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Abstract

NLVs (Norwalk-like viruses) are members of the caliciviridae family and are common causes of

epidemic gastroenteritis characterized by short (24-48 hours) incubation and duration. They are

currently under diagnosed because of limited availability of convenient diagnostic tests e.g. cell

culture systems are not available for this group of viruses. Recent advances including the cloning

and sequencing of several strains of this virus has enabled the detection of NLVs in faecal

samples. This study describes the development of an RT-PCR and aî eîzlme immunoassay for

the detection of an Australian NLV group 2b virus (Camberwell) and related viruses and their

application to clinical samples.

A recombinant baculovirus containing the complete Camberwell capsid protein was provided by

Assoc. Prof. Peter Wright (Monash University). Virus-like particles (VLPs) produced by this

construct were purified and used to produce hyperimmune rabbit and guinea pig antisera for use

in an antigen capture enzyme immunoassay (EIA) with a sensitivity of 0.1ng of purified VLPs

No cross-reaction was observed when a range of gastroenteritis causing bacteria and viruses were

used to test the CAM EIA. When applied to a clinical outbreak 31165 (48%) specimens were

found to be EIA positive. In contrast 1000 consecutive routine specimens submitted to our

laboratory were EIA negative.

A one tube RT-PCR was also developed for NLV Group 2 (Camberwell-like) viruses. Due to the

non-availability of known NLV positive specimens in preliminary experiments, stock cultures of

poliovirus and rotavirus positive (by EIA) faecal samples were used for initial optimization of the

RT-PCR. The sensitivity of RT-PCR for the three viruses was determined to be 16 pfu for

vlll



poliovirus, ca 2.5 x 102 viral particles/ml for rotavirus and 2 x l}a copies of in vitro transcribed

NLV RNA. However, when the outbreak faeces were tested only 24 of the 65 (37%) outbreak

specimens were positive on first round NLV RT-PCR.

Further optimization including an improved faecal RNA extraction method (Qiagen RNeasy

Plant RNA kit) and concentration of NLVs by Immuno and PEG precipitation methods all

improved the sensitivity of the first round RT-PCR but failed to find any additional positive

outbreak specimens. However, a nested PCR was found to increase the sensitivity of NLV RT-

PCR by 100 fold in vitro and found an additional 6 EIA positive specimens to be nested PCR

positive. None of the EIA negative specimens became positive. Sequencing of all RT-PCR and

nested PCR products showed that they were all identical and showed 960/o homology to the

Camberwell strain.

This study suggests that NLV antigen capture EIA and RT-PCR assays may be of similar

sensitivity and can provide complementary information during the investigation of outbreaks. The

development of EIAs for representative strains of other NLV (and Sapporo Like Viruses)

genogroups may therefore permit the production of clinically useful diagnostic EIAs. Further

development of the RT-PCR assays will require the use of consensus primers for each of the

NLV groups 1,2 and SLV viruses.
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CTTAPTER 1

Introduction

1.1 Review of gastroenteritis causing agents

Gastrointestinal infections are caused by a large number of infectious agents and inelude a

wide variety of symptoms. Infections of the gastrointestinal tract, especially inf,ectious

diarrhoea, are among the most com.mon debilitating infectious diseases, affecting people of all

ages around the world (Guerrant, 1995). However, paediatric patients experience more

frequent and more severe illness than adults (Laney and Cohen, 1993). Gastrointestinal disease

especially among children under 5 years of age is estimated to be around 5 million cases

annually (Bottone, 1995). A list of some of the viral, bacterial and protozoal agents

responsible for gastroenteritis is shown in Table 1.1 (adapted from Park et al., 1993).

1.1.1 Bacterial and protozoal gastroenteritis

The most common bacterial cause of gastroenteritis is due to Salmonella, causing I to 2

million infections per year in USA alone (Laney and Cohen, 1993). Shigella is the second

most common bacterial pathogen in children from 6 to 10 years and is reported to be the most

common bacteria causing gastroenteritis in day care centres (Laney and Cohen, 1993).

trnfection with Campylobqcter is mainly associated with children under one year of age.

Yersinia is a relatively uncommon cause of diarrhoea in Australia and USA but is fairly

common in Europe and Canada (Dellert and Cohen, 1994). Escherichiq coli (E.coli) bacteria

that cause diarrhoeal disease have been divided into four major groups (Levine, 1987).

Enteropathogenic E. coli (EPEC) is a major cause of diarrhoea in infants of underdeveloped

countries. Enterotoxigenic E. coli (ETEC) is responsible for traveller's diarrhoea in adults and



Table 1.1 Common viral, bacterial and protozoal agents responsible for gastroenteritis

Viral Bacterial Protozoal
Rotavirus Shisella Giardia lamblia

Norwalk like virus Salmonella Entamoeba histolytica
Enteric Adenovirus Campylobacter Cryptosporidium

Calicivirus Escherichia coli
Astrovirus Yersinia

Coronavirus Clostridium difficile
Herpes Simplex virus C I o s tr i dium p erfr in g en s

Cytomegalovirus Staphylococcus aureus
Bacillius cereus

Vibro
Chlamydia

Treponema pallidum
Neisseria gonoryltoea

Table 1.2 Infectious doses of enteric pathogens

Shisella 10r-2 organisms
Campylobacter ieiuni 102-6 organisms

Salmonella 105 organisms
Escherichia coli 108 organisms
Vibrio cholerae 108 organisms
Giardia lamblia 101-2 cysts

Entamoeba histolytica 101-2 cysts



is a major cause of infantile diarrhoea in areas of sub optimal hygiene. The other two major

groups are enteroinvasive E.coli that causes dysenteryJike illness and enterohaemorrhagie Æ.

coli (EHEC) which causes haemorrhagic colitis. Clostridium dfficile has been associated with

epidemics of gastrointestinal disease in day-care centres (Kim et al., 1983).Infections with

this bacterium range from asymptomatic carriage to fatal pseudomembranous colitis (Laney

and Cohen,1993). Aeromonas hydrophila and Plesiomonos shigelloide,Í are associated wittl

diarrhoeal disease in paediatric patients (Laney and Cohen, 1993). Aeromonas was found to be

responsible for IÙYo of cases of childhood diarrhoea in Australia (Gracey et al., 1982).

The most common intestinal parasite is Giardia lamblia (Laney and Cohen, 1993) which

affects children more often than adults. Cryptosporidium causes chronic problems in AIDS

patients.

Infectious doses of enteric pathogens vary for different microorganisms. Bacterial infections

usually require ingestion of a large number (10s to 108) of organisms. Table 1.2 summarizes

the infectious doses of some of the common bacterial and parasitic enteric pathogens (adapted

from Guerrarfi et a1.,1995).

L.1.2 Yiral gastroenteritis

Despite this extensive list of dianhoeal pathogens (Table 1.1), there is no predominant

pathogen identified (Laney and Cohen, 1993). However, when percentages of viral and

bacterial pathogens were compared in a paediatric outpatients' setting, the percentage of viral

pathogens was higher than that of bacterial pathogens (i.e 65Yo no pathogen detected,25yo

viruses and l0o/o bacteria (Kotloff er al., L989)).
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Viral gastroenteritis is a more common illness, which can occur in both epidemic and endemic

forms. It affects all age groups and is the second most common viral disease in US fannilies,

after the common cold (Cukor and Blacklow, 1984). Five main groups of viruses are known

to cause gastroenteritis in humans, namely rotavirus, adenovirus, astrovirus, Sapporo-like

viruses (SLVs) and Norwalk-like viruses (NLVs) (Caul, 1996a; Caul, 1996b). Table 1.3

summarizes the properties of these viruses (Appleton and Higgins, 1975; Brandt et a1.,1985;

Davidson et al., 1975; Flewett et al., 1974; Kapikian and Chanock, 1996; Kapikian et ø1.,

1976;Kurtz and Lee, 1984; Madeley and Cosgrove,1975; Pringle, 1998; Tatereka et a1.,1992;

Uhnoo et a1.,1984; White and Fenner,1994; Wyatt et al.,1976).

l.l.2.l Rotavirus (Reoviridae)

Rotavirus, a major pathogen in infantile diarrhoea, was first discovered in 1973 in Australia

(Bishop et al., 1973). It is the most common cause of viral gastroenteritis in children

worldwide, causing more than 800, 000 deaths annually (Dodet et al., 1997; Snyder and

Merson, 1982). Rotavirus infection is not limited to children, but in contrast to children, adults

with rotavirus are asymptomatic or demonstrate only mild symptoms (Laney and Cohen,

1993). Rotaviruses are 70nm in size and consist of 11 segments of double-stranded RNA

enclosed by an inner and outer capsid but no envelope. These viruses have a unique

appearance consisting of a circular outer capsid that resembles the rim of a wheel (Flowett e/

a|.,I974). Six distinct groups of rotavirus have been reported to date (A to F). Only groups A,

B and C have been found to affect humans. Group A rotavirus is the most important based on

its high prevalence and pathogenicity in humans and animals (Kapikian and Chanock, 1996)

Xn addition to group specificity, rotavirus can be classified by serotype, subgroup and strain

J
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Table 1.3 Properties of viruses commonly associated with gastroenteritis

Host

Incubation period

Minimal infectivify
inoculum

Major Structural
proteins

Groups
Family

Genome

EM appearance

Size

Virus

(Group A) Child 6-24
months

1 to 3 days

ca I0 particles

VP4: 88kd,virulence factor,
neutralisation antigen, type

determinant VP7: 38kd,
neutralisation antigen, type

determinant

6 groups
(A to F)

Reoviridae

11 segments of double
stranded RNA

Rim of wheel shape

70 nm

Rotavirus

Child <2years

5 to 8 days

1 0 polypeptides; internal
structural proteins: V
(46-48.s kd), Vr (2s.5
kd) and VIII (17.5kd)

Serotl.pes
40 and 4l

Adenoviridae

Double stranded DNA
Nonsegmented

Icosahedral

70-80 nm

Enteric
Adenovirus

child

I to 4 days

33.5 kd, 3r.5kd,24kd
polypeptides

At least 7 serotypes
Astroviridae

Single stranded RNA
nonsegmented

5 or 6 pointed surface
star

27-32 nm

Astrovirus

child

1 to 2 days

60-71kd polypeptide

Not determined
Caliciviridae

Single stranded RNA
Nonsegnented

Star of David
configuration

28-40nrn

Sapporo like viruses
(SLVs)

School age and adult

I to 2 days

ca l0 particles

59 kd polypeptide

2 genogroups and 9
clusters

Caliciviridae

Single stranded RNA
Nonsegmented

Round with ragged
surface outline

27-32 nrrt

Norwalk like virus
(NLVs)



Table 1.3 (cont.) Properties of viruses commonly associated with gastroenteritis

Vaccine

Antibodies

Diagnostic tests
available

Cultivable in cells

Amount of virus shed

S¡rmptoms and
duration of illness

Epidemiological
features

Transmission

Childhood diarrhoea-
related

hospitalizations

Virus

Available (not effi cient)

Acquired 6to24months

Electron microscopy, and
Enzyme and radio

immunoassay,
Latex particle agglutination,
Polymerase chain reaction

Yes

10" particles/ml

Vomitting,
Fever

Diarrhoea
Lasting5toTdays

Sporadic and seasonal
occurence

Feacal-oral route

35-40%

Rotavirus

Not available

Acquired I to 12 months

Electron microscopy
Polymerase Chain

Reaction and Enzyme
Ínmunoassay

Yes

10" particles/ml

Diarrhoea
Lasting 5 to 14 days

Epidemic or sporadic

Feacal-oral route

s-8%

Enteric
Adenovirus

Not available

First five years of life

Electron microscopy
Polymerase Chain

Reaction and Enzyme
immunoassay

Yes

10t'particles/ml

Diarrhoea
I to 4 days

Epidemic or sporadic

Feacal-oral route

3-s%

Astrovirus

Not available

6 and 24 months of age

Electron microscopy
And Reverse
Transcription

Polyrnerase Chain
Reaction

No

Diarhoea
1 to 4 days

Epidemic gastro

Feacal-oral route

3-s%

Sapporo like viruses
(SLVs)

Not available

Increases with age 55%
(ages 9-19), 100% ( 60

and older)

Electron microscopy
Reverse Transcription

Polymerase Chain
Reaction and Enzyme

immunoassay

No

Estimated to be 10)
particles/ml

Projectile vomitting,
diaarhoea, fever,

myalgia
Headache

Lastinglto2days

Epidemic gastro

Faecal oral route

Not applicable

Norwalk like virus
(NLVs)



Rotaviruses have fastidious growth requirements in cell cultures usually grown in continuous

lines of rhesus monkey cells " MAl04" cells and African green monkey kidney "CV-l" cells.

No animal models for human pathogens are available for study of the disease (V/yatt et al",

1976). Detection of rotavirus is facilitated by the large number of particles that are shed in

faeces (1012 particles per gram of faeces (Tatereka et a1.,1992)). The particles are distinctive

and easily detected by electron microscopy (EM). Several diagnostic procedures have been

developed using antisera produced from purified rotavirus grown in cells to detect these

viruses. These include enzyme immunoassays (EIA) (Brandt et al., 1981; Kok ø/ al., 1998),

commercially available latex particle agglutination or reverse passive haemagglutination tests.

The antibody dependent assays do not currently detect nongroup A rotaviruses. Rotaviral RNA

can be detected directly in faecal extracts by polyacrylamide-gel electrophoresis and silver

staining (Rodger et a1.,1981). Reverse transcription-polymerase chain reaction (RT-PCR) has

been used to detect rotavirus RNA (Gouvea et a1.,1990).

Transmission of rotavirus is from person to person by the faecalloral route, with an incubation

period of one to three days (Davidson e/ al., 1975). Rotavirus is detectable in faeces (during

the acute illness) and for up to 57 days after illness (Richardson et ø1., 1998). Antibodies to

rotavirus are rapidly acquired between the ages of six to 24 months (Kapikian et al., 1976)

However, it has been well documented that rotavirus infection can occur despite the presence

of circulating rotavirus antibodies (Kapikian et al., 1976). Breast fed babies have a lower

incidence of rotavirus infection than do bottle fed infants and they excrete fewer viral particles

per gram of faeces (Chrystie et al., 1978). The protective effect of breast milk has been

demonstrated in calves, where maternal vaccination increased and prolonged IgA antibody

secretion in milk (Snodgrass et a1.,1980). However, the degree of protection depended on the
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viral challenge dose. Infection occurred when this exceeded the colostral neutralising antibody

capacity. Rotavirus serotype also plays a major role in the variability of the response to

infection in neonates. Rotavirus infection in the neonatal period reduces the severity of

subsequent postneonatal rotavirus infections however this fails to prevent infection by

different serotypes (Bishop et a1.,1983)

1.1.2.2 Adenoviru s (Adenoviridae)

Adenovirus (serotypes 40 and 4l) are responsible for causing gastroenteritis and are reported

to be a significant cause of gastroenteritis in young children (Brandt et a1.,1985; Uhnoo et al.,

1984). Diarrhoea is the main symptom, lasting an average of 9 days. Fever and vomiting are

usually mild, lasting for ca two days. Transmission is via faecal /oral route" Adenoviruses

have a double stranded DNA genome, enclosed in a icosahedral virion, 80-90 nm in diameter.

Enteric adenoviruses are not easily isolated in cell cultures (usually grown in Hep-2 and

monkey kidney cell culture). Diagnosis of this virus is mainly by EM and EIAs (Cukor and

Blacklow, 1984; Kok e/ al., 1998) using antisera against purified viruses. Like rotavirus large

numbers of adenovirus particles are shed in faeces.

1.L.2.3 Astrovirus (Astroviridøe)

Astroviruses are nonenveloped, single-stranded RNA viruses that were first identified in 1975

by electron microscopy in stool specimens (Appleton and Higgins, 1975). This virus is

responsible for 2 to \Yo of diarrhoeal episodes in children (Herrmann et al., 1991).

Astroviruses are 28 nm in diameter and have a five or six pointed star-like appearance

(Madeley and Cosgrove, 1975).Initially these viruses were referred to as small round human

faecal viruses with SLVs and NLVs. Caul and Appleton (1982) proposed an interim scheme to

classify these small round faecal viruses into three groups based on their physical
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characteristics and EM features. Astroviruses differ from NLVs and SLVs morphologically

due to its distinct star-like appearance. However, in 90Yo of cases astroviruses may laek these

defined features, probably obscured by the antibody coating of the viral aggregates in immune

electron microscopy (IEM). Seven human astrovirus serotypes have been identified (Kurtz and

Lee, 1984) and they have been adapted to grow in cell culture. The RNA genomes of human

astroviruses serotypes I and 2 have been sequenced allowing it to be classihed as a separate

virus (Astroviridae family) from the other RNA viruses found in faeces.

These viruses like rotavirus and adenovirus are frequently shed in large numbers (10t0/ml

(Matsui and Greenberg, 1996)). Monoclonal antibodies to an astrovirus group antigen have

permitted the development of an EIA (Herrmawt et al., 1988). Sequencing of astrovirus has

also allowed development of RT-PCR (Monroe et al., 1993). Development of these new

diagnostic tests have now identified astroviruses as a more frequent cause of gastroenteritis

than enteric adenovirus in children. Astroviruses are second only to rotavirus as a cause of

gastroenteritis in children (Lee and Klurtz,1994; Palombo and Bishop,1996)

L.1.2.4 Sapporo-like viruses (SLVs) and Norwalklike viruses (NLVs) (Calicivirìdøe)

Viruses of the Caliciviridae family causing human gastroenteritis belong to two morphological

groups (SLVs and NLVs). The capsids of SLVs have typical cup-shaped indentations on their

surface in contrast to NLVs that lack these characteristic features. Sapporo-like viruses (SLVs)

are a minor cause of clinically significant disease (Caul, 1996a; Caú, 1996b). These viruses

were earlier referred to as enteric caliciviruses or genogroup 3 small round structured viruses.

Recent reclassification of the Caliciviridae family has allowed this virus to be separated as a

different genus to NLV (Pringle, 1998). Identification is based on the recognition of cup-

shaped indentations on the surface when observed under an electron microscope. Antibody to
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SLV is rapidly acquired between 6 and 24 months of age and 90o/o of older children have

serum antibody (Cubitt et al., 1987; Nakata et al., 1985; Sakuma et al., 1981). Such high

seroprevalence may explain why so few outbreaks occur in adults. This also suggests that

infection in childhood gives rise to long term immunity. The transmission route has not yet

been elucidated. Viruses belonging to this group are named according to the geographioal

location of the outbreak e.g. Sapporo, Manchester and Parkville. EM and RT-PCR have been

used for the diagnosis of this virus. As SLVs are a minor cause of clinically significant disease

it has not been studied thoroughly unlike NLVs which is discussed in more detail in the

following sections. Recent cloning and expression of SLV capsid proteins in a baculovirus

expression system (Jiang et al., 1999; Numata et al., 1997) may allow development of

immunological assays for the diagnosis of SLVs.

1.2 History - Discovery of Norwalklike viruses

Norwalk-like viruses (NLVs), also called small round structured viruses (SRSVs), were first

observed by EM in 1972 (Kapikian et al., 1972) in an infectious stool filtrate obtained from a

gastroenteritis outbreak which occurred in Norwalk, Ohio in 1968 (Alder and Zickl, 1969;

Berke et al., 1997; Blacklow et al., 1972). During the two day period of this outbreak,

gastroenteritis illness developed in 50Yo of 232 students and teachers in an elementary school

(Alder and Zickl, 1969). Since then there have been numerous reports of viral gastroenteritis

associated with NLVs. Viruses belonging to this group have been generally named according

to the geographical location of the outbreak or after the presumed source of contagion.

Examples of NLVs include Norwalk, Hawaii, Snow Mountain, Lordsdale, Toronto, Mexico,

Desert Shield, Cruise ship, Carlton and Camberwell (the last two are Australian strains)

Norwalk virus is the prototype and best studied member of the NLVs.
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1.3 Signifïcance of NLVs in relation to bacterial and other viral gastroenteritis

NLVs are considered to be one of the most important causes of outbreaks of epidemic viral

gastroenteritis (Caul, 1996a; Caul, 1996b). They are responsible for causing gastroenteritis in

all age groups, although they tend to be more common in older children and adults (Caun,

1996a; Caul, 1.996b). There are numerous reports of viral gastroenteritis associated with

NLVs, in food-borne as well as shellfrsh associated outbreaks. In the USA one of the most

important types of food-borne viral diseases has been shown to caused by NLVs with

outbreaks infecting greater than 1000 persons in some cases (Jaykus et al., 1996). More

recently detection of NLVs by RT-PCR have associated NLVs as the causative agent of 960/o

non-bacterial gastroenteritis in USA (Frankhauser et al., 1998). In the UK, surveillance and

diagnosis by EM have shown that NLVs are a more coÍìmon cause of outbreaks than those

caused by Salmonella bacteria (Caul, 1996a; Caú, 1996b). Next to rotavirus, NLVs are the

most common enteric viruses identified in UK. In the Netherlands NLVs have been detected

by RT-PCR in9lYo of non-bacterial gastroenteritis outbreaks (Vinje and Koopmans, 1996).

The illness associated with NLV infection is usually mild and self-limiting. However, the virus

is highly infectious and a major cause of morbidity (Caul, I996a; Caul, 1996b). NLVs are

frequently associated with outbreaks of gastroenteritis where the incubation time is less than

48 hours and large groups of people are affected, such as in nursing homes, school and

military camps, cruise ships, hospitals or following the consumption of contaminated food or

water in restaurants and receptions. There are reports of patient death among the elderly due to

NLV infection (Kaplan et al.,1982b; Russo et a1.,1997 ; Ryan et al.,1997)

I



1,.4 Classification of NLV

Causative agents of non-bacterial gastroenteritis such as rotavirus, adenovirus, astrovirus and

SLVs are identified by their distinctive morphological appearance in EM. In contrast, NLVs

lack a distinctive identifiable morphology that allows def,rnite classification. Genomic analysis

studies have established that NLVs be classified within the Caliciviridae family despite

lacking the typical " Star of David " cup-shaped morphology which is characteristic of these

viruses (Green et al., 1994; Jiang et a1.,1993; Lambden et al.,1993;Lew et al.,l994a).

The Caliciviridae family derives its name from the 32 cup-shaped (calix, cup) surface

depressions that give the virion its unique appearance (White and Fenner,1994). Even though

the virus was first discovered 30 years ago, its classification within the viral family was not

complete until recently (Pringle, 1998). Recent reclassification of the Caliciviridae family has

allowed division of this family into four genera as described below:

1. Genus: - Norwalk-like virus (NLVs), species: - e.g. Norwalk virus

Genus: - Sapporo-like viruses (SLVs), species: - e.g. Sapporo virus

Genus: - Vesivirus, species :- e.g. Swine veiscular exanthema

Genus:- Lagovirus, species: - e.g. Rabbit haemorrhagic disease virus

The recent classification has also removed Hepatitis E virus from the Caliciviridae family and

has designated the Hepatitis E-like viruses as an unassigned genus. The nomenclature is now

becoming standardized so that NLVs include the Norwalk-like viruses, also known as small

round structured viruses (SRSVs) and genogroup I and 2 viruses. SLVs include SapporoJike

viruses, also known as classic human caliciviruses and genogroup 3 viruses.

2
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1.4.1 Genomic organization of NLVs

Preliminary studies using virus from volunteer studies (Greenberg et al.,19Sl) demonstrated

that Norwalk viruses are characterized by a single primary structural protein (capsid) of 59

kDA. Further studies indicated that the viral genome was a single stranded, positive sense

RNA of approximately 7.5kb which was polyadenylated at its 3'terminus (Jiang et al., 1990'

Jiang et al., 1993). Following these studies on Norwalk virus the complete genome sequenoes

of other NLVs including Southampton (Lambden et ø1., 1993) and Lordsdale (Dingle et al.,

1995) have been determined allowing formal classification of NLVs within the Caliciviridqe

family (Cubitt et al., 1994). (Genbank accession numbers of these sequences are M87661,

L07418 and X86557 respectively). Partial sequences ranging in length from 150 to 3000

nucleotides have been described for a number of NLVs and the majority are available in

Genbank.

Molecular studies on other NLV isolates show the virus to contain a single stranded RNA

genome of positive sense, with a genome size of about7700 nucleotides. There are three major

open reading frames (ORFs) in the genome of NLVs. ORF1 is the longest encoding cq 1700

amino acids (5400 nucleotides) which encode a putative helicase, protease and RNA

dependent RNA polymerase. ORF2 (ca 530 amino acid) encodes the capsid protein, a single

polypeptide of 59 kDA. Expression in insect cells by infection with a reeombinant baoulovirus

containing the ORF2 shows that the ORF2 encodes a capsid protein that self-assembles into

viral like particles (Jiang et al., 1992b). ORF3 at the 3' end of the NLV genome encodes a

small protein (ca2I2 amino acids) with a molecular weight of 22.51<DA. The product of ORF3

has not been identified and its function is unknown. Figure l.1A shows the genomic

organisation of Norwalk virus (adapted from Kapikian et al., 1996).
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Comparison of the sequence data from the RNA polymerase and capsid regions of the NLV

genome has identified significant heterogeneity and has resulted in the division of NI-Vs into

two genetic groups, Group I and Group 2 (Berke et a1.,1997; Hardy and Kramer, 1997; Jiang

et al., 1996; V/right et a1.,1998). Onthe basis of partial ORFI sequences, genogroup 2 has

been divided into two subgroups, Genogroup 2A and Genogroup 28 (see Fig 1.2) (Berke e/

al., 1997; Hardy and Kramer, 1997; Jiang et al., 1996; Seto e/ al.,1998; Wright et a|.,1998).

Genogroup 1, contains Norwalk virus and Southampton viruses, genogroup 24, contains

Mexico and Toronto viruses and genogroup 28, contains Lordsdale and Camberwell viruses.

However, on the basis of phylograms using the 3 kb sequences at 3' end (which encodes all of

ORF2) of 23 strains of NLV (sequences available in Genbank), these viruses have been further

classified into nine clusters (Seto e/ a1.,1998). The nine clusters are listed below.

Genogroup I NV Norwalk virus

CS Cruise ship virus

DSV Desert shield virus

Genogroup 2 LD Lordsdale, Bristol, Camberwell viruses

HV Hawaii virus

WR White River virus

SMV Melksham, Snow mountain I and2

TV Oth, Toronto, Mexico

GV Gwynedd

1.4.2 Comparison of NLV and SLV genomic organisation

An early report by Cubitt et al. (1994) stated that SLVs are members of the genetic group 2

NLVs based on sequence alignment of a 470 bp RT-PCR product. Further genomic studies

were needed to differentiate SLVs from NLVs. Such a division was consistent with the
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important epidemiological role of NLVs as a major cause of epidemic non bacterian

gastroenteritis in contrast to SLVs which are a minor cause of the disease (Caul, 1996a; Caul,

1996b). Sequence analysis of the RNA polymerase of an SLV suggested that they were

genetically distinct from NLVs (Lambden et al., 1994). These findings were eonfinned

subsequently by sequence analysis of a small region of the RNA polymerase of an SLV frorn

the USA and Japan (Matson et al., 1995). Liu et al. (1995) reported a complete genomie

sequence of a single isolate of SLV. Analysis of the sequences showed that the SLV has a

unique genome structure and is distinct from NLVs. Table 1.4 and Fig 1.1 summarizes the

overall differences of SLVs and NLVs (Liu et al., 1995). Recent molecular characterization of

the predicted capsid region of SLV shows that the capsid region is approximately 30 amino

acids longer than the capsid of any of the NLVs and multiple sequence alignment has shown

that these additional amino acids are located in the variable region of the capsid protein (Hardy

and Kramer,1997)

Table 1.4 Summary of overall differences between NLV and SLV genomes

1.4.3 Antigenic diversity of NLVs

Antigenic variation for NLVs has been reported by IEM using human convalescent serum to

complex intact virions through capsid epitope reactivity (Caul, I996a; Caul, I996b; Hardy and

Kramer, 1997; Kapikian et al., 1996). This has led to a number of serotyping schemes which

have proved to be inadequate, probably because of the diffrculty in obtaining pure antigen and
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Virus NLV SLV
Genome 7500 -7700kb 7200kb
Arrangement of
ORF

ORF1, ORF2 and ORF3 in a
continuous frame see Fig 1.lA

ORF2 in a different frame
overlapping capsid region and ORF3
overlaps the capsid coding region see

Fig 1.18
Function of ORF ORF1 encodes RNA polymerase

ORF2 encodes capsid protein
ORFI encodes both RNA
polymerase and capsid protein
(occupying 90o/o of the genome).



the reliance on infected volunteers for virus and antibody. Sequencing of a wide range of

NLVs, the production of recombinant viral capsids in baculovirus expression systems and the

availability of specific immunological reagents have been predicted to lead to serotyping

schemes of these viruses (Hardy and Kramer, 1997). To date at least 6 recombinant virus

capsids have been reported allowing antigenic comparison of these viruses. The recent

expression of Grimsby virus has for the hrst time allowed the antigenic comparison of three

distinct recombinant Norwalk-like viruses (Hale et a|.,1999). More recombinant Norwalk-like

viruses are needed to determine serogroups of these viruses, their numbers and the feasibilþ

of developing vaccines to prevent infection.

1.5 Ultra structure of NLV

Prasad et al. (1996) have used the baculovirus expressed Norwalk virus particles to study the 3

dimensional structure. The Norwalk virus like particles were found to be composed of 90

dimers of the 58 kDA capsid protein, each of which formed an arch like capsomere. Electron

cryomicroscopy and computer image processing to a resolution of ca 22oA indicated that these

recombinant Norwalk like particles have a diameter of 380"4 and exhibit T : 3 icosahedral

symmetry. The Norwalk virus capsid is unusual among other animal viruses in that it is made

up of a single capsid protein (Kapikian et al., 1996). However, biochemical studies show that

two proteins are present in the stool specimens of Norwalk infected volunteers, 59 kDA

protein and a soluble 30 kDA protein (Greenberg et a1.,1981). The 30 kDA protein in stool

specimens is produced as a result of cleavage of the capsid protein (Hardy et a1.,1995).It has

been proposed that intestinal proteases are responsible in cleaving the capsid protein (Hardy et

al., 1995) resulting in 50Yo of the excreted antigen in a soluble antigen form (Graham et al.,

1994. Greenberg et a1.,1981).
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1.6 Physicochemical properties of NLVs

NLVs have a buoyant density in caesium chloride of 1.36 to 1.41 g/cm3 (Cukor and Blacklow,

1984). Studies by Dolin et al. (1972), using human volunteers, in measurements of, viral

infectivity, demonstrated that the virus retained infectivity when exposed to 60"C for 30 rnins.

The virus was also resistant to acid treatment (pH 2.7 for 3 hours) atrd ether treatment (20Yo

ether for 24 hours at 4'C). Further studies by Keswick et al., (1985), using human volunteers,

showed that the Norwalk virus is resistant to inactivation following treatment with 3.75 to 6.25

mg of chlorine per litre (free residual chlorine of 0.5 to 1.0 mg/L). This concentration of

chlorine is consistent with that which is usually present in a drinking water distribution

system. This study found that Norwalk virus was more resistant to chlorine inactivation than

poliovirus type I or human rotavirus. A dose of 3.75 mglL of chlorine was effective in

inactivating other viruses but failed to inactivate Norwalk viruses. Even a concentration of 10

mglL (a concentration that is used to treat a water supply system after contamination has been

detected) did not fully inactivate Norwalk virus.

A more recent study of NLV stability in order to determine disinfection procedures to remove

NLVs from contaminating areas has been done using the related feline calicivirus (FCV) as an

NLV surrogate (Doultree et a1.,1999). Disinfectants tested included a glutaraldehyde solution,

an iodine-based product, hypochlorite, quaternary ammonium based product, an anionic

detergent and ethanol. Complete inactivation of FCV required exposure to 1000 ppm freshly

reconstituted granular hypochlorite, or 5000 ppm pre-reconstituted hypochlorite solution. The

glutaraldehyde solution and the iodine-based product also inactivated FCV whereas the

quaternary ammonium product, detergent and ethanol failed to completely inactivate the virus.

The stability of FCV in suspension and in the dried state was assessed after exposure to 40C,

room temperature (200C) and 37oC. With increasing temperature, the stability of FCV was
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found to diminish both in suspension and in the dried state. Furtherrnore, protracted heating

times or high temperature were required to inactivate FCV; heating at 560C for I or 3 rnins

failed to reduce virus titre and even exposure of FCV to 700C for I or 3 mins resulted in only

partial inactivation. However, no virus was recovered after 5 mins at700C. One rnin of boiling

was sufficient to inactivate the virus completely.

1.7 Pathogenesis

Knowledge of the pathogenesis of NLV was derived from infecting volunteers using the

Norwalk or Hawaii strains and by studying the infected biopsy samples using light and

electron microscopy (Agus et al., 1973; Dolin et al., 1975; Schreiber et al., 1973; Schreiber e/

al., 1974). The viruses were transmitted to humans via the oral route where they reached the

small intestine via the stomach indicating that they are acid stable. The levels of the virus

excreted in stool specimens were found to be low when examined by EM (estimated to be 105

particles /ml (Jiang et al.,l992a)).

From these pathogenesis studies using volunteers it could be concluded that viral replication

occurs in the mucosal epithelium of the small intestine, resulting in broadening and flattening

of the villi of the proximal small intestine, although the mucosa itself remained histologically

intact. There were alterations in the rough and smooth endoplasmic reticulum with an increase

in multi-vesiculate bodies. The virus was not detected within involved mucosal cells in these

studies and this has been attributed to the small size and patchy distribution (Blacklow and

Cukor, 1931). The characteristic jejunal lesion was also observed in volunteers who were fed

NLVs but did not become ill (Meeroff et a1.,1980; Schreiber et al., 1973). Malabsorption of

fat, D-xylose and lactose was also observed in volunteers that were infected with Norwalk

virus (SchreTber et al., 1973). Small intestinal brush-border eîzymes such as trehelase and
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alkaline phosphatase were found to be significantly decreased in comparison to baseline and

convalescent-phase values. The level of adenylate cyclase activity in the jejunum did not

increase after infection with NLV (Agus et al., 1973).Interferon was not detected in serum

jejunal aspirates and jejunal biopsies of NLV in infected volunteers (Dolin et a1",1975)" No

changes to the gastric secretion of hydrochloric acid, pepsin and intrinsic factors have been

reported during Norwalk virus illness (Meeroff et al., 1980). FIowever, a marked delay in

gastric emptying was observed in infected volunteers who became ill or who were

asymptomatic but developed the typical jejunal mucosal lesion (Meeroff et al., 1980). The

delay in gastric emptying coruelated with small intestinal injury. It has been suggested that this

abnormal gastric motor function is responsible for the nausea and vomiting associated with

NLVs.

1.8 Clinical Presentation of NLV infection

Illness associated with NLVs is usually not severe, however, the virus is highly infectious and

can affect both adults and children (Kapikian et al., 1996). NLV infection is often

characterised by projectile vomiting or diarrhoea or both (Caul, 1996a; Caul, 1996b). Other

symptoms can include nausea, abdominal cramps, headache, chills, fever, myalgias and sore

throat (Kaplan et al., 1982b). Myalgia, chills and sore throat were less commonly observed.

Malaise for a week or more has also been reported (Oliver et al., 1985). Bloody stools have

not been associated with NLV infections (Kaplan et a1.,1982b). Vomiting was found to occur

more frequently in children than diarrhoea, however, it was found to be in contrast with adult

infection (Kaplan et al., 1982b). Usually, naturally occurring Norwalk virus illness is mild

and does not require hospitalisation. A few exceptions have been noted (Kaplan et al.,l982a;

Kaplan et al., 1982b), where 3 people needed hospitalisation from a total of 38 outbreaks.
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There are reports to indicate that NLV infection may be associated with death usually of

elderly, debilitated persons (Kaplan et al.,I982b; Russo et a1.,1997; Ryan et ol., LggT)"

The incubation period for NLV infections is usually 24 to 48 hours and the illness itself

usually lasts 48 to 72 hours (Caul, I996a; Catl, 1996b; Graham et al., 1994). Such a short

incubation period may be useful in making clinical distinctions caused by NtVs and other

diarrhoea associated viruses, which have a longer incubation period (such as adenovirus and

astrovirus). Viral shedding coincides with the onset of illness. It normally lasts up to 3 days

although this can occur for longer times in some cases (Graham et al., 1994). Recent studies

show that the virus can be shed up to 10 days after illness or while exhibiting no symptoms

(Parashar et a|.,1998)

1.9 Immunity

The factors that influence immunity to the disease caused by NLVs are poorly understood.

Serum or intestinal secretory neutralizing antibodies cannot be measured in tissue culture for

NLV so most of the information on immunity comes from volunteer studies. Volunteers

challenged with Norwalk virus (from stool filtrates) either became ill or failed to become ill

(Parrino et al., 1977). It has been proposed that these volunteers that failed to become ill

lacked receptors that allowed Norwalk virus to enter the mucosal cells of the small intestine. In

another study volunteers that had been previously ill with Norwalk virus (genogroup 1) were

cross challenged with Hawaii virus (genogroup 2r-) 9 to 14 weeks later and were found to

develop illness (Wyatt et al., 1974). This demonstrated that there is no significant cross-

protection between antigenically distinct strains and therefore is immunity is serotype specific

(Kapikian et al., 1996). Volunteers who failed to become ill after challenges had low serum

antibodies to Norwalk virus as measured by IEM prior to and after exposure to the virus. They
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also failed to develop a significant serologic response following each challenge. trn contrast,

volunteers who became ill, when challenged with the virus developed a serological response

after each challenge. High antibody levels by themselves do not confer complete proteetion

against Norwalk virus (Parrino et al., 1977) but appear to be a marker for infection in

susceptible individuals. Volunteers with high antibody levels developed the disease when

challenged with Norwalk virus.

Unlike rotavirus immunity where local intestinal IgA antibody is responsible for resistance to

the disease (Blacklow and Cukor, 1981), NLV local jejunal and serum antibody levels did not

correlate directly with resistance to illness (Kapikian et a1.,1996)

1.10 Epidemiology

NLV infections have been reported to occur mainly in older children and adults in contrast to

infection due to rotavirus, enteric adenovirus, SLV and astrovirus which mainly affect young

children (Caul, 1996a; Caul,l996b). Antibody prevalence studies indicate that NLV infections

occur worldwide (Blacklow et a|.,1979; Cukor et a|.,1980; Greenberg et a|.,1979; Kapikian

et al., 1978; Parker and Cubitt, 1994; Parker et al., 1994). In the USA, Norwalk virus serum

antibody was found not to be common in children but appeared late in adolescence and early

adulthood (Blacklow et al., 1979; Kapikian et a1.,1978). In these studies two thirds of adults

were found to be positive for specific serum antibodies. In the UK there was minimal evidence

of infection in the first two years of life (Parker et al., 1994). However, serum antibody has

been shown to be common in children in less developed countries e.g. in Bangladesh

(Blacklow et al., 1979) and among Ecuadorian Indians (Cukor et al., 1980). These

observations indicate that exposure to the virus occurs at a young age in these areas. Studies
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by Parker et al. (1994) has shown that in Australian aborigines Norwalk virus infection ocours

early in life, whereby at the age of six years, greater than90Yo of children were seropositive.

Outbreaks of NLV tend to occur all year around however, they have been reported to oceur

more commonly in winter in the UK (Caul, 1996a; Cauï, 1996b). Data from the UK also

suggests that the incidence of NLV has been increasing in recent years (Caul, tr996a; Caul,

1996b). Studies in Victoria, Australia by V/right et al. (1998) have found that NLV outbreaks

occur throughout the year, but was more prevalent during late winter and early summer

(August to December).

L.1.0.1 Transmission

NLVs are suggested to be commonly circulating in the community and are spread from person

to person (Caul, 1996a; Caul, 1996b). The low infective dose of virus (10-100 particles)

suggests the potential for point source outbreak (Caul, 1996a; Catl, 1996b; Glass, 1997).

Transmission of NLVs has been documented to be food-borne, water-borne and air-borne. The

faecalloralroute is well established as an important mode of transmission giving rise to person

to person spread of NLVs (Caul, I996a; Catl,1996b). Studies in volunteers demonstrated that

the Norwalk, Hawaii, Montgomery County and Snow Mountain strains of NLV infect and

produce disease when administered by the oral route (Wyatt et a1.,1974).

Food-borne outbreaks have been divided into two categories according to the source and mode

of transmission (Brugha et al., 1999). They arise when food is either already contaminated

with the virus before it arrives in the kitchen or when food is contaminated by the infected

food handler. Primary contamination associated with shellfish has been identified as a major

source of NLV infections (Gill et al., 1983; Morse et a|.,1986; Murpy et al., 1979; Stafford er

al., 1997). The shellfish most commonly reported are the bivalve molluscs (oysters, cockles
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and mussels) which become infected from raw sewage that contaminate shellf,ish beds"

Oysters, clams and other shellfish filter viral particles from contaminated water which

accumulate within their tissues.

Numerous reports suggest that food may be contaminated by infected food handlers during

illness due to NLV. The dynamic nature of transmission by an infected food handler was

demonstrated in an outbreak in a bakery (Kuritsky et a1.,1984). This involved a food handler

who had vomiting and diarrhoea on the way to work and during his 6 hour shift. During this

time he was responsible for making butter cream frosting which was used on 10, 000 food

items sold to the public. Consumption of the contaminated food items was responsible for

affecting at least 3000 people. Infected food handlers have been implicated in infecting food

up to 48 hours after recovery from their illness (Reid et a1.,1988; White et a1.,1986). Lo et al.

(1994) have reported a food handler who contaminated food prior to development of signs

and symptoms in one of the largest reported hospital outbreaks of NLV gastroenteritis in the

UK. This episode suggests asymptomatic viral excretion.

'Water-borne outbreaks of NLV have been associated with contaminated water from municipal

water supplies (Brugha et al., 1999; Kaplan et al., 1982b), water stored abroad cruise ships

(Gunn et a1.,1980), recreational lake water (Baron et al., 1982) and ice-containing beverages

(Cannon et al.,l99l)

Throat washings from people who were ill with Norwalk virus have been shown not to

produce disease in volunteer studies (Dolin et a1.,1972). The virus has been detected by IEM

(Greenberg et al., 1979) in vomit specimens from infected volunteers and by RT-PCR in a

university outbreak in the USA (Kilgore et a1.,1996). The presence of virus in vomit seryes as
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a vehicle for the transmission of NLVs by mechanical as well as air-borne transmission

(Chadwick et al., 1994). Air-borne transmission has been documented from aerosolised vomit

following projectile vomiting (Ho et al.,1989; Sawyer et a1.,1983).

Most of these outbreaks reported have mainly shown a point source of outbreak where

identical nucleotide sequences have been detected in the contaminating source and specimens

from infected individuals. However, there are three reports showing mixed infections in

outbreak associated with shellfish (Sugieda et al., 1996), from bathing in sewage contaminated

recreational water (Gray et a1.,1997) and in a bakery outbreak where contaminated water was

used (Brugha et al.,1999).

1.10.2 Incidence of NLV in Australia

A number of reports indicate that NLV infections are quite coÍrmon in Australia. A notable

outbreak of shellfish associated NLVs involving more than 2000 persons occuffed in New

South Wales in July, 1978 and 150 people were affected in the Northern Territory in

December, 1978 (Linco and Grohmann, 1980; Murpy et al., 1979). Recent outbreaks of

gastroenteritis following oyster consumption have also been reported (Stafford et al., 1997).

Other studies from Monash University and Victorian Infectious Diseases Laboratory have

shown an association between the detection of NLVs and gastroenteritis in Victoria in a

variety of situations including a guest house, hospital, hostels for the aged, a centre for

mothers and babies as well as school and recreation camps (Cauchi et al., 1996; Marshall er

aL.,1997; Oliver et a|.,1985; Russo et a|.,1997; Wright et a|.,1998).

The most comprehensive study of NLVs in Australia from 1980-1996 has been done by

Wright et al. (1998). Analysis by RT-PCR and sequencing of a segment of ORFI encoding
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putative RNA polymerase for NLVs and SLVs in this study showed the presence of several

genogroups of NLVs. The majority of NLVs detected belonged to genogroup 2E

Lordsdale/Camberwell-like virus. Detection of SLVs was rare.

1.11 Diagnosis

Infection caused by NLV is difficult to diagnose as signs and symptoms are similar to those of

most of the other illnesses caused by other gastroenteritis viruses. Analysis of 38 Norwalk

viral outbreaks has indicated that provisional diagnosis can be made during an outbreak, when

no bacterial or parasitic pathogen is detected based on these criteria: vomiting in greater than

50olo of cases, duration of illness from 12 to 60 hours andaincubationperiod of 24to 48 hours

(Kaplan et al., 1982a; Kaplan et al., 1982b). To date, there are a limited number of tests

available in a routine diagnostic laboratory to detect NLVs including EM, IEM, EIA and

radioimmunoassays (RIA). More recently molecular biology has led to newer avenues for

diagnostic tests for NLVs.

1.11.1 Electron microscopy

Since NLVs are not cultivated in cells, electron microscopy has been the most common way of

detecting NLVs in faecal specimens. However, the sensitivity of EM is low and requires 106-

107 viral particles/gram (Christensen, 1939). V/ithin 48 to 72 hours after onset of symptoms,

the virus concentration in stool declines well below levels detectable by ENI (Thomhill et ø1",

I975). The use of immune electron microscopy (IEM) has facilitated the identification of NLV

in faecal samples due to aggregation of viral particles. This involves using convalescent serum

or immune human serum globulin to aggregrate the virus (Kapikian et al., 1996) but the

sensitivity still remains low. Despite these limitations, electron mieroscopy retains an
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important role for surveillance of antigenic variants of NLV in outbreaks, as a "catch-all"

system and as a gold standard in the development of new technology (Caul, 1996a; Catl,

r996b).

l.ll.2 Immunoassays using human convalescent sera and antigen purified from faeces

Two types of assays were developed that detect both particulate and soluble Norwalk antigens,

making it more sensitive than EM. These are Radioimmunoassay (RIA) and Enzymeimmuno-

assays (EIA). The RIA is based on differential binding of Norwalk virus antigen to microtiter

wells coated with convalescent-phase or pre-infection serum (Blacklow et al., 1979;

Greenberg et a1.,1978). However, there are reports to indicate that RIA has low efficiency for

antigen detection in stools obtained in naturally occurring disease. The sensitivity of RIA is

about 104-105 particles/gram (Christensen, 19S9). Norwalk virus was detected in only four of

the seven IEM positive specimens by RIA (Grohmanrt et al., 1980). The assay has been

converted to EIA which is based on the same general principle as the RIA but does not use

radioactive labels (Gary et al., 1987; Gary et a|.,1985; Herrmann et al., 1986; Herrmann et al.,

1985; Madore et a1.,1986).

RIA and EIA are now available for a few of the other NLVs such as Snow Mountain virus and

Hawaii (Dolin et a1.,1986; Madore et a1.,1986; Treanor et a1.,1988). However, these assays

are not suitable for routine diagnostic purposes because of their relatively low sensitivities and

dependence on reagents from different human convalescent sera which gives variable results

1.11.3 New approaches to rapid laboratory diagnosis of NLV infection

The most recent approaches to rapid laboratory diagnosis of NLV infection are the

development of enzyme immunoassay using hyperimmune antisera prepared from specific
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recombinant NLV capsid proteins, ffid the reverse-transcription polymerase chain reaction

(Rr-PCR).

1.L1.3.1 Recombinant NLV enzyme immunoassay

Recent molecular charuclerization of Norwalk virus (Jiang et al., 1990; Jiang et a/., 1993) has

enabled cloning part of the viral genome encoding the capsid into a baculovirus expression

system. The expressed viral proteins can be purified by ultracentrifugation to produce specific

recombinant viral proteins (Jiang et al., 1992b). These proteins have been shown to be

morphologically and antigenically similar to the native particles. An EIA to detect Norwalk

virus antigen using hyperimmune antisera prepared against recombinant Norwalk has been

developed and found to be specific and sensitive (Graham et al., 1994). However, this assay

did not detect antigenic variants of the Norwalk virus (Jiang et a1.,1995b). Stool samples from

volunteers given Hawaii agent, Snow Mountain agent, Montogomery County agent, and from

animals with bovine calicivirus and porcine calicivirus were not positive in the Norwalk

antigen EIA. Subsequent work has enabled development of EIAs to detect other strains of

NLVs. Due to the wide number of known antigenic variants of NLV and the diversity of the

genome, more NLVs would need to be cloned, sequenced and expressed to manufacture

reagents that can be used to detect and characteize all strains of NLV. As discussed earlier,

studies in Australia have shown genogroup 2, Lordsdale like virus called Camberwell, to be

the most prevalent strain. Cloning the capsid gene into a baculovirus system and expressing

the capsid proteins would allow development of an enzyme immunoassay. This may then be

useful in detecting currently circulating NLVs in faecal specimens. Enzyme immunoassays

are currently routinely used to detect rotavirus and adenovirus in faecal specimens and are a

less expensive alternative to molecular detection methods.
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I.II.3.2 NLV RT.PCR

The cDNA cloning and sequencing of the Norwalk viral genome (Jiang et a1.,1990; Jiang et

a1.,1993) and other NLVs have led to the development of an RT-PCR method that detects NV

and other NLVs in faecal specimens.

RT-PCR is now becoming a powerful tool for the investigation of point source outbreaks

related to food, food handlers, shellfish, water supplies and also to monitor the spread of NLVs

within semi-closed communities. Sequencing of RT-PCR products may identiff new viral

strains, which can then be cloned to express specific viral proteins for use in antigen capture

assay.

1.12 Project Aims

To develop rapid diagnostic tests to detect NLV Group 2 (Camberwell-like strains) in clinical

samples by: -

1. Expressing ORF2 (capsid protein) of the Camberwell NLV genome to produce a vfual

specific protein for use in development of an enzyme immunoassay for the detection of

related NLV strains. This work was done in collaboration with Assoc. Prof. Peter Wright

(Department of Microbiology, Monash University).

2. Developing reverse-transcription polymerase chain reaction for detection of NLV Group 2

(Camberwell-like strains) specific RNA in faecal samples.

3. Comparing the relatively sensitivity of these tests by testing clinical specimens.
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CHAPTER 2

General Materiøls ønd Methods

2.1 Commonly used reagents

Blocking Buffer (used in Western blots)

5% skim milk powder (w/v), 5% FBS (v/Ð, diluted in0.l%o PBS-Tween

Coomassie Brilliant Blue

0.25% Coomassie Blue (wþ,45o/o methanol (v/v), l}Yo glacial acetic acid (vþ, diluted in

DDïV. The solution was clarified by filtration.

Destaining solution (used to destain Coomassie blue stained PAGE gels)

45Yo methanol (v/v), l0o/o glacial acetic acid (v/v), diluted in DDV/

DNase buffer (10x)

100mM Tris- HCL pH 8, 100mM MgClr,20mM DTT

Ethidium bromide stock solution:

lOmg/mt ethidium bromide (Sigma) dissolved in DDV/. Stored at 40C in a dark bottle

Guanidinium denaturing solution (used in CS method)

4M guanidinium thiocyanate, 25mM sodium citrate, 0.5% sodium sarcosyl (w/v), B-

mercaptoethanol.
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LB (1x)

lDglL bacto-tryptone, 5glI- bacto-yeast extract, l}glL NaCl

Loading Buffer

0.416% vv/v Bromophenol blue, 0.4160/owlv Xylene cyanol, 25o/oFicoll

L6 Buffer (Boom Method)

l20g guanidinium thiocyanate (GTC), 100 ml 0.1M Tris-HCL pH 6.4,22 ml 0.2M EDTA pH

8,2.69 Triton X-100

L2 Buffer (Boorn Method)

1209 GTC, 100 ml 0.lM Tris-HCL pH 6.4

MOPS buffer (1x)

20mM MOPS free acid, 5mM sodium acetate and lmM disodium EDTA pH 7.0

PBS

140mM NaCl, 3mM KCl, lmM KH2PO4,8mM NarHPOo

Phenol

Crystallized phenol (BDH) was melted at 680C and 8-hydroxyquinoline was added to a final

concentration of 0.I%. The pH was equilibrated to 7.6 with several changes of lM Tris -HCL

pFl I followed by 0.lM Tris-HCL pH 8. B-mercaptoethanol was added to a final concentration

af 0.2Yo. Aliquots of the equilibrated phenol were stored at 40C.
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Phenol/chloroform/isoamylalcohol Q5 z24zl)

25 volumes phenol, 24 volumes chloroform (BDH) and I volume isoamylalcohol (BDH).

Stored in dark bottle at 4oC.

3'/" PT A (phosphotungstic acid)

39 PTA was dissolved in 100 ml water and adjusted to pH 6.0 with 1M sodium hydroxide

RNasin ribonuclease inhibitor

RNasin (Promega) 20-40 U I ¡il

2 X SDS loading buffer for loading proteins in l0o/o SDS PAGE gels

l00mM Tris pH 6.8,4yo SDS (w/v),0.2yo bromophenol blue (dv), 20Yo glycerol (v/v),

200mM DTT made up to up 100 mls with DDW

10% SDS PAGE gels

Two phase l0% SDS PAGE gels (9 x 8cm) were made as described in Sambrook et al. (1989)

Size fractionated silica (Boom Method)

609 silicon dioxide, SiO, (Sigma) was added to sterile distilled water to a total volume of 500

ml in a glass cylinder. The silica was allowed to sediment under gravity for 24 hours at room

temperature. 430 ml of the supernatant was discarded and 500 ml of sterile distilled water was

added to the sediment. This was mixed vigorously and left to sediment for 5 hours at room

temperature.440 ml of the supernatant was discarded and 600 ¡rl of HCL (32yo, w/v) was

added to adjust the silica suspension to pH 2. The silica suspension was sterilised by

autoclaving and I ml aliquots were then stored in the dark.
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soB

20glL bacto-tryptone,5glL bacto-yeast extract, 0.6gtL NaCl, 0.5g/L KCl, filter sterile 10mM

MgSOo (added before use).

SSC (1x)

150mM NaCl, 15mM trisodium citrate, pH 8

STE

lOOmMNaCl, 10mM Tris pH 7.6, lmM EDTA

TAE (1x)

40mM Tris-acetate, lmM EDTA

TBE (1x):

10mM Tris, 90mM boric acid and 2.4mM disodium EDTA

TE (1x)

10mM Tris, lmM EDTA pH I

Transfer buffer

24mM Tris, 186mM glycine, 20Vomethanol

Tris glycine electrophoresis buffer

25mM Tris Base,250mM glycine,0.l% SDS
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'Water saturated phenol

This was prepared by melting phenol (BDH) at 680C in a water bath. An equal volume of

sterile distilled water was then added to the phenol, allowed to separate in two distinct phases,

followed by removal of the upper aqueous phase. This was repeated twice and an additional

20Yo vlv of distilled water was added to the phenol. This was stored at 40C. Upon storage any

phenol which showed a slight pinkish colour indicating oxidation was discarded.

2.2 Methods

2.2.1 Maintenance of SF21 cells

Spodoptera fruiperda (SF21) cells were grown at 27-28'C in complete Grace's insect cell

culture medium (which contained 46.27g1L Grace's powder (Gibco), 33.3glL lactoalbumin

(Difco), 33.3glL yeastolate (Difco), 3.5glL NaHCOr, l0%o heat inactivated FBS, l2¡rglml

Penicillin, 16 pglml Gentamicin and2 mM L-Glutamine). For growth of cells as monolayers a

150cm2 flask was seeded with 6 x 106 cells containing a total volume of 30 ml Grace's

medium. The cells became confluent within 3 to 4 days. Passaging of cells was done by

dislodging cells from the base of the flask. This was done by knocking the flask 2 to 3 times.

An attempt was made not to dislodge all the cells as this leads to low viability. The cells were

centrifuged at 200 x g, and resuspended in fresh medium to obtain a l:10 dilution of the

previous cell concentration for inoculation into a new flask.

2.2.2 Infection of SF21 cells with recombinant baculovirus

70Yo confluent monolayers were used for infection with recombinant virus. The medium was

removed and 5 ml of recombinant virus were added to each flask. The flask was left at 280C

for t hour. 25 mI of complete Grace's medium was added to it and left at 280C for 4 days.
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2.2.3 lJarlest of infected SF21 cells

Infected cells were harvested by knocking the sides of the flask. The dislodged cells were

centrifuged at200 x g for 5 mins. Supernatant was aliquoted into 5 ml lots and stored in -700C.

The virus was quantitated as described in section 2.2.4. Plasmid was extracted from the virus

for verification of correct CAM ORF2 insert in the recombinant virus. Cell factories as

described in section 3.2.5 werc infected with this virus for production of large quantities of

viruses.

2.2.4 Quantitation of virus particles

This was done in 30mm 6 well plates. Exponentially growing SF2l cells were harvested,

centrifuged and resuspended at 105 cells/ml. For each virus dilution two wells were seeded

with SF21 cells and left at 280C overnight. The following day Grace's complete medium was

warmed in a 420C waterbath. A serial 10 fold dilution of the recombinant virus was made in

Grace's complete medium. As much medium as possible was removed from the overnight

confluent SF21 cells grown in 6 well plates ensuring that the plate did not dry out. 100 ¡rl of

each dilution of the recombinant virus were inoculated into duplicate wells. Two wells were

left as uninfected controls in which 100 ¡rl of medium was used to inoculate the wells.

The wells were incubated at 280C for I hour. 8 ml of 5% Seakemp ME agarose was added to

42 ml of warmed medium and left in a 420 C waterbath. The virus inoculum was removed from

the cells after t hour incubation and 3 ml of agarose medium solution was added to each well

by pipetting down the side of the well. The agarose was allowed to set before the plates were

plaeed in a sterile humidifred chamber. The 6 well plates were incubated at 280C for 4 days.

On day 4 the wells were stained with 1 ml filter sterilised neutral red (0.0165%o) for 5 hours.

Plaques were counted maoroscopically.
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2.2.5 Electron Microscopy (EM)

Purified proteins were resuspended in 20mM Tris pH 7.2 and ultracentrifuged at 35, 000 rpm

in a SV/60 (Beckman) rotor for I hour at 40C. The supernatant was disca¡ded and the pellet

was resuspended in 0.5 ml of distilled water. The suspension was placed on a Formvar EM

grid and blotted dry with the edge of a filter paper. The grid was stained with 3% PTA

(phosphotungstic acid), blotted dry with the edge of a filter paper and allowed to air-dry for 10

mins before examination using EM.

2.2.6 Densify of CAM VLPs

Sucrose gradient purihed proteins were dialyzed against 20mM Tris pH 7.2. The volume was

adjusted to 11.25 ml and 59 of CsCl was added (d : 1.30 g/ml). Isopycnic centrifugation was

performed for 22 hours at3l,000rpm in a SV/ 40 rotor (Beckman). Aliquots of 0.5 ml volume

were collected from the bottom of the tube using a fraction collector and these were analysed

using a |0o/o SDS PAGE gel. The refractive index of each of the fractions containing the 58

kDA CAM protein \ryere measured using a refractometer and converted to a density value

(g/cm3).

2.2.7 Fractionation of antisera with ammonium sulphate

To obtain the globulin fraction in antiserum, equal volumes of 70Yo ammonium sulphate were

added to the rabbit or guinea pig serum with gentle stirring. The antiserum was allowed to

precipitate at 40C overnight and then was centrifuged at 1000 x g to pellet the proteins.

Supernatant fluid was discarded and the pellet was resuspended with PBS to the original

volume of serum. The precipitation process was repeated by adding an equal volume of

ammonium sulphate (70% for rabbit antisera and 80% for guinea pig antisera). This was

mixed by gentle inversion of the tube. The mixture was centrifuged for l0 mins at 1000 x g to
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pellet the protein. Supernatant was once again discarded and the pellet was resuspended in the

original serum volume with PBS. The purified immunoglobulin was dialysed against PBS

overnight at 40C. Thimerosal was added to give a final concentration of 0.1%.

2.2.8 Detection of CAM VLP proteins

2.2.8.1 Separation of proteins in l0o/o SDS PAGE gels

10-15 pl of samples was denaturedin2 x SDS gel loading buffer at 1000C for 3 mins. The

samples were then loaded into the wells of l0% SDS PAGE gels (described in section 2.1)

using a Hamilton microlitre syringe alongside mid range protein molecular weight markers

14.4 -97.4kDA (Promega). The proteins were separated at 80 volts for I to 2 hours, stained

with Coomassie blue for 15 to 30 mins and destained for 1 to 2 hours. The gels were then

dried using a gel drier.

2.2.8.2 Westenn blot and detection of CAM VLF proteins

The proteins were separated in l}Yo SDS PAGE gels. Gels were equilibrated in transfer buffer

for 30 mins and the proteins were transferred onto a nylon membrane (Amersham) using

Biorad Transblot apparatus at 15 volts for 30 mins (current 5.5 x surface area of gel (cm2) in

milli-amps). The nylon membrane was washed in PBS-T\ryeen (0.I% Tween 20) three times

for 5 mins. Nylon membranes were blocked for I hour in blocking buffer. The blocking buffer

was replaced with fresh buffer containing specific antibodies for CAM capsid proteins.

Optimum dilutions of these antibodies were determined by titration. The optimum dilution

used for primary antibodies was 1:2000; these antibodies were CAM ORF2 bacterial fusion

antibodies obtained from Assoc. Prof. Peter V/right (Monash University). This was incubated

at room temperature for t hour with shaking. The membranes were rinsed 3 times in PBS-

Tween and then washed 3 times for 5 mins. Secondary antibody diluted 1:2000 in blocking
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buffer was then added to the membrane and this was incubated at room temperature for t hour

with shaking. (Dako Peroxidase conjugated swine anti-rabbit was used to detect rabbit antisera

and Amersham Biotinylated Protein A was used to detect guinea pig antisera followed by I

hour incubation using Boehringer Mannheim Stratavidin Peroxidase conjugate). The

membrane was rinsed again and washed as above with PtsS-Tween. ECL substrates

(Amersham) were mixed and poured onto the f,rlter for I min. Excess fluid was drained from

the nylon membrane and was then wrapped in cling wrap and exposed to Hyperfilm

(Amersham) for I min, and the films were developed using an Ilfospeed 2240 automated

developer

2.2.9 flirt extraction of plasmid DNA from recombinant baculovirus

Infected SF21 cells from a 150cm2 Corning flask were centrifuged at200 x g. The supernatant

was PEG ppt overnight at 40C. The cells and supernatant were resuspended to a volume of 1

ml in PBS. 200 pl of this suspension was mixed gently with 160 pl of buffer I (containing

5mM Tris pH 7 .7 , l}m}d EDTA). The samples \ryere incubated at 370C for 15 mins. 100 pl of

5mM sodium chloride was added and after careful mixing the samples were left at 40C

overnight. The plasmid was extracted twice by phenol extraction and ethanol ppt as described

in section 2.2.27. The pellet was dissolved in 200 pl RNase buffer (containing 100 ¡rg/ml

RNase in TE). This was incubated at 370C for 60 mins, extracted again using phenol and

ethanol ppt. The DNA pellet was washed with 70Yo ethatol, air-dried and resuspended in 50 pl

of TE. One pl of the plasmid DNA was used for amplification by PCR as described in section

3.2.2.

2.2.10 RNA extraction using the Boom method (Boom et a1.,1990)

This method was described by Boom et al. (1990) and was modified for use with extraction of
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nucleic acid from faeces and 4549 cell culture specimens. 500 ¡rl of L6 buffer and 10 prl of

size fraetionated silica were added to 100 pl of l|%ó faecal extract or ca 106 4549 cells

(clarified at200 x g for 10 mins) in a 1.5 ml microcentrifuge (MSE) tube. The contents were

mixed for 10 secs and incubated at RT for 15 mins. The silica was pelleted by centrifugation

(MSE-microcentrifuge) for 15 secs and the supernatant was discarded. The silica pellet was

washed twice with 500 ¡tl L2 buffer, washed twice \ iith 500 ¡tl of 70Yo ethanol and then once

with 500 ¡.rl of acetone. The acetone was removed from the pellet and the tube was incubated

at 560C in a heating block for 5 mins (with the MSE tube lid open). The nucleic acid was

eluted from the silica by adding 25 ¡tI of HrO and 1 pl of RNasin and then incubating at 560C

for 15 mins (with the MSE tube closed). The silica particles were pelleted by centrifugation

(MSE) for 2.5 mins and the supernatant (RNA) was extracted. The elution step was usually

repeated with another 25 ¡tl of water for maximum RNA recovery. The extracted RNA was

DNaseI treated before RT-PCR.

2.2.11 Chomcrynski and Sacchi (CS) method (Chomcrynski and Sacchi, 1987)

2.2.11"1, RNA extraction using the Chomcrynski and Sacchi (CS) method

Total RNA was extracted from A549 cell culture suspensions and faecal specimens using the

CS method. 400 pl guanidinium denaturing solution was added to 100 pl of cell culture

suspension containing ca 106 A549 cells or 100 pl of l0% faecal specimen in a

microcentrifuge (MSE) tube and mixed thoroughly. 50 ¡rl of 2M sodium acetate þH 4.0) was

added and the tube was inverted several times. 500 ¡rl of water saturated phenol was added to

the tube, which was again inverted several times. 100 ¡rl of chloroform-isoamylalcohol @9:l)

was then added and the tube was vortexed vigorously for 10 to 15 secs, before chilling on ice

f,or 15 mins. The suspension was then centrifuged at 15, 000 x g for 20 mins at 40C and the

aqueous phase was transferred to a 1.5 ml MSE tube. RNA was precipitated by adding 500 pl
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of ice cold isopropanol and incubating at -200C for greater than t hour to precipitate RNA.

RNA was pelleted by centrifuging at 15,000 x g for 20 mins at 40C. The pellet was washed

once with 70Yo ethanol, air-dried and resuspended in25 ¡l sterile distilled water.

2.2.11.2 RNA extraction using modified Chomcrynski and Sacchi (CS) method

CS method discussed in section 2.2.11.1 was modified to include 2Yotritonin Solution D and

the use of silica particles (as used in the Boom method) to bind nucleic acids. 400 pl

guanidinium denaturing solution containing 2YoTriton was added to 100 ¡rl of ca 106 A549

cells or l0o/o faecal specimen in a MSE tube and this was processed as with the CS method

prior to the step where RNA is separated into the aqueous phase during phenol chloroform

extraction. The aqueous phase was then transferred to a MSE tube containing 10 pl of silica.

This was mixed for 10 secs and incubated on ice for 30 mins to allow the silica to bind to

RNA. The silica particles were pelleted by centrifugation for 15 secs and the supernatant was

discarded; the silica particles were washed twice with ethanol and once with acetone, air dried

and RNA was eluted using 25 pl sterile distilled water as described in section 2.2.10.

2.2.12 DNaseI treatment of extracted RNA

T'he extracted RNA was treated with I unit/ml DNaseI (RNase free) (Boehringer Mannheim),

I ¡tI (20-40 U) RNasin Ribonuclease inhibitor (Promega), 1 x DNase buffer and incubated at

370C for l0 mins. The treated RNA samples were extracted with an equal volume of

phenol/chloroform, centrifuged at 13,000 x g for I min and ethanol precipitated at -200C for

greater than2 hours with 1/10 volume of 3M sodium acetate pH 5.The RNA was pelleted by

oentrifugation at 13, 000 x g for 20 mins at 40C. The pellet was washed in 70Yo ethanol and
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air-dried. The RNA was then resuspendedin2l pl sterile distilled water and either stored at -
70oC or used for RT-PCR.

2.2.13 RNA electrophoresis on Northern ge

5 pl of total RNA was added to RNA loading buffer containing 1 x MOPS buffer, 0.7M

formaldehyde, 0.5 x hnal volume deionised formamide and 40pg/ml ethidium bromide and

heated at 650C for 10 mins, and then chilled in ioe. Samples were loaded with 2 ¡ú of loading

buffer. RNA was separated by electrophoresis in IYo agarose gel (I% w/v agarose, I x MOPs

buffer, 6%o vlv formaldehyde) with I x MOPS running buffer at 90 volts for 2 hours. Samples

were separated alongside I pl RNA markers (Promega, Madison, USA) in 8 pl of RNA

loading buffer and 1 pl of normal loading buffer. The position of 28S and l8S ribosomal RNA

(rRNA) bands from 4549 cells and 23S and 165 bacterial rRNA were visualized using an

ultraviolet transilluminator.

2.2.14 Poliovirus culture

The cells used to grow poliovirus type 3 vaccine strain were 4549 cells (human lung

carcinoma cell line, ATCC CCL 185). A549 cells were grown to confluent monolayers in

150cm3 Corning tissue culture flasks. Before inoculation with the virus, the growth medium

(DMEM, l0% FBS, 20mM Hepes and lYo w/v L-glutamine) was discarded and 25 ml of

maintenance medium (DMEM, 1% FBS) with 500 ¡rl of poliovirus was added. The flasks wero

incubated at370C for 4 to 5 hours. The medium was replaced with fresh maintenance medium

(containing 1% FBS). The flasks were incubated in a370C incubator for two days.

37



2.2.15 Plaque assay for determining poliovirus plaque forming units (pfu)

(Boone and Albrecht, 1983)

A549 cell monolayers in 35mm diameter Petri dishes (Falcon) were infected with 0.2 ml of ten

fold dilutions of polioviral suspensions at 370C for I hour. Each dilution was used to infect

two Petri dishes. Thereafter the inoculum was replaced with 3 ml agarose overlay (which

contained 0.5% Seakemp agarose). Two days later, the overlay was discarded and the cell

monolayer was stained for 30 mins with 0.02% crystal violet in lÙYo formalin. The plaques

were counted and pfu were determined.

2.2.16 Negative controls used in EIA and all RT-PCR

Ten percent faecal samples tested and found to be negative for rotavirus and adenovirus by an

in-house EIA (Kok et a|.,1998) were pooled, centrifugedat200 x g to remove particulates and

stored in 100 pl or I ml aliquots. These samples were assumed to be negative for NLV and

when tested by CAM EIA and NtV RT-PCR were found to be negative. These specimens

were also tested for rotavirus and poliovirus by RT-PCR and found to be negative. The

aliquots were used as negative controls in all EIAs and RT-PCRs for all three viruses

(rotavirus, polivirus and NLVs) and were also used for diluting viruses, positive faecal

samples and CAM capsid proteins during the course of this study.

2.2.17 Processing of faecal specimens to be tested by EIA or RT-PCR

l0o/o faecal suspensions were made in PBS. These were then centrifuged at 200 x g for 5 mins

to sediment particulates" The supernatant was used for RNA extraction or testing in EIAs.
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Table 2.1 Oligonucleotide sequences of primers and probes used in this study

- Not

Symbols (+) and (-) indicate sense and antisense sequences respectively. The letter B indicates

that the oligonucleotide is biotin labelled. NLV primers used in development of RT-PCR were

chosen from the same primer sites used for designing degenerate primers (Wright et a1.,1998)

from the Camberwell strain (Genbank accession number U46500). Oligonucleotides sequences

used for NLV and rotavirus probes were randomly chosen. NLV RT-PCR performed on

clinical specimens were detected by DIG ELISA using the above probe, all negative

specimens were further tested by separation on 2%o agarcse gels followed by staining with

ethidium bromide. This was to minimise the possibility of obtaining false negatives due to

probe not binding because of variations in the sequences of amplified cDNA. The primers and

biotinylated probes were synthesized by GeneV/orks (formerly Bresatec, Adelaide).

Name Sequence 5' to 3' Sequence Coordinates Reference

NLV (+) primer CTCCTAGTGTGATGGATGTG GG 752 to 773 Camberwell NA

NLV (-) primer CTACTACTCTAACAGTCATG 936 to 957 Camberwell NA

NLV nested PCR
(-) primer

CCAGTGGAACTCCATCG 828 to 844 Camberwell NA

NLV nested PCR
(+) primer

CGCCATAGAAGGAGAAGAGG 917 to 937 Camberwell NA

NLV(+) probe BCCCACTGGCTCCTCACTCTC 845 to 864 Camberwell NA

Rotavirus (+) primer GGCTTTT AJqÁCGAAGTCTTC I to 25 SA-l I Gene 6 (Wilde et al.,1990)

Rotavirus (-) primer GACTTGAATCTGCGATTAATACAACT 234to259 SA-ll Gene6 (Wilde et al.,1990)

Rotavirus (+) probe B GGAGGAATCG GTAATTTG CC 168 to I 87 SA- I I Gene 6 NA

Poliovirus (+) primer TCCGGCCCCTGAATGCGGCT 445 to 465 poliovirus type I
(Mahoney strain)

(Abbaszadegan et al.,
1993)

Poliovirus (-) primer TGTCACCATAAGCAGCC 577 to 594 poliovirus type I
(Mahoney strain)

(Abbaszadegan et al.,
r993)

Poliovirus (+)probe B CCC Afu{GTAGTCG GTTCCGC 531 to 550 poliovirus type I
(Mahoney strain)

(Abbaszadegan et al.,
1993)
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2.2.18 TitanrM one tube RT-PCR system

All RT-PCRs were developed using the Titan one tube RT-PCR system (Boehringer

Mannheim,Penzerg, Germany) in which both the reverse-transcription (RT) and PCR steps

are carried out in the same tube. RT-PCR reactions were usually set up in 25 pl volumes

which is half the amount recommended by the manufacturers (50 pl was only used in NLV

RT-PCR of outbreak specimens that were detected using DIG ELISA and separation on

agarose gels). This was done for economical reasons as there was no difference in

amplification when compared to the larger reaction volumes. The final concentrations of the

RT-PCR components were 200pM dNTPs (Pharmacia Biotech), 0.4pM primers (both sense

and antisense) for rotavirus and poliovirus and 0.2pM for NLV, I to 10 ¡rl template RNA,

5mM DTT-solution, 40 U RNase inhibitor (Promega), reaction buffer containing 1.5mM

MgCl, and I ¡.rl of arL enzyme mix containing High Fidelity enzyme mix (Taq DNA

polymerase and Pwo DNA polymerase), and avian myeloblastosis virus reverse transcriptase

(AMV). An additional 0.5mM MgCl, was added for rotavirus and NLV. The dNTPs, RNase

inhibitor and RNase free water to make the reaction volume to 25 ¡tI were the only reagents

not supplied in the Titan RT-PCR kit.

2.2.19 RT-PCR of poliovirus using Corbett Thermocycler

Poliovirus RNA was reverse transcribed in the thermocycler for I cycle of 500C, 45 mins; then

940C,5 mins. The PCR amplification cycles were:- 40 cycles of 940C, 30 secs; 500C, i min;

720C,45 secs; then720C,10 mins; 40C hold.

2.2"2A RT-PCR of rotavirus using Corbett Thermocycler

Rotaviral RNrq, was reverse transcribed in the thermocycler for I cycle of 500C, 60 mins; then

940C,5 mins. The PCR amplification cycles were:- 10 cycles of 940C,1 min; 550C, I min;
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720c,1min; and another 30 cycles of 940c,30 secs; 550c, 30 secs; 720c,1 min; then 720c, r0

mins;4oC hold.

2.2.21 RT-PCR of NLV using Corbett Thermocycler

NLV RNA was reverse transcribed in the thermocyeler for 1 cycle of 420C,lmin; then 950C, 5

mins and PCR amplification cycles were:- 40 cycles of 940C, lmin; 500C, 30 sec; 720C,1 min;

then72oC,7 mins; 4oC hold.

2.2.22 Detection of Amplicons

2.2.22.1 Electrophoresis of PCR products

PCR products from RT-PCR or PCR of the viruses studied were detected by loading 9 pl of

PCR product with 1 pl of l0 x loading buffer onto a 2%o agarcse gel in 1 x TBE or TAE.

pUCl9 or SPP-I DNA markers GeneWorks (formerly Bresatec, Adelaide) were used for size

estimations of the amplicons. Gels were electrophoresed in 1 x TBE or TAE at 80 volts for 1

to 2 hours and the amplicons was detected by staining with ethidium bromide (lprglpl) for five

minutes, destaining for 10 mins and viewing using an ultraviolet transilluminator. The gels

were photographed using Polaroid 667 filrm.

2.2.22.2 Digoxigenin (DIG) ELISA

FCR products were detected using the DIG ELISA detection method (Boehringer Mannheim).

PCR products were (DIG) labelled during RT-PCR by addition of DIG dUTP's to the dNTP

mix, at a ratio of DIG dUTP:dTTP of l:5, in place of unlabelled dNTP's. DIG labelled PCR

products were detected according to the manufacturer's instruction (Boehringer Mannheim).

Denaturing solution (20 pl) (Boehringer Mannheim) was added to a sterile microfuge tube

containing 20 ¡tl of PCR product. The tube was mixed and incubated at room temperature for
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l0 mins. 220 ¡tl of hybridization solution (7.5pmol/ml of biotinylated probes), internal to the

PCR product, diluted in hybridization buffer (Boehringer Mannheim) was then added and the

solution was mixed, before pipetting 200 ¡tl onto a microtitre plate strip pre-coated with

streptavidin (Boehringer Mannheim). The strip was incubated for I to 3 hours at 370C with

gentle shaking. The wells of the microtitre plate strip were then washed 5 times with 250 ¡rl of

washing solution (Boehringer Mannheim) and dried by tapping on a dry, lint free, absorbent

cloth. 200 pl of anti-DIG-POD conjugate (lpu/pl) was then added to the wells and the strip

was incubated for 30 mins at 370C, with gentle shaking. Wells were washed (as above) and

200 pl of ABTS substrate (1mg/ml) was added. Strips were incubated for 30 mins at 370C with

gentle shaking and the absorbance of the coloured product was read at 405nm. Samples with

an absorbance of > 0.250 were considered to be positive.

2.2.23 Sensitivity of RT-PCR amplification

Determination of NLV RT-PCR sensitivity (in chapter 4) involved cloning a specific sequence

of (205bp) cDNA from a positive NLV specimen. A large-scale preparation of plasmid DNA

was made, which was then used to in vitro transcribe RNA. The in vitro transcribed RNA was

used to determine the sensitivity of RT-PCR. The steps involved are described in the

following sections.

2.2.23.1 Competent Escherichia coli (8. colí) strain DH5cr

Competent Escherichia coli (8. coli) DH5cr \ryere prepared by growing DFI5cr to iog phase

growth (ODrro - 0.3) in 100 ml 1 x SOB. tsacteria were chilled rapidly on ice for 15 mins and

the bacterial pellet was isolated by centrifugation at 3000 x g for 5 mins at 40C and

resuspendedln32 ml transformation buffer I (100mM RbCl, 50mM MnClr, 30mM potassium

acetate pFI 7.5, l0mM CaCIr, l5Yo glycerol, final pH 5.8) on ice for 15 mins. Following
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recentrifugation, the bacterial pellet was resuspended in 8 ml transformation buffer 2 (l0mM

Mops, 1OmM RbCl, 75mM CaClr.l5Yo glycerol) and 200 ¡I aliquots were snap frozen, using

liquid nitrogen and stored at-700C ready for use.

The ,E coli strain DH5cr was propagated in 1 x LB or on plates containing I x LB and 15g/L

bacto-agar at370C for 12 tolS hours. DH5cr containing plasmid vectors was grown in 1 x LB

containing 100pg/ml ampicillin (Boehringer Mannheim) or on 1 x LB plates containing

l0Opg/ml ampicillin and 0.002o/o X-gal (Boehringer Mannheim). Bacterial cultures were

stored inl5Yo glycerol at-700C.

2.2.23.2 Plasmid vectors

pBluescript II (KS-) phagemid (pBS) (Stratagene) was used as the vector for cloning. pBS

possesses three important features; (i) it contains the ampicillin resistance gene (AMP)' for

selection of the phagemid vector (ii) has a multiple cloning site containing part of the Lac Z

gene encoding the B-galactosidase a peptide providing a-complementation and blue/white

colour selection for pBS recombinants when propagated in the presence of X-gal. (iii) allows

in vitro RNA transcription with T7 RNA polymerase.

2.2.23.3 Cloning of the 205bp NLV cDNA products into plasmid DNA

RT-PCR products were cloned into pBS using the T-A overhang cloning technique (Ausbel er

a1.,1995). The vector pBS was cut with the enzyme EcoRV resulting in 5' and 3' blunt ends

It was then extracted using phenol/chloroform (2 x), ethanol precipitated, washed with ethanol

and resuspended in water. The concentration was determined using a spectrophotometer. The

blunt end vector was converted to a T-vector in a 100 pl reaction containing lpg of digested
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vector, 2ml|d dTTP (Amersham), 0.5 units of Taq DNA Polymerase (Boehringer Mannheim),

Taq buffer containing 50mM KCL, 10mM Tris -HCL pH 8.4, lmg/ml gelatin, and 2.5mM

MgClr. The mixture was then incubated in a Perkin Elmer Thermal Cycler at720C for 2 hours.

2.2.23.4 DNA ligation

The oDNA amplihed by RT-PCR of RNA extracted from a NLV positive specimen (897180)

from the Adelaide NLV outbreak specimens (discussed in chapter 5) was ligated to a

pBluescript II KS - phagemid. The cDNA contained a205bp PCR product that was quantitated

by running an aliquot on a agarose gel and stained with ethidium bromide. The amount was

estimated by comparing the relative intensity with DNA markers. I ¡tI (ca 10ng) of the

unpurified RT-PCR product was used for ligation. Taq DNA polymerase normally adds a

single nontemplated adenine nucleotide to the 3'end of the duplex DNA strands during the

PCR process (Ausbel et al., 1995). This extra A was used as a one base overhang generating

the necessary complementary base to the T-vector (section 2.2.23.3) as sunmarized in Fig2.l.

Each 20 ¡.rl ligation mix (LM) contained 0.5mM ATP, 10mM Tris-HCL pH7.5,l0mM MgClr,

10mM DTT and I unit T4 DNA Ligase (Amersham), together with 10ng of T vector and lOng

PCR product. The LM was incubated at 150C overnight.

2.2.23.5 Transformation of plasmid into bacteria

The transformation step involved the addition of 5 pl of LM after incubation at 150C to 100 pl

of competent E.coli (section 2.2.23.I). This was incubated on ice for 20 mins. The bacteria

were then heat shocked at 420C for exactly 90 secs to induce DNA uptake. 200 pl of SOC

medium was added and this was incubated for 30 mins at370C before plating onto I x LB agar
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Fig2.l Cloning of RT-PCR products using the T-A cloning strategy adapted from

Ausubel et al.r1995

Reaction A: vector DNA (pBluescript KS-phagemid) was linearized with EcoRV to generate

blunt ends. A single tþmidine nucleotide was added to the 3' ends of blunt-cut vector DNA

using Taq DNA polymerase and dTTP at 72oC (section 2.2.23.3). This is referred to as T-vector.

Reaction B: target DNA (oDNA products of a RT-PCR reaction) contains as adenine nucleotide

3' overhang. This is due to Taq DNA polymerase adding a single nucleotide (usually adenine) to

each end.

The products of reactions A and B were ligated as described in section2.2.23.4
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plates containing lO0pg/ml ampicillin (Boehringer Mannheim) and 0.002% w/v X-gal

(Boehringer Mannheim) to select for transformants.

2.2.23.6 Selection of colonies

White bacterial colonies were selected (using sterile pipette tip) and inoculated into 10 ml LB

broth containing lO0pg/pl ampicillin. This was left on a shaker at370C for t hours. Small-

scale preparation of plasmid DNA from bacteria was performed using the alkaline lysis

method (Sambrook et a1.,1989). This clone is referred to as pBSAdeNLV from here on.

2.2.23.7 Confirmation of 205bp NLV cDNA in recombinant plasmid DNA

To determine the presence of the original 205bp NLV cDNA in extracted pBSAdeNLV DNA

(as described above), aî enzyme mixture containing EcoRI and HindIII was used to cut the

3.2kb plasmid at 370C overnight. After digestion the fragments were separated on a 2%o

agarose gel and the predicted size fragments were observed. The insert was also sequenced

using Dye primer cycle sequencing (section 2.2.25) and was found to contain exactly the same

sequence as that of the original PCR product used for cloning.

2.2.23.8 In vìtro transcription.

Large-scale preparations of plasmid were performed using a Qiagen Plasmid Extraction Kit

(Qiagen). Prior to in vitro transcription pBSAdeNLV were linearized with F{indtrIl. T'he

digested product was electrophoresed on a IYo agarose gel and stained with ethidium bromide

to test for complete digestion, after which the remaining plasmid digest was treated with

Froteinase K (5O¡rg/ml), purified by phenol/chloroform extraetion and used for in vitro

transcription.
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In vitro transcription of the recombinant plasmid pBsAdeNLV was done using using

RiboMAXtt Large Scale RNA Production Systems - T7 (Promega). lpg of linearised

pBsAdeNLV DNA was added to a 20 pl reaction containing T7 transcription buffer, rNTps

(25 mM ATP, CTP, GTP, UTP) and enzyme mix (T7). The mixture was incubated at 3Z0C for

2 hours. Following transcription the DNA template was removed by digestion with DNase

(Promega) at a concentration recommended by the manufacturers of 1 unit/pg of template

DNA. The reaction was incubated for 15 mins at 370C and the RNA was purified by the

method described in Promega RiboMAXrM Large Scale RNA Production Systems Technical

Bulletin. RNA was resuspended in sterile distilled water. The RNA aliquots were then stored

at-700C.

2.2.23.9 Quatity and quantity of RNA

Approximately 3mg/ml of in vitro transcribed RNA were produced using Promega

RiboMAXru Large Scale RNA Production Systems. The ODruo/ ODrro ratio was determined to

be 2. To determine if the RNA was completely free of any contaminating plasmid DNA, pCR

was performed using conditions as described in (section 4.2.6.3). Any contaminating DNA

would have been amplified by PCR. A duplicate sample, not DNase treated, was also

amplified and a 205bp amplicon band could only be observed in lanes that were not DNase

treated when separated on 2o/o agarose and stained with ethidium bromide. The amplicons

were also detected using DIG ELISA and wells containing DNase treated RNA was negative

whereas the untreated RNA was positive.

2.2.24 Purification of DNA for sequencing

The R.T-PCR and PCR amplicons were purified for sequencing directly from the PCR reaction

using the Qiaquick PCR purification kit (Qiagen, Hilden, Germany) according to the
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manufacturer's instructions. The plasmid DNA was purified using Qiagen Plasmid Extraction

kit (Qiagen) as per manufacturer's instructions.

2.2.25 Sequencing analysis

All sequencing of cDNA clones and PCR products was performed by the Molecular Biology

Department, IMVS, using the dye terminator method(or dye primer method where indicated).

The reagents and protocols are provided in the ABI Prism (Dye Primer or Dye Terminator)

Cycle Sequencing Ready Reaction kit (Perkin Elmer) for the respective methods. Both the

sense and antisense primers were used for all sequencing. The sequences were compared with

the Camberwell strain (Genbank accession number U46500) using the computer programme

DNasis and the amino acid was compared using the computer programme Gene compare

version 2.0 (Kortrijk, Belgium)

2.2.26 Restriction enzyme digestions

The restriction endonucleases used in this study were EcoRI (Amersham), EcoRV (Pharmacia)

and HindIII (Pharmacia). Briefly a 20 ¡il reaction contained the concentration of restriction

enzyme buffer recoÍlmended by the enzyme manufacturer, I to 5 ¡rg of DNA, I to 2 units of

enzymq and was incubated at370C for i to 16 hours.

2.2.27 Phenol extraction and ethanol precipitation of nucleic acids

Phenol for use in nucleic acid extractions was prepared according to Maniatis et al. (1982). An

equal volume of 25:24:l phenol/chloroform/isoamylalcohol was added to the crude

preparation of nucleic acid, vortexed and centrifuged at 15,000 x g for 5 mins. The nucleio

acid, recovered in the aqueous phase, was precipitated by adding 10%o volume 3M sodium

acetate pH 5.2 and 2.5 x volume absolute ethanol, then left at -200C for at least t hour. The
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nucleic acid was pelleted by centrifugation af 17, 500 x g, washed in 70Yo ethanol and air-

dried. Nucleic acid was resuspended either in sterile distilled water or lx TE.

2.2.28 List of suppliers

Amersham, Amersham International plc, Little chalfont, Buckinghamshire, uK

ABI, Applied Biotechnology Inc., Division of Perkin Elmer Corporation

BDFI, BDH Chemicals Australia Pty Ltd, Kilsyth Vic, Australia

Beckman, Beckman Instruments Inc., Fullerton CA, USA

Bio-Rad, Bio-Rad Laboratories, Hercules CA, USA

Boehringer, Boehringer Mannheim, Mannheim, Germany

GeneWorks, Adelaide SA, Australia

Difco, Difco Laboratories, Detroit, USA

Faulding, F. H. Faulding Pty Ltd, Thebarton SA, Australia

Gibco, Life Technologies, Giathersburg, USA

Merck, Merck Biochemica, Darmstadt, Germany

Perkin-Elmer corporation, Roche Molecular systems, Inc., Branchberg Ny, usA

Fharmacia, Pharmacia Biotech, Uppsala, Sweden

Progen, Progen Industries Ltd, Darra Qld, Australia

Promega, Promega Corporation, Madison WI, USA

Sigma, Sigma Chemical Company, Sigma-Aldrich Pty Ltd, St Louis MO, USA

Stratagene, Stratagene Cloning Systems, La Jolla CA, USA
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CTIAPTER 3

Development of a NLV (Camberwell) Enzyme fmmunoüssøy

3.L lntroduction

Rapid diagnosis of NLV infection has been hindered by the fact that there is no known cell

culture for propagation of this virus or animal model of infection. The only source of NLV

particles has been the stool specimens of infected individuals, which characteristically eontain

very low concentrations of the virus (Hardy et al., 1995). The conventional diagnostic tests

have included immune electron microscopy (IEM) for antigen detection (Kapikian et al.,

1996), radioimmunoassay (RIA) (Blacklow et al., 1979; Greenberg et al., 1978) and enzyme

linked immunosorbent assay (EIA) (Gary et al., 1987; Gary et al., 1985; Flerrmann et al.,

1986; Herrmann et o1.,1985; Madore et a|.,1986) for both antigen and antibody detection, all

of which require extraction of viruses from patients' faecal samples and sera from infected

volunteers. Generally these assays have been found to have relatively poor test sensitivity.

Cloning and sequencing of NLVs have provided novel approaches to the rapid diagnosis of

diseases caused by these viruses. Knowledge of NLV sequences has led to the development of

molecular methods, as discussed later in chapter 4,for detection and characterization of NLVs.

Virus-like particles (VLPs) produced by expression of ORF2 (the capsid gene) have been

used for antigen and antibody detection in a number of studies (Graham et al., 1994; Gray et

a1.,7993; Hyams et al., 1993; Jiang et al., I995b; Numata et a1.,1994).
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3.1.1 Aims

This chapter describes the expression of Camberwell (CAM) VI-Ps in SF21 insect cells, their

purification and their use to prepare antisera for development of an antigen capture EtrA to

detect Group 2 (Camberwell-like strains) in faeces.

3.1.2 Baculovirus expression system

Baculovirus expression systems use the polyhedron viral promoters that are highly transcribed

during the late stages of infection to drive the expression of foreign genes in insect cells

infected with recombinant baculovirus containing the gene of interest. This system has been

used previously to produce large amounts of target protein of both RNA and DNA viruses in

insect cells due to the strength of these baculovirus polyhedron viral promoters (Brown et al.,

l99l; Labbe et al.,l99l1'Luo et al.,1990; Urakawa et a\.,1989). Insect cells carry out most of

the post-translational processing events that occur in mammalian cells so that eukaryotic

proteins produced by a baculovirus expression system are usually similar to the native protein

in their biological activity, structure and antigenicity (Kitts and Possee, 1993).

3.1.3 Baculovirus expression of NLV virus like particles (VLPs)

Expression of recombinant baculovirus containing the ORF2 gene of Norwalk virus capsid

protein in insect cells has yielded a recombinant 58 kDA, capsid protein that self-assembled

into "empty" VLPs similar in size to Norwalk virus (Jiang et al.,I992b). These particles lack

viral RNA. Electron microscopy of Norwalk virus VLPs has shown that the 38nm empty

capsid is composed of 90 dimers of VLPs that form arch-like capsomeres (Prasad et a1.,1996).

The VLPs were stable on storage at 40C and after lyophilization and resistant to pF{ 3

treatment (Green et al., I993b; Jiang et al., 1,992b). These proteins have shown potential in

developrnent of a vaccine against Norwalk virus (Ball et a|.,1996; Mason et ol.,1996).
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3.2 Materials and Methods

3.2.1 Recombinant baculovirus containing ORX'2 of CAM and antisera for detection

A recombinant baculovirus virus containing the complete ORF2 of CAM was obtained f,rom

Assoc. Prof. Peter Wright (Monash University). A diagram of the construct containing ORF2

of CAM cloned into pFASTBAC (Life Technologies) is shown in Fig 3.tr. The construct was

used to generate recombinant baculovirus using BAC to BAC system (Life Technologies) by

E. L. Seah, Monash University (Seah, 1995). The recombinant baculovirus DNA was

transfected into SF9 cells, passaged at least three times and was used at the IMVS for protein

expression in SF2l cells, purification and EIA development for antigen detection.

A polypeptide encoded by ORF2 was also synthesized as bacterial fusion proteins with

glutathione S-transferase using the pGEX vector (AMRAD) by E. L. Seah (Monash

University). Antiserum raised in rabbit to this fusion protein was obtained from Assoc. Prof.

Feter Wright (Monash University). This specific antibody was used at the IMVS to deteot

CAM ORF2 capsid protein expressed in the baculovirus expression system during different

stages ofexpression and purification ofthese capsid proteins as discussed in the later sections

in this chapter.

3.2.2 Yerification of CAM ORF2 cDNA in clone obtained from Monash University

To verify the insertion of the correct sequence of CAM ORF2 cDNA in the recombinant

baculovirus obtained, l619bp of the insert corresponding to the CAM ORF2 were sequeneed

and compared with the published Camberwell sequence. The plasmid was first extracted by

the Fiirt extraction method (see section 2.2.9) and the region of interest was amplified by PCR

using primer sequences from pFASTBAC plasmid (the vector used for cloning). The PCR

cycles were I cycle of 950C, 1 min; 40 cycles of 950C, I min; 560C, I min; 720C,1 min; then
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Fig 3.1 Design of plasmid containing the whole oRF2 (which encodes the
capsid gene) of the camberwell virus. The oRF2 from the camberwell
genome was cut using the enzymes Bgl II and SmaI and this region was first
cloned into pBluescript II SK+ (Stratagene). The enzymes BamHI and XhoI
were then used to cut out the ORF2 region which also included some residual
pBluescript II SK+ and this was cloned into pFASTBAC (Life Technologies)
multi cloning site. This cloning was done at Monash university by E. L. seah
and Assoc. Prof. Peter Wright.
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720C, lOmins; 40C hold. The PCR products were purified (see section 2.2.24) and primers

shown in Table 3.1 were then used to sequence the 16l9bp of the RT-PCR product as

described in section 2.2.25 using ABI Prism Dye Terminator Cycle Sequencing ready reaction

kit (Perkin Elmer).

Table 3.1 Oligonucleotide sequences of primers used for sequencing CAM ORF'2 in the

clone

Symbols (+) and (-) indicate sense and antisense sequences respectively. The primers were

synthesized by GeneV/orks (formerly Bre satec, Adelaide).

3.2.3 Expression of CAM VLPs

SF2l insect cells were infected with recombinant baculovirus containing ORF2 of CAM and

at day 5 the expressed proteins were analyzed using 10% SDS PAGE stained with Coomassie

blue. The specific 58 kDA capsid protein band (Seah, 1995) was confirmed by a 
'Westem blot

assay using speeific antibodies and a chemiluminescent immunodetection (ECL) detection

system (as described in seotion2.2.8.2).

Name Sequence 5' to 3' Sequence Co-ordinates
PFASTBAC1 + GGTTTTCTGGAAGGCGAGCATCG 3814-3836- pFASTBACI
oRF2 (1442) + ATGAAGATGGC GTCGGAGTGA 1424-1443 - Camberwell
oRF2 (1828) + CAGCCAGGTTACTATGTTCC 1828-1847 - Camberwell
oRF2 (2212) + TGGCAGATGCACGACTGACG 2212-2231 - Camberwell
oRF2 (2s88) + ATCCAAGACGGTGACCACCA 2588-2607 - Camberweln
PFASTBAC I - GGACAAAC CACAACTAGAATGC 4346-4367 - pFASTBACI
oRF2 (277e) - GAGTAGGCAGTCCAAGTTCA 2760-2779 - Camberwell
oRF2 (2427) - GTGAGCAGACCTTGGATCTT 2408-2427 - Camberwell
oRF2 (1e84) - CCTAAGTGGTGTGTACAGCA 1955-1984 - Camberwell
oRF2 (1662) - CCTAAGTGGTGTGTACAGCA 1643-1662 - Camberwell
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3.2"4 Time course experiments to determine optimal day of harvest of CAM VLPs and

distribution of these VLFs (cell or supernatant).

Five l50cm2 flasks (Corning) of 70%o confluent SF2l cells were infected with the reeombinant

baculovirus at a multiplicity of infection (MOI) of ca I0. Each day a flask was harvested. The

cells were gently detached from the flask surface by gentle tapping. The contents of the flask

were clarified at 1000 x g for 15 min at 40C. The supernatant was precipitated with 8%

polyethylene glycol MW 8000 and 0.4M sodium chloride (PEGA{aCI) at 40C overnight. After

centrifugation at 1000 x g for 30 min at 40C the pellet and the cells (washed2Xin PBS) were

resuspended in 0.5 ml of PBS and 20 ¡il of this was analysed on l0% SDS PAGE gel. The

specific band was identified by staining with Coomassie blue and subsequently confirmed by

Vy'estern blotting.

3.2.5 Production of Recombinant CAM VLPs in Cell Factories.

Four 2 tray cell factories (Nunc - culture area I264cm2¡ of 70Yo confluent SF21 cells were

used for infection with recombinant baculovirus. The media was removed and 50 ml of

recombinant baculovirus (diluted in complete Grace's medium) at a high lrlOl (ca. 10) was

used to infect the cell lines. The cells were incubated at280C for I hour and then 100 ml of

complete Grace's medium was added. The cell factories were incubated at 280C for 5 days

before harvesting.

3.2.6 Purification of CAM VLPs

The supernatant of recombinant baculovirus infected SF21 cells was clarified at 1000 x g for

15 mins at40C. The virus was concentrated by precipitation with 8% polyethylene glycol MV/

8000 and 0.4M NaCl (PegÀIaCl) at 4'C overnight. After centrifugation at 1000 x g for 30 min

at 40C, the pellet was resuspended in 3.5 ml of Grace's medium without FBS. The CAM VLPs
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were purified by l0% - 50olo sucrose velocity gradient centrifugation for 60 min at31,000 rpm

in a SW40 rotor (Beckman). Aliquots of I ml volume were collected from the top of the tube

and analyzed by l0%o polyacrylamide gel electrophoresis (PAGE) containing SDS and then

'Western blotted. The fractions containing CAM VLPs were pooled and resuspended in 20mM

Tris pH 7.2. This was further purified by centrifugation through 40olo caesium chloride for 2

hours at 31,000 rpm in a SW 40 rotor (Beckman). Aliquots of 0.5 ml were collected from the

bottom of the tube using a fraction collector. The aliquots were analysed for presence of a

specific single band representing the 58 kDA capsid protein by l0% SDS PAGE gel stained

with Coomassie blue and the specific band was confirmed by Westem blotting. The fractions

containing the CAM VLPs were pooled and analysed for virus like particles by EM.

3.2.7 Quantitation of purified CAM VLPs

An approximate protein concentration of the purified VLPs was calculated using the V/arburg

and Christian Formula (Dawson et a1.,1969).

Protein concentration (mg/ml) : Az¡o X Factor

Factor is calculated by determining ratio of Arro/Aruo and then reading of the factor

corresponding to the calculated Arroll^ruoratio tabulated in Dawson et al. (1969).

3.2.8 Production of anti-CAM serum in rabbits and guinea pig

To produce hyperimmune antisera, guinea pigs and rabbits were immunized with the purif,red

CAM VLPs. The animals were pre-bled before immunization to obtain a baseline antibody

level. The immunization regimen consisted of one intramuscular injection of the purified

CAh4 VLFs in Freunds complete adjuvant (with a dose of 200¡tg in rabbits and 100pg in

guinea pigs) followed by three booster injections of the same dose in Freunds incomplete
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adjuvant at two week intervals. The animals were test bled a week after the second last

immunization and bled 1 week after the last booster

3.2.9 Immunoreactivity of purifïed CAM VLPs to CAM VLP antisera produced in

rabbits and guinea pigs

The globulin fractions of the guinea pig antisera to CAM VLP were extracted by ammonium

sulphate precipitation (see section 2.2.7). Optimal dilutions of the fractionated antisera for

detecting CAM proteins were determined by staining CAM VLP proteins (MV/ 58 kDA) using

different concentrations of antisera in a V/estern blot. The optimal dilution of the rabbit

antisera was determined without ammoniun sulphate precipitation. The antisera were also used

to stain uninfected insect cells and wild type baculovirus infected SF2l cell lysates to

determine possible cross-reaction.

3.2.10 Dilution of purified recombinant Camberwell capsid protein inl0o/o faecal

suspensro

lïYo faecal suspension (see section 2.2.16) was made using sterile phosphate buffered saline

(PBS). The suspension was clarified at 200 x g for 5 mins. The supematant fluid was used to

make dilutions of purified CAM VLPs for use as an antigen in developing the CAM EIA

(section 3.2.11) and in determining the sensitivities of the CAM EIA.

3.2.11 EIA to detect CAM antigen

The wells of a microtitre plate (Maxisorp C certifred Nunc, Denmarþ were coated with

globulin-fraction of rabbit anti-CAM serum diluted 1:1000 and normal rabbit serum in

alternate rows. The antisera were diluted in 50mM carbonate/bicarbonate coating buffer pH

9.6, (BDI{, Australia) in a volurne of 100 pl/well. The plate was inoubated at 370C for 2 hours
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and then stored for up to a week at 40C until required. Prior to use, the plate was washed hve

times with PBS containing 0.1% Tween 20 (PBS-T). Fifty ¡rl of the l\Yo faecal specimen was

then added to duplicate wells of both the rabbit anti-CAM and normal rabbit serum coated

wells containing 50 ¡rl of 4o/o casein diluted in PBS-T. A collection of faecal specimens

initially assumed to be negative for NLVs was used as negative controls (section 2.2.16). The

plate was then incubated overnight at room temperature or at 370C for 2 hours. After washing

5 times with PBS-T to remove unbound materials, 100 pl of guinea pig anti-CAM diluted 1:

4000 in lYo casein PBS-T was added to each well. The plate was incubated for I hour at 370C

and then washed to remove unbound antisera. Rabbit anti-guinea pig IgG conjugated with

horseradish peroxidase (Dakopatts, Denmark) diluted in lYo casein PBS-T was then added

(100 pl to each well). The plate was incubated for I hour at 370C and then washed (5 X) to

remove unbound antisera, and 100 pl of enzyme substrate (sodium perborate 0.03%) and

chromogen (3,3'5,5' - tetramethyl-benzidine dihydrochloride, TMB, Sigma) was added to

each well. The plate was incubated at room temperature in a light tight box for 15 mins and the

reaction was stopped by the addition of 100 pl of lN sulphuric acid to each well. The optical

density (OD) readings were determined at 450 nm (reference 690 nm) in an automated

spectrophotometer (Dynatech).

3.2.12 Determination of EIA cutoff value

The EIA outoff value was determined from the absorbance values of non-outbreak specimens

that were assumed to be negative for NLV. These specimens were also negative for adenovirus

and rotavirus by EIA. A specimen with a cutoff value of > 0.20 was taken to be positive for

NLV in the EIA. The cutoff value was ca 2 times greater than the negative controls in the EIA.
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3.3 Results

3.3.1 verification of cAM oRx'2 sequence in recombinant baculovirus

To verify the insertion of the correct sequence of CAM ORF2 cDNA in the baculovirus used

for expression of CAM VLPs, 1619bp which encodes the ORF2 region was sequenced and

compared with the published Camberwell sequence. There were 6 changes in the nucleotide

bases and two amino acid changes. These changes are shown in Tabte 3.2.

3.3.2 Expression of recombinant CAM VLPs

SF21 cells infected with the recombinant baculovirus synthesized a protein with an apparent

molecular weight of 58 kDA; this protein was visible by l0% SDS PAGE stained with

Coomassie blue (Fig 3.2A). The specific band was subsequently confirmed by specific

antibody staining after Vy'estern blotting and detection of CAM VLPs (see section2"2.8"2) as

shown in Fig 3.28. This protein was not seen in uninfected SF21 cells and wildtype

baculovirus. Time course experiments showed that this protein was released into the

supernatant in progressively increasing concentrations, from second to fifth day post infection

(p.i) (see Fig 3.3). CAM VLP proteins were also found to be cell associated (see Fig 3.3).

Flowever, from the gel it was difficult to estimate whether the majority of proteins were cell

associated or \ryere released into the supernatant. Since it was rnuch easier to purify the capsid

proteins from the supernatant and most of the reports on NLV baculovirus expressed capsid

protein purification indicate that NLV VLPs are mainly released in the supernatant, CAM

VLPs in this project were purified from the supernatant.

3.3.3 Purification of CAM VLPs

The supernatant of infected cells 5 days p.i. was clarihed, concentrated and analysed by

sucrose gradient centrifugation. Gradient fractions were analysed by resolving on 10% SDS
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Table 3.2 Nucleotide and amino acid differences between the CAM ORF2 cDNA in the
baculovirus used for expression of CAM VLPs and the published CAM sequence.

Nucleotide or Amino acid position Nucleotide or Amino acid chanqe
t687 TtoC
2158 TtoC
2193 TtoC
2368 AtoG
2682 CtoT
2899 GtoA
257 Phe to Ser
420 Ala to Val

The 1619bp (ORF2) sequenced from the recombinant baculovirus was compared to the published
Camberwell sequence (Genbank accession number U46500). The nucleotide changes listed show
the changes from the published sequence to the cloned sequence.



Fig 3.24 Detection of CAM ORF2 proteins in SF21 cell lysates

SF21 cells were infected with recombinant baculovirus containing CAM ORF2 and

wild type baculovirus. On day 5 the cell lysates were analysed on l0% SDS PAGE
gels and stained using Coomassie blue. The 58 kDA CAM capsid is indicated by an

¿uïow. Lane M: Protein molecular weight markers, Lane 1: uninfected SF2l cells,

Lane2 recombinant baculovirus containing the 58 kDA capsid protein, Lane 3:

wildtype baculovirus infected cells. The 58 kDA protein was not seen in uninfected

SF21 cells and wildtype baculovirus.

Fig 3.28 Confirmation of presence of 58 kDA CAM capsid protein in cell lysates

The specific 58 kDA protein band in Fig3.2[was confirmed by detection on

Western blot as described in section 2.2.8.2. This protein was only detected in
recombinant baculovirus infected cells. Lane 1: uninfected cells, Lane2: wild type

baculovirus, Lane 3: recombinant baculovirus containing the 58 kDA capsid protein.

The 58 kDA CAM capsid is indicated by an arrow.
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Fig 3.3 The CAM 58 kDA capsid protein was released into the medium of
infected insect SF21 cells from second to fifth day of infection.'

Insect cells were infected with recombinant baculovirus virus at a MOI of c¿ 10 and

harvested 1-5 days p.i. Supernatant of the culture was separated from the cells by
centrifugation. Expressed viral proteins in the supematant were concentrated by
precipitation with PEGA{aCI followed by centrifugation. The resultant pellets were
resupended in PBS and adjusted to a volume equal to that of the cell lysates. Aliquots
of 20 pl of cell lysate and supernatant were electrophoresed on a l0o/o SDS PAGE gel
and stained with Coomassie blue. The day of harvesting (days I to 5) after infection is
indicated above each lane. The lane marked M represents positions of molecular
weight markers. Arow indicates the 58 kDA CAM capsid protein.
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PAGE gels and staining with Coomassie blue. The presence of a 58 kDA protein was

identified in Coomassie blue stained gels and subsequently confirmed by staining using

specific antibodies after transferring onto a nylon membrane by Western blot, and the proteins

were detected as described in section 2.2.8.2 (Fig 3.a). Fractions 4 to 9 usually contained the

58 kDa protein with lower level of contaminants. These fractions were pooled, resuspended in

Tris pH 7.2 and further purified by centrifugation through 40% CsCl. Aliquots of CsCl

collected were analysed by 10% SDS PAGE (Fig 3.54) and also stained in a'Western blot as

described in section 2.2.8.2 (Fig 3.58). The first few aliquots were found to contain a single

band containing a 58 kDA protein as shown in Fig 3.54. These aliquots were pooled,

centrifuged and examined by EM for VLPs. The concentration of the purified CAM VLPs

from the supernatant was estimated by the V/arburg and Christian formula tobe cs2mglml. A

total of 8mg of this protein was produced from 4 cell factories.

3.3.4 Density of CAM VLPs in Caesium chloride

Isopycnic centrifugation of sucrose gradient purified CAM VLPs in CsCl (density - 1.30g/m1)

for 22 hours at 31,000 rpm in SW 40 rotor (Beckman) allowed the density of CAM VLPs to

be determined. 0.5 ml aliquots were eollected and analysed tn l\Yo SDS PAGE gels.

Fractions containing the 58 kDA were found to have a density of l.29glml when measured

using a refractometer.

3.3.5 Electron microscopy

Fractions containing the CAM VLPs were observed under the electron microscope (Fig 3.6).

The CAM Vtr Ps were morphologically similar to previously described Norwalk virus VLPs

(Jiang et al., I992b; Leite et al., 1996). By negative-stain electron microscopy particles of cø

29 nm in size were observed. These VLPs were hollow with characteristic NLV structure.
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Fig 3.44 Sucrose gradient fractions examined by lïYo SDS PAGE and stained

with Coomassie blue.

After PEGÀIaCL concentration the pellet was resuspended and centrifuged in 10-50%

sucrose velocity gradient for 60 mins at 31 000 rpm in a SW 40 rotor (Beckman).

I ml fractions were collected from the top of the tube. Lane M: represents molecular

weight markers, I to 12 are fraction numbers. Lanes 2 to 12 show presence of the

58kDA protein. However fractions 4 to 9 show lower levels of baculovirus proteins

and therefore were used for purification.

Fig 3.48 Presence of the 58 kDA CAM protein in fractions 4 to 9 (Fig 3.44) were

confirmed by Westem blotting as described in section 2.2.8.2.
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Fig 3.5 Sucrose gradient purified CAM VLPS were further purified by
centrifu gation throu gh 40Yo caesium chloride.

Fractions containing CAM VLPs with less contaminants shown in Fig 3.4 (4to 9)

were resuspended in 20mM Tris pH 7.2 and further purified by centrifugation through

40olo caesium chloride (2 hours at31,000 rpm in SW 40 rotor - Beckman). Aliquots
of caesium chloride were collected from the bottom of the tube and analysed by...

electrophoresis on al0o/o SDS PAGE gel and stained with Coomassie blue as shown

in Fig 3.54. The first two aliquots (Lanes I and2) contained a single band containing
the 58 kDA protein. Lane marked M represents position of molecular weight markers

and Lanes 3 to 5 are aliquots 3 to 5 containing contaminant proteins. The presence of
proteins was confirmed by Western blotting. Fig 3.58 shows protein of interest

detected on a nylon membrane after staining with specific antibodies (see section

2.2.8.2) in all 5 aliquots.
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Fig 3.6. Electron micrograph of purified CAM VLPs from infected insect cells,
stained with PTA (x 40 000 magnification). Arrow shows a single CAM VLP.
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They were observed to be round particles with a fringe of short spikes as deseribed by Cauchi

et al. (1996).

3.3.6Immunoreactivity of purified CAM VLPs to CAM VLP antisera produced in

rabbits and guinea pigs

A known concentration of purified CAM VLPS was electrophoresed ina I\Yo SDS PAGE gel.

This was transferred onto a nylon membrane by 'Western blot and instead of using ORF2

bacterial fusion antibodies (see section 2.2.8.2) different concentrations of ammonium

sulphate fractionated guinea pig CAM VLP antisera and unfractionated rabbit CAM VLP

antisera was used to stain the purified CAM VLPs. The optimum concentration of CAM VLP

antisera was found to be 1:10, 000 for the rabbit anti CAM VLP sera (Fig 3.74) and 1:4000

for the guinea pig anti CAM VLP sera (Fig 3.7B). The antiserum were also found not to cross

react with cell lysates of uninfected insect cells and cell lysates of wildtype baculovirus.

3.3.7 Optimization of CAM VLP antisera for CAM EIA

The optimal dilutions of the ammonium sulphate fractionated CAM VLP antisera (rabbit and

guinea pig) used in the CAM EIA were determined by titration in 'chessboard' fashion using

ca 0.04 prg of purified CAM VLPs as antigen. The optimal dilution for -rabbit anti CAM VLP

antisera was determined to be 1 :1000 and for guinea pig anti CAM VLP antisera was tr :4000

(results not shown).

3.3.8 Sensitivity of EIA

The sensitivity of the EIA developed was determined by testing serial dilutions of purified

CAM Vn Fs in 10% faecal suspension. A minimum of 0.1ng of purifred CAM VLPs was

detectable as shown in graph 3.1.

59



Fig 3.7. Immunoreactivity of purified CAM VLPs to CAM VLP antisera
produced in rabbits and guinea pigs.

CAM VLP antisera produced in rabbits and guinea pigs were used to stain purified
CAM VLPs transferred on a nylon membrane by Western blot. ECL was used for
detection of the stained proteins as described in section 2.2.8.2. The optimum
concentration of 1:10 000 was found for anti rabbit CAM VLP sera (Fig 3.74) and

1: 4000 for the anti guinea pig CAM VLP sera (Fig 3.7B). Neither of the antisera

reacted with baculovirus cell lysates and uninfected SF21 cell lysates as shown in Fig
3.74 when CAM rabbit antisera was used at a concentration of l:10000 and in Fig
3.78 when CAM guinea pig antisera was used at a concentration of 1:4000.
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Graph 3.1 EIA optical density values against purified GAM VLps.
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3.3.9 Specificity of CAM EIA

A number of bacteria and viruses responsible for gastroenteritis were tested for cross reactivity

in the CAM EIA. This involved making concentrated suspensions of bacterial and viral

cultures in l0o/o faecal suspensions (see section 2.2.16). 50 pl of each suspension was tested

using the CAM EIA. The CAM EIA appeared specific for CAM VLPs with no cross-reaction

with a range of other viruses and bacteria associated with gastroenteritis. Those tested were

Salmonella, Shigella, E.coli, Campylobacter, Clostridium dfficile, rotavirus and adenovirus.

Two 10% faecal specimens that were positive for Camberwell virus (obtained from Assoc.

Frof,. Peter Wright, Monash University) were also tested using this CAM EIA and they were

found to be positive.

3.4 Discussion

Sequencing of the ORF2 cloned in the baculovirus expression system showed 6 nucleotide

changes and 2 amino acid changes. Despite these changes (which may have been generated

during the cloning or passaging of the recombinant virus) it was used to develop the CAM

EIA.

By expression of the ORF2 of the CAM virus genome using the baculovirus expression

system, a viral capsid protein with an apparent molecular weight of 58 kDA that could self-

assemble into VLPs was produced.

CAM VLPs produced were found to be ca 29nm and the particles appeared to be similar

morphologically to the 27- 40nn Norwalk virus except they were present almost exclusively

as empty - appearing particles. The CsCl density of the peak fractions of viral capsid protein

was determined to be L.29glcm3. Similar findings have been reported with other VLFs
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produced using Norwalk virus and other NLV capsid genes (ORF2) in a baculovirus

expression system. These include Desert Shield (Lew et al.,l994b), Snow Mountain (Jiang et

al., 1995a) Toronto virus (Leite et al., 1996) and Hawaii (Green et al., 1997). VLPs in these

studies have been reported to range from cq 27nm to 35nm in size with densities in CsCl of ca

1.29 - 1.36crn3.

The CAM viral capsid protein appeared at day 2 when expressed in insect cells and reached a

peak level at day 5 p.i.. The CAM capsid proteins were found in both the medium of infected

cells and were also associated to the cells. From these experiments it was not possible to

determine whether the majority of proteins were released in the supernatant or were associated

to the cells. Other NLV virus capsid proteins expressed using the Baculovirus expression

system have been reported to be mainly released in the supernatant with the exception of

Mexico virus where a higher proportion of protein was found in the infected cells (Jiang et al.,

1995a). In this study the capsid proteins were harvested from the supernatant of infected cells

and a high yield of 8mg of purihed protein was obtained from a total of 600 ml culture fluid.

High yields of proteins have been reported using such a system for NLV capsid protein

production (eg 6.5 to 12.5 mg/l00 ml culture fluid of Norwalk VLPs (Jiang et al., 1992b),2 to

5 mg of Mexico VLPs per litre culture fluid (Jiang et al.,l995a).

The purified CAM VLPs were used to immunise rabbit and guinea pigs for production of

antibodies against these proteins to be used in an EIA for antigen detection. These particles

were immunogenic as reported previously (eg. Jiang et al.,l995a; Jiang et ø1.,I992b;Leite et

a|.,1996). After four injections of purif,red CAM VLPs, both rabbit and guinea pigs produced

antibodies to CAM VLPs. The antiserum was used to stain purified CAM VLPs transferred to
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a nylon membrane and was found to be immunoreactive to these particles; no cïoss-reaction

was observed when it was used to stain uninfected insect cells or wildtype baculovirus.

The EIA format used in this assay where the rabbit immune serum was used as the coating

antibody and the guinea pig hyperimmune serum as a detector was previously found to give

lower backgrounds and signal to noise ratio (Grahant et al., 1994). The use of normal rabbit

serum coated wells acted as an internal control for non-specific reactions. The use of such an

internal control is important for detection of non-specific reactions in an EIA particularly

when testing for one agent only (Brandt et ql.,l931).

In this assay, when purified CAM VLPs were used as an antigen, the EIA was estimated to be

able to detect 0.lng of protein. This finding is similar to that of the other researchers who have

used purif,red Norwalk virus VLPs to determine the sensitivities of the Norwalk virus VLP

EIA (Graham et al., 1994; Numata et al., 1994). The EIA developed was found not to react

with five bacteria and two viruses associated with gastroenteritis. It was not tested with other

NLVs due to unavailability of positive specimens. These particles allowed the development of

a sensitive and a specific test for CAM virus antigen detection.

The potential usefulness of such EIAs to detect NLV has been suggested by others (e.g.

Graham et al., 1994; Hale et al., 1996b) particularly as data from studies by Graham et sl.

(1994) suggested that a higher concentration of soluble virion antigen is present in stools that

could be detected by EIA but not by EM or RT-PCR. F{owever, these EtrA's were found to

detect only olosely related strains of a particular NLV and could not be used in a diagnosis of

all NLVs"

The application of the EIA to clinical specimens is described in chapter 5.
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CHAPTER 4

Development of RT-PCRfor detection of NLV RNA

4.1 Introduction

4.1.1 Reverse-transcription polymerase chain reaction (RT-PCR)

The Polymerase Chain Reaction (PCR) is a technique for in vitro amplification of a defined

sequence of DNA (template). Selected nucleic acid sequences of micro-organisms can be

amplified by PCR and the products (amplicons) are detected by various techniques including

colorimetric enzame immunoassay, ethidium bromide staining and Southern hybridisation.

PCR is an extremely sensitive technique that allows detection of as low as I copy of DNA

(Mullis and Faloona,1987; Oste, 1988). After 35 cycles a single sequence of nucleic acid can

be amplified to yield greater than 1010 copies that can easily be detected, making PCR a useful

diagnostic tool. RNA cannot serye as a template for PCR. For RNA viruses, the genomic RNA

must be reverse-transcribed (RT) into complementary DNA (cDNA) and then amplified by

PCR. The combination of both techniques is referred to as RT-PCR.

RT-PCR has been used to detect viral nucleic acid in faecal specimens for a number of viruses,

which cause gastroenteritis. Some of these enteric viruses detected in faecal specimens by RT-

PCR include rotavirus group A (Gouvea et al., 1990; Wilde et al., 1990), rotavirus group B

(Eiden et al.,1997), enteroviruses (Rotbart, 1990) and hepatitis A virus (Rotbart, 1990).

4.1.2 Problems associated with NLV RT-PCR

There are two major problems associated with the development of RT-PCR to detect NLV in

faecal specimens. One of the main problems is the presence of amplification inhibitors in
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faecal specimens (Gouvea et al., 1990). False negative RT-PCR results can occur due to

presence of inhibitors of Taq polymerase. These inhibitors can be removed or minimized

during RNA extraction (Wilde et al., 1990). A variety of components present in faecal

specimens are known to inhibit PCR and these include heme and its metabolic products

(Higuchi, 1989; Panaccio and Lew, I99l) as well as acidic polysaccharides (Demeke and

Adams, 1992; Do and Adams, 1991). Due to the heterogenous nature of faecal specimens and

the possible presence of inhibitors this specimen type is one of the more difficult specimens

for nucleic acid extraction and amplification.

A number of techniques have been used to remove inhibitory substances prior to RT-pCR and

optimize the recovery of nucleic acid. The original and widely used phenol-chloroform

extraction and ethanol precipitation of viral RNA method (Sambrook et al., 1989) has been

modified to use a cationic detergent, cetyltrimetþlammonium bromide (CTAB) to extract

NLV RNA (Jiang et al.,l992a). An additional step of polyetþlene glycol (PEG) precipitation

was found not only to concentrate the virus but also removed a significant amount of

inhibitors. Spin column chromatography (gel chromatography) has been successfully used to

purify NLV from faecal specimens (De leon et al., 1992) prior to RT-PCR. A heat release

method has been described recently; this involves heating specimens at 950C for 5 minutes to

recover NLV RNA, which is then assayed immediately by RT-PCR (Schwab et al., 1997). The

use of a commercially available mixture of guanidine salts, urea, detergent and phenol in

combination with a hot start PCR has been documented to work adequately for extraction of

RNA from NLV and poliovirus type 3 (Drepot and Lee, 1997). An adaptation of the Boom

method (Boom et al., 1990) which uses guanidinium thiocyanate (GTC) with adsorption of

NLV RNA onto silica has been successfully used by Green et al. (1993) to extract NLV RNA
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for RT-PCR. Recent comparison of available methods for removal of inhibitors has shown that

the Boom method effectively removed inhibitors when compared with four methods including

the first two described above (Hale et al.,I996a).

The second major problem associated with development of RT-PCR for NLVs is their wide

genomic diversity (Norcott et al., 1994). Studies have demonstrated a surprising degree of

heterogeneity both in the RNA polymerase and capsid regions in NLVs, permitting

subdivision into two genetic groups. Such genomic variability prevents primer selection for

"catch all" RT-PCR used for amplification of NLV RNA, even in the RNA polymerase

(ORFI) region, which is generally highly conserved amongst related viruses.

However, attempts have been made to overcome this problem by designing a number of

primers based on conserved regions of the viral genome of related NLV (for both genogroups)

(Ando et al., 1995; Green et al., I995a;}l4oe et al., 1994) or by the use of degenerate primers

(Cauchi et a1.,1996; Green et al.,I995b; Wright et a1.,1998) usually selected from the RNA

polymerase region.

4.1.3 Aims

This chapter describes the development of an RT-PCR for amplification of NLV RNA. Due to

non-availability of known NLV positive samples in preliminary experiments, stock cultures of

poliovirus and rotavirus positive (by EIA) faecal samples were used for the initial optimization

of RT-PCR. Like NLV, both of these gastroenteritis viruses are RNA viruses. RT-PCR for

NLV was subsequently developed and confirmed using specimens positive for NLV by EIA

(see chapter 3). The PCR conditions were optimized and the sensitivity of the method was

determined in terms of copy numbers of in vitro transcribed NLV RNA.
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4.1.4 Titantt one Tube RT-PCR System (Boehringer Mannheim)

The Titanru one tube RT-PCR system (Boehringer Mannheim) was used for the amplification

of poliovirus, rotavirus and NLV RNA sequences. The one tube reaction system uses the avian

myeloblastosis virus (AMV) reverse transcriptase for synthesis of first strand complementary

DNA (cDNA). It has been reported that the AMV reverse transcriptase is more efficient than

other reverse transcriptases such as Moloney murine leukemia virus reverse transcriptase

(Protocols and Applications Guide 1991, Promega Corporation, USA) for in vitro synthesis of

oDNA. The other enzymes used in this Titan system are Taq polymerase for DNA synthesis

and Pwo DNA polymerase for proof reading. Pwo reduces the error rate in PCR (a three fold

higher frdelity is obtained in comparison to Taq DNA polymerase).

The Titan one tube RT-PCR has advantages over the conventional methods that involve a two

step process where the reaction tube is opened after reverse-transcription and cDNA is

transferred to a fresh tube for the PCR part of the procedure. By not having a two step process

the risk of contamination is minimized. As development of the NLV RT-PCR is likely to lead

to routine use in a diagnostic laboratory, potential contamination with cDNA and PCR

amplified products is an important consideration. This led to the selection of the Titan RT-

PCR one tube system. Similarly one tube RT-PCR systems are used for the detection of RNA

viruses (e.g. Hepatitis C virus and Human Immunodeficiency virus) in commercially available

kits (e.g. Roche Amplicor PCR diagnostic kits)

4.I.5 RNA extraction methods

Two commonly used RNA extraction methods were compared to determine the optimal

method for extraction of RNA from faecal suspensions. These were the Chomczynski and
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Sacchi (CS) method (Chomczynski and Sacchi, 1987) and the Boom method (Boom et al.,

1990) .The CS method uses guanidinium thiocyanate and phenol-chloroform mixture, which

allows isolation of undegraded RNA in high yields, within 4 hours. Guanidinium salts are

strong denaturants of proteins and also strong inhibitors of ribonucleases. The Boom method

uses guanidinium thiocyanate for denaturing proteins, in addition to size fractionated silica

particles which bind to nucleic acids, allowing inhibitors to be washed aìway. The Boom

method is completed within t hour.

4.2 Materials and Methods

4.2.1 Comparison of in-house RNA extraction methods from 4549 tissue culture cells

and faecal suspensions

The Boom method (section 2.2.10), Chomczynski Sacchi (CS) (section 2.2.11.1) and a

modified CS method (section 2.2.11.2) of RNA extraction were used to extract RNA from ca

106 A549 tissue culture cells (human lung carcinoma cells, ATCC CCL 185) and 100 pl of

l0o/ofaecal suspensions. One fifth of the total RNA extracted was separated on 1olo Northern

gels (section2.2.I3).

4.2.2 Development of RT-PCR for poliovirus, rotavirus and NLV

Oligonucleotide sequences of all three RT-PCR primer pairs are described in Table 2.1. The

RT-PCR conditions and cycles for each RT-PCR are described in chapter 2. Reactions and

conditions for poliovirus and rotavirus were those recommended by the manufacturers of Titan

RT-PCR kit. The recommended concentration of MgCl, was not optimal to obtain a specific

259bp amplicon for rotavirus, therefore the optimal MgCl, concentration was determined by

comparing RT-PCR reactions containing 1.5, 2.0, 2.5 and 3mM MgClr. All the other

conditions were kept the same as described in section 2.2.20.
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As the aim of this chapter was to develop an RT-PCR for NLV, the optimal concentrations of

MgCl, and primers, as well as optimal annealing and extension temperatures were determined

for NLV RT-PCR. As each variable was tested all other conditions were kept the same as

described in section 2.2.21. The optimal MgCl, concentration was determined by comparing

RT-PCR reactions containing MgCl, concentrations of I.5, 2.0 and 2.5mM. The optimal

MgCl, concentration determined was then used to determine optimal conditions for other

variables. The RT-PCR reactions with reverse-transcription temperatures of 550C, 500C and

420C werc compared using the same conditions as described in section 2.2.2L RT-PCR

reactions with annealing temperatures of 600C, 560C and 500C were also compared, using an

RT temperature of 420C and other conditions as described in section 2.2.21. The optimal

primer concentration was also determined by testing varying concentrations of primers (0.2,

0.4, 0.6, 0.8 and lpM). The amplicons were detected by separation on agarose gels and

staining with ethidium bromide (see section 2.2.22.I).

4.2.3 Sensitivity of RT-PCR in terms of poliovirus plaque forming unit (pfu)

Concentration of poliovirus type 3 (vaccine strain) was determined by plaque assay (section

2.2.15). A known concentration of the poliovirus was then diluted ten fold in l\Yo faecal

suspensions (section 2.2.16) and water. RNA was extracted using the Boom method (section

2.2.10) from both faeces and water, DNaseI treated (section 2.2.12), amplified by RT-PCR

(section 2.2.19) and detected on agarose gels (section 2.2.22.1).

4.2.4 Sensitivity of RT-PCR as judged by end point titration of rotavirus

Serial ten fold dilutions of a known rotavirus positive faecal sample were made in l\Yo faecal

suspensions (section 2.2.16) and rotavirus (strain Wa-l, a gift from Northfreld Laboratories

Pty Ltd, Adelaide) in cell culture fluid was diluted ten fold in water. RNA was extracted using
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the Boom method, DNaseI treated, amplifred by RT-PCR (section 2.2.20) and detected on

agarose gels (section 2.2.22.1). The dilutions were also tested for rotavirus antigen by an in-

house rotavirus EIA (Kok et a1.,1998).

4.2.5 Testing of routine specimens for rotaviral RNA by RT-PCR

A total of 70 specimens (collected during the period of April to November, 1997) from

patients suspected with viral gastroenteritis were tested for rotavirus by RT-PCR. The

specimens were originally stored in -200C, they were processed as described in section 2.2.11 .

RNA was extracted using the Boom method, DNaseI treated and 5 ¡rl was used in an RT-PCR.

The 259bp RT-PCR product was detected by separation on agarose gels.

4.2.6 Sensitivity of amplification of NLV RNA and cDNA

4.2.6.1 I)etermination of level of sensitivity of Titan RT-PCR in terms of copy numbers

To determine NLV RT-PCR sensitivity a specific sequence of oDNA (205bp) from one of the

RT-PCR positive Adelaide NLV outbreak specimens (number 897180) was cloned as

described in section 2.2.23. A large scale preparation of plasmid DNA (pBSAdeNLV) was

made, which was then used to in vitro transcribe RNA (see section 2.2.23). A known

concentration of in vitro transcribed RNA was diluted ten fold in sterile distitled water. One ¡.rl

of each dilution was used in the RT-PCR using Titan one step RT-PCR system (cycle

conditions described in section 2.2.21). The RT-PCR products were detected by separation on

agarose gels and using DIG ELISA (section 2.2.22). The probes used in the DIG ELISA are

listed inTable2.l.
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4.2.6.2 Determination of level of sensitivity of Titan PCR without the RT step

A known concentration of DNA (pBSAdeNLV) was diluted ten fold in sterile distilled water.

One ¡rl of each dilution was used in the PCR, using the Titan one tube RT-PCR without the

RT step (cycle conditions described in section 2.2.21). PCR products were detected by

separation on agarose gels and using DIG ELISA (section 2.2.22).

4.2.6.3 Determination of level of sensitivity of PCR using Taq polymerase

A known concentration of DNA (pBSAdeNLV) was diluted in ten fold falling dilutions in

sterile distilled water. One pl of each dilution was used in the PCR with AmpliTaq (Perkin

Elmer). The PCR amplification buffer contained 2ml|i4 MgClr, 10mM Tris-HCL pH 8.3,

50mM KCL, 200¡rM of each dNTP, 0.4pM of each sense and antisense primer and 2.5units of

AmpliTaq enzyme in a total volume of 25 ¡tl. The DNA was amplified using the same primers

used in the Titan PCR reaction. PCR involved 1 cycle of 950C, lmin; 40 cycles of 940C,lmin;

500C, 30secs; 720C, lmin; then 720C for Tmin; 40C hold. PCR products were detected by

separation on agarose gels and using DIG ELISA (section 2.2.22).

Calculation of RNA standard cop)¡ number

Copy number: (amount of standard RNA (grams) x C) i (RNA size (base) x MV/)

Calculation of DNA standard copv number

Copy number: (amount of standard DNA (grams) x C)/(DNA size (base) x MW)

V/here: C : Avogadro's constant (6.022 x 1023 molecules)

MW: Molecular weight of a single base (330 daltons for RNA and 660 daltons for DNA)
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4.3 Results

4.3.1 Extraction of total RNA from cells and faecal specimens

The single-step method of RNA isolation by guanidinium thiocyanate and phenol/chloroform

extraction (Chomczynski and Sacchi, 1987) referred to as Chomcynski and Sacchi method

(CS) was compared with the Boom method (Boom et al., 1990) to isolate total RNA from

1.549 tissue culture cells and faecal specimens. The method has been previously shown to be

useful in isolating RNA from small quantities of cells or tissue samples by co-workers in the

laboratory.

Extracted RNA (stained with ethidium bromide) from both methods was separated on lo/o

Northem gels and the yields of RNA were judged by visual comparison of the levels of

ethidium bromide stained 28S (4.8kb) and 18S (1.9kb) ribosomal RNA from 4549 cells and

235 (2.9kb) and 165 (1.5kb) bacterial ribosomal RNA. A higher yield of RNA was recovered

from A549 cells when using the CS method than the Boom method. However, the CS method

did not yield detectable RNA from faecal samples (Fig a.1). The CS method was further

modified to include 2o/o Triton (a non-ionic detergent) and silica, which are both used in the

Boom method. No RNA bands were observed after extraction of faecal suspensions with the

modif,red CS method (Fig a.Ð. However, the latter was found to be the best method for

extraction of RNA from 4549 human cells as judged by the intensity of the RNA bands in

ethidium bromide stained gel. Table 4.1 shows a comparison of the three methods used to

extract RNA from 4549 cells and faecal suspensions on a scale of 4+ to 0 as judged by the

intensity of RNA bands in the ethidium bromide stained gels. The Boom method of RNA

extraction was the only method that yielded RNA from faecal samples and therefore was

selected as the method for RNA extraction from faecal specimens in this chapter.
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X'ig 4.1 Extraction of total RNA from four lïo/a faecal samples using the Boom and CS
method

RNA was extracted using the Boom method from four faecal samples labelled "Faecesl to 4".
The same four faecal samples were used to extract RNA using the CS method. No RNA bands
could be observed in lanes that were loaded using the CS extraction method.
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Fig4.2 Comparison of the modified CS method and Boom method for RNIA extraction

The CS method was further modified to include 2%oTiton (a non-ionic detergent) and silica,
which are used in the Boom method. The modified CS and the Boom RNA extraction methods
were used to extract RNA in duplicates from ca 106 A54g cells and 100 ¡rl of l0%o faecal
suspensions. Lanes 1 and 2: RNA extracted from 4549 cells using modified CS method, Lanes 3
and 4: RNA extracted from 4549 cells using the Boom method and Lanes 5 and 6: RNA
extracted from a I0%o faecal suspension using the Boom method. Modified CS method did not
yield RNA from faecal suspensions (result not shown).
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Table 4.1 Comparison of CS and the Boom method for extracting RNA from cells and
faecal suspension.

Method Cells Faeces

CS 3+ 0

Modified CS 4+ 0

Boom 2+ 2+,3+

Table 4.1 shows a comparison of three RNA extraction methods used to extract RNA from 4549
human cells and l\Yo faecal suspensions as judged by the intensity of RNA bands in the ethidium
bromide stained gels. The intensity of RNA bands in ethidium bromide stained RNA gels was

recorded as 0 to 4*. Boom method of RNA extraction was the only method that yielded RNA
from faecal samples and therefore was selected as the method for RNA extraction from faecal

specimens in this chapter.



4.3.2 DNaseI treatment of RNA used for amplification

There are many variables that can affect the effrciency of RT-PCR. One of these is non-

specific amplification of contaminating genomic DNA in the RNA sample. Sequences from

contaminating genomic DNA can be amplifred during PCR in addition to the target oDNA

sequences, leading to spurious results (Saito et a1.,1998). Therefore there is a need to remove

contaminating DNA with DNaseI in RNA samples before RT-PCR. The optimal DNaseI

treatment (lunit/ml for l0 mins at 370C) used in treating RNA (as described in section2.2.12)

was previously used to remove contaminating cytoplasmic viral DNA (Davies, 1997). To

ensure complete digestion of DNA with DNaseI, treated RNA samples were separated on

Northern gels in loading buffers containing ethidium bromide (section 2.2.13) before and after

DNaseI treatment (Fig a.3). The absence of contaminating DNA could be confirmed in the

lanes loaded with DNaseI treated RNA. Therefore DNaseI at a concentration of 1 unit/ml was

used in all subsequent experiments to remove contaminating DNA.

4.3.3 RT-PCR of poliovirus RNA

Preliminary experiments to develop an RT-PCR test for detection of NLV requires the

optimization of several components (e.g. primer and MgCl, concentrations, annealing and

extension temperatures) as well as RNA extraction methods from faecal samples. The initial

optimizations were carried out with RNA viruses that are more readily available and can be

isolated such as poliovirus and rotavirus. Poliovirus Type 3 (vaccine strain) was used to spike

10Yo faecal suspensions (section 2.2.16). Poliovirus RNA was extracted using the Boom

method, DNaseI treated and amplified by using Titan RT-PCR. The poliovirus RNA was

amplified using primers and conditions described in chapter 2. The l49bp poliovirus

amplicons were separated on a 2o/o agarose gel and stained using ethidium bromide. No

attempt was made to further optimize poliovirus RT-PCR (such as magnesium concentrations

I

I
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Fig 4.3 DNaseI treatment

Aliquots of ethidium bromide stained RNA (extracted using the Boom method) from faecal

suspensions were separated on Northern gel before and after DNaseI treatment to determine if the

DNaseI treatment was optimal. RNA extracted from 6 different l0o/o faecal suspensions (which
are labelled I to 6) without DNaseI treatment and after DNaseI treatment is shown.

Contaminating DNA that is indicated by an arrow was not observed in the DNaseI treated lanes

showing that the DNaseI treatment was optimal.
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etc) as the conditions recommended by Titan RT-PCR manufacturers were able to detect the

l49bp amplicons on an ethidium bromide gel.

4.3.4 Sensitivity of RT-PCR in terms of poliovirus plaque forming units (pfu)

A series of ten fold dilutions of a known concentration of poliovirus in both l\Yo faecal

suspensions and water \¡r'as made in duplicate. RNA was extracted from each dilution, DNaseI

treated, amplified by RT-PCR, run on 2Yo agarose gels and detected using ethidium bromide to

determine the sensitivity of the RT-PCR (Fig 4.4).In this experiment, the RT-PCR yielded

products observed on an ethidium bromide stained gel from faecal suspension spiked with 16

plaque forming units (pfu) of poliovirus. The sensitivity of RT-PCR in detecting these series

of dilutions of poliovirus in I)Yo faecal specimens and in water was the same.

4.3.5 RT-PCR of rotavirus RNA

Rotaviral RNA detection by RT-PCR was developed by using EIA positive specimens

submitted routinely to the laboratory. The use of rotavirus positive faecal samples would

present similar conditions to those of NLV positive faecal samples. These conditions include

transportation of faecal samples to the laboratory, presence of and exposure to amplification

inhibitors and RNase, storage of samples at 200C or 40C and routine processing of these

samples in a diagnostic laboratory.

RNA was extracted from rotavirus positive faecal samples using the Boom method, DNaseI

treated and amplified by RT-PCR. The primers and conditions used are described in chapter 2.

Unlike poliovirus RT-PCR the MgCl, concentration had to be optimized as the recommended

concentrations by Titan RT-PCR manufacturers was not optimal to obtain the specific 259bp

amplicon.

t5



ßig4.4 Sensitivity of RT-PCR in terms of poliovirus plaque forming units

A known concentration of poliovirus was diluted ten fold in a lïYo faecal suspension (see section

2.2.16), RNA was extracted using the Boom method, DNaseI treated and amplified by RT-PCR.
The amplified DNA from each dilution was separated on a2Yo agarcse gel and stained with
ethidium bromide. The DNA marker used was pUCl9 (GeneWorks). Amplicons detected in the

ten fold falling dilutions of the poliovirus are shown. Negative and positive controls are not
shown.
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MgCl, concentration was optimized in the RT-PCR reactions by comparing different

concentrations of MgClr: 1.5mM, 2mM, 2.5mM, 3mM and 3.5mM. The products were

separated on a 2o/o agarose gel and stained with ethidium bromide. Results of the magnesium

chloride titration showed that the optimal concentration of MgCl, was 2mM. No further

attempts were made to optimize any other reagents and conditions in this RT-PCR.

4.3.6 Routine specimens tested for rotaviral RNA by RT-PCR

A total of 70 specimens (during the period April to November, 1997) from patients with

suspected viral gastroenteritis were used for rotavirus RT-PCR. In this group of 70 specimens,

50 were known to be positive for rotavirus by EIA (Kok e/ a1.,1998) and20 were negative for

both rotavirus and adenovirus. The RT-PCR amplification products of the extracted RNA from

these specimens were separated on 2%o agarose gels and stained with ethidium bromide (Fig

4.5). Twelve of the 50 rotavirus specimens known to be positive by EIA were negative by RT-

PCR. The RT-PCR results of all positive EIA specimens are analysed in Table 4.2. AIIEIA

negative specimens were negative by RT-PCR. The 12 specimens that were negative by RT-

PCR showed EIA OD values that ranged from 0.300 to 2.00.

4.3.7 Sensitivity of RT-PCR as judged by endpoint titration of rotavirus positive faecal

samples

Serial ten fold dilutions of a known rotavirus positive specimen were made in l0%o faecal

suspension which were negative for rotavirus and adenovirus. The dilutions were tested for

rotavirus RNA by RT-PCR and rotavirus antigen by EIA. The amplicons were separated on a

2Yo agarcse gel and stained with ethidium bromide. The endpoint titre of the RT-PCR test was

10-a as judged by observation of the 259bp amplicon (Fig a.6A). The EIA endpoint titre was
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Fig 4.5 Routine specimens tested for rotaviral RNA by RT-PCR

Fifty specimens known to be positive for rotavirus by an in-house rotavirus antigen EIA were

also amplified by RT-PCR and the 259bp amplicons were detected by separation on a2Yo

agarose gel, stained with ethidium bromide. 23 of the amplified specimens are shown in this

figure. Lane M: pUCl9 molecular weight markers, Lane I to 23:23 specimens amplified by RT-
PCR. Arrow indicates the259bp amplicon. Lanes 6,IIJ5,|6 and2l were negative for rotaviral
RNA by RT-PCR. Lanes 24-26 do not contain anything. Negative and positive controls are not

shown.
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Table 4.2 Compzrison between RT-PCR and antigen EIA for detection of rotavirus in 70
faecal samples

Rotavirus RT-PCR

Rotavirus
EIA

Positive Negative Total

Positive 38 12 50

Negative 0 20 20

Total 38 32 70

Fifty of the samples chosen were known to be positive by an in-house rotavirus EIA. Only 38 of
the 50 were positive by RT-PCR. EIA OD values of the 12 specimens negative by RT-PCR
ranged from2 to 0.3.



Fig 4.64 Sensitivity of rotavirus RT-PCR using positive faecal samples

The sensitivity of RT-PCR was judged by end point titration of rotavirus positive faecal samples.

Serial ten fold dilutions of a known rotavirus positive specimen were made in l)Yo faecal

suspension. The dilutions were tested for rotavirus RNA by RT-PCR and antigen by EIA. The

endþoint titre of the 259bp amplicon was 10-a and the end point titre for the antigen EIA was

10¡. The marker used was pUCl9, the dilutions of the specimen are shown (10-', l0-', 10', 10-"

and 10-5). Rotavirus EIA results are indicated for each dilution. Negative and positive controls are

not shown.

Fig 4.68 Sensitivity of rotavirus RT-PCR using rotavirus (strain \Ma-l) cell culture fluid

The sensitivity of RT-PCR was also judged by endpoint titration of rotavirus (strain V/a-l) in cell

culture fluid. A culture fluid of rotavirus was diluted ten fold in sterile distilled water. The

dilutions were tested by RT-PCR and EIA. The amplicons were detected on ethidium bromide

stained gel in up to 1O-ldilution. The marker used was pUC19, falling dilutions of specimens

(10-1,10-2, 10-3) are shown. Rotavirus EIA results are indicated for each dilution.
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10r. These results were confirmed by repeating both tests, which yielded similar endpoint

trtres

4.3.8 Sensitivity of RT-PCR as judged by endpoint titration of rotavirus in cell culture

fluid

A culture fluid of rotavirus (strain Wa-l) was diluted (in duplicate) ten fold in sterile distilled

water. The dilutions were tested by RT-PCR and rotavirus antigen EIA. The amplicons were

detected at 10-1 (Fig a.6B) whereas the antigen was only detected in the undiluted rotavirus

culture fluid.

4.3.9 Extraction of NLV RNA and optimwation of NLV RT-PCR

NLV RNA was extracted, using the Boom method, from a l0o/o faecal sample positive for

NLV from the Adelaide NLV outbreak (897180) by CAM EIA (described in chapter 3). The

extracted RNA was DNaseI treated and amplified by RT-PCR using primers and conditions

described in chapter 2. A 205bp amplicon visualised on ethidium bromide stained gel was

initially the method of detection used. Reverse-transcription temperatures, annealing

temperatures, MgCl, and primer concentrations were optimized for NLV RT-PCR using the

same sample. As each variable was tested all other conditions were the same as that described

in section 2.2.21. The amplicons were detected by separation on 2o/o agarose gels and stained

using ethidium bromide.

The Titan RT-PCR manufacturer's instructions recommend reverse-transcription temperatures

to be within 420C to 600C. RT-PCR reactions with reverse-transcription temperatures of 550C,

500C and 420C were compared. The only RT temperature which yielded a specific 205bp

visible product on a 2o/o agarose gel when stained with ethidium bromide was 420C. RT-PCR
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reactions with annealing temperatures of 600C, 560C and 500C were compared. The most

sensitive annealing temperature was found to be 500C. The optimal MgCl, concentration was

determined by comparing RT-PCR conditions containing MgCl, concentrations of I.5,2.0 and

2.5mM. The optimal concentration of MgCl, was 2mM (data not shown). The range of primer

concentrations recommended by Titan manufacturers is 0.2 to lpM. RT-PCR conditions

containing primer concentrations of 0.2, 0.4, 0.6, 0.8, l¡rM were compared. The optimal

primer concentration was 0.2p"M (Fig a.7).

4.3.10 Determination of the sensitivity of Titan RT-PCR

The sensitivity of Titan RT-PCR was determined by comparing endpoint titrations of in-vitro

transcribed NLV RNA. This was obtained by cloning a205bp, oDNA amplified by RT-PCR,

from a NLV positive faecal specimen in a T vector as described in section 2.2.23. The plasmid

DNA was extracted, linearised, sequenced (to confirm insertion of correct DNA sequence) and

then used as template for in vitro transcription. A known concentration of this RNA was

serially diluted in water and 1¡rl of each dilution was used in the RT-PCR reaction. The

amplicons were detected using DIG ELISA and also by separation on 2%o agarose stained with

ethidium bromide (Fig a.8). This was tested in six replicates (Table 4.3). The limit of detection

using Titan RT-PCR was determined to be 2 x l0acopies of RNA using DIG ELISA. However,

on a gel it was determined tobe2 x 106 copies of RNA. These results also suggest that DIG

ELISA detection of amplified DNA sequences is 100 fold more sensitive than with

observation in ethidium bromide stained agarose gels.

4.3.11 Sensitivity of PCR for DNA alone

The sensitivity of PCR was determined using two methods for comparison (1) Titan RT-PCR

without the RT step and (2) the conventional method using Taq polymerase. The template
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ßig 4.7 RT-PCR reactions containing different primer conditions were compared. The amplicons
were detected by separating on2%o agarose gels and stained with ethidium bromide. Lane M:
pUCl9 markers, Lanes I to 5 dilution of primers (0.2,0.4,0.6, 0.8, lpM of sense and antisense

NLV primers). The optimal primer concentration was 0.2pM.
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Fig 4.8 In vitro transcribed RNA was serially diluted in water and 1pl of each dilution was used
n on2Yo agarose
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Table 4.3 Limit of detection of in vitro transcribed RNA using Titan RT-PCR.

Cutoff > 0.250

To determine the sensitivity of NLV RT-PCR, in vitro transcribed RNA was serially diluted in
water and was amplified by RT-PCR. The amplicons were detected by DIG ELISA. This was
tested in six replicates. The OD values for the DIG ELISA are shown in this table. The limit of
detection of Titan RT-PCR was determined to be2x 104 copies of RNA.

NLV RNÄ
copy

numbers

DIG
2

ELISA OD
4

VALUES
5I 3 6

2x10) >3 >3 >3 >3 >3 >3

2x L}a 2.200 >3 0.315 1.650 >3 >3

2xI0r 0.200 0.201 0.146 0.211 0.425 0.634

2xl0¿ 0.163 0.202 0.t23 0.r54 0.199 0.202



used was serial dilutions of purified DNA (pBSAdeNLV) used for in vitro tanscription. By

using the Titan RT-PCR method, the limit of detection in terms of copy numbers was

determined to be 1.5 x 102 (Table 4.4), whereas using the conventional Taq polymerase, as low

as I copy of DNA could be detected (Table 4.5)

4.4 Discussion

RT-PCR allows detection of RNA sequences by enzymatically ampliffing the target RNA and

subsequent cDNA. This allows sensitive detection of NLV which has no known cell culture

system. This also enables detection of very small quantities of NLV that are normally found in

faecal specimens. However, the adaptation of RT-PCR detection for NLV is complicated by

presence of materials in faecal specimens that are inhibitory to the enzymatic reactions used in

RT-PCR as well as rapid degradation of RNA due to ubiquitous presence of RNases. The

magnitude of the inhibitor problem has been demonstrated by spiking faeces with as much as 8

x 107 Helicobacter pylori and still not being able to detect the bacteria by PCR (Monteiro e/

al., 1997). Furthermore, RT enzymes, which are required to convert RNA to DNA prior to

DNA amplification are also inhibited by interfering compounds (Wilde et al., 1990). The

Boom method of RNA extraction used in this study has been shown to be an adequate method

in removing inhibitors (Hale et al., 1996a).It has been succesfully used for the extraction of

RNAs from different viruses in faecal materials, (Green et al.,I993a; Koopmans et al.,l99l;

Lambden et al., 1993) and has been successfully used in the experiments described in this

chapter

The Boom method was compared with Chomczynski and Sacchi (CS) method of RNA

extraction (Chomczynski and Sacchi, 1987) which previously was found to be a very efficient
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DNA

Copy Number

DIG

2

EIA

3

OD Values

51 4 6

1.5 x 10' 1 .20 1 2.202 r.864 t.20t 2.000 >3

1.5 x 10r 0.289 0.351 0.366 0.456 1.266 0.860

1.5 x 10t 0.1 98 0.176 0.1 88 0.154 0.261 0.4s2

1.5 x l0u 0.171 0.202 0.2t1 0.224 0.t42 0.1 78

Table 4.4 Sensitivity of PCR using Titan RT-PCR without the RT step

Cut off > 0.250

Serial dilutions of DNA (pBSAdeNLV) were used as template for PCR in the Titan RT-PCR
without the RT step. The amplicons were detected by DIG El ISA. The figures shown are OD
values. The limit of detectiott *ur determined to be 1.5 X 102 copies of DNA.

Table 4.5 Sensitivity of PCR using Taq polymerase

Copy Number DIG

1

ELISA

2

OD

3

VALUES

4

1.5 x 103 >3 >3 >3 >3

1.5 x 10' 0.5s1 2.80 >3 0.621

1.5 x 10I 0.305 0.862 1.6s0 0.366

1.5 x 10' 0.252 0.312 0.268 0.280

Cut off > 0.250

Serial dilutions of DNA (pBSAdeNLV) were used as template for PCR using Taq polymerase.
The amplicons were detected by DIG ELISA. The figures shown are OD values. The limit of
detection was determined to be I copy of DNA.



and widely used method for RNA extraction from cells. The CS method was compared with

the Boom method for extraction of RNA from both faeces and cells. Preliminary experiments

using the Chomczynski and Sacchi method for RNA extractions of faecal specimens failed to

extract RNA. However, it was superior to the Boom method in extracting RNA from human

cells. This was probably due to the presence of large amounts of lipid compounds in faecal

specimens. The Chomczynski and Sacchi method was further modified to include 2%;o

detergent Triton (a detergent used in Boom method) and silica (used for binding nucliec acids

in Boom method). Total RNA from faecal specimens still could not be extracted with this

modification. No further attempts were made to use this method. A number of researchers

have used 1,1,2- trichloro-1,2,2-trifluoroethane to extract lipids from faecal specimens (Ando

et al., 1995; De leon et al., 1992; Green et al., 1994) which may then allow the Chomcynski

and Sacchi method to work. However, studies using rotavirus RNA extracted from faecal

specimens using Chomcynski and Sacchi, showed that inhibitory activity was not removed

(Wilde et a|.,1990)

The Boom RNA extraction method worked well with the stool specimens spiked with

poliovirus. In this study, the poliovirus RT-PCR yielded amplification products observable on

ethidium bromide stained gels from stools and water containing 16 pfu of poliovirus. RT-PCR

of dilutions of poliovirus type 3 tested in a similar way to experiments described in this

chapter detected l0 pfu by ethidium bromide stained gels (Drepot and Lee, 1997). The

sensitivity could have been increased by further optimising RT-PCR conditions and using the

DIG ELISA to detect the amplicons. The DIG ELISA described in this chapter was found to

be 100 fold more sensitive than the ethidium bromide method of amplicon detection.
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When 50 known rotavirus positive faecal specimens were tested by RT-PCR only (38/50) 76%

of these specimens were positive by RT-PCR. There could be a number of reasons for the

lower sensitivity of the rotavirus RT-PCR. This may be due to rotavirus RNA being degraded

as a result of RNases in faeces. The failure to detect amplicons in 12 specimens may be

attributed to lack of sensitivity of the RT-PCR and detection system used. The rotavirus RT-

PCR developed needs to be further optimized to increase sensitivity. These include

optimization of primer concentrations and annealing temperatures which have been reported to

affect PCR (Rychlik et al., 1990). The sensitivity of rotavirus RT-PCR may be increased by

detection of the amplicons using the DIG-ELISA rather than ethidium bromide staining which

has been shown to be 100X less sensitive (section 4.3.10). However, the sensitivity of

rotavirus RT-PCR was found to be 10 fold more sensitive than the in-house rotavirus EIA

(Kok e/ a1.,1998) when a known positive specimen was diluted and tested by both methods.

The limit of detection for rotavirus by EIA was reported to be 2.5 x 103 viral particles/ml (Kok

et a1.,1998) and since RT-PCR for rotavirus is 10 fold more sensitive the limit of detection of

this RT-PCR may be estimated to be 2.5 x 102 viral particles/ml. This suggests that some

faecal samples may have been inhibitory for the RT-PCR but this was not further explored.

The NLV RT-PCR optimized in the experiments described in this chapter detected at least 2 x

104 copies of in vitro transcribed RNA using Titan one tube RT-PCR. The amplicons were

detected using DIG ELISA. This compares favourably with the detection limit of 10s copies

of in vitro transcribed RNA from plasmids containing Human Immunodef,rciency virus (HIV)

specific oDNA sequence, using a two step RT-PCR system (Davies, 1997). The HIV

amplicons were detected by Southern hybridisation assays. When known amounts of plasmid

DNA (pBSAdeNLV) were amplified using Titan System without the RT step, dilutions
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containing 1.5 x 102 copies of cDNA could be detected. However, when using the

conventional Taq polymerase enzyme as low as 1 copy of oDNA was detected. A lower

sensitivity was noted in the detection of DNA using Titan PCR without the RT step. This may

be due to the different polymerase enzymes used as well as the presence of Pwo, which is used

for proofreading. The inclusion of the latter enzyme in the Titan system may be reflected in

the high f,rdelity of the sequencing results (chapter 5). It is not yet known whether there is also

an increase in fidelity during the reverse-transcription part of RT-PCR.

In conclusion, work reported in this chapter describes the development of an NLV RT-PCR,

which is used in chapter 5 in parallel with the EIA developed in chapter 3 to examine a range

of clinical specimens.
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CHAPTER 5

Testing for NLV in faecal samples by CAM EIA and RT-PCR

5.1 Introduction

The successful cloning and sequencing of the NLV genome have enabled development of

several new diagnostic tests for the detection of NLV. These include RT-PCR to detect viral

nucleic acids and EIA to detect NLV antigen and antibody responses (Graham et al., 1994;

Jiang et al., 1995b;l|l4oe et al., 1994; V/right et al., 1998) see also chapters 3 and 4

5.1.1 Aims

This chapter describes and discusses the use of CAM EIA, RT-PCR and nucleic acid

sequencing to detect and characterize isolates of NLV from stored faecal samples.

5.2 Materials and Methods

5.2.1 Gastroenteritis outbreak specimens in Adelaide (August to December, 1996)

An outbreak of gastroenteritis occurred in Adelaide between August to December 1996.

Patients affected were noted to experience diarrhoea and vomiting in the majority of these

cases. The symptoms lasted for one to two days with the majority of patients, but in some

cases symptoms persisted for longer. A total of 65 faecal specimens sent to the IMVS for

testingwerestoredat-700C (27 ofthesespecimenswerestored asaI0/o suspensioninPBs

and the other 38 were stored undiluted) after testing for bacterial pathogens, rotavirus and

adenovirus. Tests for these pathogens were negative. Electron microscopy was performed on

40 of these specimens but no virus was identified. These specimens were tested using CAM

EIA (see chapter 3) and NLV RT-PCR using the Boom method of RNA extraction (see
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chapter 4). On comparison of results there was need to further optimize NLV RT-PCR to

increase the sensitivity

5.2.2 llurther optimization of NLV RT-PCR to increase sensitivity

NLV RT-PCR was further optimized by revising RNA extraction methods using two

commercial RNA extraction kits (sèction 5.2.3), applying NLV concentration methods before

RNA extraction (section 5.2.4) and nested PCR (section5.2.6).

5.2.3 Comparison of commercial RNA extraction methods to increase sensitivity of

RT.PCR

The RNeasy plant kit (Qiagen), High Pure Viral RNA kit (Boehringer Mannheim) and the

Boom method (Boom et al., 1990) of RNA extraction were compared. Comparison of the

RNA extraction methods was done using poliovirus, rotavirus and NLV to obtain consistent

results. RNA was extracted from faecal specimens spiked with ten fold dilutions of poliovirus

or from ten fold dilutions of a known rotavirus and NLV positive faecal specimen. The l0%

faecal specimens used for diluting poliovirus, rotavirus specimens or NLV specimens is

discussed in section 2.2.16. The manufacturer's instructions were followed when extracting

RNA using the two commercial kits. 100 pl of each dilution of the viruses was used when

extracting RNA using the Qiagen kit and Boom method (discussed in Chapter 2), however,

200 ¡rl of the dilutions was used when extracting RNA using the Boehringer Mannheim kit

(according to the manufacturer). All extracted RNA was DNaseI treated (see section 2.2.12),

resuspended in 10 pl of water and 5 ¡rl was used in the RT-PCR using appropriate primers (see

Table 2.1). The amplicons were detected using DIG ELISA (see section 2.2.22.2) with

appropriate probes for each virus (see Table 2.1)
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5.2.4 Concentration of NLV by Polyethylene glycol M\il 8000 precipitation (PEG ppt)

and Immuno precipitation (Immuno ppt)

Two faecal suspensions which were previously shown to be positive for NLV by CAM EIA

and RT-PCR were used in two concentration methods viz. with polyethylene glycol (PEG ppt)

and immuno precipitation (Immuno ppt). An aliquot of each faecal suspension was serially

diluted in ten-fold falling dilutions in a volume of one ml. Each dilution was precipitated in

8% PEG containing 0.4M NaCl at 40C overnight. A separate ten-fold falling dilutions of the

NLV positive faecal suspension was reacted with rabbit antisera (1:200 dilution) to CAM

VLPs (see section 3.2.8) at40C overnight.

The following day the samples were spun at 15, 000 x g for l5mins at 40C. The supernatant

was discarded and the pellet was resuspended in 50 pl of PBS. The Qiagen Plant RNA

extraction kit was used to extract RNA. The RNA was eluted twice with a total of 100 ¡rl of

sterile distilled water and 5 pl of this was used as template in the RT-PCR reaction. RNA was

also extracted from 100 pl dilutions of l0o/o NLV positive faecal specimens using the Qiagen

plant RNA kit. The RNA was eluted in25 ¡il of sterile distilled water and 5 pl of this was used

as the template in the RT-PCR reaction (this is referred to as untreated method). The

amplicons were detected using DIG ELISA (see section 2.2.22.2)

5.2.4.1Concentration of NLV in 41 specimens (Adelaide NLV outbreak) which were

negative by RT-PCR

One ml aliquots of the Adelaide NLV outbreak specimens which were negative by RT-PCR

were concentrated by PEG ppt as described above. The RNA was extracted using Qiagen

RNeasy Plant RNA extraction kit and 10 pl of the 100 pl of RNA extracted was used as

template in the RT-PCR. The remaining RNA was stored at -700C and was used later for
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nested PCR (see section 5.2.6.3). The amplicons were detected by DIG ELISA and by

separation on2%o agarose gel stained with ethidium bromide. I\Vo faecal suspensions known

to be negative for NLV or positive for NLV were also processed similarly for use as positive

and negative controls

5.2.5 Controls for RT-PCR and nested PCR

Four controls were included in each PCR or RT-PCR test. A known NLV positive and a

known NLV negative l0o/o faecal specimen were used for extraction of viral RNA. This was to

detect possible inadvertent contamination during the RNA extraction process and to determine

that the RNA extraction process was successful (i.e. RNA was not degraded due to RNase

activity). The other two controls were 2 x l}a copies of in vitro transcribed NLV RNA and

RNase free water. When testing for poliovirus or rotavirus, RNA from these viruses was

extracted from infected cultures or faecal samples positive for rotavirus by EIA.

5.2.6 Nested PCR

5.2.6.1Nested PCR of NLV using Corbett thermocycler

The PCR amplification buffer contained 2.5mM MgClr, 10mM Tris-HCl pH 8.3, 50mM KCl,

200pM of each dNTP,0.4¡.rM of each sense and antisense primer (see Table 2.1) and 2.5 units

of AmpliTaqenzyme in a total volume of 100 ¡r1. One ¡rl of the first round RT- PCR product

was used as template for the nested PCR and further amplifred as follows: I cycle of 950C, 1

min; 40 cycles of 950C, 30 secs; 600C, 1 min; 720C,45 secs; then720C,7 mins;40C hold.

5.2.6.2 Sensitivity of nested PCR

The sensitivity of nested PCR was determined by further ampliffing I ¡rl of the RT-PCR

products obtained from amplification of 2 x 104 to 2 x l}t copies of in vitro transcribed NLV

RNA (see section 4.3.10). 20 ¡il of the RT-PCR products and20 prl of the PCR products were
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analysed by both DIG ELISA and by separation on 2o/o agarose gels stained with ethidium

bromide.

As the nested PCR method requires the use of previously amplifred DNA products for fuither

amplification, tubes containing amplicons from the first round PCR (at high copy numbers)

were opened with extreme care to avoid inadvertent contamination by these products in the

laboratory. Preparation for the first round PCR was done in a different room to that for the

second round (nested) PCR. The tubes, containing amplicons, were opened individually with

the use of a fresh pair of gloves for each tube. The negative controls used were RT-PCR

negative faecal suspensions from the first round PCR.

5.2.6.3 Further amplifications by nested PCR of specimens which were negative for NLV

RNA by RT-PCR

An aliquot (1 pl) of amplified DNA product was sampled for further amplification by nested

PCR using primers internal to the first pairs of primers in the RT-PCR. Again extreme care

and aseptic techniques were used as described previously to avoid contamination with

amplified DNA products. The tubes (Axygen Scientific) used for PCR are supplied in sets of

eight. These were separated into individual tubes for both the first and second rounds of PCR.

After opening each tube with a fresh pair of gloves, another tube containing faecal suspension

known to be NLV RT-PCR negative was interspersed between the fourth and fifth tube to

control for possible contamination by amplicons from the first round PCR. In the group of

seven specimens that were positive by CAM EIA but negative by RT-PCR, a negative control

was included after every specimen as an extra precaution. All negative controls and specimens

were processed in the nested PCR by a similar method with PEG ppt, followed by extraction

of RNA with Qiagen Plant RNA kit.
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5.2.7 NLV nucleotide sequences of specimens from the 1996 Adelaide gastroenteritis

outbreak

All specimens positive by RT-PCR and nested PCR were purified (see section 2.2.24) before

sequencing as described in section 2.2.25 using ABI Prism Dye Terminator Cycle Sequencing

ready reaction kit (Perkin Elmer). The sizes of the amplified DNA products that were

sequenced were 205bp from the RT-PCR reaction and 109bp from the nested PCR.

A total of 14ßbp (from the ORFI) of NLV from one Adelaide outbreak specimen (97163)

was also sequenced and compared with the Camberwell strain (Genbank accession number

U46500). The primers used for ampliffing and sequencing this ORFI region are described in

Table 5. 1 . Reverse transcription of the NLV ORF 1 involved incubation in the thermocycler for

1 cycle of 500C, 60 mins; then 990C, 5 mins. The PCR involved 40 cycles of 940C, 1 min;

550C, 1 min; 720C,1 min; then720C,10 mins;40C hold.

Table 5.1 Oligonucleotide sequences of primers used for sequencing ORF1 of NLV

Name Sequence 5' to 3' Sequence Co-ordinates
of Camberwell strain

ORFI I )+ TCATCCACAACACCACTCCCA lto15
ORFI + CAAGTTGGCAGACCAGGCTTC 324 to 344
oRFl ( 05 GAAGACTTGAATGGCCTGACC 1057 to 1077

ORFI ATGAAGGTCACCGGTAGGCG 258 to 277
ORFI I CTCTCCGTAAGGTCCATGTT s98-617
ORFI t44t)- ACTTACTTCTACCGCAGCTC 1425-1441

Symbols (+) and (-) indicate sense and antisense sequences respectively. The primers were
synthesized by GeneWorks (formerly Bresatec, Adelaide)
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5.3 Results

5.3.1 Detection of NLV by CAM EIA in stored specimens from 1996 Adelaide

gastroenteritis outbreak.

The CAM EIA (discussed in chapter 3) was used to test 65 stored faecal specimens from a

gastroenteritis outbreak during the period August to December 1996 (see section 5.2.I).

50 pl of t\%o faecal suspensions from these gastroenteritis outbreaks were tested by CAM EIA

(discussed in chapter 3). Thirty one of these 65 specimens (48%) were positive by CAM EIA

with OD values ranging from 0.21 to 2.29 (EIA cut off > 0.20). See Table 5.8 for patient

details and EIA results.

5.3.2 Detection of NLY RNA by RT-PCR in the outbreak specimens

The NLV RT-PCR (discussed in chapter 4) was used to test the same specimens from the 1996

gastroenteritis outbreak. RNA was extracted from 100 ¡rl of I0o/o faecal specimen by the Boom

method and DNaseI treated as described in section 2.2.12. The RNA was resuspended in 10 pl

of sterile water. Five ¡"rl of extracted RNA was used as template for RT-PCR. The amplicons

were detected by DIG ELISA and all negatives were retested by separation on a 2o/o ethidium

bromide stained gel. 24 of the 65 (37%) specimens were positive when detected by DIG

ELISA and no more positives were detected on the gel. These 24 RT-PCR positive specimens

were also positive by the CAM EIA. However, there were 7 EIA positive specimens, which

were negative by RT-PCR.
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5.3.3 Attempts to increase sensitivity of RT-PCR

To increase the sensitivity of the RT-PCR, three approaches were used: -

(1) Increasing the yield of RNA during extraction from samples: - Two commercial RNA

extraction methods were compared to the Boom method to determine the most

sensitive method of RNA extraction.

(2) Concentration methods: - Two concentration methods were compared to determine a

more effective method of concentrating NLV before RNA extraction

(3) Nested PCR was applied to increase sensitivity.

5.3.3.1 Comparison of two commercial RNA extraction methods to the Boom method to

increase sensitivity of RT-PCR

Three RNA extraction methods were compared to determine which yielded the largest amount

of total RNA in faecal specimens. The three extraction methods used were the Boom method

(Boom et al., 1990), RNeasy plant kit (Qiagen) and High Pure Viral RNA kit (Boehringer

Mannheim). A series of dilutions of known positive NLV, rotavirus and spiked poliovirus

faecal specimens were made in LÙYo faecal suspension (used as a negative control, see section

2.2.16). RNA was extracted from the samples using the three extraction methods. The RNA's

were then DNaseI treated and amplified using the Titan RT-PCR system. Amplicons were

detected using DIG ELISA. OD values are shown in Tables 5.2, 5.3 and 5.4. RNeasy plant kit

yielded the highest sensitivity for extraction of viral RNA for all three viruses, followed by

High Pure Viral RNA and then the Boom method.
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Table 5.2r5.3r 5.4 Comparison of three different methods for extraction of
RNA from poliovirus, rotavirus and NLV in faecal samples. The extracted
RNA were amplified by RT-PCR and the amplified DNA products were
detected using DIG ELISA. The values shown are OD readings from the
ELISA. The experiments were done once only for each of these viruses.

Table 5.2 Poliovirus

Table 5.3 Rotavirus

Table 5.4 NLV



Table 5.2

Cut off > 0.250

Table 5.3

Cut off > 0.250

Table 5.4

Dilutions of
poliovirus inl}Yo
faecal suspension

Boom method of
RNA extraction

Boehringer
Mannheim

RNA extraction

Qiagen plant RNA
extraction

l0-3 0.266 0.706 2.408

10* 0.196 0.225 0.485

10-5 0.180 0.162 0.184

Dilutions of a
rotavirus positive
faecal suspension

Boom method of
RNA extraction

Boehringer
Mannheim

RNA extraction

Qiagen plant RNA
extraction

10-I 0.741 0.934 0.990

10-2 0.171 0.296 0.405

10-3 0.24r 0.228 0.r74

Dilutions of a
NLV positive

faecal suspension

Boom method of
RNA extraction

Boehringer
Mannheim

RNA extraction

Qiagen plant RNA
extraction

l0-4 0.906 1.503 >3

10-5 0.202 0.2t4 0.575

10-o 0.144 0.1 87 0.193

Cut off > 0.250



5.3.3.2 Comparison of two different concentration methods to increase sensitivity of NLV

RT-PCR: - precipitation by specific antibodies (Immuno ppt) or with polyethylene

glycol (PEG ppt)

NLVs are shed in very low numbers in faecal specimens (Hardy et a1.,1995). Various methods

have been used to concentrate the virus before extracting RNA in order to increase detection

sensitivity. These methods include polyethylene glycol precipitation (PEG ppt) (Jiang et al.,

1992a), and ultracentrifugation (Oliver et al., 1985; Wright et al., 1998). Immuno PCR has

been previously used and found to be sensitive in detecting specific antibody-DNA complexes

(Sano et a|.,1992).

To increase the sensitivity of NLV RT-PCR, Immuno ppt and PEG ppt methods were used to

concentrate NLV in two NLV positive faecal specimens. RNA was then extracted using

RNeasy Plant kit, DNaseI treated and amplified by RT-PCR. The amplicons were detected

using DIG ELISA. Both these methods were compared with the untreated extraction method

where 100 pl of positive specimens was directly extracted (without precipitation) using

RNeasy plant RNA kit. Each specimen was only tested once. The PEG ppt and Immuno ppt

methods were both found to yield a 10 fold higher level of NLV RNA than the untreated RNA

extraction method. However, PEG ppt method showed much higher OD values than the

Immuno ppt method. The DIG ELISA OD values of the two specimens tested with RT-PCR

after precipitation are shown in Table 5.5

5.3.3.3 Repeat of RT-PCR on PEG ppt and Qiagen extracted RNA of the 41 first round

PCR NLV negative specimens

One ml of l}Yo faecal suspensions which were previously shown to be RT-PCR negative were

concentrated by PEG ppt and RNA was extracted using the Qiagen RNA extraction kit. The
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Table 5.5 Comparison of PEG pptr lmmuno ppt (methods to concentrate NLV viruses) and
untreated controls to increase sensitivity of NLV RT-PCR.

Dilution of specimen PEG ppt Immuno ppt Untreated

1o-r (97163) >3 >3 >3

rc-¿ Q7rc3) >3 >3 2.000

10-r (97163) >3 1.1s6 0.299'*-

rc-4 e7rc3) l.208 0.289 0.212

10" (97163) 0.276 0.202 0.r83

ro'¿ Qß23) >3 >3 >3

ro-3 Qß23) >3 >3 2.223

r0* (37323) 1.563 1.059 0.39r

rcr Qß23) 0.339 0.266 0.209

ro-b Qß23) 0.151 0"140 0.184

Cutoff > 0.250

To increase the sensitivity of NLV RT-PCR, PEG ppt and Immuno ppt methods were used to
concentrate NLV in two 1 mI l0% NLV positive faecal specimens. RNA was extracted using

Qiagen Plant RNA kit and amplified by RT-PCR. RNA from 100 pl of the same NLV positive
faecal specimen (referred to as untreated) was also extracted and amplified. The amplicons were
detected by DIG ELISA. The figures shown refer to the OD values obtained in the DIG ELISA.
These experiments were only done once using each specimen.



extracted RNA was amplified by RT-PCR and the amplicons were detected by DIG ELISA as

well as separation on 2%o agarose gels stained with ethidium bromide. None of the previously

negative RT-PCR specimens (section 5.3.2) were found to be positive either by DIG ELISA or

gel electrophoresis after PEG ppt in contrast to preliminary titration obtained in section 5.3.3.2

5.3.3.4 Nested PCR

Other studies have reported that nested PCR may offer increased detection sensitivity of 103 -

104 fold higher (Hafliger et al., 1996) than with RT-PCR (Graham et al., 1994; Jiang et al.,

1992a) for NLV RNA in faecal samples. To further investigate the possibility of increasing

detection sensitivity of NLV, primers internal to those used in the RT-PCR were used in a

nested PCR (Fig 5.1).

The sensitivity of Titan RT-PCR was previously determined to be at least 2 x l}a copies of in

vitro transcribed RNA (see section 4.3.10). In order to improve sensitivity of the RT-PCR, the

nested PCR method was attempted. This involved performing a second round PCR

amplification on I pl of the RT-PCR reaction products of in vitro transcribed RNA, using

internal primers to yield a 109bp product as described in section 5.2.6.2. The amplicons were

detected using DIG ELISA with the same probe to detect both the (non-nested) RT-PCR

product and nested PCR products and by separation on a 2Yo agarose gel with ethidium

bromide staining. This was tested four times and the avetage OD values of the DIG ELISA are

shown in Table 5.6. The nested PCR was found to be 100 fold more sensitive than RT-PCR

alone, detecting up to 2 x 102 copies of ir¿ vitro tanscribed RNA.

The nested PCR was then used for further amplification of PCR products from the first round

RT-PCR of the 41 specimens, which were negative for NLV RNA (see section 5.3.3.3). RNA
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Fig 5.1 Position of primers used for RT-PCR and nested PCR

RT-PCRproduct

752 -773 936 -957
205 bp

Nested PCR product

828-844 9t7-937

109 bp

Probe

845-864

Positions of primers used for nested PCR and RT-PCR and the
probe used for detection of the amplicons. The sequences of the
primers were chosen from the published Camberwell sequence
and the numbers represent the position of nucleotides in the published
Camberwell sequence (Genbank accession number U46500)



Table 5.6 Sensitivity of nested PCR compared to RT-PCR

Copy number of
NLV RNA

RT.PCR Nested PCR

2x l}a 1.388 >3

2xl}J 0.189 >3

2xlO' 0.230 >3

2x l}L Not tested 0.1 39

Cut off > 0.250

Dilutions of in vitro transcribed NLV RNA were first amplified by RT-PCR. One pl of the RT-
PCR product was fufher amplified by PCR using internal primers to the RT-PCR product to
yield a 109bp pair product. The amplicons were detected by DIG ELISA using the same set of
probes to detect both the RT-PCR product and the nested PCR product as described in Table 2.1.
The average OD values of 4 replicates are shown in this table.



previously extracted for use in the first round PCR (stored in -700C) was used. After the

initial RT-PCR, an aliquot (1 pl) of the amplified NLV oDNA was fuither amplified in the

nested PCR. Six of these 41 specimens (15%) were positive in the nested PCR. These six

specimens were also positive by CAM EIA.

5.3.4 Summary of CAM EIA, RT-PCR and nested PCR results on the 65 Adelaide

outbreak specimens

In the group of 65 specimens tested,3I (48%) were positive for NLV by CAM EIA,24 (37%)

were positive by RT-PCR. Although nested PCR identified an additional six specimens, which

were initially RT-PCR negative, but CAM EIA positive, the total number of positive

specimens identified remained the same (31165) as detected by CAM EIA. A summary of

results is tabulated in Table 5.7.

The 65 specimens tested were collected during three different months. Patient details available

for the NLV outbreak specimens and NLV test results are tabulated in Table 5.8. A total of 38

specimens were received during the month of August, 1996 (from a teaching hospital in

Adelaide referred to as hospital 1). Of these 16 were positive. This outbreak affected mainly

elderly patients with ages ranging from 50 to 95 for those that were positive for NLV. The

second outbreak in which a total of 8 specimens were tested occurred in November 1996 (at

another teaching hospital in Adelaide referred to as hospital2). Five specimens were positive

by EIA and four were positive by RT-PCR. Nested PCR failed to detect NLV nucleic acid in

this one specimen, which had an EIA OD value of 0.25. Again this outbreak affected mainly

elderly patients with ages ranging from 66 to 73 for the positive cases. The third outbreak

occurred in December and 14 specimens from a number of public hospitals (referred to as

others) were tested. Seven of these were positive by EIA, four by RT-PCR and 3 were positive
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Table 5.7 Detection of NLV by GAM ElA, RT-PCR and nested PCR in
65 stored specimens from the Adelaide gastroenteritis outbreak

(August to December,l 996)

A total of 65 specimens were tested using NLV antigen ElA, and RT-PCR. 31 were positive by EIA

and 24 were positive by RT-PCR. Nested PCR was done on 41 specimens which were negative in

the first round RT-PCR. Six specimens out of these 41 were positive by nested PCR. * These 6

specimens were also positive by ElA.

Total

Negative

Positive

65 (100%)

34

31(48%)

NLV EIA

65 (100%)

41

24 (37%l

RT.PCR

41 (1O0Vol

35

6* (15%)

Nested PCR



Table 5.8 Details of NLV outbreak specimens and test results (August-December, 1996)

B'97332

897330
B'97285

B,97233

B97170
B,97225

B.97222

8971 83

897181

B97178
B97174
8971 68

B'97148

8971 66

8971 03

B'97230
B'97295

Bg7246
B97167

B97162
897368
897329
B97328
B97323
B'97247

B'97223

8971 80

B97175
8971 65

8971 58

B97164
897163
897097

Laboratory
Numbers

Hospital 1

Hospital 1

Hospital 1

Hospital I
Hospital 1

Hospital I
Hospital 1

Hospital I
Hospital I
Hospital 1

Hospital 1

Hospital 1

Hospital 1

Hospital 1

Hospital 1

Hospital 1

Hospital 1

Hospital 1

Hospital 1

Hospital 1

Hospital 1

Hospital 1

Hospital I
Hospital 1

Hospital 1

Hospital 1

Hospital 1

Hospital 1

Hospital I
Hospital I
Hospital I
Hospital I
Hospital 1

Source of outbreak

NA

36

87

79

20

23

78

27

73

51

61

69
81

35

84

24

84

50

78

93

74

95

58

NA
84

80

71

74

83

65
87

76

89

AGE

NA
F

F

F

M

M

F

F

M

M

M

F

M

F

F

M

M

M

M

M

F

F

M

F

M

M

M

F

M

M

F

M

M

Sex

14t08t98
14l08/96

14108196

13/08/96

12108196

12t08196

12108196

11108196

11108196

1 1/08/96

1 1/08/96

1 1/08/96
10/08/96

9/08/96

8/08/96

5/08/96

1/08/96
1 3/08/96

I l/08/96
I 0/08/96

I 5/08/96

14108196

14108196

14t08t96
13/08/96

I 3/08/96

11108196

11108/96

1 1/08/96

11t08t96
10/08/96
10/08/96

8/08/96

Date specimen
received

NEG (0.03)
NEG (0.03)
NEG (0.03)
NEG (0.05)
NEG (0.03)
NEG (0.05)
NEG (0.01)
NEG (0.04)
NEG (0.05)
NEG (0.03)
NEG (0.06)
NEG (0.04)
NEG (0.02)
NEG (0.02)
NEG (0.07)
NEG (0.03)
NEG (0.05)
POS (0.27)
POS (0.70)
POS (0.70)
POS (0.24)
POS (1.06)
POS (1.37)
POS (1.50)
POS (1.24)
POS (0.21)
POS (0.45)
POS (1.r2)
POS (0.70)
POS (0.27)
POS (0.98)
POS (0.e8)
POS (0.52)

SRSV EIA
Results (OD

values)

NEG

NEG

NEG

NEG

NEG

NEG

NEG

NEG

NEG

NEG

NEG

NEG

NEG

NEG

NEG

NEG

NEG
NEG

NEG
NEG

POS

POS

POS

POS

POS

POS

POS

POS
POS

POS

POS
POS

POS

First round
RT-PCR

NEG

NEG

NEG

NEG

NEG

NEG

NEG

NEG

NEG

NEG

NEG

NEG
NEG

NEG

NEG

NEG
NEG

POS

POS

POS
NT

NT

NT

NT

NT

NT

NT

NT
NT

NT

NT
NT

NT

Nested PCR

NT

NEG

NT

NEG

NT

NEG

NT

NT

NEG

NT

NT

NT

NEG

NT

NEG

NEG

NEG
NEG

NEG
NT

NT

NT

NT

NT

NT

NT

NT

NEG

NEG

NT

NT
NT

NEG

Electron Microscopy

Abbreviations:- NA: Details not available, NT: Not tested, EIA cut off > 0.20



unknownS
unknown4
unknown3
unknown2
unknownl
9887384
9887014
9886720
9887013
9886722
9885145
9885148
9887588
9886562
9886673
9887050
9886872
9887034
9886723
9885091
9885089
9885092
9885094
9885090
9885088
9885093
9885087
897370
897363
897358
B,97362
B97342

Laboratory
Numbers

NA
NA
NA
NA
NA

other
other
other
other
other
other
other
other
other
other
other
other
other
other

Hospital 2
Hospital2
Hospital2
Hospital 2
Hospital2
Hospital2
Hospital2
Hospital2
Hospital 1

Hospital 1

Hospital 1

Hospital I
Hospital 1

Source of outbreak

NA
NA
NA
NA
NA
NA
73
41

72
87
36
NA
26
18
64
88
66
83
8 1

71

58
69
67
71

66
73
67
36

82
78
49

AGE

NA
NA
NA
NA
NA
F

F

M

M

M

F

M

M

M
F

F

M

F

F

F

F

M

F

M
F

M

M

F

M

F

M

M

Sex

NA
NA
NA
NA
NA

10112196

6l12lS6
4112196

2112196

2112196

1112196

1112196

11112196
3112196

3112196

6112196

5112196

5112196

3112196

18111196

16111196

2111196
12111196

17t11t96
17111196

16111196

15111196

15/08/96
15/08/96
15/08/96
15/08/96
15/08/96

Date specimen
received

NEG (0.11)
NEG (0.12)
POS (2.29)
POS (1.67)
POS (0.24)
NEG (0.18)
NEG (0.07)
NEG (0.08)
NEG (0.17)
NEG (O.OB)
NEG (0.11)
NEG (0.07)
POS (0.52)
POS (1.19)
POS (1.84)
POS (2.24)
POS (1.78)
POS (0.20)
POS (0.80)
NEG (0.15)
NEG (0.07)
NEG (0.09)
POS (0.25)
POS (r.85)
POS (1.20)
POS (0.64)
POS (2.28)
NEG (0.16)
NEG (0.04)
NEG (0.04)
NEG (0.07)
NEG (0.03)

SRSV EIA

NEG
NEG
POS
POS
POS
NEG
NEG
NEG
NEG
NEG
NEG
NEG
NEG
NEG
NEG
POS
POS
POS
POS
NEG
NEG
NEG
NEG
POS
POS
POS
POS
NEG
NEG
NEG
NEG
NEG

First round
RT-PCR

NEG
NEG
NT
NT
NT

NEG
NEG
NEG
NEG
NEG
NEG
NEG
POS
POS
POS
NT
NT
NT
NT

NEG
NEG
NEG
NEG
NT
NT
NT
NT

NEG
NEG
NEG
NEG
NEG

Nested PCR

NT
NT
NT
NT
NT
NT

NEG
NEG
NEG
NEG
NEG
NEG
NEG
NEG
NEG
NEG
NEG
NEG
NT

NEG
NEG
NEG
NEG
NEG
NEG
NEG
NT
NT
NT

NEG
NT

NEG

Electron microscopy

Table 5.8 Details of NLV outbreak spec¡mens and test results (August-December, 1996)

Abbreviations:- NA: Details not available, NT: Not tested, EIA cut off > 0.20



by nested PCR. Unlike the other two, this outbreak affected people aged between 18 to 88

years. The distribution of the number of positives by EIA and combined RT-PCR and nested

PCR for the three outbreaks are shown in Graph 5.1. Labels of five specimens had fallen off

during storage and therefore details are not available for these specimens. These five

specimens are grouped separately as unknowns and are not included in the graph due to

unavailable details such as specimen number. Out of these five specimens 3 were positive by

EIA and RT-PCR.

5.3.5 Inhibition of RT-PCR enzymes

As discussed earlier in chapter 4 inhibition of RT-PCR enzymes are responsible for false

negative results. To rule out the presence of amplification inhibitors in the RNA extracted

from these 41 NLV negative specimens (see section 5.3.3.3),104 copies of in vitro transcribed

RNA (see sectio n 2.2.23.8) was added to 10 ¡rl of extracted RNA that was stored in -700C

used in section 5.3.3.3. This was amplified and detected using DIG ELISA. All 41 specimens

were positive with DIG OD values ranging from 0.7 to 1.4. DIG ELISA cut off value was )

0.250.

5.3.6 Sequencing

Sequencing of NLV isolates allows identification and grouping of new isolates, as currently

there is no other reliable method available for antigenic characterisation of these viruses. It

also aids in linking or differentiating outbreaks

5.3.6.1 Sequencing of 205bp RT-PCR and 109bp nested PCR product

The24 RT-PCR and 6 nested PCR positive specimens from the Adelaide NLV gastroenteritis

outbreaks were sequenced as described in section 2.2.25. The 205bp RT-PCR product from
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Graph 5.1 Distribution of number of positives for NLV by GAM
ElA, RT-PGR and nested PGR from the NLV outbreak in Adelaide

(August to December, 1996)

August November

month

December

A total of 65 specimens were tested using CAM ElA, RT-PCR and nested PCR. Date of
collection for five of these specimens were unknown and are not included in this graph.
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all24 specimens positive from this outbreak showed the same nucleotide sequences and when

aligned with the Camberwell sequence (Genbank accession number U46500) using the

computer programme DNASIS, 7 nucleotide changes were detected between the two

sequences as shown in Fig 5.2. When amino acid sequences of the Camberwell strain were

compared with those of the Adelaide outbreak specimens, no change in amino acids

were detected. The nucleotide sequence from the outbreak specimens was also compared with

sequences from the same region of 8 other published strains (Fig 5.34 ) and 46 Australian

strains (Fig 5.3B ) (provided by Assoc. Prof. Peter V/right, Department of Microbiology,

Monash University) using the unweighted pair group method that uses arithmetic averages

(UPGMA). Based on the relatedness to the published strains, the Adelaide strain could be

grouped in the same genogroup which include Camberwell, Lordsdale and Bristol virus

(i.e. genogroup 2B). Thirty seven of these 46 Australian sequences were also found to belong

to this group. Seven of these Australian sequences showed I00% identity to the Adelaide

isolate.

The 109bp nested PCR product from all 6 specimens showed the same nucleotide sequences

and when aligned with the Camberwell sequence, 3 nucleotide changes were detected as

shown in Fig 5.4. These 3 nucleotide changes were identical to those in the 205bp RT-PCR

product.

5.3.6.2 Sequencingof l443bp nucleotides from the ORF1 region.

Earlier sequencing results of the 205bp product did not allow much differentiation of the

Adelaide samples into different genogroups. Ideally this region is more suited for detection of

a broad range of NLVs as it is the most conserved region and therefore does not allow

differentiation between closely related strains. A larger portion of the ORF1 (laa3bp) of an
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Fig 5.2 Alignment of sequences from the NLV outbreak in
Adelaide (1996) with the Camberwell strain

CAMBERV'IELL

specimens

CAMBERWEI,I,

specimens

CAMBERWEI,I,

specimens

CAMBERWEI,I,

specimens

'7 62 7'72 7 82 7 92 802 812
C CTAGTGTGATGGATGTGGGTGACTTC AAÀATATCAATCA.A'TGAGGGTCTCCCCTCTGGG

C CTAGTGTGATGGATGTGGGTGACTTC AAAATATCAATCAATGAGGGTCTCCC CTCTGGG

822 832 842 852 862 872
GTGC CCTGTACCTCC CAGTGGAACTC CATCGCCCACTGGCTCCTCACTCTCTGTGCACTC

GTGCCCTGCACCTCCCAATGGAACTCCATCGCC CACTGGCTTCTCACTCTCTGTGCGCTC

882 892 902 9]-2 922 932
TCTGAAGTTACAÂATTTGTCC CCTGACATCATACAGGCTAATTCC CTCTTCTCCTTCTAT

TCTGAAGTTACA.AACTTGTCC CCTGACATCATACAGGCTAATTCC CTCTTCTCCTTTTAT

942 952
GGCGATGATGAGATTGT CAGTAC

GGTGATGATGAGATTGT CAGTAC

The 205bp PCR product from 26 specimens posit.ive for NLV by RT-PCR was
sequenced. Al-1 26 sequences were identical. The sequences were aligned with
the Camberwel-l- strain (GenBank accession number U46500). Underl-ined
sequences identify the primer binding sites. Shaded regions highlight
nucfeotide changes. When amino acid sequences were aligned no changes in
amino acids were indicated.



Fig 5.34 Cluster analysis using the cluster analysis model (IJPGMA) of some of the published

NLV sequences and the 160bp from the 205bp amplicons of the Adelaide NLV outbreak

specimens. In this clustering method the level of the branch which links the two sequences t'"

determines the correlation between the sequences. The scale on top of the dendrogram represents

the percent homology between strains. The Adelaide sequence was most closely related to the

Camberwell strain. The viruses clustered into three major groups based on the sequences of a
small region of the ORF1 gene as reported by several researchers.

Fig 5.38 Cluster analysis using the cluster analysis model (UPGMA) of sequences in Fig 5.34
and sequences of the Australian strains þrovided by Assoc. Prof. Peter Wright, Monash

University). These strains are from Southeastern Australia collected between 1980-1996, and are

discussed in Wright et aI., (1998).

GenBank accession numbers for strains used in the analysis are: Bristol virus, X76716;
Camberwell virus, U46500; Desert Shield virus, U04469; Hawaii virus, U07611; Lordsdale

virus, X86557; Melksham virus, X81879, Mexico virus, U22498; Norwalk virus, M87611;

Toronto virus, U02030.
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96035806.SEQ

NORWALK.SEQ

95032101.S8Q

96041884.SEQ

DESERTS.SEQ

96016404.S80 ''
960336r 0.SEQ

96033809.SEQ

96033959.SEO

96036097.SEQ

96037609.SEO

96039385.SEQ

ADEI-AIDE.SEO

960,10¡165.SEQ

96041 499.SEO

96041967.S8Q

96042204.SEO

96033961 .SEO

96038302.SEQ

9604r 355.SEQ

96041506.SEQ

96014090.SEQ

96017652.SEO

9603341 E.SEO

9506571 1.SEQ

95065716.SEQ

9601 31 79.SEO

96035230.SEQ

931443-l.SEO

93148852.SEO

96033124.SEQ

OESERTS.SEO

NORWALK.SEO

ADELAIDE.SEQ

CAMBER-,I.SEQ
BRISIOL.SEQ
LOROSD-,I.SEQ

HAWAII.SEQ

MELKSHAM.SEQ

MEXICO SEQ

TORONTO.SEO

CAMBER-1 .SEQ

94'169506.SEO

95058430.SEO

94138534.SEQ

BRISTOL.SEQ

LORDSD-1.SEQ
9417263't .SEQ

94172632.SEO

96024477.584
HAWAII.SEO

960176¿lE.SEQ

96017649.SEQ

96017680.SEQ

MELKSHAM.SEO

95042530.SEO

9s046172.SEQ

TORONTO.SEO

96040935.SEO

960¿10937.SEO

96041825.SEO

9600371 4.SEO

96033600.SEO

96025753.SEQ

931¡14330.SEQ

MEXICO.SEA



Fig 5.4 A1ígnment of sequences from the nested PCR amplicons
of NLV outbreak specimens in Ade1aíde (1996) with the

Ca¡nberwelL etrain

CAMBERWELL

NPCR SEQ

CAMBERWELL

NPCR SEQ

830 840 850 860 870 880
ccAcrccAAcrccATcccccAcrcccrþcrcectctcrctcc$crcrcrcAAcrrlcAÀA

ccAGTccAAcrccATcccccAcrcccrËctcectcrcrcrccffi crcrcrcaÁ.erraglAÀ

890 900 910 920 930
TTGTCCCCTGACATCATACAGGCTAATTCCCTCTTCTCCTTCTATGG

$'rtcrcc ccrcAcATcATAcAcccrAATTcc crcrr crc crrcrATcc

The 109bp PCR product from the 6 specimens positive by nested PCR rl'ras

sequenced. Atl- six sequences were identical. the sequences were aligned
with the Camberwelf sLrain (Genbank accession number U46500). Underlined
sequences identify the primer binding sites. Shaded regions highlight
nucleotide changes.



Adelaide NLV outbreak specimen (897163) was amplihed. The amplicons were sequenced

and l402bp were compared to the Camberwell strain as shown in Fig 5.5. A 94.9% identity

was identified between the two sequences. When amino acid sequences were compared to the

Camberwell strain, 9 changes were identihed as shown in Table 5.9

5.3.7 Testing of routine specimens sent to the IMVS for gastroenteritis investigation by

CAM EIA and NLV RT-PCR.

Data from Infectious Diseases Laboratories (IDL), IMVS show that during the 12 month

period (June 1996 - July 1997) 2475 faecal specimens were submitted for routine viral studies,

with patients showing signs and symptoms of acute gastroenteritis. There were 283 specimens

positive for rotavirus and 92 positive for adenovirus as identified by EIA in these specimens

(Kok e/ al., 1998). Hence 2100 samples (85%) did not yield a viral identification. It was

suspected that NLVs could be one of the causative agents within the latter group of patients.

To determine the prevalence of NLV in faecal specimens sent to the IMVS, 1000 specimens

were tested prospectively for rotavirus and adenovirus (during June to September 1998). These

were also tested using CAM EIA. None of the 1000 specimens was found to be positive for

NLV by EIA. There werc 44 rotavirus positive and32 adenovirus positive specimens.

A further 100 routine specimens were tested using CAM EIA, RT-PCR and a composite in-

house rotavirus and adenovirus EIA during September to November 1998. The RT-PCR was

performed on RNA extracted from 10% faecal suspensions using the Boom method. None of

the 100 specimens was positive for NLV by both EIA and RT-PCR. There were 17 rotavirus

positive and 8 adenovirus positive specimens.
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Fig
of

5.5
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Alígnment of sequences from the ORF1 region (1a02bp)
of the Adelaide outbreak specimens (specímen nu¡nber

97163) with t,he Camberwell strain

30 40 50 60 70 80
c crcc cÀc CTATGAAC CAGCITATCTTGGTGGTAAGGACCC CAGAGTCAAGGGTGGCC CTCAì4BERWELL

Adel-aide

CA¡4BERWELL

Adelaide

CAI"IBER!'fELL

Adelaide

CAI4BERT{ELL

Adelaide

CAMBERWELI,

Adelaíde

CAMBERIVEI,I,

Adelaide

CAMBERWEI,I,

Adelaide

CAMBERWEI,I,

Adefaide

CAMBERI/'IELL

Adelaide

CAMBERWEI,I,

Adelaide

CAI"IBERWELL

Adelaide

CAMBERWELI,

Adelaide

ccrcc cAc crATGAAccAGclratctrcGTGGTAAGGAC C C CAGAGTCAAGGGTGGCC CT
10

90
20

100

80
160

260
340

320
400

30
t-L 0

90
170

40
L20

100
t_8 0

220
300

280
360

340
420

50
130

1_10

190

230
3 r-0

290
370

3s0
430

60
140

t20
200

240
320

300
380

360
440

70
1.5 0

250
330

310
390

TCATTGCAACAAGTTATGAGGGATCAGITCaaAC CATTTACAGAGC CCAGGGGCAÀACCA

TCATTGCAACAAGTTATGAGGGAT CÀGlteaalC CaTTTACAGAGCC CAG GGGCAAAC CA

c cA.AAcc CAAGTGTITTGGAIGCICCCAÀ'GA.AÀACCATCATCAATGTC CTTGAACAAACA
:::::::::::::: ::::: :: ::::::::::::::::::::
cc A.AAcc CAAGTGTITTGGAFCþC CeaCaalac CATCATCAA

130 140 150 l-60
2L0 220 230 240

::::::::::::3:::
TGTCCTTGAACAAACÀ

\,.770 \180
2so 260

arlcalc clc clcaalrccrcArrcAcccnAccrrccc{r c c c rlcAcAAcAcrAcr

erft elc clcclacAalrccrcArrcAcccAAccrrcccclTc ccrlcAcaÀ.cAcrAcr
190

270
200

280
2LO

290

2'7 0

350

330
410

TC CAGTGGC CATCCGCACCACAT¡CGGAAAÄACGACTGCTGGAACGGCGAIT CCTTCACA

T C CAGTGGC CATC CGCAC CACATICGGA.AA-AACGACTGCTGGAACGGGGAITCCTTCACA

GGCAAGITGGCAGACCAGGCTTC CAÄIGC CAAC CTGATGTTCGAAGAGGGGAAGAACATG

cc cAAclTcccAGAc CAGG crrc cAÀlcc cAAc CTGATGTTCGAAGAGGGGAAGAACATG

AC C CCAGTTTACACAGGTGCGCTTAAGGATGAGTTIGTIAÄAACTGACaaAIIIIaICCI
::::::::::::::::....

ACCC CAGTTTACACAGGTGCGCTTAAGGATGAGTTIGTIA.AAACTGACAAAITTTATGGT
370 380 390 400 410 420

450 460 470 480 490 500
AJ\GAT CAI\GAJ\GAGGC TTCTCTGGGGC TCGGACTTAGCGAC CATGATC CGGTGCGCTCGA

AAGATCAAGAAGAGGCTTCTCTGGGGCTCGGACTTAGCGAC CATGAT CCGGTGCGCTCGA

430 440 450 460 470 480
510 520 530 540 550 560

c CATTCGGAGGCITAATGGATGAACTCAAAGCACACTGTGTTICACTTC CTITCAGAGTT

GCATTCGGAGGCITAATGGATGAÄ.CTCAAAGCACACTGTGflICaCIIC CT¡TCAGAGTT
490 500 510 520 530 540

5?0 580 590 600 610 620
GGTATGAAIATGAATGAGGATG C C C CATCATCTTCGAGAGGCATTCCAGGTACA.AATAT

GGTATGAAIêTGAÀTGAGGAIGGC CC CATCATCTTCGAGAGGCATTC CAGGTACAA.A,TAT

550 560 570 580 590 600
630 640 650 660 670 680

calrarcerccrcAlrAcrc r cclTGccATTcÞcAcAAcAGAcAccccrGTTlccAccA

cAlTATcATGcrcAlTAcrcrccIrccGATTc¡AcAcAAcAcAcAccccrcrrIccAccA
610 620 630 640 650 660

690 700 71-0 720 730 740
ccc crAcAAArcArccrrAÀArrc rc clcAGAAc cAcAltccclcaeltlgrlccAcAA

cc c CrAGAÄAT CATGGTT A.AATTCTCCICAGAÄ'CCACAITGG{CAGIÏICTICCaCaa
670 580 690 700 7ro 720

750 760 770 780 790 800



CAMBERWELI,

ADELATDE

CAMBERWEI,I,

ADELAIDE

CAMBERWEI,I,

Adelaide

CAMBERWELL

Adelaide

CAMBERWELL

Adelaide

CAMBERWEIJL

Adelaide

CAMBERWEI,I,

Adelaide

CAMBERWEI,L

Adefaide

CAMBERWEIl

Adelaide

cAc c TTcTTTcT cclÀclcTclTccÀTcTcecTcAcTT cAÄ.AATATCAATcAATGAcccT

GAC CTT CTTTCT C CTAGIGTGITGGATGTGGGTGAC TTC AJUU\TATCAATCAATGAGGGT

cTccccTCTGGGGTGCCCTGIaCCtCCCelreeÀÀCrCCerCeCCCÀCTGGCrlCtCn Cr

730
810

740
820

860
940

750
830

870
950

760
840

820
900

770
850

780
860

crccccrcrcGGGTGcccrc'¡AccrcccA¡TccAAcrccATcGcccAcrcccrlcrcAcr
790

870
800

880
I 1_0

890
830

910
840

920

900
980

CAMBERWELL crcrcTcclcrcrcTGAAGTTAcAA.AlTTGTC C C CTGACAT CATACAGGCTAATTCCCTC

ADEI,AIDE crcrcrcclcrcrcrGAAGTTAcAAAlTTGTCC C CTGACATCATACAGGCTAATTCCCTC
850

930
880

960
890

970
TTCTCCTTITATGGIGATGATGATÀ.TTGTIAGTACAGATAT AAAGTTGGACCCÀGA¡AÀA

TTcrc crrlTATcclcatcatceþtrcrlecrAcAcATATÀju\GTTccAcc cAcAlAÀA
910 920 930 940 950 960

990 t-000 1010 LO20 L030 " 1040
TTGACAcCA.AAACTCÄÄGGAATACGGGCTIA.AACCAÄ'CCCGCCCTGAC AiUU\CTGAliëGl

TTGACAGC AÀAACTC AAGGAATACGGGCTIAAAC CAACC CGC C CTGACAAÀÀCTGAAGCI
970 980 990 L000 l-01-0 Lo20

1050 1060 1070 1080 1090 1100
c c c crrlETArrrcrcAAlAcrrlAATcclcrcAc crrc crccccAcAAcrcrcAc c ccc

c cc crrlTTATTTcrcAAlAcrrlAATccIcrcAc crrccrccccAcAAcrcrcAccccc
1030 1040 1050 1060 1070 1080

111_0 tt20 1130 1140 1150 Ll-60
cAc c cAGcrcclrcctrrGGAÄ-AATTGcelcaceclTcAATACTlAGlC A.AATGTACTGG

cAcccAGcrcclrcctttccÀjuu\TTcenlcacaclTcAATAcrlAclcaaatorAcrGG
1090 1100 1L10 1120 1-1-30 1140

]r70 1180 l-190 l-200 L270 L220
ACTAGGGGICC CAAC CATCaICaC C CeICTGAIU\CA]\TGATTC CACAITC C CA-AAGACC C

ACTAGGGCIC C CA.AC CATGAIGACCCATCTGAA.A'CAÄ.TGATTC CACAIT CCCAAAGACC C

1150 1-160 1170 1180 1190 l-200
1,230 1240 L250 1260 1,27 0 L280

ATACAÀ'TTIATGTC CCTACTGGGAGAGGC CGCAC TCCACGGCCCAGCATT CTACAGCAAA

CAIVIBERWELL

Adelaide

ATACAATTIATGTC C CTACTGGGAGAGGC CGCAC TC CACGGCCCAGCATTCTACAGCAAA
L2LO 7220 L230 L240 L250 L260

L290 1-300 131-0 1,320 1-330 1340
ArrAccÀAcIrlcrlamccAcAcIrlAAlcAAccrGGcArccAllrrrAccrcccCAGA

ArrAccAAclrþ{emccAcAGlrlAA¡cAAccrcccArccAlrrrrAccrcc c cAcA
L270 1,280 L290 1300 1310 1-320

1350 1360 1370 1380 1390 L400
CAAGAGC CAATGTT CAGÀTGGATGAGATTCTCAGATCTGAGCACGTGGGAGGGCGATCGC

CA¡4BERWEII

CAAGAGCCAATGTT CAGATGGATGAGATTCTCAGATCTGAGCACGTGGGAGGGCGATCGC

1330 1340 1350 1360 1370 l-380
l-410 1,420

AÀ.TCTGGCTCC CAGTTTTGTGA

Adefaide AATCTGGCTCCCAGTTTTGTGA
1-390 1400

A 1443bp (ORrr region) PCR product from a positive Adelaide outbreak specimen
(892163) was seçnrenced. 1402 nucleotides were aligned with the Camberwell strain
(Genbank accession number U465OO). The primer sequences were noÈ included in the
alignment. A 94.9t homology was identified between the two sequences. Shaded
regions highlight nucleotide changes. The nucleotide sequences used to design RT-
pCR and nested PCR primers(for Ehe 205bp and 109 bp amplicons) are underlined on
the Camberwell genome and the probe used for detection is indicated in bold
lettering.



Table 5.9 Amino acid differences between the Adelaide outbreak
specimen (8971-63) positive for NLV and the Ca¡nberwel1 vÍrus in

the (1a02bp) ORF1 region.

Àmino Acid Position Àmino Acid Change

from Ca¡nberwell to Adelaide strain
'/2 G]n to G]u

95 Ife to Met

1,45 Il-e to Va]

1,82 A]a to Thr

185 Val to IIe
244 Ile to Vaf

255 Met to Va]

350 Ile to Va]

354 Asp to His

The 1402bp (ORF1) sequence of a NLV positive specimen from the Adelaide
gastroenteritis outbreak was sequenced and the amino acids h¡ere compared to
that of the published Camberwel-1 strain. The amino acid changes listed
indicate the changes in amino acid tlpe from t.he Camberwell strain to the
Adelaide outbreak strain.



5.4I)iscussion

The detection of enteric viral antigens (e.g. rotavirus, adenovirus and astrovirus) by erLzyme

immunoassays in clinical samples is widely used (Kok et al., 1998; }i4oe et al., l99l). The

detection sensitivity of these assays is in the order of 1 ng/ml of purihed baculovirus expressed

NV viral antigen (Graham et al., 1994; Numata et al., 1994), 5 to 15 ng of astrovirus

particles/ml (Moe et al.,l99I) or 103 rotavirus and adenovirus viral particlesiml (Kok et al.,

l99S). RT-PCR has been used to detect viral RNA present in very low numbers in clinical

specimens (Jiang et al., 1992a).It has been estimated to be able to detect 10 to 100 virus

particles (Drepot and Lee, 1997; Jiang et al.,I992a).

Consequently in this project two different, but complementary approaches as outlined in

chapters 3 and 4, were used in order to maximise detection of NLVs. 'When CAM EIA and

RT-PCR were used to test 65 faecal samples from three gastroenteritis outbreaks in Adelaide

(August to Decembey lgg6) the CAM EIA detected3l (48%) samples positive for NLV. The

RT-PCR only detected 24 (37%) of these specimens (all24 specimens positive by RT-PCR

were also positive by CAM EIA). The CAM EIA showed a higher level of sensitivity than RT-

PCR. V/hen dilutions of a known positive specimen were tested using both RT-PCR and CAM

EIA, the CAM EIA showed a similar sensitivity to RT-PCR. Data from studies by Graham e/.

ø1. (1994) showed the EIA detects both soluble and particulate antigens (Graham et a1.,1994).

Faecal specimens of infected volunteers have been found to contain both these types of viral

antigens (Greenberg et al., 1981; Greenberg et al., 1978). The presence of a large

concentration of soluble antigen that lacks viral nucleic acids may explain why the EIA shows

a similar sensitivity to RT-PCR for viral detection in stools. RT-PCR on the other hand detects

only intact RNA. The storage of the Adelaide outbreak specimens for over a year before
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testing for NLV may have compromised the RNA integrity, resulting in a lower sensitivity of

the RT-PCR. It is not possible to make a direct comparison of the sensitivities of NLV EIA

and RT-PCR, based on the number of specimens positive from this NLV outbreak with results

obtained from published reports on both EIAs and RT-PCRs for other NLV outbreaks. This is

mainly because only a limited number of studies have been done using both NLV EIA and

RT-PCR and these studies were done mainly using EIAs developed with baculovirus

expressed Norwalk and Mexico viruses which are not currently circulating (Graham et al.,

1994 Hale et ql., 1996b; Honma et al., 1998; Jiang et al., 1995b; Lewis et al., 1997). Most of

these studies showed that EIA and RT-PCRs both have low sensitivities. However, by using a

range of different primers the RT-PCR sensitivity was increased suggesting that sensitivities

of these assays were compromised because of genetic variants (Graham et a1.,1994; Jiang et

al.,l995b). Recent studies show that RT-PCR of NLV in faecal samples from NLV outbreaks

have not been able to detect a high percentage of positives (Frankhauser et al., 1998).In this

study by Frankhauser et. al. (1998) only 424 (49%) specimens out of a total 1084 were

positive by RT-PCR even after using araîge of different primers. Such low sensitivities have

been attributed to PCR inhibitors, degraded RNA, genetic variants or specimens not collected

during the viraemic period.

The possibility of inhibitors being present in the Adelaide outbreak faecal samples that were

negative by RT-PCR was also explored by ampliffing in vitro transcribed RNA added to the

extracted RNA from all negative specimens. All negative specimens were positive suggesting

that the RT-PCR negative results were not due to inhibitors of the RT-PCR enzymes.

However, the possibility of other strains of NLVs such as those of genogroup I,2A and SLVs

in these specimens was not explored.
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Attempts were made to increase the sensitivity of the RT-PCR by concentrating the virus in

the faecal samples and further optimizing the RNA extraction method. PEG ppt and extraction

of RNA using Qiagen Plant RNA extraction kit were found to be the most sensitive methods

for concentrating and extracting NLV RNA from faecal specimens. The Qiagen plant RNA kit

was originally designed for extracting RNA from plant tissues. The presence of fibrous

materials in faecal samples may have been more suited for Qiagen plant RNA kit than the

other extraction methods compared. Despite the observation that PEG ppt and Qiagen plant

RNA kit were found to have higher detection sensitivities (see sections 5.3.3.1 and 5.3.3.2)

these methods did not yield any more positives when used to test all RT-PCR negative

Adelaide NLV outbreak specimens. PEG ppt and Immuno ppt specimens were not tested using

the CAM EIA to determine if the sensitivity of EIA increased.

In an attempt to further investigate the negative samples, the RT-PCR assay was revised and a

second round nested PCR was developed. Nested PCR is a modification of PCR, where after

the first round of PCR the amplified product is transferred to a new reaction tube for second

round of amplification by using primers internal to the sequence of the first round PCR

(Persing et al., 1993).It has a number of advantages, which include increase in sensitivity of

PCR, verification of specificity of the first round PCR product with second set of internal

primers and dilution of inhibitors that may be present in the sample initially. Nested PCR was

used in these experiments to increase the sensitivity of the RT-PCR. It was found that nested

PCR increased the sensitivity by 100 fold with in-vitro transcribed RNA. 'When 
applied to the

negative RT-PCR specimens, 6 specimens previously negative by RT-PCR were subsequently

positive with nested PCR. These 6 were also positive by EIA. No fuither positive specimens

were identified by nested PCR. Although the use of nested PCR improved sensitivity, this

97



technique may not be suitable in routine diagnostic testing due to the very high risk of

contamination of the PCR products. This is because during the transfer of the reaction product

from the first reaction into a new tube for reamplification, contamination by aerosolized

amplified DNA inevitably occurs (Persing et al., 1993). To use a nested PCR routinely for

NLV diagnosis would necessitate the introduction of extreme measures to minimise the risk of

contamination of PCR reactions by previously amplified DNA. A number of methods have

been described that allow nested PCR to be done without opening the tubes in between the two

PCRs. These involve separating the first round PCR reaction mix from the second round PCR

mix with a thick layer of oil (Feray et aI., 1992). After the first round amplification the

reaction tubes are removed and spun to mix and then reamplifred without actually opening the

tubes. Another method described recently is based on the use of a compartmentalized

eppendorf tube that allows separation of the two layers for the first round of amplification

(Olmes et a|.,1999).

Antigenic charucfeization of NLVs cannot be done due to lack of type specific reagents as

there is no in vitro culture system for these viruses. However, sequencing of NLV oDNA

allows determination of variation between isolates. All RT-PCR and nested PCR amplicons

were sequenced in this study. The nucleotide sequences (of the 205bp and 109bp amplified

products) \¡/ere compared and they were found to be identical for all of the isolates suggesting

that the nucleic acid sequence was conserved amongst the NLV circulating during August to

December 1996 in Adelaide. The sequence of the Adelaide strain was compared to the

Camberwell strain and the amino acid sequence was deduced. No change in amino acids was

found within this region.
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The amplicons were detected using DIG ELISA and all negatives were retested on an agarose

gel stained with ethidium bromide to rule out the possibility of probe not binding to the NLV

amplicons amplified due to change in nucleotide sequences. There was no difference between

the ELISA and gel results. Sequencing of the RT-PCR and nested PCR products detected one

base change within the same region from which the probe was selected. However, this did not

prevent the probe binding to the amplified products using hybrídization conditions of the DIG

ELISA.

The 205bp region sequenced is currently used in many laboratories to detect and characterize

NLVs based on the nucleotide sequence of the RNA (Ando et al., 1997; Hardy and Kramer,

1997; Jiang et aI., t996; Wright et a1.,1998). This region is highly conserved amongst closely

related strains and therefore is not ideal for differentiating between different strains. A l402bp

nucleotide from the ORF1 region from one of the Adelaide outbreak specimens was also

sequenced and on comparison with Camberwell strain, 9 amino acid sequence changes vr'ere

deduced. The l402bp nucleotide also allowed comparison of primer sequences used to

amplify the 205bp RT-PCR product. Two nucleotide sequence changes were found in both the

sense and antisense primer regions when the primers were compared with l402bp nucleotide

sequence of the Adelaide strain.

A further 3kb sequence from at least one specimen from each of three outbreak specimens

reported in this chapter (which includes the whole ORF2) would need to be done in order to

compare this strain with those that have been clustered into the 9 groups (Seto et a1.,1998).

However, based on the sequencing data from I402bp amplicons this strain showed 95%

identity when compared to the Camberwell strain (which is classif,red as genogroup II and
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clustered with Lordsdale and Bristol strain). The proportion of amino acid identity between the

Adelaide and the Camberwell strains were determined to be 98Yo in the ORFI region

sequenced. 
'When Bristol and Lordsdale strains were compared with the Camberwell strain 99

and 98Yo identities were found respectively (Cauchi et al., 1996). On the basis of these results

it is not possible to determine how many other clusters of these viruses can be detected by the

CAM EIA. Baculovirus expressed NLV capsid proteins would need to be produced for each

representative virus from the 9 clusters to determine the cross-reactivity using the CAM EIA.

In a routine diagnostic laboratory an EIA to detect all strains of NLV would be more efficient

as they are more easily applied than EM and RT-PCR particularly as EIAs is more easily used

to detect other enteric viruses such as rotavirus and adenovirus. However, RT-PCR is

essential, as it allows sequencing of new strains which may then be cloned to develop EIAs

that can detect new strains.

Routine faecal specimens querying viral gastroenteritis infections, submitted to the IMVS

were tested prospectively using both CAM EIA and RT-PCR. There were 1100 specimens

tested using CAM EIA and 100 were tested using RT-PCR. None of the samples were

positive. However, 61 rotavirus and 40 adenovirus positive samples were detected in this

group of 1100 specimens. These preliminary studies indicate that NLVs are likely to be

detected during focal outbreaks similar to those reported during the period August to

December 1996 in Adelaide. In the literature they have been reported in situations related to

epidemic diarrhoea unlike other enteric viruses (Caul, I996a; CauL, 1996b; Kapikian et al.,

1996). The Australian study of NLV by Wright et al. (1998) also indicate that incidents of

NLV commonly occur as an outbreak.
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Such low sensitivities could also be due to presence of other strains that cannot

using the CAM EIA as the antibodies may not be sufhciently cross-reactive. The inclusion of

antibodies to capsid antigens from other genogroups in the EIA may increase detection of

other NLV strains. The primers used in the RT-PCR were designed from the published

sequence of CAM strain only and may not be able to detect other genogroup I and 2A NLVs.

The use of degenerate primers in the RT-PCR may assist with detecting other strains from

genogroup 2 and genogroup I (Wright et a1.,1998). These approaches may assist detection of

more strains and thus increase the sensitivity of these diagnostic tests.
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CHAPTER 6

General discussion and future work

The major viral gastroenteritis pathogens as discussed are rotavirus, astrovirus, adenovirus,

SLVs and NLVs. Studies by others (Caul, 1996a; Caul, 1996b; Frankhauser et al., 1998;

Wright et al., 1998) and in this thesis have shown the importance of NLVs in viral

gastroenteritis. As there are no known cell culture system for NLVs, production of the specific

antisera to this group of viruses are hampered, as purification of NLVs in large quantities is

not possible. In this thesis the baculovirus expression system was used for production of viral

specific proteins for NLV. The expressed capsid proteins, which assembled like virus

particles, were used for production of specific antisera in animals. These antisera were then

used for the development of an EIA to detect NLVs in faecal samples. These types of assays

have been previously reported to be type specific (Hale et al., 1999; Hale et al., 1996b; Jiang

et a1.,1995b).

To be able to develop aî enzyme immunoassay to detect all NLVs, it may be first important to

determine all antigenically distinct NLVs and this may be done by expression of capsid

proteins in a baculovirus expression system. To date at least six NLV capsid proteins have

been expressed using baculovirus expression system (Green et al., 1997; Hale et al., 1999;

Jiang et al., 1990; Jiang et øl.,l995ULeite et a1.,1996;Lew et al., 1994b). More strains of

baculovirus expressed NLV capsid proteins are required for antigenic comparison by testing

using EIA and 
'Western blot assays. This may require collaboration with other laboratories to

obtain different strains of NLV to enable a more extensive assessment of the degree of cross-
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reaction between strains. This may then determine the range of NLVs that the EIA can detect.

The baculovirus expressed capsid proteins have also been shown to be excellent candidates for

vaccine development (Ball et a1.,1996; Mason et a1.,1996). Baculovirus expressed Norwalk

virus capsid proteins were found to be safe and immunogenic when given orally to volunteers

and were responsible for increasing titres of serum and intestinal antibodies in most animals.

Determination of the extent of genetic and antigenic diversity may also aid in development of

an efficient vaccine using appropriate recombinant capsid proteins to prevent infection.

The application of molecular methods to diagnose NLVs has now allowed characteization of

NLV viral genome. The degree of heterogeneity both in the RNA polymerase and capsid

regions of NLVs has permitted subdivision into two genetic groups (genogroup I and

genogroup 2). Sequencing of a small segment of the ORF1 of NLV viruses has allowed

genogroup 2 to be further divided into two subgroups 2A and 28. However, sequencing of a

larger 3kb region of the NLV genome (which includes the whole capsid region) has allowed

NLV genogroup I viruses to be clustered into 3 groups and genogroup 2 into 6 groups (as

discussed in section 1.4.1). Wright et al. (1998) have used partial ORF1 sequences to group

the Australian NLV isolates into genogroups l,2A and 28. Similar groupings to that of V/right

et aI. (1998) have also been established by other researchers when comparing the ORFI frame

of published sequences (Hardy and Kramer,1997; Jiang et a1.,1996). Genogroup 1 (NLVs)

contained the fully sequenced Norwalk and Southampton viruses. Genogroup 2 (NLVs)

contained two subgroups designated2{ (Toronto-like) or 2B (Lordsdale-like).

Studies show that there is a good correlation of phylogenetic lineages between the capsid and

RNA polymerase regions where nucleotide sequences of both are known (Cauchi et al.,1996;
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Noel e/ al., 1997) although further studies are required. Genogroups 1 and 2 remain intact

when viral sequences are compared from either the ORF1 or ORF2 regions. Therefore it may

be reasonable to initially select viruses that are representatives of each of the ORF1 based

genogroups for the development of EIAs. In chapter 3 of this thesis an EIA was developed

using hyperimmune sera to the baculovirus expressed Camberwell capsid proteins. This virus

was grouped into 2B genogroup based on ORF1 and was found to be the most prevalent strain

circulating in Australia (V/right et al., 1 998). A selection of representative viruses from both

genogroup 1 and genogroup 2{have also been cloned into a baculovirus expression system by

our collaborators Assoc. Prof. Peter Wright. Further studies including expression of these

proteins are planned and the production of hyperimmune antiserum to these proteins are

plarured and will then allow the development of a composite EIA that may detect multiple

strains NLV by eîzyme immunoassay.

RT-PCR has become a useful tool in diagnosing this virus in clinical samples (such as vomitus

(Kilgore et al., 1996) and faecal samples (Green et al., 1996; Jiang et al., I992a; I|y':oe et al.,

1994)). It also has been used in investigations of point source outbreaks related to food

handlers, shellfish and water supplies and also to monitor the spread of NLVs within

communities. However, as discussed in chapter 4 the sensitivity of RT-PCR has been

compromised due to presence of inhibitors in such specimens and the extreme genomic

diversity of NLVs. NLVs divide into two genogroups and require separate sets of primers to

be designed (with sequences from the ORF1 region) to successfully detect NLVs within both

genogroups (V/right et al., 1998). A third set of primers will be needed if SLV diagnosis is

also required.
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RT-PCR also allows sequencing of amplifred NLV nucleic acid to identifii new strains of

NLVs. The RT-PCR, currently used in many laboratories to detect and characterize NLVs, is

based on the nucleotide sequence of the RNA polymerase region that has the highest degree of

nucleotide sequence conservation. While the RNA polymerase region is suited to broadly

detect NLV strains, it may not be the best region to determine differences between strains as it

is a highly conserved region. Researchers have directed their efforts to amplifu larger 3kb

regions which encode the whole ORF2 (Ando et al., 1997; Seto e/ al., 1998). The ORF2

region encoding the capsid protein is ofparticular interest because its sequence and expression

provide clues to genetic and antigenic relationships among NLVs that would be important in

development of improved diagnostic assays (as the EIAs developed are based on capsid

proteins). A highly variable region in ORF3 has also been identified suggesting potential

usefulness in distinguishing between closely related strains (Cauchi et a|.,1996).

The development of EIAs and RT-PCR assays for calicivirus infections represent contrasting

and complementary approaches to a diagnostic problem. Both assays may eventually find

application in diagnostic and public health laboratories depending on their relative costs,

sensitivities and specificities. Further work is therefore required to expand the range of assays

and evaluate their respective merits.

105



References

Abbaszadegffi, M., Huber, M. S., Gerba, C. P., and Pepper, I. L. (1993): Detection of

enteroviruses in groundwater with the polymerase chain reaction. Appl Environ

Microbiol 59, 1318-1324.

Agus, S. G., Dolin, R., wyatt, R. G., Tousimis, A. J., and Northrup, R. s. (1973): Histologic

and enzymatic alterations during illness produced by the Norwalk agent in mart. Ann

Intern Med79,18'25.

Alder, L, and Zickl,R. (1969): Winter vomiting disease. J Infect Dis 119,668-673

Ando, T., Monroe, S. S., Gentsch, J. R., Jin, Q., Lewis, D. C., and Glass, R. I. (1995):

Detection and differentiation of antigenically distinct small round-structured viruses

(Norwalk-like viruses) by Reverse Transcription-PCR and Southern Hybridization. J

Clin Microbiol 33, 64-7 l.

Ando, T., Monroe, S. S., Noel, J. S., and Glass, R. I' (1997): A one-tube method of Reverse

Transcription-PCR to efficiently ampliff a 3-kilobase region from the RNA

polymerase gene to the poly(A) tail of small round-structured viruses (Norwalk-like

viruses). J Clin Miøobiol 35, 570-577 .

Appleton, H., and Higgins, P. G. (1975): Viruses and gastroenteritis in infants. Lancet 1,1297 .

Ausbel, F. M., Brendt, R., Kingston, R. E., Moore, D. D., Seidman, J. G., smith, J. 4., and

Struhl, K, Eds (1995): Curuent protocols in Molecular Biologt. USA, John Wiley &

Sons Inc.

Ball, J. M., Estes, M.K., Hardy, M.E., Conner, M' E', Opekun, A'R', and Graham' D' Y'

(1996): Recombinant Norwalk virus-like particles as an oral vaccine. Arch Virol

[SupplJ t2,243-249.

106



Baron, R. C., Murphy, F.D., Greenberg, H. 8., Davis, C. E., Bregman, D. J., Gary, G. W.,

Hughes, J. M., and Schronberger, L. B. (1982): Norwalk gastrointestinal illness an

outbreak associated with swimming in a recreational lake and secondary person -to -

person transmission. Am J Epidemiol ll5,163-172.

Berke, T., Golding, B., Jiang, X., Cubitt, D. W., Wolfaardt, M., Smith, A. V/., and O Matson,

D. O. (1997): Phylogenetic analysis of the calicivirus. J Med Virol52,419-424.

Bishop, R. F., Bames, G. L., Cipriani, E., and Lund, J. S. (1983): Clinical immunity after

neonatal rotavirus infection. A prospective longitudinal study in young children. N

Engl J Med309,72-76.

Bishop, R. F., Davidson, G. P., Holmes, I. H., and Ruck, B. J. (1973): Virus particles in

epithelial cells of duodenal mucosa from children with acute non bacterial

gastroenteritis. Lancet 2, l28l -1283.

Blacklow, N. R., and Cukor, G. (1981): Viral gastroenteritis. N Engl J Med304,397-406.

Blacklow, N. R., Cukor, G., Bedigian, M. K., Echevenia, P., Greenberg, H. 8., Schreiber, D.

S., and Trier, J. S. (1979): Immune response and prevalence of antibody to Norwalk

enteritis virus as determined by radioimmunoassay. J Clin Microbiol l0, 903-909.

Blacklow, N. R., Dolin, R., Fedson, D. S., Dupont, H., Northrup, R. S., Hornick, R. B., and

Chanock, R. M. (1972): Acute infectious non bacterial gastroenteritis etiology and

pathogenesis. Ann Intern Med 76,993-1008.

Boom, R., Sol, C. J. 4., Salimans, M. M. M., Jansen, C. L., Wertheim-van Dillen, P. M. E.,

and Vander Noorda, J. (1990): Rapid and simple method for purification of nucleic

acids. J Clin Microbiol 28, 495-503.

Boone, E. J., and Albrecht, P. (1983): Conventional and enhanced plaque neutralization assay

for poliovirus antibody. J Virol Methods 6,193-202.

t07



Bottone, E. J. (1995): Bacterial gastroenteritís. Mt Sinai J Med 62,178-182.

Brandt, C. D., Kim, H. W., Rodriguez,'W. J., Arrobio, J. O., Jeffries, B. C., Stallings, E. P.,

Lewis, C., Miles, A. J., Gardner, M. K., and Parrott, R. H. (1985): Adenoviruses and

Paediatric gastroenteritis. J Infect Dis 151,437-443.

Brandt, C.D., Kim, H. W., Rodriguez, W. J., Thomas, L., Yolken, R. H., Arrobio, J. O.,

Kapikian, A. 2., Parrot, R. H., and Chanock, R. M. (1981): Comparison of direct

electron microscopy, immune electron microscopy, and rotavirus enzyme linked

immunosorbent assay for detection of gastroenteritis viruses in children. J Clin

Microbiol 13,976-981.

Brown, C. S., Van Lent, J. W. M., Vlak, J. M., and Spaan, v/. J. M. (1991): Assembly of

empty capsids by using baculovirus recombinantg expressing human parvovirus Bl9

structural proteins. J Virol 65, 27 02-2706.

Brugha, R., Vipond, I. 8., Evans, M.R., Sandifer, Q. D., Roberts, R. J., Salmon, R. L., Caul,

E. O., and Mukerjee, A. K. (1999): A community outbreak of food-borne small round-

structured virus gastroenteritis caused by a contaminated water supply. Epid Infect.

122,145-154.

Cannon, R. O., Poliner, R. J., Hirshhorn, R. 8., Rodeheaver, D. C., Silvermffi, P. R., Brovm,

8. 4., Talbot, G. H., Stine, S. E., Monroe, S. S., Dennis, D.T., and Glass, R. I. (1991):

A multistate outbreak of Norwalk virus gastroenteritis associated with consumption of

commercial ice. J Infect Dis 164, 860-864.

Cauchi, M. R., Doultree, J. C., Marshall, J. 4., and rWright, P. J. (1996): Molecular

characterization of Camberwell virus and sequence variation in ORF3 of small round

structured (NorwalkJike) virus. J Med Virol49,70-76.

Caul, E. O. (1996a): Viral gastroenteritis small round structured viruses, caliciviruses and

astroviruses Part II The epidemiological perspective. J Clin Pathol 49,959-964.

108



Caul, E. O. (1996b): Viral gastroenteritis small round structured viruses, caliciviruses and

astroviruses Part I The clinical and diagnostic perspective. J Clin Pathol 49,874-880.

Caul, E. O., and Appleton, H. (1982): The electron microscopical and physical characteristics

of small round human fecal viruses: an interim scheme for classification. J Med Virol

9,257-265.

Chadwick, P. R., Walker, M., and Rees, A. E. (1994): Air-borne transmission of a small round

structured virus. Lancet 343, 17 l.

Chomczynski, P., and Sacchi, N. (1987): Single-step method of RNA isolation by acid

guanidinium thiocyanate phenol chloroform extraction. Anal Biochem 162,156-159.

Christensen, M. L. (19S9): Human viral gastroenteritis. Clin Microbiol Rev 2, 5l-89

Chrystie, I. L., Totterdell, B. M., and Banatvala, J. E. (1978): Asymptomatic endemic

rotavirus infections in the newbom. Lancet l,ll76-1178.

Cubitt, W. D., Blacklow, N. R., Herrmann, J. E., Nowak, N. 4., Nakata, S., and Chiba, S.

(1987): Antigenic relationships between human caliciviruses and Norwalk virus. J 
i

Infect Dis 156, 806-8 I 4.

Cubitt, W. D., Jiang, X. J., W*g, J., and Estes, M. K. Q99$: Sequence similarity of human

caliciviruses and small round structured viruses. J Med Virol43,252-258.

Cukor, G., and Blacklow, N. R. (1984): Human Viral Gastroenteritis. Miuobiol Rev 48,I57-

r79.

Cukor, G., Blacklow, N. R., Echeverria, P., Bedigian, M. K', Puruggan, H., and Basaca-

Sevilla, V. (1980): Comparative study of the acquisiation of antibody to Norwalk virus

in pediatric population s. Infe ct Immun 29, 822-823 .

109



Davidson, G. P., Bishop, R. F., Townley, R. R. W., Holmes, I. H., and Ruck, B. J. (1975):

Importance of a new virus in acute sporadic enteritis in children. Lancet 1,242-246.

Davies (1997): Transcriptional analysis of Human Immunodeficiency virus Type 1 infection

following cell to cell transmission. PhD Thesis. Department of Microbiology and

Immunology, University of Adelaide, Adelaide.

Dawson, R. M. C., Elliot, D. C., Elliot, W.H., and Jones, K. M. (1969): Dataþr biochemical

r e s e arch. Oxford Science Publication'

De leon, R., Matsui, S. M., Baric, R. S., Herrmann, J. E., Blacklow, N. R., Greenberg, H. 8.,

and Sobsey, M.D. (1992): Detection of Norwalk virus in stool specimens by Reverse

Transcriptase-polymerase chain reaction and nonradioactive oligoprobes. J Clin

Microbiol 30, 3 1 5 1-3 157.

Dellert, S. F., and Cohen, M. B. (199a): Dianheal disease, established pathogens, new

pathogens and progress in vaccine development. Gastro Clin North Am 23,637-654.

Demeke, T., and Adams, R. P. (1992): The effects of plant polysaccarides and buffer additives

on PCR. Biotechniques 12,162-166.

Dingle, K. E., Lambden, P. R., Caul, E. O., and Clarke, I. N. (1995): Human enteric

Caliciviridae the complete genome sequence and expression of virus-like particles

from a genetic group II small round structured virus. J Gen Virol76,2349-2355.

Do, N., and Adams, R.P. (1991): A simple technique for removing plant polysaccharides from

DNA. Biotechniques L0, 162-166.

Dodet, 8., Heseltine, E., and Saliou, P. (1997): Rotaviruses in human and veterinary medicine.

Trends Microbiol 5, l7 6-17 8.

ll0



Dolin, R., Blacklow, N.R., Dupoint, H., Buscho, R. F., Wyatt, R. G., Kasel, J. 4., Homick,

R., and Chanock, R. M. (1972): Biological properties of Norwalk agent of acute

infectious non bacterial gastroenteritis. Proc Soc Exp Biol Med 140,578-583.

Dolin, R., Levy, A. G., Wyatt, R. G., Thornhill, T. S., and Gardner, J. D. (1975): Viral

gastroenteritis induced by the Hawaii agent jejunal histopathology and serologic

response. Am J Med 59, 761-768.

Dolin, R., Roessner, K. D., Trenor, J. J., Reichman, R. C., Philips, M., and Madore, H. P.

(1986): Radioimmunoassay for detection of the Snow Mountain agent of viral

gastroenteritis. J Med Virol 19,11-18.

Doultree, J. C., Druce, J. D., Birch, C. J., Bowden, D. S', and Marshall, J. A. (1999)

Inactivation of feline calicivirus, a Norwalk virus surro gate. J Hosp Infect 41, 5l-57 .

Drepot, M. 4., and Lee, S. H. S. (1997): RT-PCR detection of RNA viruses in stool

specimens. Biotechniques 23, 6 1 6-61 8.

Eiden, J. J., Wilde, F., Firoozmond, F., and Yolken, R. (1991): Detection of animal and human

group B rotaviruses in faecal specimens by polymerase chain reaction. J CIin

Microbiol29, 539-543.

Feray, C., Samuel, V., Theirs, V., Gigou, M., Pichon, F., Bismuth, 4., Reynes, M.,

Maisonneuvê, H., Bismuth, H., and Brechot, C. (1992): Reinfection of liver graft by

hepatitis C after liver transplantation. J Clin Inv 89,1361-1365.

Flewett, T. H., Bryden, A. S., Davies, H., Woode, G.N., Bridger, J. C., and Derrick, J. M.

(1974): Relation between viruses from acute gastroenteritis of children and newborn

calves. Lancet, 149-t51.

lll



Frankhauser, R. L., Noel, J. S., Monroe, S. S., Ando, T., and Glass, R. I. (1998): Molecular

epidemiology of Norwalk like viruses in outbreaks of gastroenteritis in Unites States. -I

Infect Dis t78, I 57 l-l 57 8.

Gary, G. W., Anderson, L. J., Keswick, B. N., Johnson, P. C., DuPont, H., Stine, S. E., and

Bartlet, A. V. (19S7): Norwalk virus antigen and antibody response in an adult

volunteer study. J Clin Miuobiol 25, 200I-2003.

Gary, G. W., Kaplan, J. E., Stine, S. E., and Anderson, L. J. (1985): Detection of Norwalk

virus antibodies and antigen with a biotin-avidin immunoassay. J Clin Microbiol 22,

274-278.

Gill, O. N., Cubbitt, W. D., Mcswiggan, D. 4., Watney, B. M., and Bartlett, C.L. R. (1983):

Epidemic of gastroenteritis caused by oysters contaminated with small round

structured viruses. Br Med J287,1532-1534.

Glass, R. I. (1997): Personal communication , Centers for Disease Control, Atlanta.

Gouvea, V., Glass, R. L, Woods, P., Taniguchi, K., and Clark, H. F. (1990): Polymerase chain

reaction amplification and typing of rotavirus nucleic acids from stools. J Clin

Microbiol28,276-282.

Gracey, M., Burke, V., and Robinson, J. (19S2): Aeromonas-associated gastroenteritis. Lancet

2,1304.

Graham, D. Y., Jiang, X., Tanake, T., Opekun, A. R., Madore, P. H., and Estes, M. K. (1994):

Norwalk virus infection of volunteers new insights based on improved Assays. J Infect

Dis 170,34-43.

Gray, J. J., Green, J., Cunliffe, C., Gallimore, G., Lee, J. V., Neal, K', and Brown, D' W' G'

(1997): Mixed genogroup SRSV infection among a party of canoeists exposed to

contaminated recreational water' J Med Virol52,425-429.

tt2



Gray, J. J., Jiang, X., Morgan-Capner, P., Desselberger, IJ., and Estes, M. K. (1993):

Prevalence of antibodies to Norwalk virus in England detection by enzyme-linked

immunosorbent assay using baculovirus-expressed Norwalk virus capsid antigen. .I

Clin Microbiol 31, 1022-5.

Green, J., Gallimore, C. I., Norcott, J. P., Lewis, D., and Brown, D. W. (1995a): Broadly

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

associated gastroenteritis. J Med Virol 47,392-8.

Green, J., Norcott, J. P., Lewis, D., Arnold, C., and Bro'wn, D. V/. (1993a): Norwalk-like

viruses demonstration of genomic diversity by polymerase chain reaction. J Clin

Microbiol 31, 3007 -3012.

Green, K. Y., Kapikian, A. 2., Valdesuso, J., Sosnovtsev, S., Treanor, J. J., and Lew, J. F.

(1997): Expression and self-assembly of recombinant capsid protein from the

antigenically distinct Hawaii human calicivirus. J Clin Miuobiol35, 1909-1914.

Green, K. Y., Lew, J. F., Jiang, X., Kapikiffi, A. 2, and Estes, M. K. (1993b): Comparison of

the reactivities of baculovirus-expressed recombinant Norwalk virus capsid antigen

with those of the native Norwalk virus antigen in serologic assays and some

epidemiologic observations. J Clin Miuobiol 31, 2185 -91.

Green, S.M., Dingle, K. E., Lambden, P. R., Caul, E. O', Ashley, C. R., and Clarke, I.N'

(1994): Human enteric Caliciviridae a new prevalent small round-structured virus

group defined by RNA-dependent RNA polymerase and capsid diversity. J Gen Virol

75,1883-1888.

Green, S. M., Lambden, P. R., Caul, E. O., and Clark, I. N. (1996): A PCR for rapid typing of

genetically diverse small round structured virus capsid sequences. PHLS Microbiologt

Digest 14,18-21"

113



Green, S. M., Lambden, P. R., Deng, Y., Lowes, J. 4., Lineham, S., Bushell, J., Rogers, J.,

Caul, E. O., Ashley, C. R., and Clarke, I. N. (1995b): Polymerase chain reaction

detection of small round-structured viruses from two related hospital outbreaks of

gastroenteritis using inosine- containing primers. J Med Virol 45,197-202.

Greenberg, H.8., Valdesuso, J., Kapikian, A.2., Chanock, R.M., Wyatt, R.G., Szmuness,

'W., Larrick, J., Kaplan, J., Gilman, R. H., and Sack, D. A. (1979): Prevalence of

antibody to the Norwalk virus in various countries. Infect Immun26,270-273.

Greenberg, H.B., Valdesuso, J. R., Kalica, A. R., Wyatt, R. G., McAuliffe, V. J., Kapikian, A.

2., and Chanock, R. M. (1981): Proteins of Norwalk virus. J Virol 37,994-999

Greenberg, H. B.,'Wyatt, R. G., Valdesuso, J., Kalica, A. R., London, W.T., Chanock, R. M.,

and Kapikian, A. Z" (1978): Solid-phase microtiter radioimmunoassay for detection of

the Norwalk strain of acute nonbacterial, epidemic gastroenteritis virus and its

antibodies. J Med Virol2,97-108.

Grohmann, G. S., Greenberg, H. 8., 'Welch, B. M., and Murphy, A. M. (1980): Oyster-

associated gastroenteritis in Australia the detection of Norwalk virus and its antibody

by immune electron microscopy and radioimmunoassay. J Med Virol6,ll-9.

Guerrant, R. L. (1995): Gastrointestinal infections and þod poisoning. Churchill Livingstone.

New York.

Gunn, R. 4., Terranova, W. 4., Greenberg, H. B., Yashuk, J., Gary, G. V/., Wells, J. G.,

Taylor, P. R., and Feldmffi, R. A. (1980):Norwalk virus gastroenteritis abroad a cruise

an outbreak of five consecutive cruises. Am J Epid 112,820-827.

Hafliger, D., Gilgen, M., Lutþ, J., and Hubner, P. (1996): Seminested RT-PCR systems for

small round structured viruses and detection of enteric viruses in seafood. Int J Food

Microbiol37,27 -36.

tt4



Hale, 4.D., Crawford, S. E., Ciarlet, M., Green, J., Gallimore, C., Brown, D. W., Jiang, X.,

and Estes, M. K. (1999): Expression and self-assembly of Grimsby virus: antigenic

distinction from Norwalk and Mexico viruses. Clin Diagn Lab Immunol6,142-145.

Hale, A. D., Green, J., and Brown, D. W. (1996a): Comparison of four RNA extraction

methods for the detection of small round structured viruses in faecal specimens. J Virol

Methods 57, 195-201.

Hale, A. D., Lewis, D., Green, J., Jiang, X., and Brown, D. V/. G. (1996b): Evaluation of an

antigen capture ELISA based on recimbinant Mexico virus capsid protein. J Virol 69,

1693-1698.

Hardy, M. 8., and Kramer, S. F. (1997): Human calicivirus genogroup II capsid sequence

diversity revealed by analysis of the prototype Snow Mountain agent. Arch Virol142,

t469-1479.

Hardy, M. E.,'White, L. J., Ball, J. M., and Estes, M. K. (1995): Specific proteolytic cleavage

of recombinant Norwalk virus capsid protein. J Virol 69,1693-1698.

Herrmann, J. 8., Hudson, R. W., Perron-Henry, D. M., Kuttz, J. 8., and Blacklow, N. R.

(19S8): Antigenic characterization of cell-cultivated astrovirus serotypes and

development of astrovirus specific monoclonal antibodies. J Infect D¡'.ç 158, 182-185.

Herrmann, J. E., Kent, G. P., Nowak, N. 4., Brondum, J., and Blacklow, N. R. (1986):

Antigen detection in the diagnosis of Norwalk virus gastroenteritis. J Infect Dis 154,

547-548.

Herrmann, J. E., Nowak, N. A., and Blacklow, N. R. (1985): Detection of Norwalk virus in

stools by enzyme immunoassay. J Med Virol17,127-133.

Herrmann, J. E., Taylor, D. N., Echeverria, P., and Blacklow, N. R. (1991): Astroviruses as a

cause of gastroenteritis in children. N Engl J Med25,1757-1760.

ll5



Higuchi, R. (1989): Simple and rapid prepration of samples for PCR" Stockton Press. New

York.

Ho, M. S., Glass, R. I., Monroe, S. S., Madore, H. P., Stine, S., Pinsky, P. F., Cubitt, D.,

Ashley, C., and Caul, E. O. (1989): Viral gastroenteritis abroad a cruise ship. Lancet 2,

961-964.

Honma, S., Nakata, S., Numatâ, K., Kogawa, K., Yamashita, T., Oseta, M., Jiang, X., and

Chiba, S. (1998): Epidemiological study of prevalence of genogroup II human

calicivirus (Mexico virus) infections in Japan and Southeast Asia as determined by

enzyme-linked immunosorbent assays. J Clin Microbiol 36, 248I -2484.

Hyams, K. C., Malone, J. D., Kapikian, A. 2., Estes, M. K., Jiang, X., Bourgeios, A. L.,

Paparello, S., Hawkins, R. D., and Green, K. Y. (1993): Norwalk virus infection

among Desert Storm troops. J Infect Dis 167,986-987 .

Jaykus, L., De leon, R., and Sobsey, M. D. (1996): A virion concentration method for

detection of human enteric viruses in oysters by PCR and oligoprobe hybridisation.

Appl Envir on Miuobiol 62, 207 4-2080.

Jiang, X., Graham, D. Y., W*g, K., and Estes, M. K. (1990): Norwalk virus genome cloning

and characterization. Science, I 580- I 5 83.

Jiang, X., Matsofl, D. O., Cubitt, W. D., and Estes, M. K. (1996): Genetic and antigenic

diversity of human calicivirus (HuCVs) using RT-PCR and new EIAS. Arch Virol

ßuppU 12,251-262.

Jiang, X., Matson, D. O., Ruiz-Palacious, G. M., Hu, J., Treanor, J. J., and Pickering, L. K.

(1995a): Expression, self-assembly, and antigenicity of a Snow Mount¿in agentJike

calicivirus capsid protein. J Clin Miuobiol33,1452-1455.

ll6



Jiang, X., Wang, J., and Estes, M. K. (1995b): Characterisation of SRSVs using RT-PCR and

a new antigen ELISA. Arch Virol 40,363-374"

Jiang, X., wang, J., Graham, D. Y., and Estes, M. K. (1992a): Detection of Norwalk virus in

stool by polymerase chain reaction. J Clin Microbiol30,2529-2534.

Jiang, X., Wang, J., Graham, D. Y., and Estes, M. K. (1992b): Expression, self -assembly and

antigenicity of the Norwalk virus capsid protein. J Virol 66,6527-6532.

Jiang, X., wang, M., Wang, K., and Estes, M. K. (1993): Sequence and genomic organization

of Norwalk virus. Virologt 195, 51-61

Jiang, X.,Zhong,W., Kaplan, M., Pickering, L. K., and Matson, D. O. (1999): Expression and

characterization of SapporoJike human calicivirus capsid proteins in baculovirus. ,-I

Virol Methods 78, 8 I -91.

Kapikian, A.Z.,and Chanock, R. M. (1996): Rotaviruses.ln'. Fields Virologt,3'd edn., Fields

8.N., Knipe, D. M. (eds) New York, Lippincott-Raven Publishers. 1657-1708.

Kapikian, A. 2., Estes, M. K., and chanock, R. M. (1996): Norwalk group of viruses' In:

Fields Virologt,3'd edn. Fields B. N., Knipe, D. M. (eds) New York, Lippincott-Raven

Publishers. 783-810.

Kapikian, 
^.2., 

Greenberg, H. 8., Cline, W. L., Kalica, A. R., Wyatt, R. G., James, H. D.,

Lloyd, N. L., Chanock, R. M., Ryder, R. w., and Kim, H. w. (1973): Prevalence of

antibody to the Norwalk agent by a newly developed immune adherence

hemagglutination assay. J Med Vir ol 2, 281 -29 4'

Kapikian, A. 2., Kim, H. W., and wyatt, R. G. (1976): Human reoviruse-like agent as the

major pathogen associated with "winter" gastroenteritis in hospitalized infants and

young children. N Engl J Med294,965-972'

tt7



Kapikian, A.2., 'wyatt, R. G., Dolin, R., Thomhill, T. s., Kalica, A. R., and chanoc, R. M.

(1972): Visualization by immune electron microscopy of a27-nn particle associated

with acute infectious non-bacterial gastroeneteritis. J Virol l0, 1075-1081.

Kaplan, J. 8., Feldman, R., campbell, D. s., Lookabaugh, c., and Gary, G. w. (1982a): The

frequency of a Norwalk-like pattem of illness in outbreaks of acute gastroenteritis. Am

J Pub Health 72, 1329-1332.

Kaplan, J. E., Gary, G. W., Baron, R. C., Singh, N., schonbefger, L. B., Feldman, R., and

Greenberg, H. B. (19S2b): Epidemiology of Norwalk gastroenteritis and the role of

Norwalk virus in outbreaks of acute non bacterial gastroenteritis. Ann Intern Med 96,

756-761.

Kilgore, P. E., Belay,8.D., Hamlin, D.M., Noel, J. S., Humphrey, c. D., Gary, H. E., Ando,

T., Monroe, s. s., Kludt, P. E., ROSenthal, D. s., Freeman, J., and Glass, R. I. (1996):

A university outbreak of gastroenteritis due to a small round- structured

virus:application of molecular diagnostics to identi$' the etiological agent and patterns

of transmission. J Infect Dis 173,787-793'

Kim, K., Dupont, H. L., and Pickering, L. K. (1983): Outbreaks of diarrhoea associated with

Clostridium dfficite and its toxin in day-care centers: Evidence of person-to-person

spread. J Pediatr L02,376.

Kitts, p. A., and Possee, R. D. (1993): A method for producing recombinant baculovirus

expression vectors at high frequency. Biotechniques 14, I 1 0-8 1 7.

Kok, T. W., SharleY, 4., Payne, L., Johnson, R. 8., and Pacyna, J. (1998): A composite, in-

house enzyme immunoassay for detection of Rotavirus and Adenovirus in faecal

samples. Aus J Med Sci 19,56-59.

Koopmans, M., Hernrr'egh,4., and Horzinek, M. C. (1991): Diagnosis of torovirus infection

Lancet 337,859.

ll8



Kotloff, K. L., Losonsky, G. 4., and Morris, J. G. (1989): Enteric adenovirus infection and

childhood diarrhoea: An epidemiologic study in three clinical settings. Pediatr 84,219.

Kuritsky, J.N., Osterholm, M. T., Greenberg, H. 8., Korlath, J. A.., Godes, J. R., Hedberg, C.

W., Forfang, J. C., Kapikian, A. 2., McCullough, J. C., and White, K. E. (198a):

Norwalk gastroenteritis: a community outbreak associated with bakery product

consumption. Ann Intern Med 100,519-521.

Kurtz, J. B., and Lee, T. W. (198a): Human astrovirus serotypes. Lqncet2,1405.

Labbe, M. 4., Charpilienne, 4., Crawford, S. E., Estes, M. K., and Cohen, J. (1991):

Expression of rotavirus VP2 produces empty core-like particles. J Virol65,2946-2952.

Lambden, P. R., Caul, E. O., Asley, C. R., and Clarke, I. N. (1993): Sequence and genome

organisation of a human small round-structured (Norwalk-like) virus. Science 259,

5 16-519.

Lambden, P. R., Caul, E. O., Asley, C. R., and Clarke, L N. (1994): Human enteric

caliciviruses are genetically distinct from small round structured viruses. Lancet 343,

666-667.

Laney, D. W., and Cohen, M. B. (1993): Approach to the pediatric patient with diarrhoea.

Gastro Clin North Am22.3,499-516.

Lee, T. W., and Kurtz, J. B. (1994): Prevalence of human astrovirus serotypes in the Oxford

region t976-t992, with evidences for two new serotypes. Epid Infect ll2,l87-193.

Leite, J. P., Ando, T., Noel, J. S., Jiang,8., Humphrey, C. D., Lew, J. F., Green, K. Y., Glass,

R. L, and Monroe, S. S. (1996): Characterization of Toronto virus capsid protein

expressed in baculovirus. Ar ch Vir ol 141, 8 65 - 87 5.

119



Levine, M. M. (1987): Escherichia coli that cause dianhoea: Entertoxigenic,

enteropathogenic, enteroinvasive, enterohemonhagic and enteroadhererent. J Infect Dis

155,377.

Lew, J. F., Kapikan, A. 2, valdesuso, J., and Green, K. Y. (I994a): Molecular

characterization of Hawaii virus and other Norwalk-like viruses : Evidence for genetic

polymorphism among human caliciviruses. J Infect Dis 170,535-542.

Lew, J. F., Kapikiffi, A. 2., Jiang, X., Estes, M., and Green, K. Y. (1994b): Molecular

charccterization and expression of the capsid protein of a Norwalk-like virus recovered

from a Desert Shield troop with gastroenteritis. Virologt 200,319-325.

Lewis, D. c., Hale, 4., Jiang, X., Eglin, R., and Brown, D. w. G. (1997): Epidemiology of

Mexico virus, a small round-structured virus in Yorkshire, United Kingdom between

January 1992 andMarch 1995. J Infect Dis 175,951-954'

Linco, S. J., and Grohmann, G. S. (1930): The Darwin outbreak of oyster-associated viral

gastroenteritis. Med J Aust l,2lt'213.

Liu, B. L., Clarke, I. N., Caul, E. O., and Lambden, P. R. (1995): Human enteric caliciviruses

have a unique genome structure and are distinct from the Norwalk-like viruses. ,4rcft

Virol,l40,1345-1356'

Lo, S. V., Connolly, A. M., Palmer, S. R., Wright, D., Thomas, P' D., and Joynson, D. (1994):

The role of the pre-symptomatic food handler in a coÍìmon source outbreak of food-

borne SRSV gastroenteritis in a group of hospitals . Epid Infect lt3,513-521.

Luo, L., Li, Y., and Kang, C. Y. (1990): Expression of gag precursor protein and secretion of

virus-like gag particles of HIV-2 from recombinant baculovirus-infected insect cells.

Virologt 179,874-880.

120



Madeley, C. R., and Cosgrove, B. P. (1975): 28nm particles in faeces in infantile

gastroenteritis. Lanc e t 2, 45 I -452.

Madore, H. P., Treanor, J. J., Pray, K. 4., and Dolin, R. (1986): Enzyme-linked

immunosorbent assays for Snow mountain and Norwalk agents of viral gastroenteritis.

J Clin Microbiol 24, 456-459.

Maniatis, T., Fritsch, E. F., and Sambrook, J. (eds) (1982): Molecular cloning, A Laboratory

manual, Cold Spring Harbor Laboratory, Cold Spring Harbor, New York.

Marshall, J. 4., Danielson, G., Doultree, J. C., Gunesekere,I. C., Seah, E. L., and Wright, P. J.

(1997): Norwalk-like virus associated with gastroenteritis in babies. Med J Aus 166,

276.

Mason, H. S., Ball, J. M., Shi, J., Jiang, X., Estes, M. K., and Arntzen (1996): Expression of

Norwalk virus capsid protein in transgenic tobacco and potato and its oral

immunogenicity in mice. Proc. NatL Acad. Sci 93,5335-5340.

Matson, D. O., Zhong, W., Nakata, S., Numatâ, K., Jiang, X., Pickering, L. K., Chiba, S., and

Estes, M. K. (1995): Molecular characterization of a human calicivirus with sequence

relationships closer to animal caliciviruses than other known human caliciviruses. .I

Med Virol45,215-222.

Matsui, S.M., and Greenberg, H. B. (1996): Astroviruses.In: Fields Virologt,3'd edn, Fields

8.N., Knipe, D. M. (eds). New York, Lippincott-Raven Publishers. 8ll-824

Meeroff, J. C., Schreiber, D. S., Trier, J. S., and Blacklow, N. R. (1980): Abnormal gastric

motor function in viral gastroenteritis. Ann Intern Med 92,370-373.

Moe, C. L., Allen, J. R., Montoe, S. S., Garry, H. E., Humphrey, C. D., Herrmann, J. E.,

Blacklow, N. R., Carcamo, C., Koch, M., Kim, K. H., and Glass, R. I. (1991):

t2t



Detection of Astrovirus in pediatric stool samples by immunoassay and RNA probe. ./

C lin Microbiol 29, 2390-2395.

Moe, C. L., Gentsch, J., Ando, T., Grohamann, G., Monroe, S. S., Jiang, X., Wang, J., Estes,

M.K., Seto, Y., Humphrey, C., Stine, S., and Glass, R. I. (1994): Application of PCR

to detect Norwalk virus in faecal specimens from outbreaks of gastroenterltis. J Clin

Microbiol32,642-648.

Monroe, S. S., Jiang, 8., Stine, S. E., Koopmans, M., and Glass, R. I. (1993): Subgenomic

RNA sequence of human astrovirus supports classification of Astroviridae as a new

family of RNA viruses. J Virol 67,3611-3614.

Monteiro, L., Bonnemaison, D., Vekris,,A.., Petry, K. G., Bonnet, J., Vidal, R., Cabrita, J', and

Megraud, F. (1997): Complex polysaccharides as PCR inhibitors in feaces:

Helicobacter pylori model. J Clin Miuobiol,995-998.

Morse, D.L., Guzewich, J. J., Hanraham, J. P., Stricof, R., Shayegani, M., Deibel, R., Grabau,

J. C., Nowak, N. 4., Herrmann, J. E., Cukor, G., and Blacklow, N. R' (1986):

Widespread outbreaks of clam and oyster associated gastroenteritis. Role of Norwalk

virus. N Engl J Med3l4, 678-681.

Mullis, K. 8., and Faloona, F. A. (1987): Specific synthesis of DNA in vitro via a

polymerase-catalysed chain reaction' Meth Enzymol 155, 3 3 5 -3 5 0.

Mrrpy, A. M., Grohmann, G.S., Christopher, P. J., Lopez, W. A., Davey, G. R., and Millsom,

R. H. (1979): An Australia-wide outbreak of gastroenteritis from oysters caused by

Norwalk virus. MedJ Aust2,329-333.

Nakata, S., Chiba, H., Tereshima, T., Yokohama, T., and Nakoa, T. (1985): Humoral

immunity in infants with gastroenteritis caused by human calicivirus. J Infect Dis 152,

274-279.

122



Noel, J. S., Ando, T., Leite, J. P., Green, K.Y., Dingle, K. E., Estes, M.K., Seto, Y., Monroe,

S. S., and Glass, R. I. (1997): Conelation of patient immune responses with genetically

charactenzed small round structured viruses involved in outbreaks of nonbacterial

acute gastroenteritis in the United States, 1990 to 1995. J Med Virol 53,372-383.

Norcott, J. P., Lewis, G. D., Estes, M. K., Barlow, K. L., and Brown, D., Vy'.G. (1994):

Genomic diversþ of small round structured viruses in the United Kingdom. J Med

Virol 44,280-286.

Numata, K., Hardy, M. E., Nakata, s., chiba, s., and Estes, M. K. (1997): Molecular

characterization of morphologically typical human calicivirus Sapporo. Arch Virol142,

r537-1552.

Numata, K., Nakata, S., Jiang, X., Estes, M. K., and Chiba, S. (1994): Epidemiological study

of Norwalk virus infections in Japan and Southeast Asia by enzyme-linked

immunosorbent assays with Norwalk virus capsid protein produced by the baculovirus

expression system. J Clin Micr obiol 32, l2I -126.

oliver, 8., Ng, S., Marshall, J., Greenberg, H., Gust, I. D., Cresswell, V., Ward, 8., Kennet,

M., and Birch, C. (1935): Prolonged outbreak of Norwalk gastroenteritis in an isolated

guest house. Med J Aus 24, 391-395.

Olmes, 4., Cambra, M., Eteban, O., Gorris, M., and Terrada, E. (1999): New Device and

method for capture, reverse transcription and nested PCR in a single closed-tube.

Nucleic acids Res 27, 1 564-l 565'

Oste, C. (198S): Polymerase chain reaction. Biotechniques 6,162-167

palombo, E. 4., and Bishop, R.F. (1996): Annual incidence, serotype distribution, and genetic

diversity of human astrovirus isolates from hospitalized children in Melbourne,

Australia. J Clin Microbiol 34, 17 50-17 53.

123



Panaccio, M., and Lew, A. (1991): PCR based diagnosis in the presence of 8% (v/v) blood.

Nucleic Acids Res 19,291-292.

Parashar, U.D., Dow, L., Frankhauser, R.L., Humphry, C.D., Miller, J., Ando, T., Williams,

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

(1998): An outbreak of viral gastroenteritis associated with consumption of

sandwiches: implications for the control of transmission by food handlers. Epid Infect

l2l,6t5-62t.

Park, S. I., and Gianella, R. A. (1993): Approach to the adult patient with acute diarrhoea.

Gastro Clin North Am22.3,483-497.

Parker, S. P., and Cubitt, W. D. Q99\: Measurement of IgA responses following Norwalk

virus infection and other human caliciviruses using a recombinant Norwalk virus

protien ElA. Epid Infect ll3,143-152.

Parker, S. P., Cubitt, W. D., Jiang, X. J., and Estes, M. K. Q99\: Seroprevalence studies

using a recombinant Norwalk virus protein erøyme immunoassay. J Med Virol 42,

t46-150.

Parrino, T. 4., Schreiber, D. S., Trier, J. S., Kapikan, A. 2, and Blacklow, N. R. (1977):

Clinical Immunity in acute gastroenteritis caused by Norwalk agent. N Engl J Med

297,86-89.

Persing, D. H., Smith, T. F., Tenover, F. C., and White, T. J. (1993): Diagnostic Molecular

Microbiologr. American Society of Microbiology. Washington D. C.

Prasad, B. V. V., Hardy, M. E., Jiang, X., and Estes, M. K. (1996): Structure of Norwalk virus.

Arch Virol [Suppl] 12,237-242.

Pringle, C. R. (1998): Virus Taxonomy. Arch Virol 143,1449-1459

124



Richardson, S., Grimwood, K., Gorrell, R., Palambo, E., Barnes, G., Bishop, R. (1998):

Extended excretion of rotavirus after severe diarrhoea in young children. Lancet 351,

1844-1848.

Reid, J.4., Caul, E. O., White, D. G., and Palmer, S. R. (1988): The role of an infected food

handler in hotel outbreak of Norwalk-like viral gastroenteritis: implications for control.

Lancet 2,321-323.

Rodger, S. M., Bishop, R.F., Birch, C., Mclean,8., and Holmes,I. H. (1981): Epidemiology

of human rotavirus in Melboume, Australia, from 1973-1979, as determined by

electrophoresis of genome ribonucleic acid. J Clin Miuobiol13,272-278.

Rotbart, H. A. (1990): Enzymatic amplification of the enteroviruses. J Clin Miuobiol28,438-

442.

Russo, P. L., Spelman, D. W., Ha:rington, G. 4., Jenny, A. V/. J., Gunesekere, L C., Wright,

P. J., Doultree, J. C., and Marshall, J. A. (1997): Hospital outbreak of Norwalk-like

virus. Infect control Hosp Epidemiol 18, 57 6-579.

Ryan, M. J., Wall, P. G., Adak, G. R., Evans, H. S., and Crowden, J. M. (1997): Outbreaks of

infectious intestinal disease in residential institutions in England and Wales 1992-

1994. J. Infect 34,49-54.

Rychlik, W., Spencer, W. J., and Rhoads, R. E. (1990): Optimization of the annealing

temperature for DNA amplificationinvitro. Nucliec Acids Res 18, 6409-6412.

Saito, H., Saito, S., Kamadà,K.,Harata, S., Sato, H., Morita, M., andMiyajima, Y. (1998):

Application of RT-PCR designed from the sequence of the local SRSV strain to the

screening in viral gastroenteritis outbreaks. Mircrobiol Immuno 42,439-446.

t25



Sakuma, Y., Chiba, S., Kogasaka, R., Terashima, H., Nakamura, S., Horino, K., and Nakao, T.

(l93l): Prevalence of antibody to human calicivirus in general-population of Northem

Japan. J Med Virol 7, 221-225.

Sambrook, J., Fritsch, E. F., and Maniatis, T. (1989): Molecular Cloning: a løboratory

manual,2nd edn., Cold Spring harbour Laboratory press, New York.

Sano, T., Smith, C. L., and Cantor, C. R. (1992): Immuno-PCR: very sensitive antigen

detection by means of specific antibody-DNA conjugates. Science 258,120-122.

Sawyer, L. 4., Murphy, J. J., Kaplffi, J. E., Pinksy, P. F., Chacon, D', Warmsley, S',

Schonberger, L. 8., Phillips,4., Forward, K., Goldman, C., Brunton, J., Fralick, R. 4.,

carter, A. O., Gary, W. G., Glass, R. I., and Donald, E. L. (1988):25 to 30nm virus

particles associated with a hospital outbreak of acute gastroenteritis with evidence for

air-bome transmission. Am J Epid 127, 126l-1271.

Schreiber, D. S., Blacklow, N.R., and Trier, J. S. (1973): The mucosal lesion of the proximal

small intestine in acute infectious non bacterial gastroenteritis. N Engl J Med 288,

1318-1323.

Schreiber, D. S., Blacklow, N. R., and Trier, S. (1974): The small intestinal lesion induced by

the Hawaii agent in infectious non bacterial gastroenteritis. J Infect Dis 124,705-708.

Schwab, K. J., Estes, M. K., Neill, F. H., and Atmar, R. L. (1997): Use of heat release and an

internal RNA standard control in reverse-transcription-PcR detection of Norwalk virus

form stool samples. J Clin Microbiol3s, 511-514.

Seah, E. L. (1995): Molecular charucterization, cloning and protein expression of a small,

ror¡nd-structured virus. Honours Thesis. Department of Microbiology, Monash

University, Melbourne.

126



Seto, y., Ando, T., Monroe, S., Noel, J., and Glass, R. (1998): Genetic classification of small

round structured viruses (SRSVs). Fifth International Symposium on Positive Strand

RNA viruses. Renaisance Vinoy Resort, St Petersburg, Florida. Abstract pp2-24.

Snodgrass, D. R., Fahey, K. J., Wells, P. W., Campwell, I., and Whitelaw, A. (1980): Passive

immunity in calf rotavirus infections: maternal vaccination increases and prolongs IgA

antibody secretion in milk. Infect Immun28,344-349'

Snyder, J. D., and Mersoû M. H. (1982): The magnitude of the global problem of acute

diarrhoeal diseases: a review of acute surveillance data. Bill W¡HO 60, 605-613.

Stafford, R., Strain, D., Heymer, M., Smith, C., Trent, M., and Beard, J. (1997): An outbreak

of Norwalk virus gastroeneteritis following consumption of oysters. Comm. Dis. Intell'

21,317-320.

Sugieda, M., Nakajima, K., and Nakajima, S. (1996): Outbreaks of Norwalk-like virus

associated gastroenteritis traced to shellfish: coexistence of two genotypes in one

specimen. Epid Infect 116, 339-346.

Tatereka, J.A., Cufl C. F., and Rubin, D. H. (1992): Viral gastrointestinal infections. Gastro

Clin North Am 21, 303--330.

Thornhill, T. S., Kalica, A. R., Wyatt, R. G., Kapikan, A. 2., and Chanock, R. M. (1975):

pattem of shedding of the Norwalk particle in stools during experimentally induced

gastroenteritis in volunteers as determined by immune electron microscopy ' J Infect

Dis 132,28-34.

Treanor, J. J., Madore, H. P., and Dolin, R. (1988): Development of an enzyme immunaoassay

for the Hawaii agent of viral gastroenteritis. "I Virol Methods 22,207-214.

Uhnoo, I., Wadell, G., Svensson, L., and Johansson, M. E' (1984): Importance of enteric

adenoviruses 40 and 41 in acute gastroenteritis in infants and young children. J Clin

Microbiol20,365-372.

r27



IJrakawa, T. M., Ferguson, P.D., Minor, J., Cooper, M., Sullivan, J. W', Almond, J. W.' and

Bishop, D. H. L. (1989): Synthesis of immunogenic, but non- infectious, poliovirus

particles in insect cells by a baculovirus expression vector. J Gen Virol70,1453-1463.

Vinje, J., and 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.

White, D. O., and Fenner, F. J. (1994): Medical Virolog,t. Academic Press. California.

White, K. E., Osterholm, M. T.,Mariotti' J. 4., Korlath, J. 4., Lawrence, D. H., Ristinen, T'

L., and Greenberg, H. B. (1936): A food-borne outbreak of Norwalk virus

gastroenteritis. Am J Epid 124, 120-126.

Wilde, J., Eiden, J., and Yolken, R. (1990): Removal of inhibitory substances from human

fecal specimens detection of group A Rotavirus by reverse transcription and

polymerase chain reactions. J clin MiÜobiol28, 1300-1307.

Wright, P. J., Gunesekere, I. C., Doultree, J' C., and Marshall, J. A' (1998): Small round

structured (Norwalk-Like) viruses and classical human caliciviruses in Southeastem

Australia. J Med Virol55,312-320.

V/yatt, R. G., Dolin, R., Blacklow, N. R., DuPont, H. L., Buscho, R. F., Thornhill, T' S',

Kapikian, A.2., and Chanock, R. M. (1974): Comparison of three agents of acute

infectious non bacterial gastroenteritis by cross-challenge in volunteets. J Infect Dis

129,709-714.

'Wyatt, R. G., Sly, D. L., and London, W. T. (1976): Induction of dianhoea in colostrum-

deprived newbone rhesus monkeys with human reoviruse-like agent of infantile

gastroenteritis. Arch Vir ol 50, 17 -27 .

128




