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Chapter 24 

EMERGING VIRUSES: 
Their Diseases and Identification 

Paul Kellam 

I N T R O D U C T I O N  

Diseases caused by microbial infections have been present throughout  human evolu- 
tion. A large propor t ion  are the result of virus infections. Since the 1970s, new human  
viruses have been identified which cause widely varying diseases. These viruses fall into 
the well-documented field of emerging infectious diseases. In fact, three distinct situa- 
tions are included in this category: (a) resurgent or recurrent old diseases (usually caused 
by 'new' or mutated previously known agents); (b) well-known human diseases with epi- 
demiological evidence of transmission, but  with the discovery of a newly identified 
agent; or (c) diseases truly new to humans but  caused by pre-existing zoonotic agents. 

E M E R G I N G  V IRUS D I S E A S E S  

A commonly  cited example of resurgent or recurrent disease is the yearly appearance 
of new antigenically different influenza viruses. These new variants are able to evoke dis. 
ease in their host while causing the centuries-old symptoms of influenza. The variation 
that occurs in influenza viruses is of two kinds. The first, called antigenic drift, occurs 
as a result of accumulation of point mutat ions in the virus surface proteins, haemag- 
glutinin (H) and neuraminidase (N). This can lead to viral escape from the immune 
response and the emergence of new influenza epidemics. The second kind of change, 
called antigenic shift, occurs when complete genome segments encoding the H or N 
genes of one virus variant are replaced by the corresponding segments from another  
variant. This process is known as reassortment. Both wildfowl and swine are endemi- 
cally infected with influenza virus, and, periodically, avian and human influenza viruses 
co-infect pigs. It is therefore thought  that pigs act as a mixing pot  in the formation of 
pandemic influenza variants by allowing reassortment between avian, swine and human  
influenza viruses to occur. However, the 1918 'Spanish' pandemic strain of influenza 
was most likely derived solely from strains that infected humans and swine, not  the 
avian subgroup (Taubenberger et al, 1997). This suggests that close observation of new 
pig influenza viruses could highlight the presence of potential new human pandemic 
variants. 
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New infectious diseases falling into the latter two categories - new disease or new 
a g e n t -  cont inue to be identified. Table 24.1 lists the major  h u m a n  viral diseases identi- 
fied since 1977. This table also includes new h u m a n  viruses for which a link with a spe- 
cific human  disease has not  been conclusively established, for example hepatitis G virus 
(Simons et al, 1995a,b; Linnen et al, 1996), Borna disease virus (Lipkin et al, 1990; Van- 
deWoude  et al, 1990) and human  herpesvirus 7 (Frenkel et al, 1990). Also included are 
subgenomic viral sequences identified in human  tissue, namely human  retrovirus 5 
(HRV-5) (Griffiths et al, 1997) and multiple sclerosis-associated retrovirus (MSRV) (Per- 
ron et al, 1997), which have not  yet yielded complete  virus genomes. 

Con t r ibu to r s  to this book  have described many  viral diseases truly new in humans,  
but  m o s t p r o b a b l y  caused by a zoonosis. H u m a n  immunodef ic iency virus types 1 and 2 
(HIV-1, HIV-2) have homology  to Old World  monkey  virus, simian immunodeficiency 
virus (SlV), suggesting that  a recent zoonosis resulted in the appearance of the new 
human  disease of acquired immune  deficiency syndrome (AIDS) (Allan et al, 1991; 
Myers  et al, 1992). A n o t h e r  example of a new zoonotic infection, hantavirus pu lmonary  

Table 24.1 Viruses associated with human disease identified since 1977 

Year Agent Disease References 

1977 Ebola virus 
1977 Hantaan virus 

1980 Human T cell lymphotropic 
virus type 1 (HTLV- 1) 

1982 Human T cell lymphotropic 
virus type 2 (HTLV-2) 

1983 Human papillomavirus types 
16 and 18 

1983 Human immunodeficiency 
virus type 1 (HIV- 1) 

1986 Human immunodeficiency 
virus type 2 (HIV-2) 

1988 Human herpesvirus 6 (HHV-6) 
1989 Hepatitis C virus (HCV) 
1990 Borna disease virus 

1990 Hepatitis E virus (HEV) 
1990 Human herpesvirus 7 (HHV-7) 
1991 Guantanto virus 

1993 Hantavirus (SNV) 

1994 Sabia virus 

Ebola haemorrhagic fever Johnson et al (1977) 
Haemorrhagic fever with Lee et al (1978) 
renal syndrome 
T cell lymphoma/leukaemia Poiesz et al (1980) 

Hairy cell leukaemia 

Cervical cancer 

AIDS 

1994 Human herpesvirus 8 (HHV-8) 
1995 Hepatitis G virus (HGV, GBV-C) NAD 

Kalyanaraman et al (1981) 

Durst et al (1983) 

Barre Sinoussi et al (1983) 

AIDS Clavel et al (1986) 

1997 Multiple sclerosis-associated 
retrovirus 

1997 Human retrovirus 5 (HRV-5) 

Roseola subitum 
Non-A, non-B hepatitis 
NAD 

Acute faecal-oral hepatitis 
NAD 
Venezuelan 
haemorrhagic fever 
Hantavirus pulmonary 
syndrome (HPS) 
Brazilian haemorrhagic 
fever 
Kaposi's sarcoma 

Multiple sclerosis 

NAD 

Yamanishi et al (1988) 
Choo et al (1989) 
VandeWoude et al (1990) 
Lipkin et al (1990) 
Reyes et al (1990) 
Frenkel et al (1990) 
Salas et al (1991) 

Nichol et al (1993) 

Lisieux et al (1994) 

Chang et al (1994) 
Linnen et al (1996) 
Simons et al (1995a,b) 
Perron et al (1997) 

Griffiths et al (1997) 

*NAD, no associated human disease. 
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syndrome (HPS), demonstrates how modern  molecular virology can be instrumental in 
identifying new human pathogens. In May 1993 an outbreak of respiratory illness with 
a mortali ty rate in excess of 75 % was reported in a border region of New Mexico, Ari- 
zona, Utah and Colorado in southwestern USA. Serology surveys initially failed to iden- 
tify known agents associated with respiratory disease but did detect cross-reactive 
antibodies to a previously characterized hantavirus. This was thought  unusual, as han- 
taviruses had not  previously been associated with human disease in Nor th  America, nor  
had they been associated with a severe predominantly respiratory illness. Using degen- 
erate PCR primers to conserved regions of the hantavirus genome led to the identifica- 
tion of a new hantavirus that differed from known hantaviruses by 30% at the 
nucleotide level (Nichol et al, 1993). The usual hosts for hantaviruses are rodents, and 
trapping of rodents in the Four Corners  area revealed 33 % of deer mice were seropos- 
itive for the new hantavirus. The outbreak of HPS was subsequently shown to be asso- 
ciated with a 10-fold increase in the deer mouse populat ion in the Four Corners  area. 
Four months  after the HPS outbreak a culture system was established and the han- 
tavirus responsible for HPS was finally designated Sin Nombre  virus (SNV) (Elliott et 
al, 1994). 

An example of a newly identified virus causing disease in humans  with no currently 
known animal or insect host is provided by hepatitis C virus (HCV). Epidemiological 
evidence suggested that the causes of non-A, non-B hepatitis (NANBH) were of an 
infectious origin. However, conventional virological techniques had failed to identify 
the agent, even though evidence suggested NANBH was caused by a blood-borne, small 
enveloped virus, readily transmissible to chimpanzees. The hepatitis C virus was dis- 
covered by screening a cDNA expression library prepared from virus particles pelleted 
from a chimpanzee with a high NANBH virus titre. W h e n  the library was screened with 
serum from a patient with chronic NANBH one clone was identified from a library of 
one million clones (Choo et al, 1989). Identification of this clone led to the rapid char- 
acterization of the entire virus genome, and H C V  was formally assigned to a new virus 
subfamily within the family Flaviviridae. Serology assays have now demonstrated that 
HCV is the major cause of NANBH throughout  the world (Kuo et al, 1989; Linnen et 
al, 1996). 

These examples show clearly how modern  molecular biology techniques can be used 
to identify completely new viruses. These viruses can be associated with a new disease, 
or associated with a well-characterized disease present in humans for many years. In 
identifying an emerging virus, one is often presented with epidemiological data and clin- 
ical specimens that have no reactivity with diagnostic reagents available for known 
pathogens. The primary aim therefore is to identify any new infectious agent and build 
a body of data to support  the existence of a causal link between organism and disease. 

I D E N T I F I C A T I O N  O F  E M E R G I N G  V I R U S E S  

Virus isolation and culture in vitro have long been the definitive method of new virus 
characterization and this is often the first method employed. However, in many viral dis- 
eases this approach may have several limitations. The main limitation is the need for a 
permissive host cell to propagate the new virus. Equally impor tant  is an effective detec- 
tion method to show infection of the permissive cells. Classically, this was achieved 
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through the observation of cytopathic effect or the detection of specific viral gene prod- 
ucts. Isolation in cell culture will not work if the virus does not grow in vitro, or if no 
detectable cytopathic effect or viral gene product is produced. Indeed, in the case of 
HPS, discovery of a new hantavirus preceded the establishment of a tissue culture sys- 
tem for virus propagation (Elliott et al, 1994). For HCV, good culture systems still do 
not exist 10 years after the discovery of the virus, and keratinocytes permissive for 
human papillomavirus type 16 replication are still not suitable for routine virus isolation 
16 years after its discovery by molecular hybridization (Durst et al, 1983). 

Electron microscopy (EM) of disease tissue and in vitro infected cell cultures is 
another method employed. It may reveal virus particles and common morphological 
features of a particular virus family, leading to clues for the further characterization of 
the virus. However, EM can suffer from artifactual structures present in the prepared 
material. In the late 1960s and throughout the 1970s, a number of groups reported the 
detection by EM of virus-like particles in human tumours (Dmochowski et al, 1968; 
Feller and Chopra, 1971; Seman et al, 1971; Denner and Dorfman, 1977). In contrast, 
Dalton (1975) demonstrated that many of these virus-like particles may simply be the 
result of breakdown products from normal cells. Also, the assumption that virus archi- 
tecture is constant in a family of viruses is not always true, with viruses classified by EM 
requiring reclassification following molecular analysis of genome structure. One exam- 
ple of this is the Arterivirus genus of the coronavirus-like (CVL) superfamily. Equine 
anaemia virus (EAV - the prototype of the genus), lactate dehydrogenase-elevating virus 
(LDV), simian haemorrhagic fever virus (SHFV) and porcine reproductive and respira- 
tory syndrome virus (PRRSV) are morphologically similar to viruses of the Togaviridae, 
and together with their genome size this resulted in their initial classification in the 
togavirus family. However, the arterivirus genome organization and replication strategy, 
along with the homology of proteins such as the RNA replicase, have since resulted in 
the reclassification of arteriviruses within the CVL superfamily. The final taxonomic 
fate of this superfamily is still to be decided (Snijder and Horzinek, 1993; Snijder et al, 
1993). Electron microscopy can be successful when a completely new structure is 
observed, as with the observation of the worm-like virions of Marburg virus. This virus 
was later classified as the type species of the Filovirus family (Kiley et al, 1982). 

Other standard techniques based on immunofluorescence assays use patient sera to 
detect viral antigens in infected pathological specimens. This was used successfully to 
detect SNV in hantavirus pulmonary syndrome. However, if the patient sera or clinical 
specimens do not react with known virus groups or virus-specific antibodies, this 
method provides little useful information. The tendency to use increasing specificity in 
routine diagnostic tests works against identification of related yet distinct virus strains. 

A combination of immunological and molecular biological techniques has been used 
successfully to identify new human viruses. A general scheme for immunoscreening is 
outlined in Figure 24.1A. This relies on the production of high-quality cDNA expres- 
sion libraries derived from infected tissue or, in the case of positive-sense RNA viruses, 
directly from virus present in plasma. Three hepatitis viruses have been identified using 
this technique. Hepatitis C virus was identified by Choo et al (1989) following the isola- 
tion of a virus-specific cDNA clone from NANB-infected chimpanzee plasma as 
described earlier. The same approach was successful in identifying hepatitis G virus 
(Linnen et al, 1996); this virus was found to be almost identical to the virus GBV-C, 
another human hepatitis-associated virus (Simons et al, 1995b), identified using degen- 
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Figure 24.1 The cDNA library approach to identifying new viruses 
Different cDNA library approaches to the identification of unculturable infectious agents. (A) 
Using cDNA immunoscreening. Modified from Gao and Moore (1996)with permission. 
(B) Using subtractive cDNA libraries, based on the method of Schweinfest et al (1990). Filled 
long boxes represent cDNA. 

erate PCR primers. In addition hepatitis E virus (HEV)-specific cDNA clones were iden- 
tified from a cDNA library derived from total RNA isolated from the bile juice of two 
experimentally infected rhesus monkeys (Uchida et al, 1992). An absolute requirement 
for cDNA immunoscreening is the availability of high antibody titre immune serum 
from patients or experimentally infected animals. However, these sera may also contain 
many antibodies that cross-react with human antigens expressed in the library, leading 
to false-positive clones being identified. This can be a particular problem for diseases in 
which autoantibodies are common. The requirement for a large representative cDNA 
library made in the absence of knowledge of the virus genome entails the use of ran- 
domly primed cDNA rather than conventional oligo-dT primed libraries. This was par- 
ticularly relevant in the case of HCV where the viral positive-sense RNA genome 
contains a polyuridine rather than a polyadenine 3' tail (Kolykhalov et al, 1996). 

S E Q U E N C E - B A S E D  M E T H O D S  O F  I D E N T I F Y I N G  N E W  

V I R U S E S  

The use of powerful molecular-based methods to analyse well-characterized biological 
specimens has created a new era of molecular identification of emerging viruses. The 
major advantage of molecular methodologies is the ability to look rapidly for new 
viruses, known viruses, or related but previously undetected members of established 
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virus families. This was resoundingly successful for the discovery of genital papilloma- 
viruses (Durst et al, 1983). 

With the widespread use of the polymerase chain reaction (PCR) and the availability 
of extensive sequence databases of virus genomes it is often possible to design PCR 
primers to conserved regions of virus genomes. It is then possible to survey samples 
with these primers to look for the presence o f  a given virus in new pathological speci- 
mens. These are very powerful identification tools but as such must be applied with 
care. The most common problems encountered are the nature of the assay conditions, 
where in addition to the general problems of PCR contamination, small modifications 
can dramatically alter the sensitivity of the PCR signal produced. Without  appropriate 
controls, conditions can be accidentally contrived to amplify and detect many irrelevant 
DNA sequences from a disease. In addition, detection of virus genomes in disease tis- 
sue does not automatically produce a link between virus and disease (Fredericks and 
Relman, 1996). This has particularly relevance to PCR screening for known or new 
viruses. For example, a number  of known infectious agents have been implicated in 
the pathogenesis of multiple sclerosis (MS) (Allen and Brankin, 1993; Kurtzke, 1993; 
Challoner et al, 1995; Perron et al, 1997), but none of these associations has been con- 
clusively proved to cause MS (Rice, 1992). 

To look for new members of virus families, degenerate PCR primers can be designed 
to conserved regions of virus genomes at the nucleic acid level or, preferably, can be 
designed to conserved amino acid regions o f  virus proteins based on codon degeneracy 
for each amino acid. The latter cover a much wider variety of nucleic acid sequences and 
are therefore more divergent when used to look for new virus genomes. Many groups 
have published degenerate PCR primers to diverse virus families (Table 24.2). These 
have been used successfully to identify many new viruses ranging from human viruses 
such as GBV-C (hepatitis G virus) (Simons et al, 1995a), SNV (Nichol et al, 1993) and 
HRV-5 (Griffiths et al, 1997), to many animal viruses, pig endogenous retrovirus (PERV) 
(Patience et al, 1997), walleye dermal sarcoma virus (Zhang and Martineau, 1996) and a 
macaque gammaherpesvirus, retroperitoneal fibromatosis herpesvirus (RFHV Mn) 
(Rose et al, 1997). However, the lack of specific controls for all degenerate primers 
means standardization can only be achieved on existing members of virus families, 
thereby not guaranteeing detection of an unknown virus. Again, the problems of inap- 
propriate amplification conditions can lead to the production of many false positives 
or, in some cases, no amplification. It is therefore necessary to optimize carefully degen- 
erate PCR conditions on relevant controls. This usually requires optimization of reac- 
tion buffers and primer annealing temperatures, and often the use of nested or 
seminested PCR strategies. In addition, special amplification techniques such as 'Touch- 
down' PCR can often improve PCR amplification when using degenerate primers (Don 
et al, 1991; Zhang and Martineau, 1996). 

The most recent array of molecular techniques to be adapted for use in new virus dis- 
covery are purely nucleic acid-based and make no assumptions about the nature of the 
viral agent present. These methods have evolved from one aim of molecular medicine, 
which is to identify differences at the nucleic acid level between disease-associated tis- 
sue and normal tissue. These methodologies have in common that one nucleic acid pop- 
ulation ('uninfected' or 'driver') is hybridized in excess with a second population 
('infected' or 'tested') to remove common sequences, thereby enriching target sequences 
unique to the tester. The methods can be broadly divided into physical subtraction tech- 
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niques and PCR-based kinetic enrichment techniques. Each has its own relative 
merits which are ultimately dependent on the nature of the nucleic acid sample to be 
analysed. 

P h y s i c a l  s u b t r a c t i o n  t e c h n i q u e s  

Physical subtraction techniques are applicable only to detecting differences in mRNA 
expression between one cell type and another. Early uses of these techniques simply 
involved the solution hybridization of an excess of driver mRNA with cDNA made 
from tester mRNA. Common sequences present in both samples form cDNA:mRNA 
hybrids, leaving the unique sequences in the tester cDNA unhybridized. The double- 
stranded hybrids are removed by hydroxyapatite chromatography, exploiting the higher 
affinity of hydroxyapatite for double-stranded nucleic acids. The remaining sub- 
tracted cDNA is used to construct a subtracted cDNA library or, if labelled, as an 
enriched cDNA probe for library screening. This method was used in combination with 
immunoscreening to identify the virus associated with Borna disease (Lipkin et al, 1990; 
VandeWoude et al, 1990). Borna disease is an infectious neurological disease that occurs 
sporadically in horses and sheep in central Europe, and may also be associated with cer- 
tain human neuropsychiatric disorders (Bode et al, 1995). 

Modern versions of this technique have been developed that use cDNA libraries con- 
structed in the cloning vector s (Stratagene, La Jolla, USA). The libraries are made 
from driver and tester cell lines or tissue samples (Figure 24.1B). This method has been 
used to isolate rare cDNAs (less than 0.01% abundance) from colon and hepatic carci- 
noma tissue (Schweinfest et al, 1990). The KZap vectors allow the rescue, directly from 
the library, of single-stranded DNA phagemids and DNA (ssDNA) or double-stranded 
DNA plasmids (dsDNA), all containing representative cDNAs. Initial methods made 
use of non-directionally cloned cDNA libraries (Schweinfest et al, 1990). However, 
newer vectors allowing the production of directionally cloned cDNAS can be used in a 
modified version of this technique (Figure 24.1B). 

Both primary cDNA libraries are amplified and approximately 2 million plaque-form- 
ing units of the tester library are used to produce single-strand phage DNA. The same 
amount of driver library is used to produce double-stranded plasmid DNA. In vitro 
transcribed RNA incorporating dUTP-biotin is made from the driver dsDNA using a 
T3 promoter located in the vector. These biotinylated RNAs are complementary to the 
tester ssDNA and are subsequently hybridized to the tester ssDNA. The complemen- 
tary hybrids are removed using streptavidin beads. Multiple rounds of hybridization 
and subtraction can be performed, enriching for rare cDNAs in the tester population. 
Following subtraction the tester ssDNA is made double-stranded and transformed into 
Escherichia coli. This represents the enriched subtracted library which can then be 
analysed further. 

P C R - b a s e d  t e c h n i q u e s  

Representational difference analysis 
Representational difference analysis (RDA) represented the first global approach to the 
analysis of differences between cellular genomes. Although originally developed to look 
for differences between tumour cell genomic DNA and normal cells (Lisitsyn et al, 
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1993; Lisitsyn and Wigler, 1995), it has been adapted to identify differences in mRNA 
expression (Hubank and Schatz, 1994). The technique has been used successfully to 
identify new human viruses associated with Kaposi's sarcoma, namely human herpes- 
virus 8 (Chang et al, 1994) and the viruses GBV-A and B (Simons et al, 1995b), which 
are related to GBV-C/HGV (Simons et al, 1995a; Linnen et al, 1996), associated with 
viral hepatitis. More controversially, RDA has been used to identify human herpesvirus 
6 sequences in plaques from patients with multiple sclerosis (Challoner et al, 1995) and 
cDNA clones from infectious Creutzfeldt-Jakob brain fractions that have no homology 
to any known database sequences (Dron and Manuelidis, 1996). 

Representational difference analysis combines three elements: representation, sub- 
tractive enrichment and kinetic enrichment. The procedure is carried out in two stages. 
The first comprises the preparation of representations for driver and tester DNAs or 
cDNAs. Small restriction fragments derived from the starting nucleic acid are ligated to 
oligonucleotide adaptors and amplified by PCR. The second stage comprises the reiter- 
ative hybridization/selection steps (Figure 24.2A). Prior to hybridization, the oligonu- 
cleotide adaptors used for the initial representation PCR step are cleaved from both 
driver and tester amplicons and a new set of defined but different sequence adaptors is 
ligated onto the 5' ends of only the tester amplicons. After hybridization of tester and 
driver amplicons the mixture of molecules is treated with DNA polymerase. This adds 
a copy of the defined oligonucleotide to both 3' ends of only the self-annealed tester 
DNA fragments. The defined oligonucleotide adaptor/primer is then used during PCR 
of the mixture such that only the tester-annealed DNA fragments can participate in 
exponential amplification to yield a difference product. The cycle of cleavage of old 
adaptors and ligating new adaptors to the difference products, hybridizing with excess 
driver and PCR amplification is repeated two or three times and the final PCR products 
are cloned and analysed further. 

Suppression subtraction hybridization 
Suppression subtraction hybridization (SSH), based on similar principles to RDA, was 
described in June 1996 (Diatchenko et al, 1996). This technique is designed selectively 
to amplify differentially expressed cDNA fragments and simultaneously to suppress 
non-targeted DNA amplification. Like RDA, it can be used on a variety of nucleic acid 
targets (Figure 24.2B), and in both methods representations of both tester and driver 
DNAs are prepared by restriction enzyme digest. Tester DNA is then subdivided into 
two portions and each is ligated with a different oligonucleotide adaptor to the 5' end. 
However, in contrast to RDA, SSH involves two hybridization steps. In the first, an excess 
of denatured driver cDNA is added to each population of denatured tester cDNA. 
Owing to second-order reaction kinetics of hybridization, single-stranded molecules 
corresponding to high- and low-abundance sequences become normalized. Normaliza- 
tion occurs because the annealing process is faster for more abundant molecules and 
results in a proportion of the low-abundance tester cDNA remaining single-stranded. 
During the second hybridization the two primary hybrid samples are mixed together. 
Since the samples are not heat-denatured, only the remaining normalized and subtracted 
single-strand tester cDNAs are able to associate to form new hybrids. These hybrids have 
different oligonucleotide adaptor sequences at their 5' ends. Fresh denatured driver DNA 
is then added to enrich further for the differentially expressed sequences. Following 
hybridization and DNA polymerase end filling, the entire population is PCR amplified 
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with oligonucleotides for both adaptors. Hybrids with the same adaptor at either end 
are suppressed from PCR amplification owing to the formation of panhandle structures 
between the terminally repeated primer sites (Diatchenko et al, 1996). Only hybrids 
with different adaptors at either end are exponentially amplified. A final nested PCR 
with internal common primers allows the cloning of the difference products and analy- 
sis. This method has not yet been used for virus identification, but like RDA it has enor- 
mous potential. 

Differential display 
Differential display reverse transcription PCR (DD-RTPCR), described by Liang and 
Pardee (1992), is only applicable to differences in mRNA expressed between cells and is 
essentially semirandomly primed PCR. This method is based on the assumption that 
every individual mRNA molecule can be reverse transcribed and amplified by PCR. 
Using the original principles described, DD-RTPCR has now been further developed 
and refined (Ayala et al, 1995) (Figure 24.2C). 

Four composite 3' primers containing a 10 base common sequence at the 5' end fol- 
lowed by polyT and ending with a mixed base (A, C or G) plus a 3' fixed base were 
designed. One such improved primer set is illustrated in Figure 24.3 (Ayala et al, 1995). 

These primers are used to prime first strand cDNA synthesis of the driver and tester 
mRNA or total RNA. In addition, composite arbitrary primers containing the sequence 
CGTGAATTCG added to the 5' end of different random 10-mer sequences were also 
designed. These are then used with the 3' primers in a radioactively labelled PCR reac- 
tion involving initial low-stringency cycles followed by high-stringency cycles. The PCR 
products are resolved on either native or denaturing polyacrylamide gels. Differentially 
expressed or novel mRNAs are represented by specific bands in the tester tracks of the 
gels compared with the driver. The greater the number of different 5' arbitrary primers 
used, the higher the chance of observing differences. However, as each new 5' primer 
produces eight PCR reactions (four for tester and four for driver), numbers can become 
limiting. Any differentially displayed band is excised from the original gel, reamplified, 
cloned and studied further. Like SSH, DD-RTPCR has yet to result in the identification 
of a new virus. 

N E W  VIRUS DISCOVERY 

The right combination of difference methods needs to be used for the variety of sam- 
ples that are likely to arise in new virus discovery. If the biological samples available are 
cell-free, the choice of methods is limited. With no knowledge of the nature of the viral 
genome (i.e. DNA, positive-sense RNA or negative-sense RNA), only degenerate PCR, 
RDA or SSH methods are applicable. For infected cell lines or tissue samples, all meth- 
ods are applicable. Again, if the nature of a new viral genome is not known, the most 

5' CGGAATTCGGT~2 MA (M = A, C or G) 
MC 
MG 
MT 

Figure 24.3 Improved primer set for DD.RTPCR 
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global method of analysis would be to study new mRNA species. The use of physical 
subtraction methods requires a relatively abundant supply of polyA+ mRNA which 
may limit the technique. However, since this method avoids PCR and thus PCR conta- 
mination, a problem in all of the PCR-based methods, it is still very useful. Another dis- 
advantage of the physical subtraction method is the requirement for cDNA libraries, 
which are costly and time-consuming to make. 

Both RDA and SSH have the disadvantages of requiring complex restriction digests, 
primer ligations, hybridization and PCR. Contamination with common laboratory 
DNA at the initial stages can lead to false positive clones. In addition, failure at any one 
stage can lead to no difference PCR products or false-positives which are impossible to 
control for when working with authentic samples. The RDA method is time-consuming 
compared with SSH, and SSH also requires less initial tester and driver nucleic acid 
than RDA. However, like DD-RTPCR, SSH has yet to be proved in the field of new 
virus discovery. 

Differential display is very sensitive and prone to false positives, although no more so 
than other subtractive methods (Wan et al, 1996). The method also has the disadvantage 
of primer dependency for PCR amplification. Owing to the use of polyT primers DD- 
RTPCR does not allow detection of positive-sense virus genomes with alternative tails 
to polyA. However, it is possible to design and use alternative polynucleotide primers 
to cover such diverse virus groups. Overall, DD-RTPCR is quick and provides a quali- 
tative result of the differences between two samples. 

Following the identification of a candidate clone, further analysis to characterize 
whether the candidate is truly exogenous in origin is required. Northern and Southern 
blot analysis and/or PCR should reveal whether a clone is exogenous. Analysis of open 
reading frames should show whether the clone encodes for any known homologous pro- 
tein and whether these are related to known viruses. However, as with many major 
advances in technology, sequenced-based approaches for new virus identification can 
lead to misleading conclusions. In particular, proving the link between a disease and an 
unculturable virus identified from nucleic acid sequences has stimulated much debate. 
This has led to the formation of revised guidelines for defining the causal relationship 
between a virus and a disease (Fredericks and Relman, 1996). The presence of viral 
sequences within disease tissue in the absence of other corroborating data is insufficient 
to prove that a new virus causes a particular disease. Detection of viruses may reflect 
either the presence of virus in surrounding cells and tissues, or the ability of a virus to 
replicate within the microenvironment of the disease tissue, rather than the virus caus- 
ing the observed disease. In the example of hantavirus pulmonary syndrome, layers of 
evidence are compiled to reach the conclusion of disease causation. The opposite has 
been true for HGV. Following the virus discovery, the accumulation of more data now 
indicates that the virus is not the cause of hepatitis in humans but rather is a virus from 
a subgroup of individuals in whom it causes no apparent disease (Alter et al, 1997a,b). 

The list of diseases with possible microbial aetiology is still large and new pathogens 
are likely to be identified for some of these by the molecular biological methods 
described. Specific diseases such as Kawasaki syndrome (Kawasaki et al, 1974), sar- 
coidosis (Newman et al, 1997) and multiple sclerosis (Allen and Brankin, 1993), as well 
as more general disease groups, such as neurodegenerative disorders, forms of arthritis, 
inflammatory bowel disease, autoimmune disease and certain cancers, may have an 
infectious origin. What  may make new aetiological agents hard to define will be those 
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agents that are part  of a multifactorial origin of disease. Disease may result from multi- 
ple viral exposure, as is the case for dengue fever. Alternatively, viruses may act as trig- 
gers for a disease, or cause disease following long-term chronic asymptomat ic  infections. 
Clearly, molecular  biological approaches should help unravel the causes of many pre- 
existing diseases, while also enabling the rapid identification of any new, virulent, emerg- 
ing infectious disease. 
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