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SUMMARY - Stone fruits are affected by many viruses which are routinely detected by
serological methods. The paper focuses on ELISA and other serological techniques reviewing
reports for Trichoviruses, Potyviruses, Ilarviruses, and Nepoviruses affecting stone fruits.
Diagnostic problems that disturb the reliability of ELISA results are also discussed.
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RESUME - Les essences a noyaux sont affectées par bon nombre de virus qui sont détecés par des
méthodes sérologiques de routine. Dans le présent travail, I'accent est mis sur I'ELISA et d'autres
techniques sérologiques, en passant en revue les Trichovirus, les Potyvirus, les Ilarvirus et les Nepovirus
signalés sur les essences A noyaux. On discute également les problemes qui inerférent avec la fiabilité des
résultats de I’ ELISA.

Mots-clés: essences d noyaux, sérologie, ELISA, virus des végétaux, certification des plantes.

I — Introduction

Serology is a traditional technique for virus detection, and based on the use of antibodies,
proteins of the immunoglobulin type, raised in animals and capable of specific binding to
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antigens. Early serological research was of great importance in identificating and classifying
viruses, but, in the case of woody plants, they lacked the sensitivity for routine diagnosis. A
tremendous improvement in sensitivity was achieved with the development of
immunoenzymatic techniques, i.e. ELISA (enzyme linked immunosorbent assay), which
employs antibodies conjugated to an enzyme, to greatly amplify and signal the presence of
amounts of viral antigens.

The potential application of the serological diagnosis was limited for which viruses specific
antibodies were produced. Consequently only known viruses, not diseases of unknown
origin, can be detected by serology. Moreover, since the antigenic properties reside in the
coat proteins, viroids cannot be detected by this means.

IT - Serological methods

1. ELISA

ELISA is a diagnostic techniques utilised for identifying plant viruses. The presence of viral
specific antigens in infected sap is detected through a colorimetric reaction, that develops
because of the reaction of an enzyme (alkaline phosphatase or horseradish peroxidase)
conjugated to antibodies in the presence of an appropriate substrate (paranitrophenylpho-
sphate or tetrametylbenzidine, respectively). Among several variants of ELISA (Fig. 1), DAS
(double antibody sandwich) ELISA is a standard procedure. Schematically, viral antigens are
first trapped by virus-specific antibodies coating the internal surfaces of polystyrene wells,
and, then, covered by enzyme-conjugated virus antibodies. Finally, the addition of the
substrate induces a colorimetric reaction in the presence of the antigen-enzyme antibody-
conjugate complex.

The success of ELISA, adopted in most diagnostic laboratories, is due to the numerous
advantages that this technique offers in comparison with others (Clark and Bar Joseph,
1984). For example:

0O sensitivity for detecting very small amounts of virus, i.e., antigen concentrations of 1-10
ng/ml;

0O speed of reaction - results are usually available within 6-24 hr;

O scale of operation - several hundred samples can be readily handled, either individually
or in groups;

0O use with plant extracts and purified virus preparations;
O specificity for differentiating serotypes;

O suitability for both intact and fragmented virions of different size or morphology;
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O possibility of obtaining quantitative measurements;

0 possibility of automation and of standardising tests by the production and availability of
commercial kits;

O low cost and relatively long shelf life of reagents;
0 basic requirement for accessory equipment and supplies;
O economical technique.

ELISA has been applied to viruses of stone fruit trees since its first introduction into plant
virology in 1976. The first approach was with arabis mosaic virus (ArMV) and plum pox
virus (PPV), representatives of isometric and filamentous viruses, respectively (Voller ef al.,
1976; Clark et al., 1976). The technique was applied later to the majority of the viruses for
which antisera were already available.

Up to now, almost 30 viruses are reported as actual or putative agents of diseases affecting
stone fruits. Considering that some occur only in North America, there are still 16 viruses .
(Tab. 1) for which tests have to be done for the production of certified plant propagating
material in the EPPO countries. These include members of the Trichovirus (ACLSV);
Potyvirus (PPV); llarviruses (ApMYV, PDV and PNRSV); Nepoviruses (ArMV, CLRV, CRLY,
MLRSV, RRSV, SLRSV, TBRV ands TomRSV); Foveavirus (CGRMYV) Closterovirus (LCV)
and, Tombusvirus (PeAMV) groups.

The above viruses, belonging to different genera or families, possess different antigenic
properties and, consequently, induce the production of antisera and serological reagents
characterised by different levels of sensitivity that, in some cases, are of low diagnostic
power. This aspect, together with others important parameters, as in the choice of sampled
tissue and the season samples are collected, are of major importance in order to consider the
ELISA results as be reliable and satisfactory the evaluation of the sanitary status of plants.

1.1. Monoclonal antibodies (MAbs)

For the absolute majority of viruses that have been isolated, purified, and characterised as
causal agents of a disease, serology was performed using polyclonal reagents and more
recently, monoclonal antibodies. Monoclonal antibodies have been produced against several
stone fruit viruses (Halk et al., 1982a, b; 1984; Hsu, 1985; Poul and Dunez, 1989; Cambra et 4l.,
1994; Boari et al., 1998b; Myrta et al., 1998). Particularly important was the possibility to
identify and differentiate between virus strains of PPV with strain-specific monoclonal
antibodies (Cambra et al., 1994, Boscia et al., 1997; Boscia et al., 1998b; Myrta et al., 1998;
Navratil et al., 1998). Beside obvious advantages of monoclonal antibodies (e.g. specificity,
unlimited production, reproducibility of results, easier immunization, possible utilisation of
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mix infected virus sources) these reagents should not be used exclusively. The reason for this
is because of its extreme specificity and some false negatives may be realised. A good
example concern PDV and PNRSV, due in part to a high level of serological variability
among virus isolates, can not be safely detected by single monoclonal antibodies, unless
appropriated cocktails are used (Boari ef al., 1998b).

1.2. Artificial polyvalent antisera

To overcome limitations of strain specific antibodies, polyclonal antisera to several different
strains may be mixed (polyvalent antisera) (Koenig et al., 1979; Uyemoto, 1980).

Thus, several viruses will detected simultaneously by using polyvalent antisera (Cambra et
al., 1983), and its sensitivity was not compromised, if similar conditions were required for the
reliable detection of the different viruses (James, 1997).

2. Other serological techniques alternative to ELISA

2.1. Dot Immunobinding Assay (DIBA)

DIBA has the same sensitivity of ELISA and need very little equipment. It is based on the use
of membranes (nitrocellulose or other) in place of plates used for ELISA, and eliminate the
need for a plate reader (Makkouk ef al., 1993; Poggi Pollini et al., 1993).

2.2. Tissue blot immunoassay

While it may not always reach the same sensitivity as ELISA and DIBA, tissue imprinting is
remarkably rapid (sample grinding and preparation used virtually eliminated) and, as DIBA,
it can be performed with little equipment. In addition, tissue imprinting can provide data on
virus localisation within plant organs (Makkouk et al., 1993; Knapp et al., 1995).

I1I - Stone fruit viruses
1. Trichoviruses

1.1. Apple chlorotic leafspot virus (ACLSV)

This virus is of medium immunogenic power and detectable by serological tests, mainly
ELISA or immuno-tissue imprinting (Knapp ef al., 1995). Immuno electronmicroscopy has
been used for ACLSV detection also (Kerlan ef al., 1981; Kalashjan and Lipartia, 1986).

In detecting ACLSV by ELISA with the diversity of its isolates, difficulties were encountered
stemming from virus low particle stability and low concentrations. To overcome this
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difficulty, Flegg and Clark (1979) modified the DAS technique by incubating the enzyme
conjugate with the sap instead of adding it sequentially. The modified version of the ELISA
technique for detecting ACLSV, (Flegg and Clark, 1979), was used successfully by other
researchers (Fuchs ef al., 1979; Fuchs, 1980, 1982, 1983). However, Detienne et al. (1980) failed
to detect ACLSV in apricot, using the same modified procedure. Positive reactions were later
obtained with apricot extracts in the presence of stabilising agents and nicotine to neutralise
plant tannins.

According to Fuchs (1980, 1982), the concentration of ACLSV in apple trees increase
beginning in March and reach its maximum titers by May and June. ACLSV was detected by
ELISA in September using extracts prepared from forced buds also. Detienne et al. (1980)
detected ACLSV under field conditions in September using special buffers.

There are considerable differences in the virus concentration between tissues of different
plant parts. Fuchs (1980, 1982) recommended to test flower petals for the detection of ACLSV
in ELISA, whereas Llacer et al. (1985) suggested fruit tissue. Barba and Clark (1986) reported
an erratic distribution of ACLSV, with leaves at the base of the branches containing more
virus than apical ones. They found that extracts from one or two year-old wood was the most
reliable tissue for assay, particularly later in the season.

Although ACLSV has a high degree of symptomatological variability, its antigenic properties
appear to be very stable and polyclonal reagents detect all known sources of the virus. Any
differences in antigenic properties of various strains had not posed any problem and does
not require polyvalence of polyclonal reagents. Therefore, the serological assays for ACLSV
called for the production and use of monoclonal antibodies (Poul and Dunez, 1990;
Malinowski et al., 1997).

2. Potyvirus

2.1. Plum pox virus (PPV)

PPV (causal agent of Sharka) infects many cultivated and wild Prunus species and is one of
the most serious virus disease of Prunoideae. Severe symptoms develop in plum, apricot
and peach. Recently, PPV was found in sweet and sour cherry (Crescenzi et al., 1994;
Kalashjan et al., 1994). Currently, four distinct strains of PPV have been characterised, with
differences in their biological, serological, molecular and epidemiological properties. The
strains include Marcus (PPV-M), Dideron (PPV-D), El Amar (PPV-EA) and Cherry (PPV-C)
(Pasquini and Barba, 1997; Candresse et al., 1998; Boscia et al., 1998a). PPV-M, endemic in
South-Eastern Europe, spread rapidly, particularly in peach orchards. Virus isolates of this
strain lack the site Rsa I, present in PPV-D (Candresse ef al., 1994). Candresse et al. (1995) had
designed serotype-specific primers for M and D strain. PPV-M was also differentiated from
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PPV-D by differences in coat protein subunits mobilities (38 KDa) in SDS-PAGE (Adamolle,
1993; Pasquini and Barba, 1994). PPV-D was common in apricot and plum orchards, and rare
in peach. Candresse et al. (1994, 1995) identified the strain by enzymatic digestion and by
serotype-specific primers. PPV-EA strain was isolated from apricot in Egypt. This isolate
showed high level of heterogenity in the nucleotide and amino acid sequences compared to
other isolates. Hammond ef al. (1998) designed primers based on Nib (replicase) sequences
and differentiated PPV-M from PPV-EA. The PPV-C isolates were identified by RFLP of PCR
products (Nemchinov and Hadidi, 1996, Hammond et al., 1998), and with RNA probes
specific to PPV-C (Nemchinov et al., 1996), and strain-specific primers (Nemchinov and
Hadidi, 1997).

PPV has good immunogenic power and detection by ELISA (using polyclonal or, more
recently, specific monoclonal antibodies) had been used since 1977 (Dunez, 1977; Polak, 1988;
Pasquini et al., 1995).

By tests for PPV, Nyuijto et al. (1985) obtained amplified sensitivity by ELISA using avidin-
biotin reagents. The method was successfully used for testing apricot, peach, and plum seeds
for the presence of PPV (Németh and Kolber, 1983).

In addition to polyclonal antibodies, MAbs are now being used for rapid, reliable
identification of PPV strains. In fact, one antibody source (MADb5B) was specific for a
common antigenic determinant present on all isolates of PPV (Cambra et al., 1994). To
identify isolates to a PPV group, four Mabs, which are specific for four strain-specific
antigenic determinants: e.g. MAb4DGS5 for PPV-Dideron (Cambra et al., 1994), MAbAL for
PPV-Marcus (Boscia et al., 1997), MAbAC for PPV-Cherry (Boscia et al., 1998b), and
MADBEA24 for PPV-El Amar (Myrta et al., 1998) are available.

PPV concentration in leaves was highest in May and June. Later, virus concentration was
higher in lower leaves than in terminal ones (Németh and Kélber, 1980). PPV was detected in
leaves, flowers, fruits, bark and roots (Clark et al., 1976; Adams, 1978, Dosba et al., 1986;
Llacer et al., 1986; Adams ef al.,, 1998). This assessment was largely influenced by the host
species and the buffers used (Dunez, 1977). Dosba et al. (1986) found that assays of peach
trees were most reliable using bark of one or two-year-old twigs and in young shoot leaves.
On apricot trees, PPV was detected in flowers and very young shoots, and in late summer in
leaves.

In PPV testing it must be remembered that virus is unevenly distributed in infected tree and
so infected and virus-free areas can be found not only within the same leaf but also within
the tree because only some branches may be infected (Dunez, 1977; Casper, 1979). Hamdorf
(1983) detected PPV in leaves after appearance of symptoms in 9 to 12-year-old, originally
virus-free mother trees. A thorough analysis of an adult tree with PPV demonstrated the
uneven distribution of the virus: over 55% of 700 samples from the tree resulted ELISA
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negatives. In contrast, 15% were negative when the same collections were tested by
molecular hybridisation, suggesting of low virus titer i.e. below detection threshold of ELISA
(Varveri et al., 1988). To minimise sampling errors we suggest collecting three samples per
quadrant: this is obviously a rather cumbersome procedure as it means taking and analysing
different samples per tree. These observations indicate that even a very sensitive method like
ELISA can not guarantee freedom from PPV.

Immuno tissue imprinting was also used in host resistance studies (Dicenta and Audergon,
1994; Knapp et al., 1995). Immunoelectron microscopy can be utilised also (Noel et al., 1978;
Kerlan et al., 1981; Himler et al., 1988).

3. Harviruses

llarviruses can be detected by ELISA. However, it has been noted (Boari ef al., 1998b; Fulton,
1968) that there is a great serological variability, especially with PNRSV and PDV.

3.1. Apple mosaic virus (ApMYV)

ApMYV was routinely detected by ELISA (Clark et al., 1976; Voller et al., 1976; Thresh et al.,
1977; Barbara et al., 1979; Korpraditskul et al., 1979; Hardcastle and Gotlieb, 1980; Torrance
and Dolby, 1984).

ELISA detection can be done throughout the growing season in individual samples of young
leaves or twigs with newly formed buds, and less readily in mature leaves after June
(Torrance and Dolby, 1984). However, virus detection was easiest from mid-April to mid-
June (Fuchs, 1980).

There are considerable differences in virus concentration between tissues of several plant
parts. As with ACLSV, Fuchs (1980, 1982) recommended the flower petals for direct ELISA
in assaying for ApMV.

Studies made with monoclonal antibodies in two different laboratories (Pasquini and Barba,
1991; Boari et al., 1998b) indicated that the serological properties of the ApMV population
were highly stable and, consequently, single MAbs were suitable for routine detection.

3.2. Prune dwarf virus (PDV)

PDV was also detected by serological tests, i.e. ELISA (Casper, 1977; Torrance and Dolby,
1984; Mink and Aichele, 1984a). ELISA detection of PDV was reported in germinated Prunus
avium seeds (Casper, 1977), and is used in routine testing of seedlings for PDV and PNRSV of
P. avium, P. mahaleb, P. cerasifera, and P. persica (Mink and Aichele, 1984a).
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Protein A-ELISA (PAS ELISA) was developed by Cooper ef al. (1986) for CLRV and PDV
diagnosis in cherry seeds. The test provide a quick assessment of seed lots, requiring issue of
phytosanitary certificates. DASI-ELISA with monoclonal antibodies was applied to study
seed transmission of PDV in Prunus mahaleb also (Boari et al., 1998a).

In plum and sweet cherry, PDV was detected during the whole vegetation period in young
leaves or in newly formed buds (Torrance and Dolby, 1984).

PDYV isolates were characterised by great serological variability. Boari et al. (1998b) identified
36 different serogroups in 128 isolates originated by different Prunus species. Consequently,
if monoclonal antibodies were used for PDV assays, would be advisable to prepare
appropriate cocktails (mixtures of MADbs) to reduce risks of false negatives.

3.3. Prunus necrotic ringspot virus (PNRSYV)

ELISA was widely used for the detection of PNRSV in tissues collected early in the
vegetation period (Thresh ef al., 1977; Barbara et al., 1978, 1979; Barbara, 1980; Thomas, 1980;
Mink and Aichele, 1984 a, b; Torrance and Dolby, 1984). The method was also used in assays
of seedlings of P. avium, P. mahaleb, P. cerasifera, and P. persica (Mink and Aichele, 1984a). A
specific study carried out by Torrance and Dolby (1984) ascertained that PNRSV can be
detected in plum during the whole vegetation period in young leaves or in newly formed
buds. The sensitivity of DAS-ELISA was ten-fold increased when an amplification of the
enzyme reaction was applied (Varveri, 1994). Immuno tissue imprinting effectively detected
PNRSV as well (Knapp et al., 1995).

Different serological strains of PNRSV occur (Casper, 1973; Mink et al., 1987), and care must
be given when using MAbs. Because of its high specificity, false negative results may be
realised. Boari et al. (1998b) had identified 17 serological variants among 38 isolates tested.
Consequently, as done for PDV, and when using MAbs, the adoption of cocktails must be
considered. In the past, high specificity of polyclonal reagents was also reported. But, it led
to erroneous identification of one isolate, initially classified as PNRSV, but later as ApMV.

4. Nepoviruses

Nepoviruses, in general, are good immunogenics and can be readily detected by ELISA
(Clark et al., 1976; Korpraditskul et al., 1979; Voller et al., 1976; Gyodrgy, 1979; Thomas, 1980,
Dunez, 1977, Gonsalves, 1979; Lister ef al., 1980; Parish and Converse, 1981; Bitterlin et al.,
1984; Hoy and Mircetich, 1984; Hoy et al., 1984; Powell, 1984; Powell et al., 1984; Bitterlin and
Gonsalves, 1986).
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Protein A-ELISA (PAS-ELISA) was developed by Cooper et al. (1986) for CLRV assays of
cherry seeds. This test provide a quick assessment of seed lots requiring the issue of
phytosanitary certificates.

Different serological strains of TBRV have been reported (Kerlan et al.,, 1982). Antigenic
differences may lead to a strong specificity of polyclonal reagents.

Many authors reported ELISA detection of tomato ringspot virus (TomRSV). However, the
virus was irregularly distributed in some hosts. Lister ef al. (1980) reported that TomRSV was
detected by ELISA in apple trees most easily in leaf- and bark extracts of root suckers and
peach trees in root extracts. Bitterlin et al. (1984) showed, in apple trees that this virus was
detected more consistently in leaves, slightly less in the bark, and erratically in the roots.
Towards the end of the growing season, the reliability of the assays decrease. Bitterlin and
Gonsalves (1986) found the distribution of TomRSV in peach trees to be irregular but mostly
concentrated at and below the soil line.

5. Closteroviruses

Initially defined by transmission on sensitive cherry varieties (Van or Sam), a closterovirus
was recently identified in trees affected with “little cherry” disease and serological or
molecular assays were developed for the associated closterovirus (Eastwell et 4l.,1996).
However, for now, the association of this closterovirus to the “little cherry” disease is
basically related to the strict correlation between the presence of the virus and the presence
of symptoms.

6. Foveaviruses

A RT-PCR system for the detection of cherry green ring mottle virus (CGRMV) was
developed (Zhang et al., 1998). No serological assays are currently available.

7. Tombusviruses

Petunia asteroid mosaic virus (PeAMYV) was unevenly distributed within diseased trees. The
virus was restricted to the symptom-bearing tissues in the different plant parts tested (leaves,
fruits, young twig-tips, bark). Trees showing few or no symptoms of the disease were often
negative in ELISA test. Therefore, reliable indexing for latent infections with PeAMV by
means of serology is not possible at the moment (Diekmann and Putter, 1996).
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IV- Diagnostic problems

1. Sampling

The nature of the sampled tissues has great influence on the results. Old leaves, often rich in
tannins and oxydative substances, should be avoided. For imported samples, the materials
often consists of dormant budwood (Babovic and Bulajic, 1995). Sanitary controls may be
done in three ways: i) bioassays by bud and graftings onto rootstocks for further testing; ii)
force dormant buds to sprout and assay fresh tender tissues; and iii) direct analysis of the
bark. Although virus concentrations in dormant material may be low, laboratory based
assays can be done with a certain amount of success.

2. Uneven distribution of the pathogen in the infected plant

This phenomenon was frequently encountered with many viruses infecting stone fruits. Not
only when virus was localised around a point of infection, but also in classical systemic
infections, when the virus was unevenly distributed and/or present in variable
concentrations in the plant. This happens frequently in woody plants and true for PPV, but
apply to other viruses as well.

3. Grouping of samples

Currently, ELISA is the method for routine testing of large numbers of samples or group test
of different samples. According to Torrance and Dolby (1984) the sampling date influences
also the efficiency of group-test results. For example, PDV was detected in 1/40
(infected/total leaves) cherry leaves in April and May and plum leaves up to July, and
PNRSV was detected in 1/20 cherry leaves until July and in apple and plum leaves to May.
Also, ApMV was detected in 1/20 apple and plum leaves to July.

4. The variability of pathogens

The direct DAS ELISA may be highly strain specific, whereby conjugate prepared for a given
strain are unable to detect other, serologically related strains. So, with distantly related
serological relationships, some viruses also intermediary ones, go undetected (Koenig, 1978;
Lister et al., 1980). The high degree of selectivity may be an advantage in epidemiological
studies where specific virus strains must be distinguished. However, in diagnostic work and
extensive routine testing where all the strains of a virus, both known and unknown, must be
detected, it is a major drawback.
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As reported by van Regenmortel and Burckard (1980) and Lommel ef al. (1982), strain
specificity does not present a problem with the indirect ELISA (TAS) systems in which,
instead of antiviral antibodies, anti-IgG antibodies were labelled with the enzyme.

Although ACLSV has a high degree of variability at the symptom level, its antigenic
properties were stable and polyclonal reagents detected all known virus strains. Barba and
Clark (1986) reported on the existence of different serotypes of ACLSV. However, a study
involving eight MAbs and 29 virus isolates, by Poul and Dunez (1989), demonstrated that the
antigenic properties were highly conserved. These results were confirmed by Candresse et al.
(1995) in the comparative analysis of coat protein genes of several ACLSV isolates.

5. Serological cross-reactions

Serological cross-reactions have been reported for isometric and filamentous viruses of stone
fruits. The cross-reaction occurred between virus members of the same taxon or even
different ones. James et al. (1994; 1996) reported positive reactions with a PPV polyclonal
antibody and Prunus virus isolates, and Jordan and Hammond (1991) described several
potyvirus-specific MADbs reacting with PPV isolates.

Serological relationships between ApMV and PNRSV have been reported (Fulton, 1968;
Barbara, 1988a,b; Halk et al., 1984). However, recent investigations using MAbs have not
shown any cross reaction reactivity, at least not with our Italian isolates (Pasquini and Barba,
1991; Boari et al., 1998b).

V - Conclusions

Serological tests remain very useful as detection methods in general, and for certification
purposes in particular, due to their sensitivity, easily adaptability, relatively low cost and
excellent large-scale use. However, we must avoid false negative reactions due to the wrong
choice in the time of year and method of sampling, quality of antisera and correct conduction
of ELISA. Serological methods may not satisfy all requirements for sanitary assessment of
the plants (biological assay still remain priority), however they play an important role in a
range of detection and analytical techniques, for their adaptability and rapid assays of large
sample numbers. Molecular techniques as PCR, for their tremendous sensitivity, should now
be taken in consideration, where it involve small number of trees.
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Tab. 1. Viruses indicated in the certification protocols for EPPO countries to assess the sanitary status
of stone fruit propogating material (Anonymous, 1992)

Acronym  Virus Taxonomic Group  Availability of
ELISA Kit
CGRMV Cherry green ring mottle Foveavirus No
LChV Little cherry Closterovirus No
ApMV Apple mosaic llarvirus Yes
PDV Prune dwarf llarvirus Yes
PNRSV Prunus necrotic ringspot llarvirus Yes
ArMV Arabis mosaic Nepovirus Yes
CLRV Cherry leaf roll Nepovirus Yes
CRLV Cherry rasp leaf Nepovirus Yes
MLRSV Myrobalan latent ringspot Nepovirus Yes
RRSV Raspberry ringspot Nepovirus Yes
SLRV Strawberry latent ringspot Nepovirus Yes
TBRV Tomato black ring Nepovirus Yes
TomRSV Tomato ringspot Nepovirus Yes
PPV Plum pox Potyvirus Yes
PeAMV Petunia asteroid mosaic Tombusvirus No

ACLSV Apple chlorotic leaf spot Trichovirus Yes
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