinjé and Koopmans 2000). Norovirus RNA

use of primers from a highly conserved region of NVs, use

was ampliﬁed using biotinylated primers and virus-

of primers with equi-molar degeneracies to facilitate less

speciﬁc amplicons were captured during hybridization by

speciﬁc template annealing, and incorporation of inosine

one of the multiple probes linked to the membrane in

into the primers to allow mismatches at speciﬁc locations

individual dots on a blot. This procedure simultaneously

of NVs (LeGuyader et al. 1996; Jiang et al. 1999; Foley

conﬁrmed the RT-PCR product and was able to discrimi-

et al. 2000).

nate between 13 NV genotypes. Compared with southern

Semi-nested and nested RT-PCR assays for speciﬁc

hybridization, RLB was equally sensitive for geno-

detection of genogroup I and II have been described

grouping but slightly less sensitive for genotyping (Vinjé

(Gilgen et al. 1997; Green et al. 1998; Myrmel et al. 1999). A

and Koopmans 2000).

hemi-nested multiplex RT-PCR has been described that

Restriction fragment length polymorphism (RFLP)

could simultaneously detect and differentiate genogroup I

has been used to conﬁrm positive RT-PCR results (Gilgen

and II in clinical samples (Yuen et al. 2001). Seeding

et al. 1997). A heteroduplex mobility assay (HMA) has

experiments showed a nested RT-PCR assay to be 10 to

been described for identiﬁcation of PCR amplicons among

1,000 times more sensitive than the single-round RT-PCR

the commonly circulating NV strains without DNA

(Green et al. 1998).

sequencing (Mattick et al. 2000). Amplicons were mixed
with, and annealed to, similar amplicons from reference
strains. Those of less than 90% sequence identity formed

Conﬁrmation of RT-PCR results

visible heteroduplexes, allowing the strains to be categorized (Mattick et al. 2000).

Gel electrophoresis results are considered as presumptive

DNA sequencing of the amplicon is another approach

positive and are usually conﬁrmed by a second method

used to interpret RT-PCR assays. Sequencing not only

(Tables 3, 4 and 5). Oligoprobe hybridization is a con-

identiﬁes the speciﬁc virus, but the sequences can be

venient and sensitive way to conﬁrm presumptive RT-PCR

compared with other strains for phylogenetic analysis. As

positives by gel electrophoresis. The sequence of the virus

it is not unusual when ampliﬁcation of ﬁeld samples

genome between the primers used in the RT-PCR assay is

results in multiple bands or a smear when visualized on

targeted to develop hybridization probes. Both radio-

agarose gels, sequencing can only be performed after

labelled and non-radiolabelled probes have been used and

cloning of gel puriﬁcation of the products.

a number of probes have been developed for the detection
of NVs (Ando et al. 1995; Vinjé and Koopmans 2000; Jiang
et al. 2001). Different formats of oligoprobe hybridization

Quantitative PCR

such as dot or slot blot hybridization, liquid hybridization,

Real-time RT-PCR is an attractive alternative to conven-

and southern hybridization have been described. Besides

tional PCR because of its greater rapidity, sensitivity and

conﬁrming the RT-PCR products, hybridization may also

reproducibility. Moreover, real-time PCR would allow

increase the sensitivity of detection. RT-PCR amplicons

for quantitative interpretation of ﬁeld data for NVs in

not visible by gel electrophoresis have been detected

environmental samples. Increasingly laboratories have

by hybridization (Atmar et al. 1996). The drawback of

the ability to employ real-time PCR assays and the com-

hybridization assays is that the genetic diversity of NVs

monly used Taqman chemistry is very well standardized. It

makes it difﬁcult to select a single or even a small number

typically incorporates a probe conﬁrmation step into a
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one-tube single assay. However, due to the extreme

to the native virus (Jiang et al. 1992; Green et al. 1993).

genetic variability of NV strains the design of ‘catch-all’

Moreover, they are essentially harmless particles that can

Taqman primers/probes for NVs is a real challenge and

be employed in environmental studies without posing any

may not be possible. Quantitation of virus requires a

human health threat. VLPs have been used as a surrogate

known standard, which, owing to lack of a cell culture

in a ﬁltration study (Redman et al. 1997). Because VLPs

system for NVs, is difﬁcult to assess. However, synthetic

only contain the capsid viral protein, they may be

RNA as run-off transcript of a cloned NV strain could

employed to study capsid degradation during concen-

potentially be used.

tration procedures, which would be important for understanding how sample processing might affect viral
infectivity. To mimic the actual virus particles, VLPs
would need to be constructed to contain a well-deﬁned
non-related RNA in order to differentiate the VLPs from

DETECTION OF NOROVIRUSES IN WATER: THE
WAY FORWARD
Sample concentration and processing

the actual NVs. These virus constructs would be useful as
internal positive controls for use in virus concentration
procedures and molecular assays. However, the physicochemical characteristics (such as density, geometry, integ-

To overcome the limitation of the lack of a virus stock for

rity, surface electric charge) and stability of VLPs could be

development of concentration methods, there needs to be

different from those of the NVs of concern and these

an innocuous surrogate virus that closely mimics the prop-

factors must be taken into consideration for any method

erties of NVs and can be quantiﬁed. Such a surrogate

development.

would be beneﬁcial because methods development with

Once the selection of the test organism or surrogate

human pathogens may be impractical owing to possible

has been resolved, it will be necessary to determine the

biosafety issues including contamination to laboratory

optimum ﬁlter materials and conditions for the adsorption

personnel or release of the pathogen to the environment.

and elution of NVs in a range of water matrices. In

Also for ﬁeld and pilot studies of water treatment plant

addition, a suitable method for puriﬁcation of NVs in

performance, the introduction of pathogens into these

sample concentrates prior to analysis will be necessary.

conditions would be prohibited.

Finally, a round robin testing of methods will be required

Options for surrogate development are varied. It has
been demonstrated that animal caliciviruses may be

to standardize NV analysis and increase conﬁdence in the
water quality results.

appropriate surrogate models for some aspects of NV
behaviour. Some investigators have used feline caliciviruses for disinfection studies, and primate caliciviruses
have been used for evaluation of water concentration

Molecular methodologies for detection and
confirmation

methods (Keswick et al. 1985; Doultree et al. 1999; Huang

An optimized sample preparation and viral RNA puriﬁca-

et al. 2000). However, questions remain whether respirat-

tion scheme needs to be developed prior to assay by

ory animal caliciviruses are appropriate models for NVs.

molecular methods. The viral RNA puriﬁcation/extraction

Other viruses, for example attenuated poliovirus, virus-

approach(es) should address inhibitor and interfering

like particles or recombinant virus constructs may also

substance removal, low template detection, competing

be applicable surrogates (Redman et al. 1997; Katamaya

nucleic acids, sample volume, reproducibility, sequence

et al. 2002). However, poliovirus research may be curtailed

ﬁdelity, robustness and recovery efﬁciency.

shortly because of the global eradication programme; thus
different enterovirus surrogates may be needed.

Genetic diversity among NVs is a major challenge in
developing a broadly reactive RT-PCR assay to detect all

VLPs can be a powerful tool as surrogates for NVs

or the majority of NVs. Molecular assays should be evalu-

since they are morphologically and antigenetically similar

ated for their ability to detect a wide diversity of NVs at
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low levels, distinguish or differentiate human from animal

It should be noted that it has been demonstrated that

and non-enteric caliciviruses, and be applicable to a wide

non-infectious recombinant virus-like particles (VLPs)

range of environmental samples and matrices (i.e. drink-

can bind to and be internalized in human cells (White

ing water, wastewater, recreational water, shellﬁsh and

et al. 1996); thus, an assay for viable virus must depend on

other foods).

more than ligand binding alone.

The genetic diversity also makes it difﬁcult to select

Even though previous attempts to develop a cell cul-

a single, or even a small number, of probes that can

ture system have failed, a permissive cell culture system for

detect all possible NV sequences for conﬁrmation of PCR

NVs should remain as an important goal. Recently, there

products. A conﬁrmation and characterization scheme

have been a number of important developments that

should be developed that incorporates differentiation

increase the likelihood of success for a NV cell culture

of major genogroups of human, animal and non-enteric

system. Some of these developments include more sensi-

caliciviruses.

tive assays to monitor cell culture assays (RT-PCR, confocal and digital imaging capture systems for real-time
analyses, a potential Norwalk virus receptor identiﬁ-

Detection of infectious noroviruses
Because NVs currently cannot be grown in cell culture,
determining the infectivity of NVs remains a major challenge. Although there is little published data, anecdotal
reports indicate that many researchers have attempted to
cultivate NVs in cell and organ culture without success.
The only currently available model for directly assessing

cation, newer cloning techniques to attach ligand to a cell
line, etc.). The identiﬁcation of a potential NV receptor
(Tamura et al. 2000) and new cloning techniques to attach
such ligands to cell lines offer the possibility of constructing permissive cells. Other approaches to consider might
include:

•

design of cell culture systems that mimic target

NV infectivity requires the use of human subjects. The cost

organs (biocultures, primary intestinal biopsies, or

and risk associated with these experiments severely limits

raft cultures);

their usefulness for inactivation studies and prohibits their
use for routine monitoring. Several researchers have used
cultivatable animal caliciviruses as surrogates for NV
infectivity, but the biophysical properties of these viruses
are sufﬁciently different to raise questions about extrapolating these results to human NVs. In the absence of a true
infectivity assay, a molecular surrogate for infection could
be a useful model for studying neutralization, disinfection/
inactivation, and for measuring infectious virus in environmental samples. Approaches to distinguish between
inactivated and infectious NVs might include:

•
•
•
•

•

design of genetic based replicon or reporter systems
to indicate the presence of infectious viruses.

As a stepping-stone to the development of a NV cell
culture system, a better understanding of animal enteric
caliciviruses could yield important insights. For example,
although porcine calicivirus has been grown in cell culture, the growth requires undeﬁned factors present in the
animal intestinal contents (Flynn et al. 1988). Efforts are
under way to characterize these growth factors, but it is
not known whether such factors are important for human
or other animal enteric caliciviruses. A more thorough

a reporter system that uses an enzymatic or

understanding of the infectivity and pathogenesis of

ﬂuorescent signal that is produced after exposure to

enteric caliciviruses in animals may lead to breakthroughs

the infectious virus (Olivo et al. 1994);

in the understanding of NVs, and systems to study them.

differential induction of a cellular response to

The ability to better assess the infectivity of NVs is

infectious virus (e.g. microarray detection of changes

important because there is conﬂicting data on susceptibil-

in speciﬁc mRNA levels);

ity of NVs to chlorination and water treatment. A study of

transfection of the viral genome in the infected cell; or

Norwalk virus inactivation by chlorine, which assessed

receptor ligand binding or immunocapture of virus

infectivity in human volunteers, suggested that the virus

combined with nucleic acid detection.

was relatively resistant to chlorination (Keswick et al.
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1985). Recent data demonstrated that feline calicivirus is
more sensitive to chlorine than poliovirus-1 (Shin et al.
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model would result in the detection of infectious NVs in
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lead to virus inactivation. Experiments with recombinant
Norwalk virus (rNV) capsids suggest that the C-terminal
region of the capsid protein is involved in the speciﬁc
binding of rNV virus-like proteins to human cells. Identiﬁcation and characterization of NV receptors in human
cells may help to develop a recombinant continuous cell
line capable of facilitating NV replication. RT-PCR assays
are currently the most widely used methods for the detection of NVs in water samples. However, the methods need
to be reﬁned and standardized through the further development of procedures to simplify viral nucleic acid extraction, RT-PCR processes, and the development of primers
and probes that can detect the majority of NVs present
in low numbers in environmental samples. Moreover,
methods need to be developed to determine the infectivity
of the viruses. Finally, because methods for detecting NVs
in water samples are still under development, the prevalence of NV contamination of drinking water and other
water types remains unclear. These methods are necessary
to evaluate the occurrence, risk and efﬁcacy of current
treatment barriers for NVs in drinking water and other
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Vinjé, J. & Koopmans, M. P. G. 1996 Molecular detection and
epidemiology of small round-structured viruses in outbreaks of
gastroenteritis in the Netherlands. J. Infect. Dis. 174, 610–615.
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