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Emerging infectious diseases are one of the biggest chal-
lenges in a globalized world. To date, resources have been
allocated to prevent and control the spread of zoonotic and
livestock pathogens. We argue that, in line with the One
Health approach, equitable efforts, financial resources,
attention, and coordination are required for wildlife-only
pathogens to halt biodiversity loss. Deploying the amphib-
ian fungus Batrachochytrium salamandrivorans as a mod-
el, we demonstrate the unbalanced efforts among coun-
tries in Europe regarding surveillance, disease response,

he effects of the Anthropocene on ecosystem, hu-
man, and animal health renders emerging infec-
tious diseases (EIDs) key threats in the globally rec-
ognized One Health approach. Although some EIDs
transmitted from wildlife affect human or domestic
animal health, others drive wildlife declines only

prevention, public outreach, and research. We compare
investments with B. salamandrivorans—free countries such
as the United States, concluding that structural resources
are urgently needed to curb the effects of this fungus with-
in Europe and beyond. We encourage dialogue among
authorities, researchers, and stakeholders and propose a
coordinated European Union—level program of €6—10 mil-
lion over 5-7 years to implement B. salamandrivorans ac-
tion plans and define structural funding requirements for
future wildlife disease mitigation.

(1-4). Those wildlife-only EIDs can have far-reaching
consequences for ecosystem functioning and human
health (4-7). In detail, disease-driven alterations to
community composition can have cascading effects
across trophic levels, resulting in major downstream
impacts on nutrient cycles and food web members
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(1,8-12). However, despite the overall definition and
interpretation of One Health, wildlife-only EIDs are
not given the same priority for mitigation as zoonotic
or livestock EIDs (13,14). Conversely, approaches to
consider and implement wildlife diseases into One
Health do exist (15,16). In this article, we urge that
those approaches be expanded to wildlife-only dis-
eases and that the mitigation of disease threats to bio-
diversity be established as a key component of One
Health strategies (17). Using an amphibian epidemic
currently observed in Europe as an example, we dem-
onstrate that structural resources are necessary to
globally curb disease-driven loss of biodiversity and
propose a coordinated European Union (EU)-level
funding benchmark over >5 years to support this
effort and guide dialogue among authorities, stake-
holders, and researchers in Europe. Their effects on
biodiversity demand that EIDs are approached using
integrated and collaborative efforts between different
authorities (i.e., in Europe: Environment and Health
and Food Safety Departments of the European Com-
mission) and should be properly addressed within
One Health.

Amphibian Chytrid Fungi

The skin fungal disease chytridiomycosis, induced by
Batrachochytrium dendrobatidis, has caused undeniable
harm to global amphibian diversity, placing it among
the top 5 threats to amphibians (18,19). Similarly,
another batrachochytrid fungus, Batrachochytrium
salamandrivorans, is emerging, potentially threatening
salamander species (Caudata) and amphibian com-
munities outside its native range (20-24) and possibly
rising as a major species conservation challenge in the
upcoming decade. B. salamandrivorans, originating

) 800 km

from Asia and likely transported to Europe by the pet
trade, was discovered in 2013 in the Netherlands and
can cause lethal infection in most European salaman-
der species (20). Its recent discovery and relatively
limited observed distribution suggest B. salamand-
rivorans to be in a relatively early stage of invasion
in Europe, which would make it a prime candidate
for pathogen containment and elimination (24-27).
However, after 2 decades of presence in Europe, >130
known outbreaks of B. salamandrivorans chytridiomy-
cosis have occurred in the wild, affecting >6 native
species in 4 countries in Europe (Figure 1, panel A)
(27,28). Although natural B. salamandrivorans disper-
sal appears to be a relatively slow process with an es-
timated range expansion of 5-16 km/year (27), long-
distance and likely human-mediated dispersal and
independent introductions have been documented
(26-29). In addition, anurans might serve as transmis-
sion and dispersal vectors, and B. salamandrivorans
has been detected in captive amphibians (caudates
and anurans) in private and zoo collections in 5 coun-
tries in Europe (Figure 1, panel A) (30). The pathogen
is likely to be more widespread than currently recog-
nized because it can be carried by some host species
without causing disease, and when disease does oc-
cur, clinical signs are not pathognomonic (29).

Current Situation in Europe

The EU initially responded to the novel threat of B.
salamandrivorans by funding the development of the
Batrachochytrium salamandrivorans Action Plan in 2017
(24). B. salamandrivorans has been listed in the Euro-
pean Animal Health Law (AHL) (31) since April 1,
2021. Of the 64 infectious diseases listed in the AHL,
B. salamandrivorans-induced chytridiomycosis is the
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Figure 1. Efforts by country in the European Union and United Kingdom in study of inconsistent strategies to mitigate the effects of
Batrachochytrium salamandrivorans, Europe. A) Known B. salamandrivorans sites in wild caudate populations (indicated by black dots)
(29) and countries with B. salamandrivorans records from captive and wild populations (outlined in red) (Appendix 2 Table, https://
wwwnc.cdc.gov/EID/article/32/7/25-1271-App2.pdf). B) Funding in Euros per country during 2013-2025 in classes (0 = no data; 1

= <50,000; 2 = 50,000-100,000; 3 = >100,000-500,000; 4 = >500,000-2 million; 5 = >2 million) C) Number of B. salamandrivorans
projects per country during 2013—2025 in classes (0 = no data; 1 = 1-4; 2 = 5-9; 3 = 10-19; 4 = >20 projects).
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single wildlife-only EID that is subject to EU-wide
regulations and the sole pathogen listed for biodi-
versity conservation reasons. The AHL listing of B.
salamandrivorans in categories D and E dictates EU
member states to conduct surveillance and prevent
the spread of this pathogen. In an ideal scenario, such
efforts would include both passive and active surveil-
lance through early warning systems and targeted
research, in addition to mitigation actions to curb B.
salamandrivorans spread. Yet, current surveillance ef-
forts are insufficient to detect B. salamandrivorans in its
invasive range. The current observed distribution, the
number of outbreaks, and the overall impact on spe-
cies in Europe do not fit the predicted scenarios based
on the potential host range and presumed unrestrict-
ed dispersal across most of Europe (23-29,32-34) (Fig-
ure 1, panel A). Therefore, the pathogen in Europe is
still likely to be overlooked in the wild (29,33).

We compiled key information on B. salamand-
rivorans detection and funding until 2025 in 15 of
27 European Union countries and the United King-
dom since its discovery (Figure 1; Appendix 1 Table,
https:/ /wwwnc.cdc.gov/EID/article/32/7/25-
1271-Appl.xlsx). We identified funding resources in
13 countries (12 EU countries and the UK) (Figure 1,
panel B), as well as 16 countries with B. salamandriv-
orans projects (15 EU countries and the UK) (Figure 1,
panel C; Appendix 2 Table, https:/ /wwwnc.cdc.gov/
EID/article/32/7/25-1271-App2.pdf). Response ac-
tions to B. salamandrivorans risk, either through fund-
ing or projects, are unknown in the other 12 countries,
but are likely to be limited, if present at all. Among
known actions, >60% of the tested sites and ~71% of
all samples tested for B. salamandrivorans presence
(both in the wild and in captivity) were taken in the
4 countries with outbreaks in the wild (Belgium, Ger-
many, the Netherlands, and Spain (Figure 1, panel
A). Surveillance activities in natural environments
and among wild amphibians occur 10 times more
frequently than those targeting captive amphibians
(46,578 vs. 4,940) (Appendix 1 Table), thereby limiting
the capacity to detect a major transmission pathway
of the disease. This discrepancy reveals either an im-
mense Europewide sampling gap in captive amphib-
ians, or, if testing is present but not reported, an un-
structured, nontransparent reporting system for this
pathogen. That deficit is further illustrated by pub-
lications with punctual data sampling (28,29,33-40).

In countries where B. salamandrivorans outbreaks
have not been reported (N =11) (Figure 1; Appendix 1
Table), only Austria and Luxembourg have sampling
at a level commensurate with efforts expended in
countries where the pathogen has been detected (Ap-
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pendix 2 Figure). Regarding B. salamandrivorans-re-
lated funding across EU member states and the Unit-
ed Kingdom since the fungus’s scientific description
in 2013, the overall volume reached >€12 million. So
far, this money has been used for passive surveillance
measures across and within member states through
the establishment of a network in Europe consisting
of 16 diagnostic centers and, for some countries, the
development of national and regional action plans
and risk analyses. These measures, combined with
active measures, have led to the current knowledge
on B. salamandrivorans in Europe as previously de-
scribed. However, most (89%) of that funding was
used by the 4 countries in which the fungus is present
in the wild (Figure 1, panel A). In contrast, 7 other
countries had access to funding of <€100,000 (Appen-
dix 1 Table). Given those findings, B. salamandrivorans
is likely still overlooked in Europe, and the current
spatial distribution is skewed toward countries with
access to funding.

Overall, 77% of the projects identified were dedi-
cated to B. salamandrivorans only. Of the 114 B. sala-
mandrivorans projects identified, ~83% aimed at B. sal-
amandrivorans in the wild, of which =45% had funding
for >3 years. In contrast, only 7% of the projects fo-
cused on the pathogen in captive facilities only. More-
over, projects differed in their components: 66.6% of
projects included the detection of the fungus and 30%
included its mitigation. For projects that incorporated
conservation action as a project component, 43% of
projects applied in situ conservation, whereas only
6% included ex situ conservation. A combination of
in situ and ex situ conservation was used in 17.5% of
all projects. None included rewilding actions (Ap-
pendix 1 Table). Overall, 38.6% of all projects focused
additionally or exclusively on B. salamandrivorans
fundamental research with a funding volume of ~€9.8
million (80% of total money available) (Appendix 1
Table). That investment yielded fundamental knowl-
edge of diversity, epidemiology, and disease ecology,
resulting in the development of diagnostics and treat-
ment strategies for captive urodeles. However, addi-
tional funding is needed for continued surveillance
and development of sustainable, efficient, and long-
term disease mitigation of natural populations (24-
27,29-35,41). Since 2013, B. salamandrivorans funding
experienced 2 peaks (*€1.1 million in 2018 and ~€1.2
million in 2025), explained by the number of projects
that started and reached their midterm in 2019 and
by the number that reached their midterm and end
in 2025 (Figure 2; Appendix 1 Table). So far, available
(fixed) funding for 2026 and 2027 is above ~€1 mil-
lion per year followed by 2 years with funding below
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Figure 2. Overview of granted funding and projects per year

in study of inconsistent strategies to mitigate the effects of
Batrachochytrium salamandrivorans, Europe. Amount of funding
per year is based on data in Appendix 2 Table (https://wwwnc.cdc.
gov/ElD/article/32/7/25-1271-App2.pdf). Yellow line indicates the
number of projects per year. Multiyear projects were divided by
their duration.

€100,000; that funding is shared between 4 projects
only (Figure 2; Appendix 1 Table). With regard to
donors, 68% (~€8 million) came from government
funding, whereas ~3% (€417,039) were granted by
nongovernmental organizations and <1% (€101,887)
by universities. The EU invested ~27% (~€3.3 million)
(Appendix 1 Table).

Comparisons and Need for Change

B. salamandrivorans sampling is insufficient in the EU
for landscape-level detection and control. The limit-
ed-to-nonexistent enforcement of the AHL is exem-
plified by an almost complete lack of mitigation ac-
tions at known sites with infected wild populations,
despite the availability of an action plan, including
guidance on development of mitigation strategies
(24,25). National B. salamandrivorans Action Plans ex-
ist in only 3 Member States (Belgium, Czech Repub-
lic, Luxembourg), but only Belgium and Luxembourg
have incorporated the fungus into a (temporal) na-
tional strategy (Appendix 1 Table). Apart from that
strategy, if actions are taken, they are mostly limited
to raising public awareness and ex situ rescue of in-
fected animals, often without a clear perspective of
potential reintroduction and with uncertain effects
on disease epidemiology. A few countries have in-
vested in B. salamandrivorans research (Appendix
1 Table), but progress in both fundamental science
and disease management is constrained by the pau-
city of studies testing the feasibility and effective-

ness of mitigation or elimination strategies. Notable
exceptions include a B. salamandrivorans outbreak in
Catalonia, Spain, in 2018 that was met with rigorous
actions that at least temporarily contained infection
(26). The Netherlands has recently allocated €2 mil-
lion to research on B. salamandrivorans disease ecology
aiming to further develop in situ mitigation, and the
EU recently invested €2.5 million (Horizon Europe/
ERC101096163-GLOSSI) in fundamental research
that might translate to novel B. salamandrivorans miti-
gation strategies in the future (e.g., long-term and in
situ mitigation increasing host resistance and/or de-
creasing pathogen virulence). However, overall, the
current, minimal efforts on a Europe-wide scale are
unlikely to reduce further spread of B. salamandriv-
orans and prevent it from eventually reaching centers
of caudate endemism in southern Europe. That prob-
ability is highlighted by the previous money flow and
resulting projects conducted in those areas (Italy, Por-
tugal, Spain, and the entire Balkan Peninsula), which
did not surpass €400,000 and 2 projects per country
(Figure 1; Appendix 2 Table).

Any serious attempt to control an EID requires
sufficient resources, in this case at least those neces-
sary to support effective surveillance and mitigation
actions as required by the AHL. Certainly, the risk B.
salamandrivorans poses to Europe’s unique amphibian
biodiversity and its potential of inducing a trophic
cascade (42) should urge investment in resources
to develop sustainable mitigation strategies (24,25).
That risk extends beyond Europe to other yet naive
regions such as northern Africa and North and South
America. Resources invested in Europe automatically
lead not only to previously mentioned actions but si-
multaneously follow approaches like One Health and
reduce risk in and spillover to nonaffected countries
(43). The time is now to enhance resources against
the pathogen; once EIDs become widely established,
enormous efforts are required to slow down epidem-
ics in the wild (26). Our concern is that this might
also be the case for B. salamandrivorans. If the current
known distribution is representative of the actual
distribution, we might still be in a position to enact
effective mitigation strategies. The shown inadequa-
cy of monetary resources and the coupled lack of B.
salamandrivorans control measures in the EU become
more evident by comparing them with resources
spent on controlling other AHL-listed pathogens with
established surveillance and mitigation structures.
For example, African swine fever (ASF), an emerg-
ing disease of both wildlife and livestock, receives
broad attention by decision-makers. In this case, be-
cause the pathogens differ in their epidemiology,
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host range, and economic effects, ASF is not used as
a biologic comparator but as a policy benchmark to
illustrate the differences in political priorities, fund-
ing allocation, and how control measures are imple-
mented under the same legislative framework. This
level of attention has led to massive investments in
elimination and education measures with estimated
funds at ~€215 million for 2014-2023 (44,45). In detalil,
those EU funds, through the European Food Safety
Authority for example, supported scientific projects
regarding disease risk assessments. In addition, they
include the cofinancing of national surveillance plans
by the European Commission, which include active
surveillance activities such as culling, carcass dispos-
al, or physical barriers to prevent disease spread and
passive surveillance in domestic pigs and wild boars;
population management of wild boars; and biosecu-
rity measures (https:/ /www.efsa.europa.eu/en/ top-
ics/topic/ african-swine-fever#latest). However, dur-
ing that period the EU invested only 0.9% (€900,000)
of the ASF funding (=€215 million) in B. salamandriv-
orans mitigation, clearly showing that the EU-wide
responses established for ASF were not feasible for
B. salamandrivorans. Despite some initiated activities
in some countries on different administrative levels,
those efforts remain far less structured and consistent
than those activated for ASF.

Examining how the United States has dealt with
the threat of B. salamandrivorans, where the pathogen
is not yet known to occur, the need for the financial
and structural efforts we advocate for Europe become
even more apparent. The United States has invested
>$2 million in surveillance for B. salamandrivorans in
wild amphibian populations (>100,000 samples) and
has invested >$7 million in fundamental research,
including estimating susceptibility of native species,
investigating and modeling possible transmission
dynamics in amphibian communities, evaluating dis-
ease management strategies, and using decision sci-
ence to establish a response framework if emergence
occurs (46-49). In comparison, ~€1.2 million was in-
vested in the EU in total (of which =66% included di-
rect funding for research); 11,743 samples were tested
in B. salamandrivorans-naive EU countries by May
2025 (Appendix 1 Table).

The North American Bsal Task Force serves as
the unifying entity for that continent, bringing togeth-
er scientists and stakeholders to identify research and
policy needs and advocate for funding (49). The Unit-
ed States does not have specific legislation, such as
the European Health Law, to direct funding toward
B. salamandrivorans surveillance and response. In-
stead, funding has primarily come from state natural

Strategies to Mitigate B. salamandrivorans, Europe

resource agencies, the US Geological Survey, and
private conservation organizations that recognize
the threat of this pathogen to native biodiversity. In
addition, the US National Science Foundation has
awarded funding for fundamental research on B.
salamandrivorans and the possible threat of pathogen
invasion through the captive amphibian trade. The
availability of government funding for B. salamand-
rivorans research in the future, however, is uncertain,
because many science-based programs are being cut
by the current US administration. Recently, the threat
of B. salamandrivorans and other pathogens has gained
the attention of the US amphibian pet trade industry.
US businesses overwhelmingly support the healthy
trade of amphibians, and US consumers are willing to
pay 75% more for pet amphibians that are not infect-
ed with B. salamandrivorans or other pathogens (50).
This interest and demand led to the recent creation
of the nonprofit Healthy Trade Institute, Inc., which
is launching a healthy trade certification program for
pet amphibians.

Thus, the threat of B. salamandrivorans is recog-
nized by both public and private sectors in the United
States, and proactively investing resources is agreed
upon as essential to reducing likelihood of emergence
and responding effectively if the pathogen is detect-
ed. Of note, research and policy have been closely
linked in the United States; this strategy has proven
highly effective in lessening the import by trade of
known, and suspected, amphibian vectors of B. sala-
mandrivorans (51).

Conclusions and Policy Implications
In conclusion, we highlighted the financial gaps exist-
ing between livestock (ASF) and wildlife-only (B. sala-
mandrivorans) diseases and uncovered funding differ-
ences between the United States, a country naive to
B. salamandrivorans, and the EU, in which a few coun-
tries have reported B. salamandrivorans outbreaks. We
call for the EU to take responsibility in amphibian
conservation by implementing and enforcing the Ani-
mal Health Law across EU member states and their
administrative units regarding B. salamandrivorans
control measures in the wild and in captive facili-
ties. Control measures in captive facilities especially
include implementing improved biosecurity in the
amphibian trade (i.e., following clean trade strate-
gies) through mandatory health certification for am-
phibians, which remains largely absent in most mem-
ber states despite its potential for effectively limiting
pathogen introduction and spread.

These steps would require structural funding
to (at the very least) cover costs of monitoring and
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Table. Proposed European Union—level funding framework for coordinated prevention and response in analysis of inconsistent
strategies to mitigate the effects of Batrachochytrium salamandrivorans, Europe

Funding component Primary objective

Expected policy impact

International coordination
Disease monitoring
Disease prevention
Applied and fundamental
research

Outbreak response

management tools

Enhancing information share and coordination
Early disease detection and monitoring spread
Reduce introduction and transboundary spread risk
Develop evidence-based and sustainable

Outbreak containment and reduced disease impact

Harmonized cross-border response and coordination
Compliance with Animal Health Law (37)
Compliance with Animal Health Law (37)

Availability of decision-making and mitigation tools

Compliance with Habitats directive (53)

activities inscribed in B. salamandrivorans action plans,
to limit the effect of the wildlife-only EID on biodiver-
sity in Europe in line with the European biodiversity
strategy 2030 (52). In addition, it would involve foster-
ing exchange between agencies funding fundamental
research and those who are responsible for conserva-
tion action. Establishing clear and complementary
funding connections would help to ensure that science
informs action without reducing research to a mere
service function. Subsequently, such coordination
translates scientific findings into effective biodiversity
management and disease control policies on all admin-
istrative scales, as well as in areas with high salamander
diversity (especially southern Europe) and to species
highly susceptible but naive to B. salamandrivorans, as
already analyzed in the Batrachochytrium salamandrio-
orans Action Plan in Europe (24). To achieve this goal,
we urgently call for a dialogue between policymakers,
researchers, and stakeholders discussing and defining
funding, coordination and implementation strategies,
and priorities. For this urgent dialogue, we propose a
coordinated EU-level program in the range of €6-10
million over 5-7 years focusing on 5 major components
(Table) as a realistic starting point, based on preventive
investment levels in comparable jurisdictions. (The
United States has invested approximately $9 million
in preventive B. salamandrivoranssurveillance and re-
search despite the absence of confirmed cases.)

As we face the reality that the EU and its member
states lack action against wildlife-only diseases such
as chytridiomycosis, we urge more support in pre-
vention measures such as campaigns to raise aware-
ness, rapid-response systems, collaborative conserva-
tion actions, the implementation and maintenance of
a B. salamandrivorans working group in Europe, and
research in both hosts and pathogen following the ef-
forts made in the United States to properly address
the current disease emergency. Those actions are nec-
essary and applicable to all known and yet unknown
wildlife EIDs to elevate their recognition to that given
to other wildlife diseases and to fulfill Europe’s obli-
gation to One Health. In contrast, failing to address
wildlife diseases risks undermining decades of con-
servation efforts and accelerating biodiversity loss
across Europe. Because wildlife pathogens can spread

rapidly across borders and ecosystems, coordinated
prevention and surveillance are essential at the Euro-
pean level. Recognizing wildlife disease management
as an integral component of One Health policy is criti-
cal to safeguarding biodiversity, ecosystem stability,
and long-term environmental health.
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