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CHAPTER |

INTRODUCTION

Foot and mouth disease (FMD) is an acute, highly contagious and economically
devastating viral disease of cloven-hoofed animals. It plays an important role in livestock and
causes economic loss due to lower production and international trade restriction. Currently,
this disease is present in two-thirds of the OIE (Office International des Epizooties) member
countries where it creates severe economic problems and provides a reservoir of virus ready
to spread into virus free areas. A recent study on the economic impact of a FMD outbreak in
the United States concluded that larger impact of this disease caused the loss of export
markets and consumer fears (Paarlberg et al., 2002). Similar conclusions have been reported
from an outbreak of FMD in Thailand (Linchongsubongkoch, 2003).

Foot and mouth disease virus (FMDV) is divided into 7 distinct serotypes (A, Asial,
C, O, SAT1, SAT2 and SAT3) based on complete loop of cross protection. Type O, A and
Asial are considered as endemic serotypes in domestic animals in Thailand (Office
International des Epizooties, 2005) and the most of FMDV infection in pig is FMDV type O
(Knowles et al., 2005). In Thailand, a nationwide FMD epidemic is ongoing under control
strategies. The number of FMDV type O infected pig was 261 pigs and dead pigs was 111
pigs in 2004 (Department of Livestock Development: DLD, 2004% 2004°). In 2005, the
number of FMDV type O infected pig was 349 pigs and dead pigs was 12 pigs in 2005 (DLD,
2005% 2005°; 2005°). There was no officially reported in 2006 (DLD, 2006). However, the
number of FMDV infected carrier pig-has never been reported-in Thailand and a little known

about the study of FMD typing from field isolated samples.

FMDV is a single-stranded RNA virus belonging to the genus Aphtovirus in the
family Picornaviridae. This genus also includes equine rhinitis A virus (ERAV), previously
known as equine rhinovirus type 1 (Hartley et al., 2001). Like other picornaviruses, FMDV
genome consists of single-stranded linear RNA with an approximate size of 8 kb (Forss et al.,
1984; Kweon et al., 2002). The RNA of FMDV has a single open reading frame (ORF)
encoding one long polypeptide that is processed to 12 viral proteins. Among the viral proteins
induced by FMDV infection, four proteins (VP1-4) are the major subunit of viral capsid.
Although the other proteins like L, 2A—C and 3A-D are not part of capsid structure, they also



induce antibody responses in infected animals (Berger et al., 1990; Diego et al., 1997;
Lubroth and Brown., 1995; Malirat et al., 1998; Rodriguez et al., 1994; Silberstein et al.,
1997)

There are three particular features of FMD which make rapid, sensitive, and specific
laboratory tests essential for diagnosis. Firstly, it is the most contagious disease of cloven-
hoofed animals; hence it has the potential for explosive spread in susceptible livestock
populations. Secondly, it is acknowledged as the most serious constraint to international trade
in livestock and animal products. Thirdly, other viruses can produce symptoms which are
clinically indistinguishable from FMD. Therefore, necessary laboratory investigation for a
definitive diagnosis is required (Reid et al., 2001). Traditionally, primary virus diagnosis of
FMD is carried out by complement fixation test (CFT) or by enzyme linked immunosorbent
assay (ELISA) on epithelial tissue suspension or vesicular fluid of clinical samples. These
suspensions are simultaneously inoculated into cell culture and the specificity and serotype of
isolated viruses is further established by the CFT or the ELISA, sandwich ELISA for FMDV
typing and liquid phase block ELISA for screening of FMDYV antibody titer. However, these
diagnostic methods cause delay many times, have high cost, and need intensive labor. Recent
advances in molecular biology have resulted in the development of techniques such as
reverse-transcriptase polymerase chain reaction (RT-PCR) for detection of FMD genomic
RNA in culture fluid or in clinical samples (Remond et al., 2002). Although various protocols
have been tested, none of them is separately used for primary diagnosis but for conjunction

with the standard methods.

FMD Vaccine is used for control outbreaks of disease and is a dead preparation of
whole virus particles in an oil or aluminum hydroxide/saponin adjuvant. There will be no
replication of the virus following vaccination, and the vaccinated animal will develop
antibodies to structure of viral capsid proteins. Some.of virus can neutralize, and protect it
from ‘subsequent infection. There is no viral replication and no expression of the non
structural proteins (NSPs). The animal will not develop antibodies particularly against 3D to
those proteins. Although some vaccines contain low levels of these NSPs depending on the
manufacturing process, those vaccines stimulate low antibody response to the NSPs
especially more obvious in multiply vaccinated animals. The 3D gene encodes for the viral
polymerase, and antibody response to this protein were detected in the agar gel immuno-

diffusion VIAA (virus infection associated antigen) test (Kitching, 2004).



Recombinant antigens are brought into attention because of their specificity and
reproducibility of quality of prepared antigens. Recombinant antigen based on serologic tests
are widely used in screening for FMDV infection in cattle, but use of recombinant proteins
for serodiagnosis of FMDV in pig has not been widely investigated. Many diagnostic tests
have been developed to distinguish infected animals from vaccinated animals
using detection of antibodies to the NSPs especially in 3ABC gene (Kweon et al., 2003;
Official of Agricultural commodity and food standard, 2004). It is also known that currently
available inactivated vaccines mainly consist of capsid proteins and induce weak antibody
responses to NSPs in vivo after vaccination, whereas infected animals produce antibodies to
both structural and NSPs proteins (Diego et al., 1997; Mackay et al., 1998). Assays
demonstrating antibodies against NSPs have potential to differentiate infected animals from

those of merely vaccinated animals (Sorensen et al., 1998; Clavijo et al., 2004°).

Furthermore, Clavijo et al. (2004") reported that antibody response to 3ABC protein
in cattle, sheep and pigs was detected as early as 7 dpi. Eble et al. (2007) reported antibody
response to 3ABC protein was detected in 8 dpi in vaccinated pig. The profiling ELISA
showed that antibody response to 3ABC appeared early after infection and antibody to 3ABC
could be detected for longer than antibody to any other NSPs (Mackay et al., 1998). Thus, the
several ELISAs have been developed to distinguish infected animals from those of vaccinated

animals by using 3ABC protein.

The advent of biotechnology has made possible immunoassay to 3ABC recombinant
protein by enabling their production in large quantities through in vitro expression in a variety
of prokaryotic or eukaryotic vectors. A wide range of 3ABC gene had been expressed as
fusion proteins in E. coli or using baculovirus vector in insect cells (Remond et al., 2002).
This research cloned 3ABC gene. into E. coli which had a simple cultivation and large
amounts of recombinant protein but-lacked eukaryotic post-translational modifications
(Turner et al., 2005). Fortunately, the post-translational modification is not nessary for the
3ABC gene (La Torre et al., 1980).

Therefore, the purposes of this research are to clone 3ABC gene of FMDV type O
isolated from a Thai pig in Ratchaburi province in 2005 into a bacterial expression vector, to
study the sequence of 3ABC gene and the possibility of gene variation. The 3ABC gene was
amplified from FMDV cDNA by using polymerase chain reaction (PCR) with primers
specific for 3ABC gene of FMDV type O. The plasmid pET160/GW/D-TOPO containing

sequence of histidine residues was used for constructing a plasmid expressing 3ABC protein.


http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6T96-4CS4TYH-3&_user=591295&_coverDate=09%2F15%2F2004&_alid=507910793&_rdoc=8&_fmt=full&_orig=search&_cdi=5106&_sort=d&_docanchor=&view=c&_acct=C000030318&_version=1&_urlVersion=0&_userid=591295&md5=8876fb51cefe8c2dbca689e7dc8b4430#bib12

PCR product and pET160/GW/D-TOPO plasmid were cut with appropriate enzymes and the
digested products were ligated. The expression plasmid was transformed into E.coli.
Single clone was selected and confirmed by using PCR and DNA sequencing. In addition,
the obtained sequence was compared and analyzed the homology data with the previously
reported 3ABC sequence database from Genbank as follow; O1Campos (Genbank accession
number is AJ320488), O1manisa iso87 (Genbank accession number is AY593823), Taiwan97

i50106/112 (Genbank accession number is AY593835), Tibet/CHA/99 (Genbank accession is
number AJ539138), and UK2001 iso84 (Genbank accession number is AY593836) using
Bioedit Sequence Alignment Editor (Hall, 1999) and MEGA version 4.1 (Tamura et al., 2007)

softwares.

The sequencing data of 3ABC gene is the first report in Thailand. It is compared with
other 3ABC gene of FMDV type O database from Genbank. In addition, both data and
techniques used in this study can be applied to further studies involving cloning of 3ABC
FMDV gene in the other type of FMDV and other virus.



CHAPTER I

REVIEW LITERATURES

1. General characteristics and pathogenesis of FMDV

FMDV is a single-stranded RNA virus belongs to the genus Aphtovirus in the family
Picornaviridae. The only other member of this genus is equine rhinitis A virus (ERAV)
(Grubman and Baxt, 2004). Seven serotypes (A, O, C, Asia 1, and South African Territories
1, 2, and 3) have been identified serologically, and multiple subtypes occur within each
serotype (Bachrach, 1968).

Disease is characterized by fever and vesicular erosion on mouth, tongue, muzzle,
hooves and udder which leads to salivation and lameness (Figure 2.1). The morbility rate is
very high but the mortality rate is low except in very young animals (Linchongsubongkoch,
2003). In young piglets, the infection may be fatal due to myocarditis. Pigs usually become
infected by eat FMDV-contaminated feed, direct contact with infected animals, or by being
placed into areas that had once housed FMDV-infected animals. However, pigs are much less
susceptible to aerosol infection than cattle (Alexandersen et al., 2002), yet they excrete far
more aerosolized virus than cattle or sheep. In cattle, the incubation period is depends on the
amount of infecting virus and route of infection, but it is generally 2 days or more. The
infected animals develop fever, viremia, and lesions on the feet and tongue. Foot lesions are
the most common finding in pigs, while lesions at other sites occur less frequently. Tongue
lesions are usually small and less. noticeable than those of in cattle (Kitching and
Alexandersen, 2002). In young piglets, the infection may be fatal due to myocarditis. Initial
replication of the virus occurs at the site through which virus gains entry, followed by rapid
dissemination ‘t0 most -of the epithelial sites within the animal (Brown et al., 1995).
Interestingly, virus can be found at sites where clinical lesions either are not present or do not
form (Oleksiewicz et al., 2001). While pigs excrete large amounts of aerosolized virus, recent
evidence suggests that much more viral replication takes place in the nasal mucosa than in the
lungs (Grubman and Baxt, 2004).



Figure 2.1 Generalized lesions in pigs affected with FMDV, field cases. A. lesions are
evident along the coronary bands and B. lesions at the snout. Courtesy of Dr. Supol

Luengyosluechakul.

The virus replicates to a high titer in epithelial cells, particularly those undergoing
repair, and consequently lesions may also be seen on the hocks or elbows of pigs being
housed on concrete floor where damage to legs are common. FMDV also destroy the
replicating myocardial cells of young susceptible species, resulting in high mortality from

heart failure.

Susceptible livestock may be infected by FMDV as a result of direct or indirect
contact with infected animals or with an infected environment. When infected and susceptible
animals are in close proximity, the aerial transfer of droplets and droplet nuclei is probably
the most common mode of transmission. Long-range airborne transmission of virus is an
uncommon but important route of infection, requiring-the chance combination of particular
factors, including (1) the animal species, (2) the number and location of the transmitting and
recipient animals, and (3) favourable topographical and meteorological conditions
(Alexanderson-et al., 2003).

Eventhough FMD infected animals are slaughtered, FMDV still alive in these frozen
carcasses until rigor mortis. If some infected products are fed to susceptible species (e.g.
pigs), an outbreak of FMD will be likely to occur. There are remain numerous examples of
FMD outbreaks initiated through ingestion of FMD virus-infected products by pigs (Kitching,
1998); hence countries frequently maintain strict regulations concerning the heat treatment of

pig swill.
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FMDV is particularly susceptible to inactivation outside its host, for example
exposure to high temperatures, drying or where the pH is <6 or >10. When a carcass is
permitted to mature after slaughtering (at 2 °C for 24 h), the lactic acid will kill any virus in
the meat by reducing the pH to <6. No reduction in pH occurs in the glands or bone marrow;
however, with certain safeguards, it is possible to safely import meat off the bone from
countries where FMD is present. Milk from infected animals will also contain large quantities
of live virus, sufficient to infect calves or pigs (if the milk is inadequately heat-treated or not
diluted by uninfected milk). Semen from infected bulls and ova from infected cows may also

be contaminated with live virus (Kitching et al., 2005).

2. Genome organization

The virion is a 140S particle consisting of a single-stranded RNA genome and 60
copies each of four structural proteins (VP1 [1D], VP2 [1B], VP3 [1C], and VP4 [1A]).
The FMDV genome has a basic organization similar to those of other members of the
Picornaviridae, and the nomenclature for the viral proteins was established by Rueckert and
Wimmer (1984). Within the virion, there are small amounts of a cleavage precursor of VP2
and VP4, called VPO (LAB), and one copy of a 23 to 24-amino-acid genome-linked protein,
3B (VPg), covalently bound to the 5 terminus of the RNA (Grubman, 1980).
The organization of the viral genome is shown in Figure 2. The RNA is translated as a single
long open reading frame (ORF) into a polyprotein, followed by a series of posttranslational
proteolytic cleavages to generate both the intermediate and mature structural and NS viral
proteins (Grubman et al., 1984; Robertson et al., 1985).

Based on the initial cleavage products, the genome ORF is divided into four regions
(Figure 2.2). The 5 end, the L-region, which encodes the N-terminal component of the
polyprotein, contains two in-frame AUG initiation codons that result in the generation of two
L proteins, Lab and Lb (Sangar et al., 1987). While both forms of L are synthesized during in
vitro translation of viral RNA (Beck et al., 1983) and in infected cells (Clarke et al., 1985), it
has been shown, by using site-directed mutagenesis, that deletion of the second AUG from an
FMDV infectious clone abolished viral replication upon transfection of the transcribed RNA
into cells, while deletion of the first AUG had no effect on viral replication (Cao et al., 1995).
The L protein, a papain-like protease (L") (Piccone et al., 1995; Robertsand Belsham, 1995),

is autocatalytically cleaved from the polyprotein at its C terminus (Strebel and Beck, 1986).



The L™ also plays a role in inhibition of host protein synthesis and has been identified as a

viral virulence factor.

Directly downstream of the L region is the P1 region of the genome (Figure 2.2),
encoding the four viral structural proteins VP4, VP2, VP3, and VP1. Following the P1 region
is the P2 region (Figure 2.2), encoding three viral NS proteins, 2A, 2B, and 2C, and the P3
region, encoding NSPs 3A, three copies of VPg, 3C"°, and 3D". Historically the 2A region
was considered part of the P2 region; however, genetic and biochemical evidence has shown
that the FMDV 2A peptide is cleaved as a P1-2A precursor (Vakharia et al., 1987). 3C*° is
identified as a viral protease (Klump et al., 1984) and is involved in processing the viral
polyprotein, while 3Dpol is the viral RNA dependent RNA polymerase (Cowan and Graves,
1966; Lowe and Brown, 1981; Newman et al., 1979).
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the genome as described in the text and the partial protein cleavage products.
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3. Function and application of FMDV genes

The FMDV genome is composed of three parts, the 5 untranslated region (5 UTR),
the coding region and the 3" untranslated region (3° UTR) containing a heteropolymeric
segment and a poly (A) tail, which is required for viral replication. FMDV also contains an
internal poly(C) tract within the 5 UTR. After translation, the polyprotein is cleaved into four
primary cleavage products: (1) the amino terminal L protease which cleaves at its own
carboxyl terminus; (2) P1 (VP1, VP2, VP3, and VP4) - 2A, the precursor of the capsid
proteins; (3) 2BC, and (4) P3, which is cleaved to make the replicative or NSPs 3A, 3B, 3C
and 3D, the RNA-dependent-RNA polymerase (Belsham, 1993).

The icosahedral symmetrical viral capsid is assembled from the four structural
proteins, with VP1 being the most important because of its dual function in cell receptor
binding and antigenic determination (Mateu, 1995; Feng et al., 2004) Currently, much
research effort has been focusing on the sequence analysis of structural proteins, especially
VP1, owing to their dominant roles in antigenic/serotype determination (Kitson et al., 1990).
In the intervening years the great deal has been learned about the function of VP1,
the principle target sequence for the development of synthetic vaccines, both in its role as

the receptor binding ligand of the virus and as an antigenic determinant (Rowlands, 2004).

The VP2, VP3 and VP4 gene are the part of viral capsid, which VP4 is a major
protein to stable a viral capsid. L and 2A gene are the major proteinases for hydrolytic
cleavage of the polyprotein (Klump et al., 1984; Strebel and Beck, 1986). VP2, VP3, VP4, L
and 2A protein are not used in any application. The function of 2B gene is amplifying RNA,
inhibit alteration of membrane permeability of cellular exocytosis and rearrange endoplasmid
reticulum. The short hairpin RNA targeted to the highly conserved 2B NSP coding region is
developed to inhibit replication of multiple serotypes-of FMDV (Santos et al., 2005).
The function of 2C gene is formation of vesicles, virus encepsidation and RNA binding in
RNA replication. The 3A gene has been found to be associated with host alteration (Beard
and Mason, 2000; Knowles et al., 2001) and inhibit MHC class | expression (Clavijo et al.,
2004%). The 3B (VPg) gene, also known as the genome-linked protein, may be involved in
priming RNA replication (Wimmer, 1982). The 3C gene is responsible for proteolytic
cleavage of the majority of the cleavage sites in the FMDV polyprotein. The 3D gene, the
viral RNA-dependent RNA polymerase (RdRp), is responsible for both positive- and
negative-sense RNA replication. The recently resolved crystal structure of the poliovirus 3D

and other genetic/biochemical analyses suggest that the polymerase might function as a


http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6WXN-49Y3GWB-1&_user=591295&_coverDate=01%2F31%2F2004&_alid=771464733&_rdoc=1&_fmt=high&_orig=search&_cdi=7163&_sort=d&_docanchor=&view=c&_ct=3&_acct=C000030318&_version=1&_urlVersion=0&_userid=591295&md5=c67b2a444e77cf2cb5df32d880d93173#bbib4
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higher order oligomeric structure (Hobson et al., 2001). The 2C, 3ABC and 3D gene are
applied to develop recombinant protein for ELISA test kit to distinguish FMDV vaccinated

animals from FMDV infected animals.

In addition, the viral proteinases L, 3C and the 2A oligopeptide discussed previously
are the NSPs from the subregion 2BC, with various not well defined functions. The 3A, 3B
and 3D genes are primarily involved in polyprotein processing and viral RNA replication, as

shown in 2.1.


http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6WXN-49Y3GWB-1&_user=591295&_coverDate=01%2F31%2F2004&_alid=771464733&_rdoc=1&_fmt=high&_orig=search&_cdi=7163&_sort=d&_docanchor=&view=c&_ct=3&_acct=C000030318&_version=1&_urlVersion=0&_userid=591295&md5=c67b2a444e77cf2cb5df32d880d93173#tbl1
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Table 2.1 Function and application of FMDV genes (Clavijo et al. 2004%)

Genes Function Application
VP1 location of viral antigenic determinant synthetic peptide FMD vaccine
typing of FMDV
VP2 capsid protein -
VP3 capsid protein -
VP4 major stability of capsid protein -
L host protein synthesis shut off -
protease cleavage
2A protein cleavage (polypeptide) -
2B alteration of membrane permeability short hairpin RNA inhibit
inhibition replication of FMDV
dissociation/rearrangement of endoplasmid
reticulum and Golgi
RNA amplification
2C formation of vesicle recombinant protein antigen for
virus encapsidation ELISA
RNA binding in RNA replication (as 2BC)
3A inhibit MHC class | expression recombinant protein antigen for
inhibition of cellular protein secretion ELISA
virus interaction with host cells and host
range
3B primer of RNA synthesis recombinant protein antigen for
membrane association of replication ELISA
complexes (as 3AB)
3C viral protein processing recombinant protein antigen for
host protein cleavage ELISA
3D RNA dependent RNA polymerase recombinant protein antigen for

stimulation of RNA synthesis ELISA
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Upon infection, FMDV elicits a rapid and broad spectrum humoral and cellular
response that will protect against infection with homologous and antigenically related viruses.
However, immunity to FMDV is thought to be primarily humoral. Infection of susceptible
cattle with FMDYV results in a rapid rise of serum-neutralizing antibody which can be detected
from 4-5 days post-infection and peak at around 28 days. The development of this serum
response coincides with resolution of lesions, termination of viremia and the reduction of
virus excretion (Doel, 1996). For successful clearance of virus, phagocytosis is assisted by
antibody-dependent opsonisation of virus (Rigden et al., 2002). There is evidence of the
importance of T helper lymphocytes in the development of the immune response to FMDV
infection. However, early events after FMDV infection could prevent the expression of MHC
class | peptide complexes on the plasma membrane, which is enhanced by the subsequent
virus-induced shut-off of cellular protein synthesis, resulting in a rapid reduction of class |
expression in the surface of FMDV infected cells. This inhibitory mechanism affects the
presentation of viral peptides by FMDYV infected cells to cytotoxic T lymphocytes (Sanz-
Parra et al., 1998). The immune response to FMDV is affected by host and viral variables.
Host variables include species, breed, age, health, physiological states and FMD immune
status. Viral factors including dose, route, volume and viral strain amongst others affect the
host response to FMDV infection (Doel, 1996). Both structural and non-structural antigens
induce the production of antibodies in infected animals. Infected animals are exposed to NSPs
at the time of cytolysis, which because of the replication strategy of the virus are produced in

equimolar amounts in infected cattle.

In contrast, vaccinated animals which have not been exposed to replicating virus will
develop antibodies only to the viral antigens in the inactivated material. Vaccines consist of
semi-purified, chemically inactivated virus and elicit antibodies principally to structural
proteins. However, some FMDV . vaccines contains NSPs in addition to inactivated virions,
and depending on their concentration,they may induce a detectable immune response.
The virus-infection associated antigen, VIAA, isolated as a crude antigen extract from tissue
culturereacts in agar gel with sera from convalescent animals (Cowan and Graves, 1966).
However, VIAA or NSP 3D is present both in the tissue culture from which vaccines are
prepared (Donnell et al., 1997) and in the viral particle. Therefore, VIAA antibodies are also
present in the sera of vaccinated animals. However, in general no VIAA antibodies are
detectable following the initial vaccination, but are not unusual in the sera of animals which
have been given multiple vaccinations. This immune response usually disappears within
60-90 days post-revaccination as detected by AGID or 90-180 days post-revaccination when

ELISA-3D is used (Donnell et al., 1997). As a consequence, other groups have made efforts
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to identify antibodies to the NSPs which could provide a more reliable indicator of infection.
In a series of experiments, Berger et al. (1990) analyzed bovine hyperimmune, convalescent
sera for FMD-specific antibodies. The sera clearly differed from post-vaccination sera by
their capacity to precipitate NSPs 3AB and/or 3C, 2C, and occasionally 3A and 2B. It was
concluded that animals which had recovered from FMD would be identified by the presence
of antibodies to NSPs. Simultaneous detection of at least two NSP antibodies (excluding the
NSP 3D) would be sufficient to demonstrate viral replication (Berger et al., 1990). Further
experiments found that the presence of antibodies to the 2C protein, and to a lesser extent to
the polypeptide 3ABC, could be used to differentiate the potential carrier convalescent animal
from the vaccinated animal and antibodies response to the 2C protein could be detected in
cattle up to 365 days after infection (Lubroth and Brown, 1995). The absence of 2C
antibodies from the sera of vaccinated animals was explained by the association of this viral
protein with cellular debris which is separated from the virus harvest prior to inactivation of

the supernatant for vaccine production (Lubroth et al., 1996).

4. The study of NSPs

The diagnostic challenge is to distinguish infected animals, either vaccinated or
unvaccinated, from those that have been only vaccinated against the disease since both groups
have neutralizing antibodies in their sera. Several ELISAs have been developed to distinguish
infected animals from those that have been vaccinated, all based on the detection of
antibodies to the NSPs of FMD virus (Table 2.2). Tests to detect antibodies to the polyprotein
3ABC have so far been the most successful. This virus specific NSP has been produced either
in recombinant E. coli (Strebel and Beck, 1986) or in insect cells infected by appropriately

recombinant baculovirus (Sorensen et al., 1998).


http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6WXN-49Y3GWB-1&_user=591295&_coverDate=01%2F31%2F2004&_alid=771464733&_rdoc=1&_fmt=high&_orig=search&_cdi=7163&_sort=d&_docanchor=&view=c&_ct=3&_acct=C000030318&_version=1&_urlVersion=0&_userid=591295&md5=c67b2a444e77cf2cb5df32d880d93173#tbl2
http://www.sciencedirect.com/science?_ob=ArticleURL&_udi=B6WXN-49Y3GWB-1&_user=591295&_coverDate=01%2F31%2F2004&_alid=771464733&_rdoc=1&_fmt=high&_orig=search&_cdi=7163&_sort=d&_docanchor=&view=c&_ct=3&_acct=C000030318&_version=1&_urlVersion=0&_userid=591295&md5=c67b2a444e77cf2cb5df32d880d93173#bib62
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