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Abstract

The causal organism of bacterial leaf spot of Hydrangea L., Xanthomonas hy-

drangeae, was the subject of a disease report and a new bacterial species de-

scription in 2021. These publications, along with the development of a specific

isothermal diagnostic assay for X. hydrangeae and the recent awareness of this

pathogenic bacterium,combined with the wet weather conditions during the sum-

mer of 2021 in Europe,have revealed a broader historical and current prevalence

of this disease. Global trade of plants appeared to play an important role in the

dissemination of this pathogen.Furthermore,scouring the literature revealed mul-

tiple instances, mainly in the United States, of bacterial leaf spot of Hydrangea,

previously attributed to other Xanthomonas species (e.g., X. campestris, X. hor-

torum). The first known indication of bacterial leaf spot of Hydrangea dates to

1995 in Georgia (U.S.A.). However, these 1995 isolates are no longer available,

and their identity as X. hydrangeae cannot be confirmed. This mini-review out-

lines the challenges encountered when studying X. hydrangeae, as related to

(i) the development of a diagnostics assay targeting X. hydrangeae, especially

given its phylogenetic similarity to X. hortorum,and (ii) the information discontinu-

ity regarding historical and current incidence of bacterial leaf spot of Hydrangea.

Keywords: diagnostics, LAMP assays, Xanthomonas hydrangeae

Diagnosis of Xanthomonas phytopathogens faces multiple challenges, which have
been previously documented (Catara et al. 2021). The 16S rRNA gene within the Xan-
thomonas genus is not discriminative enough to reliably separate between Xanthomonas
species (Catara et al. 2021; Hauben et al. 1997). Numerous Xanthomonas species are
divided into pathovars: pathogenic varieties on specific plant hosts and usually named
after their hosts (Young et al. 1978, 1992, 2001). Even though the pathovar concept is
very useful in a phytosanitary context, it has no taxonomic standing and can further
complicate the development of long-lasting phytodiagnostic methods. This is relevant
because of the evolving taxonomic classification of Xanthomonas species (e.g., within
the Xanthomonas genus, but also from Xanthomonas to other bacterial genera and vice
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versa) and the wide host range of the species and pathovars of
the genus (Vauterin et al. 1995).

Xanthomonas pathogens are responsible for many plant dis-
eases on as many as 400 different plant species (Leyns et al.
1984; Saddler and Bradbury 2015). These phytopathogens cause
bacterial streak (e.g., of rice, wheat, barley), bacterial blight (e.g.,
of carrot, hazelnut, ornamental plants), bacterial canker (e.g., of
citrus), and bacterial spot (e.g., of pepper, tomato, strawberry,
stone fruit trees, and ornamental plants). The ornamental hosts
of Xanthomonas include, among other genera, Begonia, Pelargo-
nium, Zinnia, Poinsettia, Tagetes, Syngonium, Hedera, and Ficus
(Balaž et al. 2016; Benedict et al. 1990; Dickey and Zumoff 1987;
Duff 1991; Dye 1967; Rockey et al. 2015; Sahin et al. 2003).

Some of the Xanthomonas species pathogenic to ornamental
plants are well studied. For example, X. axonopodis pv. bego-
niae and X. hortorum pv. pelargonii, causing bacterial blight on
Begonia and Pelargonium, respectively, were extensively charac-
terized (Balaž et al. 2016; Barel et al. 2015; Demirci et al. 2019;
Vauterin et al. 1990). Xanthomonas diseases of other ornamental
plants are not studied in detail due to their decreased economic
importance.

The purpose of this mini-review is to report on the development
of a specific diagnostic molecular assay for surveillance, detec-
tion, and discrimination between Xanthomonas species causing
leaf spots on Hydrangea ornamentals. Hydrangea plants are pop-
ular ornamentals in many geographical regions (Fulcher et al.
2016; Rinehart et al. 2018; Sherwood et al. 2022). There are
70 Hydrangea species (BOLD 2024; Ratnasingham et al. 2024),
native to the Americas and to Asia (McClintock 1957). Interna-
tional Hydrangea trade, more specifically from nurseries (e.g., in
the United States) to Europe or Africa, is common (Fulcher et al.
2016; Wu et al. 2021).

Xanthomonas strains on diseased oakleaf hydrangeas (Hy-
drangea quercifolia) were first reported from a commercial or-
namental nursery in Georgia (U.S.A.) in the summer of 1995
(Uddin et al. 1996). Similar bacterial leaf spots on Hydrangea
were observed from 2011 to 2015 in Belgium. The diseased Hy-
drangea plants, grown in Belgian commercial nurseries, were
sent to the Plant Diagnostic Center of the Flanders Research In-

stitute for Agriculture, Fisheries, and Food (ILVO, Belgium) for
further examination. There, xanthomonads were isolated from
H. arborescens (cultivars Invincibelle and Bella Anna) and from
H. quercifolia (Cottyn et al. 2021). A later comprehensive taxo-
nomic study demonstrated that these isolates represented a pre-
viously undescribed Xanthomonas species close to X. hortorum,
named after its host X. hydrangeae (Dia et al. 2021). As evi-
dence of the different host range of this species, strains have been
tested on hosts that are common to X. hortorum. Preliminarily
spray inoculation experiments showed that X. hydrangeae LMG
31884T and LMG 31886 cause moderate and severe bacterial leaf
spot symptoms, respectively, on tomato plants (Solanum lyco-
persicum) (N. C. Dia, B. Cottyn, and J. F. Pothier unpublished
data) but not on other X. hortorum host plants (Hedera hibernica,
Pelargonium zonale, Taraxacum kok-saghyz, and Daucus carota
cultivar Nerac; Dia et al. 2021). Otherwise, this phenotype could
not be observed for X. hortorum pv. carotae CFBP 7900, which
did not develop spots on H. arborescens (Dia et al. 2021).

Based on genetic and genomic evidence (Dia et al. 2021), it
was hypothesized that at least two distinct but concurrent intro-
ductions of X. hydrangeae occurred in Belgium between 2011
and 2012 (Fig. 1). The first introduction was retraced to mother
plants, supplied by a nursery in the United States to another nurs-
ery in Ethiopia, which, in turn, provided H. arborescens cuttings
to its subsidiary nursery in Belgium. A second introduction orig-
inated from H. arborescens cuttings supplied by a nursery in the
Netherlands to a nursery in Belgium, where the diseased plants
were intercepted by ILVO. The mother plants likely originated
from the United States for both introductions of X. hydrangeae
to Belgium. However, it remains unclear at which stage of the
itinerary of plant trade the infection(s) with X. hydrangeae oc-
curred. Another strain (LMG 31938) was isolated in 2015 from
H. quercifolia in the same Belgian nursery, but the origin of this
infection could not be traced.

Due to its high phylogenetic similarity to X. hortorum and
the demonstrated cross-pathogenicity for some strains within the
X. hortorum–X. hydrangeae species complex (Dia et al. 2022a, b),
it appeared crucial to develop a highly specific and fast diagnostic
method that could distinguish the X. hydrangeae strains (clade

FIGURE 1
Retracing the two potential introductions of Xanthomonas hydrangeae strains LMG 31884T, LMG 31887, LMG 31885, and LMG 31886
to Belgium, where they were isolated in 2011 and 2012 from Hydrangea arborescens (cultivars Invincibelle and Bella Anna). Although
no direct exchange between Nursery 2B and Nursery 3 could be traced, the two strains (LMG 31884T and LMG 31887) from the first
introduction are so closely related phylogenetically (Dia et al. 2021) that it is plausible, though unconfirmed, that stock plants were
exchanged via an intermediary, Company X. Strain LMG 31938 was isolated from Hydrangea quercifolia in Nursery 5 in 2015, but the
origin of this infection could not be traced. The countries referred to in this figure are Belgium (BE), Ethiopia (ET), the Netherlands (NL),
and the United States of America (USA). Nursery 2B in Belgium is the subsidiary of Nursery 2A in Ethiopia.
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C; Fig. 2) from the five other clades of this species complex (A1,
A2, B1, B2, and B3; Fig. 2) (Dia et al. 2022a). Thus, in addition
to the formal description of the new species, a genome-informed
isothermal diagnostic assay based on loop-mediated isothermal
amplification (LAMP) was developed for diagnostic purposes to
identify this organism in the laboratory or even in the field (Dia
et al. 2021, 2022a), allowing for accurate detection and targeted
strategies for the effective management of this phytopathogen.
This X. hydrangeae-specific LAMP assay was validated using a
reference set of 62 reference strains, including a limited set of four
X. hydrangeae strains, and a validation set of 60 xanthomonad
strains from culture collections or diagnostic laboratories, clas-
sified or inconclusive (Dia et al. 2022a). The assay demonstrated
100% specificity, sensitivity, and efficiency, with a consistent de-
tection limit of 250 fg and 2.5 pg of genomic DNA (equivalent to
42.1 and 421 genome copies) without and with spiking of plant
cell extracts, respectively.

The knowledge on the historical and current incidence of bacte-
rial leaf spot of Hydrangea is summarized in Table 1. Sources in-
clude disease reports, one research paper, one species description,
personal communications, blog posts on extension websites, and
noncompliance reports from the European and Mediterranean
Pest Protection Organization (EPPO). Xanthomonas species were
reported on Hydrangea starting in 1995, with rare incidences af-
terward, but every year between 2018 and 2022 in various coun-
tries in Europe (the Netherlands, Belgium, the United Kingdom,
Italy, and Germany) and North America (multiple states in the
United States).

After the first mention of an unusual bacterial leaf spot on oak-
leaf Hydrangea (Mullen 1995), a report describing the symptoms
and the various phenotypic traits of the isolates on H. quercifo-
lia was published one year later (Uddin et al. 1996). Here, the
isolates were identified as “Xanthomonas campestris” based on
carbon utilization and fatty acid analysis. More specifically, the
Hydrangea isolates were described as similar to “X. campestris”
pv. carotae, and, to a lesser degree, to “X. campestris” pv. vi-
tians (Uddin et al. 1996). Since then, the taxonomic revision of
the genus Xanthomonas has caused the reclassification of these
pathovars of X. campestris into X. hortorum (Vauterin et al. 1995).

Less than a month after the publication of the New Disease
Report (Cottyn et al. 2021), the Plant Clinic of Fera Science Ltd.
(York, United Kingdom) initiated contact with ILVO and Zurich
University of Applied Sciences. They had a series of strains iso-
lated from Hydrangea plants of diverse geographic origins with
symptoms of bacterial leaf spot that were intercepted by the Plant
Clinic of Fera in 2002 (origin unknown, probably the Nether-
lands), in 2011 and 2020 (the Netherlands), in 2021 (Germany,

the Netherlands, the United Kingdom, and Italy), in 2022 (the
Netherlands, Italy, Belgium, and unknown origin), and in 2023
(the Netherlands, France, and unknown origin). Some of the find-
ings from 2021 were also published through the EPPO’s reports,
as a result of notifications received from the United Kingdom
(EPPO 2021a, 2022). Based on partial sequence analysis of the
housekeeping gene gyrB, it was shown that the sequences of Hy-
drangea isolates of Fera clustered with those of X. hydrangeae
strains from Belgium (A. Aspin, personal communication, June
2021 and October 2024). Furthermore, the identity of a sub-
set of these Hydrangea sp. isolates was confirmed by using the
X. hydrangeae-specific LAMP assay (Dia et al. 2022a). It was
therefore confirmed that the causal agent of the plants intercepted
by Fera was this pathogen.

More recently, bacterial leaf spot was reported on H. quercifo-
lia in Tuscany (Italy) in 2022, and the causal organism was iden-
tified as X. hydrangeae (Campigli and Rizzo 2023), using, among
other methods, the X. hydrangeae-specific LAMP (Dia et al.
2022a). This paper confirmed the occurrence of X. hydrangeae
on symptomatic plants independent of our efforts and constitutes
an independent assay verification confirming the transferability
of the X. hydrangeae-specific LAMP diagnostic assay to another
laboratory (Groth-Helms et al. 2023).

The publication of the disease report (Cottyn et al. 2021)
and the new species description (Dia et al. 2021) shed light on
the occurrence of bacterial leaf spot on Hydrangea caused by
X. hydrangeae. In fact, most reports of bacterial leaf spot on Hy-
drangea were made in 2021, after the new disease report was
published. We speculate that this is due to increased awareness
about X. hydrangeae. Additionally, climatic factors, such as the
wet summer in the European regions, may have provided more
favorable conditions for the disease to thrive. In fact, X. horto-
rum pathovars have been reported to thrive in warm, humid, and
wet environments in greenhouses, nurseries, and fields (Dia et al.
2022b; Uddin et al. 1996).

The development of a diagnostic tool (i.e., LAMP; Dia et al.
2021), together with the novel description of a plant pathogen,
thus led quickly after its publication to an improvement of the
diagnostic process. It is likely that these occurrences would have
gone unnoticed without the publication of the 2021 disease report,
highlighting the importance of publishing disease reports, even
10 years after the initial interception of the disease in Belgium.

Historically, the causal organism of bacterial leaf spot on
Hydrangea was reported as either X. campestris (Byrne 2010;
Cleveland 2012; Mullen 1995; Sherwood et al. 2021; Uddin et al.
1996) or X. hortorum (A. Aspin, personal communication; EPPO
2021a, 2022) (Table 1). We have shown that the retrospective

FIGURE 2
Whole-genome maximum-
likelihood core phylogeny of
the Xanthomonas hortorum–
Xanthomonas hydrangeae
species complex. The tree
branches in blue indicates
the various clades within
this species complex. The
clade C corresponding to
X. hydrangeae is indicated
in bold. Three outgroup type
strains of Xanthomonas are
included in the analysis.
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identification of the pathogen as X. hydrangeae is possible. How-
ever, most of the historical incidences of disease were character-
ized using nongenetic methods or using identification with partial
sequencing of the gyrB gene, which is usually the first step when
an infection caused by Xanthomonas is suspected. Even though
the gyrB gene resolution is better than 16S rRNA gene identifica-
tion at the species level (Catara et al. 2021; Hauben et al. 1997),
its discriminative power depends on the parameters chosen and
on the other strains used to reconstruct the phylogeny (Parkinson
et al. 2007, 2009).

When describing X. hydrangeae as a novel species, the strains
were also tested for cross-pathogenicity on host plants of the
X. hortorum pathovars, the closest phylogenic neighbors of

X. hydrangeae. This led to the observation that the tested X. hy-
drangeae strains also caused bacterial spot symptoms on tomato,
which is more known as a host for X. hortorum pv. gardneri (Dia
et al. 2022b; Larrahondo-Rodríguez et al. 2022). This pathovar
is classified as an EPPO A2 organism (EPPO 2021b) and is de-
scribed as a regulated nonquarantine pest by the European Union
Plant Health Law (European Union 2016, 2019, 2020; Picard
et al. 2018) on pepper (Capsicum annuum) and tomato (Solanum
lycopersicum) seeds, propagating and planting material. Given
that the experimental host range informs about potential natural
infections and host jumps (Jacques et al. 2016), it could be pos-
sible that X. hydrangeae affects tomato plants in natural settings
as well. This would mean that symptoms of bacterial leaf spot

TABLE 1

Historical and current instances of bacterial leaf spot on Hydrangea spp.a

Host(s) Location (isolation year)

Initial characterization
(number of recent

samples)
Identified causal

organismb Reference(s)

Xanthomonas
hydrangeae

LAMP resultc

Hydrangea
quercifolia

Georgia, U.S.A. (1995) Carbon source utilization
and fatty acid analysis

X. campestris pv.
carotae

Mullen 1995; Uddin et al.
1996

Strains not
available

*Hydrangea sp. The Netherlandsd (2002) gyrB identification X. hortorum (X.
hydrangeae)

A. Aspin, personal
communication
2020–2021

+ (Dia et al.
2022a)

H. quercifolia,
Hydrangea
macrophylla, and
Hydrangea
arborescens

Michigan, U.S.A. (2010) Unclear X. campestris Byrne 2010 Not tested

*Hydrangea sp. The Netherlands (2011) gyrB identification X. hortorum (X.
hydrangeae)

A. Aspin, personal
communication 2021

+ (Dia et al.
2022a)

H. quercifolia cv.
Little Honey

Illinois, U.S.A. (2012) Microscopye X. campestris Cleveland 2012 Not tested

*H. arborescens (cvs.
Invincibelle and
Bella Anna) and
H. quercifolia

Belgium (2011, 2012,
2015)

gyrB identification X. hydrangeae Cottyn et al. 2021; Dia
et al. 2021

+ (Dia et al.
2022a)

Wild H. quercifolia Florida, Tennessee and
Mississippi, U.S.A.
(2018–2019)

Tolerance of H.
quercifolia to bacterial
leaf spot

X. campestris Sherwood et al. 2021 Not tested

*H. arborescens and
H. quercifolia

The Netherlands
(2020–2021)

gyrB identification, n = 1
(2020), n = 10 (2021)

X. hortorum
(X. hydrangeae)

A. Aspin, personal
communication 2021;
EPPO 2021a, 2022

+ for 12 from 12
tested strains
(Dia et al.
2022a)

*H. quercifolia United Kingdom (2021) gyrB identification, n = 2
*H. quercifolia Italy (2021) gyrB identification, n = 1
*H. arborescens Germany (2021) gyrB identification, n = 3
*Lactuca sativa

(romaine, green
leaf, and red leaf
varieties)

Pennsylvania, U.S.A.
(2022)

16S rRNA identification,
n = 2

X. hydrangeae Martinez 2023 Not tested

*H. quercifolia Italy (2022) Multilocus sequence
analysis (gyrB, rpoD,
dnaK, and fyuA) and
LAMP

X. hydrangeae Campigli and Rizzo 2023 + (Campigli and
Rizzo 2023)

*H. arborescens Italy (2022), the
Netherlands (2023),
France (2023)

gyrB identification, n = 1
(2022), n = 4 (2023)

X. hydrangeae A. Aspin, personal
communication 2024

Not tested

*H. macrophylla The Netherlands (2023) gyrB identification, n = 1
*H. quercifolia The Netherlands (2022),

Italy (2022), Belgium
(2022), NAf

(2022–2023)

gyrB identification, n = 7
(2022), n = 1 (2023)

a The instances that came to light after the publication in New Disease Reports (Cottyn et al. 2021) are indicated by an asterisk before the host name. The
reports are listed by chronological year of isolation. The identity of a subset of these Hydrangea isolates is tested with the Xanthomonas hydrangeae-specific
loop-mediated isothermal amplification (LAMP) assay.

b Information in parentheses is the new correct identity.
c As described in Dia et al. (2022a). Information in parentheses indicates who performed the analysis.
d The exact origin of the strains is unknown, but custom reference indicates that the country of origin could be the Netherlands.
e Personal communication with Travis Cleveland (February 2022) revealed yearly observation of the disease to varying degrees of severity.
f NA, not available.
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on tomato caused by X. hydrangeae may have been mistakenly
attributed to X. hortorum pv. gardneri in the past. Testing this
hypothesis would require a retrospective screening of historical
strain collections of tomato isolates assigned to the latter species
using the LAMP assay (Dia et al. 2022a) to ensure the correct
assignment of the pathogens to the right species. This may then
even lead to an inclusion of X. hydrangeae on the EPPO A2 list,
just like X. hortorum pv. gardneri.

Depositing strains as live cultures in two public culture collec-
tions located in two different countries is a requirement for novel
taxa descriptions (Chun et al. 2018; Lapage et al. 1992). Because
the description of novel species requires time-consuming work
(Moore et al. 2010) and strain deposition is not required for re-
porting new diseases in short communications, many novel taxa
might not be formally described at all.

The first Hydrangea isolates (1995 to 1996) were not available,
as they were neither placed in the authors’ private strain collec-
tion nor deposited in a public culture collection (R. D. Gitiatis,
personal communication, June 2020). Therefore, their identity
cannot be confirmed, even though they are most likely X. hy-
drangeae strains based on the limited information available. Their
availability would have allowed for consolidation of knowledge
regarding bacterial leaf spot on Hydrangea and, eventually, the
description of X. hydrangeae earlier. The benefits of microbial
resource centers such as culture collections to scientific advance-
ment and reproducibility are well documented (Broders et al.
2022; Overmann 2015), and requiring strain deposition also for
short communications might prove useful. This mini-review re-
inforces the importance of obtaining sufficient strains to develop
assays that detect and identify genetically distinct pathogens that
cause similar diseases (also in the same host, e.g., Xanthomonas
spp. causing tomato bacterial spot), thus determining the speci-
ficity of a diagnostic assay. This is crucial for designing assays
for validation success (Groth-Helms et al. 2023).

Conclusions

New knowledge and the subsequent awareness raised about
bacterial leaf spot of Hydrangea revealed that X. hydrangeae
may be commonly prevalent within Europe and that global
trade of plants plays an important role in its dissemination.
This mini-review supports the importance of continuity within
the field of phytodiagnostics by studying the case of bacte-
rial leaf spot on Hydrangea, outlining the challenges faced in
developing a diagnostic tool for its detection. The availabil-
ity of such a tool is now expected to reveal the presence of
the bacterium in other countries and eventually even on other
plants.
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