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ABSTRACT. Production of monoclonal antibodies specific to CTV has improved CTV detection and 
allowed the use of different immunoenzymatic techniques. In this study the indirect (I), DAS, and 
double antibody sandwich indirect (DASI) ELISA was compared for ability to detect CTV in plant 
extracts and in purified preparations. Twenty-four variations of ELISA were tested using CTV-specific 
monoclonal and polyclonal antibodies, anti-immunoglobulins, protein A and the biotinlavidin system. 
Alkaline phosphatase and peroxidase-labeled enzymes were also compared. The DASI ELISAvariations 
with CTV-specific polyclonal antibodies used as coating antibodies and monoclonal antibodies used as 
the intermediate antibody detected 0.1 nglml CTV protein. The limit of detection for other variations 
was less than 100 nglml CTV protein. 
Index words. virus detection, ELISA, biotin, streptavidin, conjugated antibody. 

Use of the enzyme-linked im- 
munosorbent assay (ELISA) to detect 
citrus tristeza virus (CTV) was first 
reported in 1979 (l,9). During the next 
ten years, the conventional double 
antibody sandwich (DAS) ELISA (12) 
was used widely for routine detection 
of CTV, and for surveying large citrus 
areas for tristeza disease (3, 4, 5, 10, 
11, 14, 16, 17, 18,24,25,26,27,28,29, 
36). The change in CTV diagnosis due 
to ELISA is illustrated by the fact that 
approximately 2500 CTV tests were 
performed in Spain between 1959 and 
1979 compared to over 900,000 tests in 
the subsequent 10 yr. In addition to 
CTV diagnosis, ELISA has been used 
in research laboratories for many dif- 
ferent purposes, including monitoring 
CTV purification, monitoring translo- 
cation of the virus in plants (Cambra 
et al., unpublished data), detection of 
virus in aphids (8), and in plant material 
grown in vitro (15), to determine virus 
titer (6, 19), and for epidemiological 
studies (5, 10, 16, 26, 29). 

The production of CTV-specific 
monoclonal antibodies (MAb) in Spain 
(34, 35), California (21), Florida (30), 
and Taiwan (32) has improved CTV 
diagnosis and provides a new tool to 
study the epitope variability in the 
CTV coat protein (20, 32, 36). 

Different ELISA procedures have 
been described for plant pathogens (13, 
23, 31, 33), but only a few have been 
used with MAb for CTV detection (28, 
35). For this reason, the main objec- 
tives of this work were: 1) to explore 
the use of MAb in ELISA for detecting 
CTV; 2) to describe new detection tech- 
niques which use MAb and biotin-av- 
idin and other systems; and 3) to com- 
pare the sensitivity of the different 
techniques. 

MATERIALS AND METHODS 

Antigens. Antigen sources used 
were freeze-dried crude extracts from 
sweet orange plants infected with the 
Florida CTV isolate T36 (30), a purified 
preparation of the Spanish CTV isolate 
T388 (6) (provided by Dr. P. Moreno, 
IVIA, Valencia, Spain), and crude ex- 
tracts from healthy Pineapple sweet 
orange in phosphate-buffered saline 
(PBS), pH 7.2, containing 0.2% 
DIECA (1:20 dilution weight:vol). Se- 
rial dilutions (0.1 mglml to 0.1 nglml) 
of purified virus in either PBS, pH 7.2 
(12), or in crude extracts of healthy 
tissue in PBS were prepared to calcu- 
late the sensitivity of different ELISA 
variations. And ODz,, of 2.0 was as- 
sumed for a 1 mglml concentration of 
purified CTV, and total protein was 
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measured with aBIO-RAD (BIO-RAD 
Laboratories, Richmond, CA) protein 
determination kit. 

Antibodies and conjugates. 
Purified monoclonal and polyclonal im- 
munoglobulins specific for CTV were 
used. The monoclonals were MAb 
3DF1 and MAb 3CA5 (35) from In- 
genasa, Hermanos Garcia Noblejas 41, 
28027 Madrid, Spain. These represent 
two different CTV epitopes (36). The 
polyclonal antibodies were from rabbit 
antiserum 879 (3) and from mouse anti- 
serum M2 (Cambra et al., unpublished). 
The M2, 3DF1 and 3CA5 antibodies 
were against the Spanish isolate T308 
(35) and the 879 antibodies were 
against the Florida isolate T-4 (1). Con- 
jugates were prepared by linking al- 
kaline phosphatase (ALKPHOS), 
peroxidase (PEROX), or biotin (12,22) 
to purified immunoglobulins. Goat anti- 
rabbit immunoglobulins (GAR), GAR 
and goat anti-mouse immunoglobulins 
(GAM) conjugated to ALKPHOS and 
biotin, rabbit anti-goat immunoglobu- 
lins (RAG) conjugated to ALKPHOS, 
and streptavidin conjugated to 
ALKPHOS and PEROX were obtain- 
ed from Boehringer Mannheim 
Biochemicals (P. 0. Box 50414, In- 
dianapolis, IN 46250). GAM conju- 
gated to PEROX and protein A conju- 
gated to ALKPHOS were obtained 
from Sigma Chemical Co. (P. 0. box 
14508, St. Louis, MO 63178) and GAR 
conjugated to PEROX was obtained 
from Nordic Immunological Lab, 55-61 
Langestroat, Tilburg, The Nether- 
lands. 

ELISA variations. Variations of 
the indirect (I) or plate-trapped anti- 
gen, the double antibody sandwich 
(DAS) and the double antibody sand- 
wich indirect (DASI) forms of ELISA 
were tested. All 24 variations com- 
pared in this study are illustrated in 
Fig. 1. 

For ELISA-I variations 1 through 
8 (Fig. I), the antigens (extracts or of 
purified virus dilutions) were added to 
uncoated M129A microplates (Dyna- 
tech) and incubated overnight at 4C. 
The plant extracts were prepared in 
0.05M sodium carbonate buffer, pH 

9.6 (coating buffer). Unlabeled MAb 
3DF1 was used for variations 3 and 7, 
a 1:l mixture of MAb 3DF1 + MAb 
3CA5 for variation 8, M2 mouse polyc- 
lonal antibodies for variation 2, and 
rabbit polyclonal antibodies 879 for 
variation 1. All the intermediate im- 
munoglobulins were added at 0.125 
p glml. The enzyme-labeled antibodies 
specific to the unlabeled antibodies 
were added at a 0.1 p glml concentra- 
tion and included GAM-ALKPHOS 
andlor GAM-PEROX (variations 2 and 
3), GAM-biotin (variation 6). A new 
variant (indirect double intermediate 
antibody) was created by adding an 
unlabeled GAR (20 p glmg) to the spe- 
cific unlabeled rabbit antibodies and 
finally a RAG-ALKPHOS conjugate 
(0.1 p glml) (variation 5). The conven- 
tional protein A-ALKPHOS conjugate 
(0.5 pglml) was used in variation 4 
when immunoglobulins from 879 were 
added as unlabeled CTV-specific anti- 
bodies. 

For ELISA-DAS variations, 
M129B microplates (Dynatech) were 
coated with purified rabbit polyclonal 
immunoglobulins 1 p glml (variations 
16, 21, and 22), 3DF1 MAb 1 pglml 
(variations 17, 19, and 23), and a mix- 
ture of 3DF1 and 3CA5 MAbs each at 
1 pglml (variations 18,20, and 24). All 
dilutions were in coating buffer and 
incubation was for 4 hr at 37C. The 
plant extracts were prepared in PBS 
containing 0.2% DIECA, pH 7.2, and 
the purified CTV was diluted in the 
same buffer. The concentration of the 
rabbit polyclonal antibody-ALKPHOS 
conjugate was 0.1 p glml (variations 
16, 23, and 24) and 0.05 pglml for 
3DF1-ALKPHOS conjugate (vari- 
ations, 17, 18, and 21) and 3DFI- 
PEROX conjugate (variation 17). 
When a mixture of the two MAb- 
ALKPHOS conjugates was used (vari- 
ations 19,20, and22), the concentration 
was 0.05 pglml for each. 

For ELISA-DASI, M129B plates 
were coated with rabbit polyclonal im- 
munoglobulins (variations 9, 14, and 
15) with 3DF1 MAb (variations 10 and 
12) or with a mixture of the two MAb 
(variations 11 and 13). Dilutions were 
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FIG. 1. COMPARISON OF 24 VARIATIONS OF ELlSA FOR DETECTION OF CITRUS TRlSTEZA VIRUS 
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1 pglml in coating buffer. The plant munoglobulins were used in variations 
extracts and dilutions or purified virus 10, 11, 12, and 13; 3DF1 MAb in vari- 
were prepared as in ELISA-DAS. The ations 9 and 14; and the mixture of MAb 
intermediate unlabeled antibodies 3DF1 + 3CA5 in variation 15. The 
were used a t  0.1 p glml and incubated enzyme-labeled antibodies specific for 
for 2 hr a t  35C. Rabbit polyclonal im- the unlabeled intermediate antibodies 



FIG. 1. Continued 
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Antigen Unlabeled Goat anti-rabbit (GAR) 
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M-PAB= Mouse 6 0  B Biotin labeled GAR 
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were added at  0.1 pglml. These were and GAM-Biotin (variation 14 and 15). 
GAM-ALKPHOS and GAM-PEROX Variation 12 was prepared similarly to 
(variation 9), GAR-ALKPHOS and/or the "double intermediate" in ELISA-I 
GAR-PEROX (variation 10 and 1 I), (variation 5) by adding GAR and finally 



Eleventh IOCV Conference 

RAG-ALKPHOS conjugate at the 
same concentrations indicated previ- 
ously. 

For all the ELISA variations and 
variants using biotin-labelled anti- 
bodies (variations 6, 7, 8, 14, and 15), 
the reaction was completed by adding 
streptavidin-ALKPHOS or streptavi- 
din-PEROX conjugates at 1 p glml and 
incubating for 30 min at room temper- 
ature. 

Substrates, readings and statisti- 
cal analysis. Freshly prepared sub- 
strate was used. For ALKPHOS, 1 
p glml p-nitrophenylphosphate in sub- 
strate buffer (31) was used and the 
plates were read (A405 nm) at 15 min 
intervals for 2 hr without stopping the 
reaction. For PEROX, 1 mglml or- 
thophenyldiamine in substrate buffer 
(31) was used. The reaction was 
stopped after 5 min by adding 50 p1 
of 3N sulfuric acid and read (A450 nm). 
Plate readings were made with a Titer- 
tek Multiscan (Flow) automatic plate 
reader zeroed on an empty plate. 

Data were analyzed (separately for 
ALKPHOS and for PEROX plates), 
by an analysis of variance according 
the following model: 

Yijkl = u + Ei + Vj(i) + Ak + EAik 
+ VAj(i)k + Wl(ijk) 

where Ei represents the particular 
ELISA type (fixed) (i = 1.3), Vj(i) is 
the effect of different variations within 
each ELISA type (fixed), Ak is the 
effect (fixed) of the antigens (K = 1.3), 
two letter effects are the correspond- 
ing interactions, and Wl(ijk) is the 
within-error (1 = 1.3 (minimum) or 20 
(maximum)). 

Yijkl is the optical density (OD) ob- 
tained by subtracting the average OD 
of the control antigen (extract from 
healthy sweet orange) from the OD of 
the corresponding observations (vari- 
ation and antigen type combination). 
The antigencombinations were the T36 
extract, purified T388 diluted in heal- 
thy extract and purified T388 diluted 
in PBS. A second analysis did not con- 
sider ELISA type as a factor and stud- 

ied all variations as a set of treatments. 
This allowed testing the differences be- 
tween all variations disregarding the 
ELISA type. 

RESULTS 

The OD means for the I, DAS, and 
DASI ELISA with both ALKPHOS 
and PEROX labeling enzymes are 
summarized in Fig. 1. The largest dif- 
ference between CTV samples and 
healthy extracts were obtained with 
ELISA-DASI. All ELISA types stud- 
ied discriminated between CTV-posi- 
tive and healthy samples and detected 
concentration of viral protein ranging 
between 0.1 and 100 nglml. 

Fig. 1 shows the OD means for the 
different ELISA variations. For 
ALKPHOS, DASI variations 14 and 
15 showed an extremely high OD fol- 
lowed by DAS variations 23 and 24 and 
DASI variation 9. Conversely, DAS 
variations 17,18, and 21 and ELISA-I 
variations 4 and 5 had the lowest OD 
values followed by some special forms 
of DASI and I-ELISA. The top two 
groups were able to detect 0.1-0.5 ngl 
ml CTV antigen. For PEROX, DASI 
variation 14 again showed the highest 
OD followed by DASI variations 9 and 
11 and DAS variation 18. Sensitivity 
data for DASI variation 9 is shown in 
Table 2. 

TABLE 1 
MEANS AND RESIDUAL STANDARD 
ERROR (RES) FOR DIFFERENT TYPES 

OF ELISA 

Mean OD Readings 

Alkaline 
ELISAtypez phosphataseY Peroxidasey 

DASI 1.068a 1.150a 
DAS 0.842 b 0.950b 
I 0.570~ 0.513~ 

"Combined results obtained for variants shown 
in Fig. 1 for each type of ELISA. 
YMeans in columns followed by different letters 
are significantly different (P = 0.05). 
"Residual standard error. 



TABLE 2 
SENSITIVITY OF A DOUBLE ANTIBODY 
SANDWICH INDIRECT(DAS1)ELISAPRO- 
CEDUREz FOR DETECTION OF CITRUS 

TRISTEZA VIRUS (CTV) 

Diluent" 
Virus 

Cone." Extract PBS 

100 pglml ---- ---- 
10 pglml 1.676 1.602 
1 pglml 1.120 1.203 

100 nglml 0.527 0.612 
10 nglml 0.392 0.422 
1 nglml 0.251 0.309 

0.1 nglml 0.201 0.205 
Control 0.093 0.102 

"The DASI procedure used was variation 9 in 
Fig. 1. Plates were coated with one rabbit poly- 
clonal antibody, the intermediate antibody was 
monoclonal antibody 3DF1, and the labeled anti- 
body was goat anti-mouse IgG conjugated to 
alkaline phosphatase. 
YOD40, readings made after a 60-min incubation 
(mean of 4 wells). 
"Virus concentration calculated as 1 mglml = 
OD260 2.0. 
"Purified virus diluted in PBS or in aPBS extract 
of healthy citrus tissue. 

DISCUSSION 

ELISA-DASI had the highest reac- 
tion (OD) values. Resultsin treatments 
9,14, and 15 were especially high. This 
is probably due to the good trapping 
ability of the polyclonal immunoglobu- 
lins used, the specificity of the MAb, 
and also to the amplification produced 
by the anti-mouse conjugates or the 
biotinlstreptavidin system. This 
ELISA type is suitable for virus detec- 
tion and for screening culture super- 
natants. The main disadvantage is the 
need to produce immunoglobulines in 
two different animal species (2). The 
ready availability of standard monoc- 
lonal~ to CTV, in effect, reduces the 
need to only a source of coating anti- 
body. 

The low OD values found for the 
DAS ELISA variations 17 and 18 com- 
pared with variation 16maybe explain- 

ed by the fact that the conjugate con- 
centration used for the monoclonals 
was 0.05 pglml rather than the 0.10 
pglml used for the polyclonal conju- 
gate. A similar increase was seen be- 
tween variation 21 (0.05 pglml conju- 
gate) and 22 (0.10 p glml conjugate). 

The conventional ELISA-DAS is a 
very simple method and suitable for 
diagnosis and could be very convenient 
when using biotin-labeled MAbs (7). 
The biotinlavidin system also allows 
amplification of the reaction to increase 
sensitivity. 

ELISA-I variations 3, 1, 7, and 8 
are promising for CTV diagnosis be- 
cause they demand less time and reac- 
tants. The sensitivity of the variants 
is in the range of 25-100 nglml of CTV 
antigen. 

The sensitivity of different vari- 
ations is a function of the specificity of 
the immunoglobulins used and of the 
degree of amplification. A good exam- 
ple of this is given by the ranking of 
the OD of the ELISA-I variations 3, 
1, and2. The best results were obtained 
with the CTV-specific monoclonal anti- 
bodies followed by the immunoglobu- 
lins from the 879 antiserum (which is 
also highly specific to CTV) and lastly 
with the immunoglobulins from the M2 
polyclonal which is less specific. 
ELISA-DASI is more sensitive than 
ELISA-DAS because of the amplifica- 
tion that can be added. 

In most cases, there were no signif- 
icant differences between diluting the 
purified CTV solution in PBS buffer or 
in the extract of healthy tissue because 
using monoclonal antibodies ensures 
specificity. Use of reactive MAbs such 
as 3DF1 and 3CA5 increases the sen- 
sitivity of ELISA variations and allows 
the design of new variations. MAbs are 
also a stable source of well-charac- 
terized antibodies which make it easier 
to obtain reproducible results among 
different laboratories. They can be 
used in mixtures to increase the num- 
ber of antigenic determinants involved 
in the reaction and increase the sen- 
sitivity and range of reaction. 



Eleventh IOCV Conference 

LITERATURE CITED 

1. BarJoseph, M., S. M. Garnsey, D. Gonsalves, M. Moscovitz, D. E. Purcifull, M. F. Clark, and G. 
Loebenstein 

1979. The use of enzyme-linked immunosorbent assay for detection of citrus tristeza virus. 
Phytopathology 69: 190-194. 

2. BarJoseph, M. and M. Malkinson 
1980. Hen egg yolk as a source of antiviral antibodies in the enzyme-linked immunosorbent 
assay (ELISA): a comparison of two plant viruses. J. Virol. Methods 1: 1-5. 

3. BarJoseph, M., S. M. Garnsey, D. Gonsalves, and D. E. Pucifull 
1980. Detection of citrus tristeza virus. I. Enzyme-linked immunosorbent assay (ELISA) and 
SDS-immunodiffusion methods, p. 1-8. I n  Proc. 8th. Conf. IOCV. IOCV, Riverside. 

4. Bove, C., R. Vogel, D. Albertini, and J. M. Bove 
1988. Discovery of a strain of tristeza virus (K) inducing no symptoms in Mexican lime, p. 
14-16. In  Proc. 10th. Conf. IOCV. IOCV, Riverside. 

5. Cambra, M. 
1987. Evaluation de 10s factores que intervienen en la tecnica inmunoenzirnatica ELISA-DAS. 
Aplicacion a1 diagnostico y estudio del virus de la tristeza de 10s citricos utilizando anticuerpos 
monoclonales especificos. Tesis Doctoral, Universidad Politecnica de Valencia, 331 pp. 

6. Cambra, M., J. F. Ballester-Olmos, J. A. Pina, A. Laviria, and E. Camarasa 
1989. Distinction of populations infected with severe and common strains of the citrus tristeza 
virus in Spain, by the ELISA-DASc (quantitative). Fruits 44(6): 335-341. 

7. Cambra, M., S. M. Garnsey, T. A. Pennar, C. T. Henderson, D. Gumph, and C. Vela 
1990. Detection of citrus tristeza virus (CTV) with a mixture of monoclonal antibodies. 
Phytopathology 80: 103 (Abstr.). 

8. Cambra, M., A. Hermoso de Mendoza, P. Moreno, and L. Navarro 
1981. Use of enzyme linked immunosorbent assay (ELISA) for detection of citrus tristezavirus 
(CTV) in different aphid species. Proc. Int. Soc. Citriculture 1: 444-448. 

9. Cambra, M. P. Moreno, and L. Navarro 
1979. Deteccion rapida del virus de la tristeza de 10s citricos (CTV) mediante la tecnica 
inmunoenzimatica ELISA-sandwich. Ann. INIA, Ser. Prot. Veg. 12: 115-125. 

10. Cambra, M., J. Serra, D. Villalba, and P. Moreno 
1988. Present situation of the citrus tristeza virus in the Valencian country, p. 1-7. In  Proc. 
10th. Conf. IOCV. IOCV, Riverside. 

11. Cambra, M. J. M. Valdivia, P. Moreno, J. I. Caballero, and J. L. Martinez 
1982. Incidencia del virus de la tristeza de 10s citricos en la provincia de Sevilla. Metodologia 
del diagnostico por ELISA-DAS. Proc. I Congr.Nac. Fitopatologia, SEF, Granada, 1 
(Abstr.). 

12. Clark, M. F. and A. N. Adams 
1977. Characteristics of the microplate method for enzyme-linked immunosorbent assay for 
the detection of plant viruses. J. Gen. Virol34: 475-483. 

13. Clark, F., R. M. Lister, and M. Bar-Joseph 
1988. ELISA techniques, p. 507-530. I n  Methods for Plant Molecular Biology. Academic 
Press, New York-London. 

14. Davino, M., F. Marras, F. Russo, A. Catara, A. Oddai, and G. Terranova 
1988. Present status of citrus tristeza in Italy, p. 8-13. In Proc. 10th. Conf. IOCV. IOCV, 
Riverside. 

15. Durh-Vila, N., M. Cambra, V. Medina, C. Ortega, and L. Navarro 
1989. Growth and morphogenesis of citrus tissue cultures infected with citrus tristeza virus 
and citrus infectious variegation virus. Phytopathology 79: 820-826. 

16. Fishman, S., R. Marcus, H. Talpaz, M. BarJoseph, Y. Oren, R. Salmon, and M. Zohar 
1983. Epidemiological and economic models for spread and control of citrus tristeza virus 
disease. Phytoparasitica 11: 39-49. 

17. Garnsey, S. M., M. BarJoseph, and R. F. Lee 
1981. Applications of serological indexing to develop control strategies for citrus tristeza 
virus. Proc. Int. Soc. Citriculture, Japan 1: 448-452. 

18. Garnsey, S. M., R. F.  Lee, C. 0. Youtsey, R. H. Brlansky, and H. G. Burnett 
1980. A survey for citrus tristeza virus in registered budwood sources commercially propa- 
gated on sour orange rootstocks in Florida. Proc. Fla. State Hort. Soc. 90: 75-79. 

19. Garnsey, S. M., R. F. Lee, R. H. Brlansky, and R. K. Yokomi 
1985. Serological titer of citrus tristeza virus (CTV) isolates of varying severity in different 
citrus hosts. Phytopathology 75: 1311 (Abstr.). 

20. Garnsey, S. M., T. Kano, T. A. Perrnar, M. Cambra, M. Koizumi, and C. Vela 
1989. Epitopediversity among citrus tristezavirus isolates. Phytopathology79: 1174(Abstr.). 

21. Gumpf, D. J., G. Y. Zheng, P. Moreno, and J. M. Diaz 
1987. Production and evaluation of specific monoclonal antibodies to citrus tristeza virus 
strains. Phytophylactica 19: 159-161. 



22. Harlow, E. and D. Lane 
1988. Antibodies. A laboratory manual. Cold Spring Harbor Laboratory. 726 pp. 

23. Koenig, R. and H. L. Paul 
1982. Variants of ELISA in plant virus diagnosis. J .  Virol. Methods 5: 113-125. 

24. Lee, R. F., S. M. Garnsey, L. J.  Marais, J.  N. Moll, and C. 0. Youtsey 
1988. Distribution of citrus tristeza virus in sweet orange and grapefruit trees in Florida and 
South Africa, p. 33-38. I n  Proc. 10th. Conf. IOCV. IOCV, Riverside. 

25. Makkouk, K. M., G. Chanem, and H. Khatib 
1984. Survey of virus and virus-like diseases affecting citrus in Lebanon. Arab. J.  Plant Prot. 
2: 23-27. 

26. Marcus, R., S. Fishman, H. Talpaz, R. Salomon, and M. BarJoseph 
1984. On the spatial distribution of citrus tristeza virus disease. Phytoparasitica 12: 45-52. 

27. Moreno, P., M. Cambra, L. Navarro, J .  Fernandez-Montes, J.  A. Pina, J. F. Ballester, andJ. Juarez 
1980. A survey of citrus tristeza virus (CTV) in the area of Sevilla (Spain) using the ELISA 
method, p. 41-42. I n  Proc. 5th Congr. Mediterranean Phytopathological Union, Patras, 
(Abstr.). 

28. Moreno, P., M. Cambra, A. Sanz, and C. Vela 
1984. Comportamiento de anticuerpos monoclonales especificos del virus de la tristeza (CTV) 
en diversas tecnicas serologicas. Proc. I11 Congr. Nac. Fitopatologia, SEF, Puerto de la 
Cruz, 59 (Abstr.). 

29. Moreno, P., J. Piquer, J .  A. Pina, J. Juarez, and M. Cambra 
1988. Spread of citrus tristeza virus (CTV) in a heavily infested citrus area in Spain, p. 71-76. 
I n  Proc. 10th Conf. IOCV. IOCV, Riverside. 

30. Permar, T. A., S. M. Garnsey, D. J .  Gumpf, and R. F. Lee 
1988. A monoclonal antibody which discriminates isolates ofcitrus tristezavirus. Phytopathol- 
ogy 80: 224-228. 

31. Sanchez-Vizcaino, J. M. and M. Cambra 
1987. Enzyme immunoassay techniques, ELISA, in animal and plant diseases. Tech. Series 
No. 7, 2nd Ed., Office International des Epizooties, Paris, France. 54 pp. 

32. Tsai, M. C. and H. J. Su 
1989. Development and characterization of monoclonal antibodies to citrus tristeza virus 
(CTV) strains in Taiwan. p. 46-50. I n  Proc. 11th Conf. IOCV. IOCV, Riverside. 

33. Van Regenmortel, M.H.V. 
1984. Recent advances in immunodiagnosis of viral diseases of crops, p. 463-477. I n  Applied 
Virology, Academic Press, New York-London. 

34. Vela, C., M. Cambra, E. Cortes, J. Miguet, P. Moreno, and C. Perez de San Roman 
1984. Obtention of monoclonal antibodies to citrus tristeza virus (CTV) and their use for virus 
detection, p. 453. I n  Proc. Int. Citrus Congr., Brasil, (Abstr.). 

35. Vela, C.,M. Cambra, E. Cortes,P. Moreno, J.  G. Miguet, C. PBrezdeSanRoman,andA. Sanz 
1986. Production and characterization of monoclonal antibodies specific for citrus tristeza 
virus and their use for diagnosis. J. Gen. Virol. 67: 91-96. 

36. Vela, C., M. Cambra, A. Sanz, and P. Moreno 
1988. Use of specific monoclonal antibodies for diagnosis of citrus tristeza virus, p. 55-61. I n  
Proc. 10th Conf. IOCV. IOCV, Riverside. 


	11th_038.jpg
	11th_039.jpg
	11th_040.jpg
	11th_041.jpg
	11th_042.jpg
	11th_043.jpg
	11th_044.jpg
	11th_045.jpg

