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Abstract: Acute Oak Decline (AOD), a bacterial disease previously known in Northern and Cen-
tral Europe, has recently been reported in Salento (a Mediterranean coastal region of Southern
Italy), where holm oak trees exhibiting AOD-like symptoms have tested positive for infection with
AOD-related bacteria such as Brenneria goodwinii and Gibbsiella quercinecans. Sampling symptomatic
trees, strains BLEC23 (B. goodwinii) and GSAC47 (G. quercinecans) were isolated and identified by
partial 165 rRNA and gyrB gene sequencing. Pathogenicity tests demonstrate that these bacteria
induce wood necrosis when inoculated in excised branches, providing details for the etiology of AOD
in Italy. Phylogenetic analysis indicated a substantial genetic similarity between the Italian strains
and those found in various European and non-European countries. These findings leave a space open
to the possibility that the bacteria involved in AOD are much more widespread in Europe than the
findings indicate, but that their presence is frequently hidden.
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1. Introduction

Acute Oak Decline (AOD) is a recently described disease affecting oak trees that can
lead to the death of the tree 4 to 6 years after the symptoms appear [1-6] and represents
a new ecological challenge for European forests; indeed, oaks represent a key species in
ecosystems, providing numerous ecological services and sustaining wildlife [7-9].

In past times in Europe, episodes of oak decline have been observed, but these episodes
differ in the symptoms and in the rapidity with which the tree dies; in fact, there are various
causes of episodes of oak decline, due to specific interactions between biotic and abiotic
factors. Given the complexity of the phenomenon, there have been attempts to classify the
various types of oak decline [10].

The symptoms of AOD are distinctive compared to others, for example, compared
to Chronic Oak Decline, where there is no rarefaction of the foliage, but drying out, and
the leaves, although dry, do not fall from the tree [11-13]. Alternately, it is distinguished
by the lack of other symptoms which on the contrary are specific to other pathologies, as
in the case of infection by Armillaria spp., in which the presence of fruiting bodies and a
characteristic white mycelium under the bark is highlighted. [14].

AOD, described for the first time in the UK in 2014 on Quercus robur (L.) and Quercus
petraea (Matt.) [15,16], has raised significant concerns due to the debilitating symptoms
shown by affected plants, namely, thinning of the canopy, epicormic shoots, and dark-amber
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fluid bleeding from vertical bark cracks; larval galleries can also be observed by removing
the bark, and insect exit holes on the trunk attributed to insects belonging to the Bupestridae
family [12,17]. AOD is a critical issue, as the exact etiology and chronology of events are
still not known. However, it is thought that its complex origins involve biotic factors, like
bacterial infection and insect attacks, and abiotic factors such as drought and poor soil
conditions [18-21]. The combined effects of all these factors pose a substantial challenge in
the identification, understanding, and management of AOD, so urgent attention is directed
towards unravelling its complex origins, understanding its progression, and assessing its
impact on individual trees and the broader ecosystem.

Regarding biotic factors, research has identified specific bacteria linked to AOD that
are commonly isolated from the trunk exudates and necrotic wood: Brenneria goodwinii,
Gibbsiella quercinecans, Rahnella victoriana, and Lonsdalea britannica [22]. Although all four
bacteria have a necrotic attitude [23], B. goodwinii and G. quercinecans play a central role in
the progression of the disease, and in wood inoculation tests they showed a strong ability
to form wood necrosis, unlike R. victoriana [24]. As for L. britannica, there is less information
about it, as it is less often associated with AOD trees [23].

Brenneria goodwinii and Gibbsiella quercinecans are Gram-negative bacteria belonging
to the Enterobacterales order and the families Pectobacteriaceae and Enterobacteriaceae,
respectively; these bacteria are facultatively anaerobic, oxidase negative, and catalase
positive, and both grow in a temperature range of 1040 °C. G. quercinecans has fimbriae
but no flagella, unlike B. goodwinii, which also proves to be motile thanks to its peritrichous
flagella [15,16].

Since the first description of this disease, the association between B. goodwinii,
G. quercinecans, and several oak species has been reported in several European
countries, specifically Poland, Latvia, Switzerland, Portugal, Spain, Croatia, and
Slovakia [1,3,4,6,25-27], revealing a wide distribution of those pathogens in European
forests, particularly in Northern and Central Europe.

In a previous study conducted in seven holm oak (Quercus ilex L.) forests in Salento, a
peninsula located in southern Italy, 21 trees representative of the health status of the holm
oak stands were found to have symptoms related to AOD. These symptoms were evaluated
through Finch’s index and the plants were tested for infection by AOD-related bacteria.
Finch’s index was developed to evaluate the health status of oaks and is made up of two
parameters: the Phenotypic Decline Index (PDI), which measures the severity of the decline;
and the Decline Acuteness Index (DAI), which distinguishes between different types of
decline (acute and chronic). Finch’s index, developed specifically for oaks, combines
31 parameters based on various visible symptoms, such as lesions, dark exudates on
the trunk, crown decay, and branch mortality, to quantify the severity of the infection.
After sampling wood fragments, necrotic bark, and exudates, the trees tested positive for
B. goodwinii, G. quercinecans, and R. victoriana [11]. This finding indicates that the bacteria
can establish in warmer and barren environments, represented by the Mediterranean basin.
Furthermore, such data raise many questions regarding the epidemiological aspects, as
Salento is very distant from other European bacteria outbreaks. Moreover, the findings
do not concern plants of nursery origin, making long-range transmission via vector or
marketing of infected plants unlikely.

The aims of this work, focusing on B. goodwinii and G. quercinecans as the main
pathogens involved in AOD [24,28,29], were to isolate bacteria associated with AOD in
Italy from infected trees, test their pathogenicity to understand the causes of the decline
in holm oak in Salento, and study their phylogeny with respect to other strains isolated
worldwide to understand how such pathogens can be found in Salento. Finally, the
epidemiological status of the bacteria was analyzed in relation to the known infection sites,
vectors, and secondary host plants, to formulate a hypothesis about the introduction of
the pathogens in Southern Italy. The data could highlight the transmission and dispersal
strategies of the bacteria involved in AOD, and this could be helpful in managing this
emerging oak disease [23].
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2. Materials and Methods
2.1. Sampling and Bacteria Isolation

In the autumn of 2023, holm oaks were sampled in the Cervalora (40°25'19.966" N,
18°12'53.873" E) and Spaccato (40°14'48.073" N, 18°18’ 33.818" E) forests in Salento peninsula
(Southern Italy). Sampled trees exhibited the distinct symptoms associated with AOD, such
as thinning of the canopy, epicormic shoots, and brownish exudates all over the trunk.

During sampling, five holm oaks were considered for the site. The trees identified
and used for isolation were first diagnosed for AOD-related bacteria to verify the presence
of B. goodwinii and G. quercinecans, as described by Crampton et al. (2020) [30]. At least
three panels (about 3 x 4 cm) were obtained for each tree using a sterile chisel at the level
of bark bleeding wounds. Each panel was composed of outer bark, phloem, and sapwood.
During transport, the collected material was placed in a sterile tube, labeled and kept at
4 °C in an iced airtight container. Samples were immediately processed upon arrival at
the laboratory.

The samples were processed for isolation according to Moradi-Amirabad et al. (2019) [31].
Wood panels were surface-sterilized and rinsed with sterile distilled water (DSW)
three times. Then, wood fragments were excised from the sapwood’s innermost layers at
the interface between healthy and diseased wood and the outer bark. The wood chips
were then placed in 0.5 mL of DSW and manually fragmented thoroughly with a sterile
scalpel. After incubating for 30 min at room temperature, the suspension was scooped
using a sterile loop and plated onto nutrient agar (NA) prepared using 15 g of agar powder
(Merck, Darmstadt, Germany), 5 g of Bacto Peptone (Merck), and 5 g of Beef Extract
powder (Merck) in 1 L of sterile double-distilled water, then incubated at 28 °C for five
days with daily inspections.

Colonies were then subjected to an initial screening through qPCR [30] subsequent
to DNA extraction [32]; JPCR was performed with a QuantStudio™ 3 Real-Time PCR
thermocycler (Thermo Fisher, Waltham, MA, USA), following Crampton et al. (2020) [30].
The qPCR mixture for G. quercinecans consisted of 5 uL. of TagMan™ Environmental Master
Mix 2.0 2x (Thermo Fisher) and 0.1 uM of each primer and probe (Table 1). For the
screening of B. goodwinii, 0.25 uM of each primer was used.

Colonies testing positive for B. goodwinii and G. quercinecans were then plated sepa-
rately on NA media.

Table 1. Primers and probes used for screening colonies.

Bacteria Primers and Probes Sequence (5'-3')
Bg99F CTGGCCGAGCCTGGAAAC

Brenneria Bgl179R AGTTCAGGAAGGAGAGTTICGC

goodwinii
Bgl179P CCAGAATCTCATATTCGAACTCCACCATGTT
Gq284F GGCTTTGATAGTGGTGGCC

Gibsiclla Gq418R CGTTCCGTTATCACCGTGG

quercinecans
Gq342P AACAGTTCCAGCGCCATTTTCTTCG

2.2. Sample Sequencing and Phylogeny

Data from qPCR initial screening were validated by 16S rRNA [33] and housekeeping
gene gyrB [34] (Table 1) gene sequencing, based on Ruffner et al. (2020) and Fernandes et al.
(2022) [1,3]. PCR was performed with a SimpliAmp™ Thermal Cycler (Thermo Fisher); for
16S rRNA PCR, the reaction mixture contained 12.5 L of Emerald Amp® MAX PCR Master
Mix 2x (Takara Bio, Kusatsu, Japan), 0.5 uL of each primer (10 uM) (Table 2), and 5 pL of
template, consisting of a bacterial colony resuspended in 10 uL of DSW, for a final volume
of 25 pL. PCR conditions were: 95 °C for 2 min, 95 °C for 1 min, followed by 35 cycles of
53 °C for 1 min, 68 °C for 90 s, and 68 °C for 5 min; while for gyrB PCR conditions were
as described by Brady et al. (2008) [34], with modifications: the PCR mixture consisted of
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12.5 uL of EmeraldAmp® MAX PCR Master Mix 2x (Takara Bio), 0.5 uL of each primer
(10 uM), and 7 pL of template for a final volume equal to 25 pL.

The amplification condition was as follows: an initial denaturation at 95 °C for 5 min;
3 cycles of denaturation at 95 °C for 1 min, annealing at 58.6 °C for 2 min 15 s and elongation
at 72 °C for 1 min 15 s; followed by 40 cycles of denaturation at 95 °C for 35 s, annealing at
58.6 °C for 1 min 15 s, and elongation at 72 °C for 1 min 15 s and a final elongation of 7 min
at72°C.

Table 2. Primer pairs used in this study for sequencing and phylogenetic analysis of B. goodwinii and
G. quercinecans isolates. Some nucleotides of those primers are degenerate, so M stands for A/C, Y
stands for C/T, and R stands for A/G [35].

Gene Primers Sequence (5'-3')
EUB9F GAGTTTGATCMTGGCTCAG
165 EUB1492R ACGGYTACCTTGTTACGACTT
gyrB 01-F TAARTTYGAYGAYAACTCYTAYAAAGT
syB gyrB 02-R CMCCYTCCACCARGTAMAGTT

The amplicons obtained were sequenced using Sanger sequencing (Eurofins, Ebers-
berg), aligned with Clustal W [36] and compared on the NCBI (National Center for Biotech-
nology Information) database using the Basic Local Alignment Search Tool for nucleotides
(BLASTnN) [37]. Phylogenetic relationships were than established with partial 165 rRNA
gene sequences via MEGA 11 software [38]. For phylogenetic trees, maximum likelihood
based on the Tamura—Nei model was used with a number of bootstrap replications equal
to 1000 [5,22,39].

2.3. Pathogenicity Test

Pathogenicity tests based on Denman et al. (2018) and Eichenlaub et al. (2024) [24,26]
were conducted on holm oak excised branches, two for bacterium, collected from healthy
trees; each branch was 20 cm long and had a 2-3 cm diameter. Excised branches were
collected from holm oak trees that have not shown, from repeated observations in the last
12 months, symptoms attributable to AOD or other diseases such as Botryosphaeriaceae
or Armillaria spp. infection. Excised branches were exposed for 2 h to UV light for surface
sterilizing. With a cork borer, bark discs (1 cm in diameter) were removed from four points
along the length of each segment to expose the xylem; then, for each wound, inoculation
was performed by taking a day-old bacterial colony with a sterile loop and distributing
it evenly over the entire inoculation site, while a mock inoculation was performed on the
fourth area by using DSW. After repositioning the bark discs, a plastic film was applied on
each inoculum point to preserve moisture. The excised branches were incubated at 27 °C
with a 12 h photoperiod in a thermostatic chamber with light control, and checked weekly
to prevent mold development.

After two months, the bark was removed using a sterile chisel, and wood chips were
collected from both the inoculation points and mock inoculation point. These chips were
superficially sterilized with 70% (v/v) ethanol and rinsed with sterile double-distilled
water. They were immersed separately in 0.5 mL of DSW and further fragmented. After
incubation at room temperature for 30 min, an aliquot of the suspension was collected
with a sterile loop and plated onto NA. The plates were incubated at 27 °C for five days
with daily inspections. After three to four days, the bacterial colonies that developed on
NA were analyzed by qPCR screening with B. goodwinii and G. quercinecans primers; this
process was carried out to confirm that the inoculated bacteria were indeed re-isolated.
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3. Results
3.1. Sampling

The woodlands selected for sampling were mainly made up of pure holm oak forests,
characterized by the dominant presence of holm oaks, with a limited presence of Mediter-
ranean shrubs. In these areas, symptoms associated with AOD were widespread and easily
seen. The holm oak specimens used for isolation and subjected to sampling were all found
to be infected with the bacteria Brenneria goodwinii and Gibbsiella quercinecans.

3.2. Isolation, Sequencing and Phylogeny

On the third day of incubation, circular, mucoid and pale, white-colored colonies
developed on NA. Colonies were than tested for B. goodwinii and G. quercinecans; colonies
that tested positive were then plated separately onto NA to obtain pure culture.

The sequences of partial 165 rRNA and gyrB for the two strains showed 99.50% and
100% (GenBank Accession Nos. KY231164, KY321538) identities and 99.86% and 99.53%
identities (GenBank Accession Nos. MZ895009, GU562334) with the reference strain,
respectively, for B. goodwinii and G. quercinecans, confirming qPCR results. Nucleotide
sequences of the isolated strains were deposited on GenBank with the following accession
numbers: PP647363 and PQ449433 for 16S rRNA and gyrB of B. goodwinii (strain BLEC23),
and PP647364 and PQ449434 for 16S rRNA and gyrB for G. quercinecans (strain GSAC47).
Based on 165 rRNA sequences, phylogenetic trees were assessed (Figures 1 and 2) for
each bacterium. Phylogenetic trees show how the strain BLEC23 of B. goodwinii isolated
in Italy clusters with the French strains recovered on Q. petraea (Table S1), and how the
strain GSAC47 of G. quercinecans clusters with the one recovered in Iran on Morus sp.
(Table S1). It also should be noted that two other isolates of B. goodwinii found in Salento
have been previously reported and sequenced (P2AC, P1BW) [40,41], but these are shorter
than the sequences here reported; the information on gyrB is not included and they are not
associated with G. quercinecans. However, strains P2AC and P1BW are 98.71% and 98.85%
similar to the strain BLEC23 for the portion of the over-lapping sequence.

The evolutionary history was inferred by using the maximum likelihood method and
the Tamura—Nei model [39]. The tree with the highest log likelihood (—3981.05) is shown.
The percentage of trees in which the associated taxa are clustered is displayed next to the
branches. Initial tree(s) for the heuristic search were obtained automatically by applying
Neighbor-Join and BioN]J algorithms to a matrix of pairwise distances estimated using the
Tamura—Nei model and selecting the topology with the superior log likelihood value. The
tree is drawn to scale, with branch lengths measured in the number of substitutions per
site. This analysis involved eight nucleotide sequences. There were a total of 2386 positions
in the final dataset. Evolutionary analyses were conducted in MEGA11 [38].

3.3. Pathogenicity Tests

The bacteria isolated were used for pathogenicity tests to fully satisfy Koch’s postulates.
Two months after the inoculation of excised branches, at the level of the inoculation points,
but not at the mock inoculation points, the wood developed a black discoloration with
defined margins compared to the surrounding wood, which appeared lighter in color.
Despite its moist appearance, the wood maintained a solid texture. Furthermore, one
month after inoculation, the bark appeared moist and had brown exudates (Figure 3). The
condition of the infected wood after two months, and the presence of exudates, reflected
the key symptoms attributed to AOD and that can be observed on naturally affected oaks.
Bacteria from necrotic bark and xylem were successfully re-isolated onto NA.
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Figure 1. Phylogenetic tree based on 16S gene sequencing of B. goodwinii strain BLEC23. From
the phylogenetic tree, it can be noted how the strain isolated in Italy BLEC23 (A) of B. goodwinii
shows more similarities with the strains (CDN-09-alpha-G) isolated in France on Q. petraea., while
B. nigrifluens (BN207), representing the outer layer, is the most genetically distant strain.
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Figure 2. Phylogenetic tree based on 16S gene sequencing of G. quercinecans strain GSAC47. From
the phylogenetic tree, it can be noted how the strain isolated in Italy GSAC47 (A) of G. quercinecans
shows more similarities with the YMM14 strain (from Morus sp. in Iran), while G. greigii (USA 56),
representing the outer layer, is the most genetically distant strain.

Figure 3. (A,B) Two excised branches inoculated with B. goodwinii and G. quercinecans, respectively.
Red arrows indicate the inoculation points, while green arrows indicate the mock-inoculation points.
Necrotic wood can be observed at the inoculation points. (C) The incubation conditions of the
inoculated wood sections. (D) Brown exudate is observed outside the bark at the inoculation point.
The reference bar is equal to 1 cm.
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4. Discussion and Conclusions

In Italy, holm oak trees tested positive in 2023 for B. goodwinii, G. quercinecans, and
R. victoriana [11], three bacteria that are considered to be the biotic cause of AOD [22]. B.
goodwinii and G. quercinecans are thought to be the main causal agents for AOD, as their
ability to cause wood tissue necrosis has been established [24,29]. In this study, from
holm oak we successfully isolated the bacteria associated with AOD in Italy. These were
confirmed to be B. goodwinii and G. quercinecans by sequencing the partial 165 rRNA and
the gyrB genes. The choice of such genes was guided by the fact that, although the 16S gene
is one of the most widely used markers for bacterial phylogenetic analyses and is known
for its reliability [42,43], using it with other housekeeping genes such as gyrB, rpoB, infB,
and atpD can result in more accurate genetic analysis [44,45], as is often done for bacteria
associated with Brenneria sp. and Gibbsiella sp. [5,31,46—48] due to their polyphyletic nature,
and thus permitting a differentiation of closely related strains [22,35,49].

Phylogenetic analysis revealed that the Italian strains of B. goodwinii and G. quercinecans
share high genetic similarity with strains from Europe and Iran, thus suggesting that those
pathogens may disperse over large distances and adapt to different climatic conditions.
This finding is crucial for understanding the potential for the global spread and ecological
adaptability of these bacteria. The clustering of the B. goodwinii strain with French (CDN-
09-alpha-G) strains and G. quercinecans with strains from Iran (YMM14) highlights these
pathogens’ genetic relations and the possible transmission routes, underscoring the need
for a comprehensive approach to monitoring and managing AOD. Moreover, although the
dispersal of plant pathogens between distant locations can occur through the movement
of goods [50,51], as far as the long-distance transmission strategies of these bacteria are
concerned, nothing is known yet. Nonetheless, it has been observed that AOD-related
bacteria can survive in soil, forest litter, and rain water, and are also associated with oaks’
leaves, acorns, catkins [23,52,53], and wood borer insects [20], which, even if not empirically
proven, could represent dispersal modes for these pathogens.

Pathogenicity tests also confirmed the virulence of the bacteria isolated, as inoculated
excised branches developed moist-necrotic lesions, similar to those observed in naturally
infected oaks, and from which the inoculated bacteria could be isolated again. This result
fulfils Koch’s postulates and conclusively demonstrates that B. goodwinii and G. quercinecans
are causative agents of AOD on Quercus ilex. Those findings confirm the pathogenic nature
of B. goodwinii and G. quercinecans, as determined also in other oak species such as Quercus
petraea (Matt.), Quercus robur (L.), and Quercus suber (L.) [1,4]. In any case, it must be
considered that AOD is defined as a ‘complex disease’, and other factors, such as drought
and poor soil conditions, appear to be involved in the process leading to plant death;
however, the relative weight of each factor on the exact chronology of the different stresses
that lead to the onset of AOD symptoms is not known to date [12,14,47].

Furthermore, there could be the possibility that these pathogens have an endo/epiphytic
lifestyle and that they can become pathogens following changes in the state of the plant [23].
This last possibility appears rather intriguing in light of (a) the large distance between
the known outbreaks in Europe (both compared to the one in Salento and among others);
(b) the absence of secondary/intermediate hosts of agricultural interest involved in nurs-
ery activities; and (c) the presence of insect vectors not yet confirmed but ubiquitously
spread. These considerations leave a space open to the possibility that the bacteria involved
in AOD are much more widespread in Europe than the findings indicate, but that their
presence is hidden, perhaps due to their poor virulence in the absence of other concomi-
tant factors (e.g., environment), or by limited attention paid to symptoms during forest
monitoring activities.

Although it is reported in Asia that AOD-related bacteria can infect woodland trees
belonging to genera such as Fagus, Carpinus, and Elaeagnus [31,46,54], indicating that these
bacteria exhibit a certain degree of host suitability, in Europe, they have been found almost
exclusively on plants of the genus Quercus [1,3-6,11,22,25,26], with few exceptions: there
is one report in Poland, where also on the genus Tilia spp. was involved [55], on Malus
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spp. species in Switzerland [56], and Acer spp. and Ulmus spp. in Hungary [57,58] (Table 3).
It is interesting to note the absence of hosts among plants of agricultural interest, which
are more interested in frequent and massive commercial exchanges, as well as the low
probability of propagation through intermediate hosts. Therefore, if the nurseries represent
a source of inoculum (a fact not yet ascertained), the impact should mainly affect areas
subject to reforestation. Given the spontaneous nature of the forests from which the bacteria
were isolated in Salento and the absence of significant reforestation plans in the proximal
areas, it is believed that the probability that the infectious event comes from the nursery
activity is low, although it cannot be excluded.

Table 3. The table presents the plant species on which AOD-related bacteria have been found in European
and non-European Countries, along with the indication of the country where the discovery occurred.

Host Country References
Britain [12]
Spain [5]
Switzerland [1]
Poland [6]
Q. robur
Latvia [4]
Slovakia [25]
France [26]
Hungary [59]
Britain [12]
Switzerland [1]
Q. petraea
Hungary [60]
France [26]
European Q. suber Portugal [3]
Countries -
Spain [5]
Q. ilex
Italy [11]
Switzerland [1]
Q. cerris
Hungary [61]
Q. pubescens Switzerland [1]
Q. rubra Switzerland [1]
Q. pyrenaica Spain [5]
Q. ilex Spain [62]
Q. pyrenaica Spain [62]
Tilia cordata Poland [55]
Ulmus sp. Hungary [57]
Acer campestre Hungary [58]
Malus sp. Switzerland [56]
Carpinus sp. Iran [31]
Non-European
Countries Elaeagnus sp Tran [46]
Fagus sp. Turkmenistan [54]

Among the European countries where these bacteria have been identified, Slovakia,
Hungary, and Switzerland are approximately the closest to the Italian location where
B. goodwinii and G. quercinecans have been detected. The estimated distances between the
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areas where bacteria associated with AOD were found and the sampling sites in Italy are
approximately 890 km for Slovakia (in 2024), 920 km for Hungary (in 2022), and 1,102 km
for Switzerland (in 2020). These values are indicative and provide an estimate of the
geographical spread as the crow flies of these bacteria across Europe.

It is noteworthy that throughout Europe and parts of Asia, the beetle Agrilus biguttatus
(Fabricius) is common. This is a coleopteran species that uses Fagaceae as its host plant [63]
and is a potential vector of the AOD bacteria [20]; A. biguttatus has been reported also in
Italy [64-66], along with other oak-damaging Buprestidae [67-69], and although a specific
association between A. biguttatus and AOD-related bacteria has not been definitively
demonstrated, it is known that other Buprestidae may serve as vectors for various plant
pathogens. For example, Ceratocystis fagacearum (J. Hunt) spores have been detected on
A. bilineatus (Weber), and Pseudomonas spp. and Aspergillus spp. have been isolated from the
mouthparts of A. nubeculosus (Fairmaire) [70,71]. While A. biguttatus may not act as a direct
vector, there may be a contributing association in triggering disease, as a correlation has
been observed between trees infested by A. biguttatus and infection by Armillaria spp. [72].
Along with the possibility that A. biguttatus could be the vector of AOD bacteria, it is
also remarkable to consider the dispersal capabilities of this insect; indeed, although the
adults can fly for several kilometers, the spread between nations can occur through human
activities [73]. A case study is represented by A. planipennis, which, originating from
China [74], was introduced into North America and Western Russia through the transport
of goods, such as biomass, packaging materials, and wooden artifacts, especially if they
have the bark, which is where Agrilus spp. lays the eggs [75], and host plants in particular
of the genus Fraxinus spp. [76-78]. This insect not only directly damages ash trees through
its phytophagous and xylophagous activity, but in the USA and Canada, an association
has been observed between the larval galleries of A. planipennis and various pathogenic
fungi of ash trees, agents of canker and wood decay [79]. Therefore, if it is confirmed that
A. biguttatus or other buprestids can act as vectors for AOD-related bacteria, it is plausible
that the long-distance movement of such bacteria could occur through the transnational
movement of infected insects, accidentally transported in wooden artifacts and host plants,
as in the case of A. biguttatus oak trees. A central issue concerns how B. goodwinii and
G. quercinecans might be transported by A. biguttatus and whether or not it is an accidental
vector; one possibility is that this insect, living on the trunks and in the phyllosphere of oaks,
may carry the bacteria by coming into contact with bacterial exudates [20]. Furthermore,
it should be noted that an association has been observed between AOD bacteria and the
larvae of buprestids found on AOD-symptomatic oaks [11]. Finally, it is important to
clarify to what extent, if at all, AOD-related bacteria can survive when associated with the
insect rather than the tree. An indication in this regard may come from the fact that larvae
and adults of Anoplophora chinensis (Forster), an invasive species in Europe and found in
Italy, have been associated with some bacteria in their mouthparts, including members of
the Enterobacteriaceae family, such as the Gibbsiella genus [80], which is thought to be a
symbiont and may assist these phytophagous beetles in degrading wood [80-82].

Therefore, we cannot exclude the role of insect vectors in the transmission of bacteria
in Salento. Still, this hypothesis seems in contrast with the lack of findings of AOD-related
bacteria in contiguous territories, leading to the assumption of a more-or-less progressive
spread of the disease in Europe.

In conclusion, this study has demonstrated that holm oaks in Salento that exhibit
symptoms attributable to Acute Oak Decline [11] are indeed infected with B. goodwinii
and G. quercinecans, as isolates of these pathogens could cause wood necrosis, and from
which, as highlighted by qPCR analysis, they could be re-isolated during pathogenicity
tests. Additionally, phylogenetic analysis revealed that these isolates are closely related
to strains found in Europe and Iran, suggesting a potential for long-distance spread that
warrants further investigations, or their hidden presence in many other parts of Europe,
making their presence much more contiguous than it seems. Identifying B. goodwinii and
G. quercinecans as pathogens affecting multiple oak species poses a significant threat to
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biodiversity, as other oak species may also be vulnerable to these infections, potentially
impacting European forests. Consequently, further research is necessary to elucidate the
mechanisms of pathogen spread and the environmental conditions conducive to their
establishment, particularly in the context of climate change [48], and to identify other forest
species at risk.

Supplementary Materials: The following supporting information can be downloaded at: https://www.
mdpi.com/article/10.3390/f15122055/s1, Table S1. List of Brenneria sp. and Gibbsiella sp. strains used
for constructing the phylogenetic trees. Strains isolated in the present work are marked in bold.
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