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1 — Background

= The SDGs 3 and 8 highlight the need to guarantee healthy lives

and encourage wellbeing and decent work for all.

= WHO recognized as priority settings for action the workplaces
reporting more than 1.2 million deaths annually due to

occupational risks.

= Only a small fraction of the general workforce has access to

occupational health surveillance.

https://www.who.int/tools/compendium-on-health-and-environment/priority-settings-for-action
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HERA from EU presented a priority list of top-3 health threats that
require coordination of measures at EU level, since they have the

potential of spreading across Member States:
= pathogens with high pandemic potential
= chemical, biological, radiological and nuclear threats

= threats resulting from antimicrobial resistance.

https://ec.europa.eu/commission/presscorner/detail/en/ip 22 4474



https://ec.europa.eu/commission/presscorner/detail/en/ip_22_4474
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WHO release a list of fungal priority pathogens but without

considering the toxicological relevance.

Table 3. WHO fungal priority pathogens list

Critical group High group

®,  Cryptococcus .,. Nakaseomyces glabrata A " Scedosporium spp.
‘ necformans (Candida globrata) ™M
Candida auris A& Histoplosma spp. '+,  Lomentospora
¥ U prolificans

)
(Wgaﬂus fum@ ¥ ‘ Eumycetoma causative \'» 1;. Coccidioides spp.
WHO fungal priority ~ L

pathogens list to guide

7!\ Pichia kudriavzeveii
{Candida kruseil

Mucorales

research, development and g,  Condidaalbicans
public health action

Fusarium spg ‘ *  Cryptococcus gattii

& Candida tropicalis y ;}ﬂ{.& Talaromyces marneffei
P
A Candida parapsilosis & £  Pneumocystis jirovecii

ok Paracoccidioides spp.
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= |n all European countries employers are obliged by regulation

to assess and prevent exposure to occupational risks

(Directive 89/391/EEC) .

= The Directive 2000/54/EC of the European Parliament and the
Council of September 18, 2000 sets the rules regarding risk

assessment if exposure to biological agents cannot be

avoided (2000/54/EC, 2000).
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= Scientific evidence that associates occupational exposure to bioaerosols

(bacteria, fungi and metabolites) to health outcomes.

(Kim et al. 2018; Sabino et al. 2019; Schlosser et al. 2020)
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= Some pathogenic fungi are benefiting from climate change, gradually adapting

to higher temperatures and becoming more prevalent and virulent.

= Certain proteins on the outside of fungi play a crucial role in making them heat-resistant.

Thermophile

Chaetomium thermophilum Enrichment of surface

residues in thermoohile

Genome
Proteome

Structure-based Enrichment of charged
analysis residues in thermophile

Sequence-based
analysis

Hydrophilic residues are
replaced in thermophile

Genome
Proteome

he core region is conserved
Mesophile
Chaetomium globosum

(Rumao 2024)
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Thermal adaptation is not the sole factor
but represents a major prerequisite for

infecting humans or mammals.

Rising environmental temperatures might
allow for the fungal stress adaptation
machinery to adapt to high-temperature

environments

Promoting their

pathogenicity in humans
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Changes to

mitochondrial

metabolism
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| X 2

Broadened
nutrient
utilisation

Changes in
ploidy

Increased mutation rate

caused by transposable

element insertion
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Proposed mechanisms for fungal thermo-adaptation

NATIONAL SCHOOL
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Induction of HSP, HSF, HOG, Expression of Cell wall integrity, Increased
and calcineurin signalling amino acid remodelling, melanin
permeases and thickening production

Increased production of
detoxifying enzymes, such as
catalase and SOD

Cell membrane

Increased production of
protein-stabilising metabolites
(pyruvate and trehalose)

(Seidel et al. 2024)
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How Candida auris may have spread to people

w _— n 1
. Higher temperatures due to global »
' warming select fungal variants that Rural environment

can reproduce at the body
temperatures of birds and mammails.

* Temperature-tolerant C. auris _
moves, perhaps by birds, across
the globe to rural areas where
people and birds are in

constant contact. N\

o

& - -

Urban environment

6 = | - Hos ital
. w7, (L ‘
Candida auris, which previously ! =t =1
existed as a plant fungus, A 1 ! r VI,

Rural activities such as@"
farming provide an
. opportunity for interspecies

= transmission of virulent

pathogens such as C. auris

2, V‘
e

becomes tolerant of high 5 Human migration towards urban
temperatures as a result of areas eventually leads C. auris into
climate change. & health care environments.

https://knowablemagazine.org/content/article/health-disease/2023/how-climate-change-could-make-fungal-diseases-worse

HETRC CISPi CHRE NIVA

bty ! T eioctegy hesmmre~ Coster

COMPREHENSIVE HEALTH

RESEARCH CENTRE OF PUBLIC HEALTH

The drivers of climate change and

lost of (micro)biodiversity:

= Changes in the use of land and sea
= |ntensive animal production

= |nvasive species

= Pollution

= Exploitation of natural resources

Climate changes

Shaping microbial diversity

Thermotolerant fungi


https://knowablemagazine.org/content/article/health-disease/2023/how-climate-change-could-make-fungal-diseases-worse
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Multifocal Sporotrichosis Associated with Armadillo Hunting in Midwest Brazil
https://Inkd.in/eiiPjTvY
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The adaptation of pathogenic fungi to one environmental stressor also primes
them to overcome other adverse environments. This observation extends to

several drivers associated with climate change.

+ Ex. 1: Fungal melanin confers cross-protection against:
‘ = heat stress

= pH stress

= heavy metals

and radioactive isotopes

contributing to the ability of some fungal taxa to proliferate in metal-polluted areas,

acidic environments, and radioactively polluted wastelands after nuclear catastrophes.
(Cordero et al. 2017)
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Ex. 2 - Pollution of water bodies and water supply systems has been associated with increased

growth and diversity of fungi, including pathogenic species, as many pollutants can provide a

favourable pH and nutritional environment for fungal growth.
(Ortiz-Vera et al. 2018)

Air quality
Relative abundance
Morphological changes
i I
A ( j\\ 'm :
S0l Environmental pollution ‘ ‘ Genotoxicity
quality ‘|

Metabolism

Water quality Biomarkers

https://doi.org/10.1016/j.scitotenv.2023.164583
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! Ex. 3 - Increased ultraviolet light exposure has been linked to numerous adverse effects on
human immunity and immune responses, including unfavourable T-cell polarisation, increased

production of inhibitory cytokines, and altered complement activation.

(Norval and Halliday 2011)

Natural
| UV source

Arc lamp

Pterygium, cataract
and macular
degeneration.

w Follicular damage,

alopecia

Fluorescent lamp

nm : e Erythema, tanning,
Black-light ILT Vasodilation A skin wrinkling,
and leukemia. photoaging and

Artificial carcinogensis

UV sources

UV light-emitting diode <+———

Skin flora

Shortwave UV lamp

Altered skin flora

UV laser Obesity
composition.
Narrow band UV B ‘—/
and C lamp Stomach
Altered gut microbial Hungry, foraging
- composition. behavior.
Erythema Skin wrinkles | Alopecia Hyperpigmentation Carcinogenesis

https://doi.org/10.1016/j.envint.2024.108535
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Ex. 4: As environmental temperatures have been
rising, the average human body temperatures
have decreased due to improved standards of
living.

The narrowing of the thermal exclusion gradient

between fungi and humans could further lead to

alignment between host and fungal temperature

preferences and increase human susceptibility to

4

environmental fungi.

Warmer ambient temperatures may enable

nonpathogenic fungi to acquire the ability

OF PUBLIC HEALTH
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WHEN YOUSRE LOST IN THE DARKNESS,
LOSKAOR THE LIGHT.

b ‘ﬁ. j

to infect warm-blooded hosts. (Protsiv et al. 2020; Cohen et al. 2017)
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Ex. 5 - Seasonal influences on meteorological conditions and changes in warming patterns,

along with alterations in light—dark cycles, melatonin secretion, and potential disruptions in circadian

rhythms can also affect host susceptibility, including changes in the immune response, alterations

in the expression of epithelial receptors, and changes in mucosal surface characteristics.
(Arastehfar et al. 2021; Carter et al. 2021; Dowell 2001)

/_/ s Y —\\ Temperature Increase in
. Increase UV/Sunlight

Change in
% land use &
urbanization

Microbial

(I TTD SO EL LN hitps://doi.org/10.3390/jof7050367



https://doi.org/10.3390/jof7050367

mgn HETRC CISPi CHRE. N VA

ey e Yemocisyy hemmmre- Comer COMPREHENSIVE HEALTH
RESEARCH CENTRE OF PUBLIC HEALTH

Ex. 6 — Fungal plant pathogens such as Puccinia striiformis or Fusarium graminearum are

evolving with climate change and threatening food security. Food insecurity and nutrient

deficiency are considered key mediators of malnutrition-related immunosuppression induced by climate

change, which increases the susceptibility of these individuals to fungal diseases.
(Swaminathan et al. 2014)

Altered attributes Emerging fungal pathogens Consequences
&3 o Virulence Puccinia striiformis f. sp. tritici Food security
* Fusarium graminearum Food security
o Geographic range .. .
v Cryptococcus deuterogattii Human/animal health
Climate il o Dispersal Coccidioides immitis/posadasii Human/animal health
cha nge o Host susceptibility A Candida auris Human health
Apophysomyces trapeziformis Human health

0 Trauma/wounds

0 Vectors

Batrachochytrium dendrobatidis ~ Wildlife extinction
? ?

(Nnadi and Cater 2021)
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Ex. 7: The threat of climate change to food security has contributed to adaptive agricultural
practices with a increased use of fungicides. Acquired azole resistance in Aspergillus fumigatus that

is partly driven by the use of environmental fungicides is becoming increasingly problematic

during treatment of aspergillosis in humans.

Increase of fungi and
mycotoxins contamination

Climate change

Intensive use of azoles in
crops to avoid toxigenic
species

Resistant species can multiply

; . Infections are hard to treat
and survive (A. fumigatus)

and life-threatening.

FUNGICIDE
AZOLES

(Lanz et al. 2018; Arastehfar et al. 2020; Rhodes et al. 2020)
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3 — Natural disasters and fungal outbreaks

Climate change is triggering
profound long-term effects on
fungal ecosystems and increasing

frequency and intensity of

Release of particles
carrying fungal spores
through wildfires or
volcanic eruptions

Strong winds and
destruction of
buildings

devastating natural disasters.

Respiratory fungal Potential long-distance
infection via inhalation spread and effect on

of fungal pathogens unexposed populations el i

Outbreaks of fungal diseases

invasive mould infections
r Hurricane Harvey in
ouston, TX, USA in 2014

LOSIS
thé'Indian Ocean tsunami
=l /ot 2004 and the EF-5 tornado
inMO, USA of 2011

(Sharpe and Davidson 2022)
(Seidel et al. 2024)
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= Natural disasters can cause extensive damage to natural habitats
and urban areas, which can create conditions conducive to fungal

growth or opportunities for fungal exposure.

= Natural disasters present a high risk for traumatic injuries, such as
lacerations, abrasions, or contusions with disruption of the skin

barrier, which provide entry routes for fungal pathogens.

(Nelson et al. 2022)
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_— Overwhelmed
Wound contamination health-care systems
Post-disaster skin and M‘i;diagno;egua"d I
soft-tissue infections e
infections

/912004 and the EF-5 tornado

osis outbreaks after
ndian Ocean tsunami

in MO, USA of 2011
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= Wildfires and volcanic eruptions leave ash that affects
ecosystems creating new niches for the colonisation of fungi
with functional traits that enable them to survive such extremes

and cause harm to humans.

suonguisna (i Mesectraie,
. . . . . . de;tr!;;pon 2 through wildfires or
= Widespread contamination with mycotoxin-producing moulds st volcanic enuptions

has also been reported after flooding events, as high levels of

Respiratory fungal Potential long-distance

humidity and moisture can cause fungal spores and biological fragments (such as || infectionviainhalation | f = spread and effect on
of fungal pathogens unexposed populations

mycotoxins) to become airborne and disperse across large areas, further facilitated by
strong winds.

(Jaksic et al. 2020)
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Fungal spores can be carried over long distances through
extreme storms or volcanic eruptions where particles

carrying fungal spores are released into the atmosphere.

(Kobziar et al. 2020)

HOW VALLEY FEVER SPREADS,

(T)\VALLEY{EEVER\S (?) PEOPLE INHALERY
SEUNGUS] SPORESFROM
mjgg‘m RIS DUST,

Release of particles
carrying fungal spores
through wildfires or
volcanic eruptions

Strong winds and
destruction of
buildings

SMALL TON

Respiratory fungal Potential long-distance
infection via inhalation spread and effect on
of fungal pathogens unexposed populations

'?rile 100 CASES
CANGET INT.ON

 AREWHIPPEDUP|  BLOODSTREAVIESP, /S
&/SPREAD/TO
INTOTTHEATR VITAL/ORGA ﬁvse “ f
PREDICTED SPREAD AS WORLD K HEATS =
) ‘ \
\
)
f

1*

8 03 +3

] View gallery

(Seidel et al. 2024)



g HETRC CISPi CHRE

COMPREHENSIVE HEALTH

= The dispersal of fungal pathogens following building damage, storms, or

wildfires can cause chronic inflammation, asthma, or respiratory fungal
infections through inhalation of fungal spores small enough to reach the

alveolar surface of the lungs.

(Benedict and Park 2014)

= Tsunamis, floods, and heavy rainfalls can also lead to marked increases in
humidity and housing damage in affected areas, providing conditions

favourable for fungal germination and growth.

(Omebeyinje et al. 2021)

= Tsunamis might present a condition in which the land is seeded with

pathogenic waterborne microbes.

(Engelthaler and Casadevall 2019)
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Aftermath of natural © '\
disasters

High levels of Damaged and flooded
moisture and humidity housing
Mouldy homes and
germiz::igzl ::grge with increased risk for
fungal infections

-

Increased incidence of
— invasive mould infections
= ._aﬁer Hurricane Harvey in
= (@ Houston, TX, USA in 2014




Table; Disaster-associated fungal infections* TECNGLOGA DA SA00E Hg:rRC CISP :Hgﬁ C H RG N VA

ND COMPREHENSIVE HEALTH NATIONAL SCHOOL
. . . . . il OF PUBLIC HEALTH
Disaster Reference  Location  cases Fungal organism Type of infection Quicome TSR
Tomado, 2011 Neblett Fanfair ~ USA 13 Apophysomyces trapeziformis Soft tissue 38% all-cause
etal. (4] morality . . . .
Great East Japan  Kawakami Japan 1 Aspergillus fumigatus Pulmonary, multi-organ Death Fu Nnga | infection have been related with climate
Earthquake and etal. (3) dissemination
Tsunami, 2011 Neatk;m{qéga Japan 1 Scedosporium apiospermum Lu;?szr;gst:;;am Death adverse events due to climate chan ges.
lgusaetal. (7)  Japan 1 Pathogen not idenfifiedt  Sinusitis and meningitis Death
Hurricane ke, Riddeletal. (8)  USA 3 Unzpecified agent of Soft fissue Recovery
2008 chromablastomycosis
Hurricane Katrina, Raoetal. (9 LJSA 1 Cladosporium sp. Pulmona Resolved . . .
el 9 P ! o CC could be affecting the ecology of pathogenic fungi
freatment
ITndian O'C??:[i]%ei Petrj:r;iﬁt a. Thaland 2 Cladophialophora bantiana Soft issue Recovery in ways that are not yet ful ly understood.
sunami,
Garzonietal. Thaland 2 Scedosporium apiospermum  Spondylodiscitis, 1; Recovery
(11) brain abscess, 1
Gunaratne  Colombo, 6 A. fumigatus Meningitis 50% all-cause
etal.(12)  Srilanka mortality
Andresenetal. Srlanka 1 Apaphysomyces elegans Soft tissue Not specified
(13)
Snell and Thalland 1 A elegans Soft tissue Recovery
Tavakoli (14)
Masgeleetal. Southeast 1 Fusarium sp. Soft tissue, sepsis Death
(13) Asia 1 Mucor sp. Soft tissue Not specified
Earthquake, 1994 Schneideretal.  USA 203 Coccidioides immitis Pulmonary; 6(3.7%)  1.5% all-cause H :
9 dsemnaed noraly Even minor or gradual changes in
Volcano, 1985 Patifioetal.  Colombia 8 Rhizopus arthizus Soft tissue 80% all-cause . .
(17) mortality temperature, m0|sture, and wind patterns
Dust storm Flynnetal (18)  USA 115 C. immitis Pulmonary; 16 (14%) 7% all-cause
originating near disseminated mortality . . . .
Bakersfield,  Willamsetal  USA 18 C. immits Pumonary, 4 (22%)  55% al-cause might affect fungal growth, distribution, and
Califomnia, 1977 (19) disseminated mortality

https://wwwnc.cdc.gov/eid/article/20/3/13-1230 article dlspersal'



https://wwwnc.cdc.gov/eid/article/20/3/13-1230_article

@ Earthquake g Hurricane Ii_:," Valcanic eruption @ Flood

@ Tsurami @) Tomado  dy Wildfire

Colonisation or superficial infections () Single case
Dust storm or clowds

Invasive fungal infection {3 Multiple cases

Figure 4: Global dstribution of fungal outbreaks related to natural disasters

(A) World map. (B) North and middle America. (C) Southeast Asia. AE=Apophysomyces elegans. AF=Aspergillus fumigatus. AG=Aspergillus glavous. AT=Apophysomyces trapeziformis. AV=Aspergillus flos.
BD=Blostomyaes dermatitidis. CA=Candida albicans. CB=Cladophialaphora bantiana. CH=unknown (chromoblastommpcasts). CL=Cadosporium spp. CT=Candida tropialis. CO=Coccidioides immitis. DR=Drechslera
spp. Mo=moulds. NS=not spedfied RH=Rhizopus arhizus. PV=Paedlomyces variotil. SA=5cedosporium apiospermum. SU=5ced osporium aurantiacum. SY=Syncephalastrum spp. TM=Trichosporon mucoides.
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A match in the geographical distribution of
reports of natural disaster-associated

fungal outbreaks

The geographical distribution of

natural disasters

Fungal outbreaks following
natural disasters are likely to be

under-reported

(Seidel et al. 2024)
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Underreporting could be attributed to several factors:

= challenges in conducting research in disaster-affected regions (where health-care facilities operate at

reduced capacity), when the primary focus is on immediate health concerns.

= diagnosis of invasive fungal disease might be compromised by a scarcity of appropriate diagnostic tools
and professionals trained in mycology as well as little awareness and knowledge regarding the

epidemiology of invasive fungal diseases following natural disasters

= misdiagnosis, the absence of diagnosis, and the absence of validated invasive mould infection case

definitions could result in their exclusion from systematic reporting.

= |ow research funding can further hamper systemic documentation of fungal diseases in the setting of

natural disasters.
(Syed-AbduI et al. 2022; Seidel et al. 2024; Salmanton-Garcia et al. 2023)
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As temperatures rise, fungal

To reduce the devastating impact of | dlbeatas mag lncrense bocatise

H : More places may become the More extreme weather events may
natural disaster associated fungal @ il ot i
disease-causing fungi to spread. conditions for fungi to grow. Injury and

property damage may increase risk for
infections through wounds or breathing.

outbreaks is important to: Y

= monitor fungal exposure following =~

natural disasters

= perform risk assessment as well as jemese seone ooy Ll
higher, fungi could more easily infect increase, which could lead to greater
people and may adapt to live in the use of agricultural fungicides. Use
human body (98.6). . of any type of antifungal can

contribute to antifungal resistance.

short-term and long-term remediation  #

efforts "

https://www.cdc.gov/fungal/about/climate-change-and-fungal-diseases.html
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"~ The changing climate has

promoted the:

= Spread and acquisition of fungal

diseases

= Emergence of new fungal

pathogens

" |ncreased dispersion of fungi

(Seidel et al. 2024)
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Expansion of Valley fever in the western US
in response to high climate warming (RCP8.5)

* Fungi are becoming more thermotolerant, resulting in

the emergence of new species that are pathogenic to

humans.

Valley fever cases occurring in county
Higher confidence

= Several fungi, once confined to specific regions, have . .

emerged as major health threats in areas Expansion of Valley fever in the western US

in response to high climate warming (RCP8.5)

unaccustomed to such infections.

= Climate change has also been associated with water
supply and food scarcities owing to its adverse effects

on crop yields and agricultural productivity.
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" The increased reliance on fungicides to protect crops T

with regard to origins, increase and spread

1. Favorable growth conditions

continues to increase and might contribute to the S ihesqlidebin

Natural environment Azole-containing environment

development of antifungal resistance in fungal
W

pathogens, representing a crucial One Health problem and ‘. m

posing a major threat to both agriculture and human public

health.

= Factors such as traumatic injuries during disasters,
along with the weakened immunity and health of

displaced people, provide favourable conditions for v o P s I~
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fungal pathogens and substantially increase the &8 | & \:'”'3)
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susceptibility of populations to fungal infections.
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4 — Main conclusions

= Awareness from WHO and EU
" |nternational and national legal framework

= Exposure (occupational) leads to health outcomes

= Climate change is impacting on fungal diseases

" Natural disasters are drivers of fungal outbreaks
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The impact of climate change on fungal pathogens and diseases,
exacerbated by natural disasters and population displacement due to

climate change, is an urgent global issue affecting all countries.

Systematic and collaborative global efforts to:
" mitigate the deleterious effects of climate change

" jncreased understanding of the inter-relatedness between climate
* change, natural disasters, and fungal infections

" improve efforts in terms of prevention, detection, and treatment.
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Thank you for your attention!!
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