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Xylella fastidiosa is one of the most important threats to plant
health worldwide. This bacterial pathogen has a long history,
causing disease in the Americas on a range of agricultural crops and
trees, with severe economic repercussions particularly on grapevine
and citrus. In Europe, X. fastidiosawas detected for the first time in
2013 in association with a severe disease affecting olive trees in
southern Italy. Subsequent mandatory surveys throughout Europe
led to discoveries in France and Spain in various host species and
environments. Detection of additional introductions ofX. fastidiosa
continue to be reported from Europe, for example from northern
Italy in late 2018. These events are leading to a sea change in
research, monitoring andmanagement efforts as exemplified by the
articles in this Focus Issue. X. fastidiosa is part of complex
pathosystems together with hosts and vectors. Although certain
X. fastidiosa subspecies and environments have been well studied,
particularly those that pertain to established disease in North and
South America, this represents only a fraction of the existing
genetic, epidemiological, and ecological diversity. This Focus Issue
highlights some of the key challenges that must be overcome to
address this new global threat, recent advances in understanding the
pathosystem, and steps toward improved disease control. It brings
together the broad research themes needed to address the global
threat ofX. fastidiosa, encompassing topics from host susceptibility
and resistance, genome sequencing, detection methods, trans-
mission by vectors, epidemiological drivers, chemical and bi-
ological control, to public databases and social sciences. Open
communication and collaboration among scientists, stakeholders,
and the general public from different parts of the world will pave
the path to novel ideas to understand and combat this pathogen.
In October 2013 X. fastidiosawas first reported in Italy, associated

with dying olive trees in the southern region of Apulia (Saponari et al.
2019); this was the first report of the bacterium causing an epidemic
disease in the Old World. Five years have passed since that account,
duringwhichX. fastidiosa has emerged from a pathogen important to
a handful of agricultural crops and trees in specific regions of the
Americas to a major global threat to food production, forestry, and
landscapes. A new infusion of funding for research, monitoring, and
management is expected to occur worldwide, particularly in Europe
where the pathogen is subject to intensive surveillance and
eradication efforts, as is noted in the perspective article by Lindow
(2019) in this issue. This will lead to a new phase of scientific
discoveries and insights into the biology of X. fastidiosa at the
global scale. Indeed, while the United States and Brazil have
dominated the scientific literature on X. fastidiosa up to now, the
papers in this Focus Issue reflect that the expansion of interest to
other regions of the world has already started to bear fruit; among
the 20 articles included here, 9 originated from research inEurope, 7
from the United States, and 4 from Brazil.

While funding will help to address the new global threat of
X. fastidiosa, the challenges are complex, as summarized by
Saponari et al. (2019) for the current epidemic of olive quick decline
in Italy. This Focus Issue includes contributions representing some
of the key research topics that must be addressed to understand the
outcome of bacteria-plant-insect interactions that ultimately lead to
disease, as highlighted by Jeger and Bragard (2019). Indeed, while
research in the Americas during the past two decades has led to
important advances in our understanding of X. fastidiosa biology,
ecology, and evolution, there are still significant knowledge gaps as
well as room for innovation for development of tools to study this
pathosystem. For example, attempts have been made to use
Arabidopsis as a host of X. fastidiosa in the past, but here Pereira
et al. (2019) demonstrate that ecotypeCol-0 is systemically infected
by this bacterium, opening the door for Arabidopsis to be used as a
model to answer fundamental questions on host_pathogen interac-
tions.While exciting, this finding illustrates howmuch still remains
to be studied and discovered about this pathogen.
The large majority of X. fastidiosa research has used two strains,

X. fastidiosa subsp. pauca ‘9a5c’ from citrus in Brazil and
X. fastidiosa subsp. fastidiosa ‘Temecula1’ from grapevine in the
United States. Knowledge from these two well-studied biological
systems appears to be transferable to other X. fastidiosa genotypes/
diseases, as illustrated by Esteves et al. (2019) in a report that
demonstrates that an in vitro protocol used to provide bacterial cells
to insects is transferable from Temecula1 to a distantly related
phylogenetic clade from citrus-infecting X. fastidiosa. Neverthe-
less, these two strains represent a miniscule fraction of the known
X. fastidiosa genetic diversity; this is of concern as new genotypes
of X. fastidiosa are now constantly reported from the Americas and
Europe, such as those from olive trees in Brazil reported by Safady
et al. (2019). The question of how significant the findings with a
limited number of strains are in relation to X. fastidiosa as a species
has becomeparticularly relevant to the scientific community. This is
especially important since the basis of host adaptation in
X. fastidiosa is still unknown, and the study by Nunney et al.
(2019) exemplifies how little we know about the relationship
between bacterial genotype and host range.
Due to the current interest in Europe and elsewhere in pathogen

quarantine and containment that relies heavily in surveys and
diagnosis, there is an expectation that research will address
knowledge gaps in those areas. Difficulties in plant diagnosis are
illustrated by Chen et al. (2019), showing the need to adapt
molecular techniques for different plant hosts. Plant physiological
responses may be an alternative to survey for X. fastidiosa presence
compared with currently used detection methods, as suggested by
Nicoli et al. (2019). Martinetti and Soubeyrand (2019) used a
combination of machine learning and network analyses to un-
derstand disease drivers as well as generate risk maps. However,
while efforts focusing on containment are necessary, in areas where
X. fastidiosa is now established, such as several regions in the
Mediterranean Basin, research should also focus on understanding
disease epidemiology and drivers behind epidemics. As shown for
Pierce’s disease of grapevine in California by Daugherty and
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Almeida (2019), even well-studied systems still lack quantitative
understanding of the various biotic and abiotic factors driving
diseases caused by X. fastidiosa. This will become increasingly
important where X. fastidiosa diseases are emerging, as these
represent new regions of the globe with distinct vectors, plants,
landscapes, and social-cultural contexts. Some knowledge on
X. fastidiosa has been shown to be transferable, but substantial
differences in epidemiology have also been demonstrated for
ecological conditions initially considered to be highly similar.
While extensive research on controlling infections by

X. fastidiosa, and hopefully curing plants from infection, has been
performed in the United States and Brazil, the ultimate goal of
disease control is critical and continues to be pursued aggressively.
Three lines of research on this matter are represented in this Focus
Issue. First, although efforts to evaluate a wide range of chemical
molecules to control infections have been conducted previously,
here Zhang et al. (2019) pursue additional in planta tests, which are
often lacking from such studies and are key to success since a wide
range ofmolecules can affectX. fastidiosa viability invitro. Baccari
et al. (2019) present their ongoing work on biological control of
Pierce’s disease of grapevine using a Paraburkholderia phytofir-
mans strain; this is a particularly stimulating advancement, given
that the strain appears to be effective in suppressing disease
symptoms even when sprayed on plants by inducing host resistance
pathways. Lastly,Mauricio et al. (2019) report on a long-term effort
to understand plant resistance to X. fastidiosa infections of sweet
orange trees in Brazil; resistance is indeed a highly desirable
strategy to manage X. fastidiosa diseases.
In addition to studies to control X. fastidiosa, there are also novel

types of data, curated databases, and genomic sequences that should
be incorporated into efforts to understand and manage diseases.
Making those publicly available in a timely fashion is expected from
the scientific community, and colleagues contributed with genome
sequences of novel strains from Spain (Giampetruzzi et al. 2019;
Gomila et al. 2019). Interestingly the use of next-generation
sequencing revealed detection of additional plasmids in
X. fastidiosa (Giampetruzzi et al. 2019; Van Horn et al. 2019),
although the function of these plasmids in the infection process
remains largely unknown. Other very useful public resources
presented here include a manually curated database of X. fastidiosa
host plants (Delbianco et al. 2019) and a novel resource to monitor
socialmedia in the context of emergingplantpests (Ferilli et al. 2019).
There are several research threads of relevance to X. fastidiosa

that need more attention in the future, such as fundamental
understanding of host (both insect and plant) adaptation and
evolution of the bacterium. Significant knowledge gaps also exist
regarding insect vectors. While there is a considerable body of
literature about sharpshooter leafhopper vectors in the Americas,
the main vectors in Europe are spittlebugs, which represent a
distantly related group of xylem-sap feeders with distinct
morphological and bioecological characteristics. We have known
that spittlebugs are vectors of X. fastidiosa since 1950, but their
relative epidemiological importance in the Americas is thought to
be minimal; hence, these insects are understudied in this context.
Although understanding the role of spittlebugs in spreading
X. fastidiosa in Europe will be facilitated by existing knowledge
on other vector taxa, the situation is complex in that the ecology of
spittlebugs as vectors in relation to disease is likely to vary
depending on location, flora, and landscape.
A major gap that is becoming increasingly apparent, and where

our lack of expertise and understanding is glaring, is related to the
dearth of efforts incorporating social sciences and the humanities
into phytopathological research and outreach. Ultimately policy
decisions, particularly for emerging diseases, represent political
compromises that incorporate the needs and desires of stakeholders.
Understanding how stakeholders respond to environmental chal-
lenges, here represented by an emerging plant pathogen, is key for
the development of effective policy strategies. Colella et al. (2019)

discuss how academic and public discourse on the olive quick
decline epidemic in southern Italy evolved in light of novel
scientific information, how new information was interpreted by
different groups, and ultimately how a complex network of actors
have shaped responses by governmental agencies. Social sciences
and the humanities represent a clear and obvious new frontier in
plant pathology, one that the community must embrace.
We hope that this Focus Issue highlights current research efforts

on X. fastidiosa and promotes new ideas and concepts for future
efforts. Open communication and collaboration among scientists,
stakeholders and the general public from different parts of theworld
will pave the path to novel ideas to understand and combat
this difficult pathogen. As the breadth and depth of research on
X. fastidiosa is increasing globally, we look forward to more
permanent solutions being developed with enhanced research
funding and focus on novel questions by scientists from outside the
X. fastidiosa mainstream joining the research effort.
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