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ABSTRACT 
The seasonal incidence of Xylella fastidiosa in GWSS populations will be examined using a combination of analytical and 
experimental techniques.  Collections of live GWSS adults will be made at various locations in southern California 
throughout the year at regular intervals.  Live insects will be confined individually to grapevine plants (var. Chardonnay) to 
determine what proportion from the field transmit Xf.  Following a 3 day inoculation access period, each test insect will be 
processed accordingly for detection of Xf by PCR, ELISA, and/or culturing techniques.  By examining sufficient numbers of 
insects from the field and comparing transmission test results to analytical results, the relative efficiencies of each technique 
at identifying infected or infectious insects will be determined.  Moreover, the seasonal occurrence of infectious insects will 
be determined and may provide guidance for when to be most vigilant for protecting against primary spread of Xf into 
vineyards. 
 
INTRODUCTION 
The rate of Xylella fastidiosa Wells transmission in the natural environment is a fundamental component of the epidemiology 
of Xf, but one that is thus far poorly defined.  As a xylem-limited bacterial pathogen of plants, Xf is dependent upon 
xylophagous leafhoppers for movement from one host to another.  The rate that such movement occurs is determined by a 
large number of factors and interactions among plant hosts, vectors, and bacterial pathogen within the context of variable 
environmental conditions.  Although the inherent complexity of vector-borne diseases defies whole-system approaches to 
epidemiological studies, specific parameters can be studied towards an overall understanding of vector-borne epidemiology.  
In the case of Xf, the number of leafhoppers feeding upon Xf-infected plants, the proportion of those that attain Xf through 
feeding, and the proportion of those that visit and ultimately inoculate uninfected host plants plays a critical role in the spatial 
and temporal dynamics of Pierce’s Disease (PD) and other Xf-caused diseases.  By investigating the proportion of glassy-
winged sharpshooters (GWSS, Homalodisca coagulata [Say]) in the natural environment infected with Xf (i.e. positive for 
presence of Xf) and determining the proportion of those that are infectious (i.e. positive for transmission of Xf) (Anderson 
1981), greater understanding of the relationship between GWSS densities and Xf incidence in vineyards or other plant stands 
will be obtained.  Measurement of GWSS infectivity and infectiousness may prove invaluable in addressing the issue of 
whether or not there is an upper threshold of GWSS numbers that can be tolerated in a given region. 
 
Information already available indicates that GWSS is relatively inefficient as a vector of Xf in a laboratory setting (Almeida 
and Purcell 2003).  However, large numbers of highly mobile vectors such as GWSS can easily make up the difference lost to 
poor transmission efficiency, especially if a large proportion in the natural environment is infectious with Xf.  Regional 
control efforts made over the past few years in areas such as Temecula and the General Beale Road study area in Kern 
County have proven very effective at reducing local GWSS populations.  However, the question of how many of the 
remaining GWSS in these regions are infectious is still unanswered.  Until some measurement is completed of the proportion 
of GWSS populations that are infected, and more importantly infectious, our understanding of the relative risks posed by 
variable densities of GWSS throughout California will be limited.  More importantly, policy decisions that process 
information on relative risks posed by GWSS infestations in particular regions will be compromised without data that 
describes what proportion of a GWSS population is actually causing new infections in a vineyard or in the urban landscape.  
Better epidemiological information will contribute to improved basic knowledge and understanding and to more sound 
policy. 
 
The California grape industry remains at the greatest risk of Xf movement and transmission by reason of large acreages 
spread throughout the state and because of the severity of PD.  Primary spread of Xf into a vineyard occurs when a cicadellid 
vector such as GWSS acquires the bacterium from a host outside and subsequently transmits to a grapevine within the 
vineyard.  An infected grapevine can then serve (after an unknown latent period) as a source of secondary spread from 
infected to susceptible grapevines.  Because so little is known about the movement of GWSS in the field and when they 
become infective with Xf, it is unknown whether most grapevine infections occur as a result of primary or secondary spread 
of Xf.  What is certain, however, is that secondary spread will not occur until a primary infection has occurred, i.e. at least one 
grapevine has become infected with Xf.  This is a critical event that poses a high level of risk to the vineyard because of the 
establishment of a Xf source within rather than outside of the vineyard.  It is therefore important that all appropriate measures 
be undertaken to prevent that first critical infection.  Towards this goal, it will be most helpful to know the temporal pattern 
of Xf incidence within GWSS populations so that maximum protection can be applied at the most vulnerable times. 
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The almost complete absence of information regarding the degree of Xf incidence in GWSS populations has helped fuel much 
speculation about the future of the GWSS/PD crisis in California.  In reality, there is very little that we understand regarding 
mechanisms of acquisition and inoculation of Xf by GWSS adults, either in the controlled conditions of the laboratory and 
greenhouse, or in the more challenging setting of their natural habitat.  While the laboratory approach can provide essential 
answers to questions regarding the rate of acquisition and efficiency of transmission, it ultimately reflects the conditions 
imposed by the researcher.  For example, the type and age of the acquisition source plant, the isolate of Xf used and period of 
time that the acquisition source plant has been infected, as well as the source of the experimental GWSS individuals and the 
conditions under which they are provided access to the Xf source plant are all variables controlled by the researcher.  A dual 
approach that balances the findings from the laboratory with monitoring information from the field will improve our 
understanding of how epidemics of Xf occur in vineyards and elsewhere.  A compilation of data from many sources has 
contributed to a good understanding of the distribution of GWSS populations within California and the relative intensities of 
regional infestations.  What is now needed is to determine what proportion of individuals within these populations is infected 
with Xf while also identifying the factors that determine a given level of infectivity.  I propose that the approaches and 
methods to be utilized will address a critical deficiency in our understanding of Xf epidemiology, i.e. the proportion of the 
vector population infected and infectious with the pathogen. 
 
OBJECTIVES 
1. Monitor GWSS adults from citrus and other sources year-round to determine the proportion positive for X. fastidiosa 

using ELISA, PCR, and media culturing techniques. 
2. Perform transmission experiments on a portion of the field-collected adults using grapevine seedlings to determine the 

seasonal transmission rate. 
3. Quantify the titer of X. fastidiosa in GWSS adults that transmitted X. fastidiosa to grape seedlings using quantitative 

ELISA and RT-PCR, and determine the relationship between transmission rate and titer in the vector. 
 
RESULTS 
As a new project that began July 2004, progress is being made on gathering the materials for carrying out transmission 
experiments and detection and quantification of Xf in field-collected GWSS.  A propagation chamber has been assembled that 
will enable production of experimental grapevines having homogeneous genotypes to be used in the transmission studies.  
Lateral branch shoots consisting of 4-5 leaves are being cut from certified disease-free parental grapevines (var. Chardonnay) 
and placed in propagation media until roots are generated.  These are transplanted to 4” pots and allowed a minimum of 3-4 
weeks to establish before being used in transmission experiments.  Ventilated corsage cages will enclose each grapevine plant 
and provide full access to the entire plants by GWSS adults.  A single adult per plant will be confined 3 days for inoculation 
access followed by recovery and freezing (-80°C) for PCR and ELISA analysis, or for immediate plating to PD 3 media 
preceded by surface sterilization.  An essential component of each of these approaches will be the availability of clean GWSS 
that are presently being reared.  Experimental grapevines will be held a minimum of 2 months to allow for symptom 
development and then scored.  Xylem fluid will be collected from each plant for ELISA/PCR analysis as an independent 
evaluation to compare with the visual assessments.  Experimental and analytical results will be collated to determine which 
analytical procedure provides the closest agreement with transmission test results. 
 

 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 

Field collections of GWSS adults that commenced in August 2004 have so far been made in Piru, Redlands, and Riverside.  
A sub-sample of 24 adults collected from each of these locations in early October 2004 was processed for ELISA detection of 
Xf.  More than 50% of the Riverside adults were positive for Xf (= absorbance490 values > A490 mean + 4 standard deviations 
for the GWSS clean control insects) compared to 4% for Redlands and 0 for Piru insects (Figure 1).  A progressive increase 
in the number of Xf-positive insects (Figure 2) occurred between 20 August 2004 (5/24) and 7 October (13/24) in accordance 
with trends observed from previous years (Naranjo et al. 2003).  The distribution of positive A490 readings was quite wide, 

Figure 2.  Number of infected GWSS adults out of the 
number tested for 4 collections from Riverside. 

Figure 1.  Number of infected GWSS adults  
from 3 locations collected early October 2004. 
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but with most positives falling in the 0.2—0.6 range (Figure 3).  However, a few individuals proved to be highly positive for 
Xf with A490 readings >1.0, and in one case >2.4 (Figure 3). 

 
 
 
CONCLUSION 
The data generated thus far is interesting from the standpoint of the large differences in the number of infected GWSS adults 
in Riverside compared to Redlands or Piru.  As the new summer generation of adults ages, one would expect to find 
increasing proportions positive for Xf as they experience a greater diversity of host plants.  This appears to be the case in the 
Riverside insects, but not for the insects from the other 2 locations.  Ongoing collections will help to determine if the location 
difference is real. 
 
REFERENCES 
Almeida, R.P.P., and A.H. Purcell.  2003.  Transmission of Xylella fastidiosa to grapevines by Homalodisca coagulata 

(Hemiptera: Cicadellidae).  J. Econ. Entomol. 96:264-271. 
Anderson, R.M.  1981.  Population dynamics of indirectly transmitted disease agents:  The vector component.  Pp. 13-43 in 

Vectors of Disease Agents (eds. J.J. McKelvey, Jr., B.F. Eldridge, and K. Maramorosch), Praeger Scientific, New York. 
Naranjo, S.E., S.J. Castle, and N.C. Toscano.  2003.  Sampling, seasonal abundance, and comparative dispersal of glassy-

winged sharpshooters in citrus and grapes:  Sampling progress report.  Pp 196-199 in Proceedings of the Pierce’s 
Disease Research Symposium, December 8-11, 2003, San Diego, CA. 

 
FUNDING AGENCIES 
Funding for this project was provided by the University of California Pierce’s Disease Grant Program. 

2

4

6

C
ou
nt

0 .1 .2 .3 .4 .5 .6 .7 .8 .9 1 1.1 1.3 1.5 1.71.8 2 2.1 2.3 2.5

Figure 3.  Histogram of Absorbance490 readings of GWSS adults collected 
in Riverside between August and October 2004. 


