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Fungal conidia
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renovation work) 



Occupational exposures to fungi 

Most important fungi related with fungal exposure:

• Cladosporium

• Alternaria• Alternaria

• Stachybotris

• Penicillium

• Aspergillus



Aspergillus conidia

With dry wall spores, dessication-resistant

Why are Aspergillus so commonly
found in occupational environments? 

Very light

Produced in large amounts

Easy to dissociate 

Very easy to disperse

Long time in the air, associated to other particles

Easily airborne and inhaled

• Ability to grow at a high range of temperatures

• High nutritional versatility

• Moisture environments

• Good growth on a high variety of construction

materials (concrete, acrylic paints, wood based

and cellulose based materials)

• Associated with decomposing organic mater



Major route of occupacional disease is inhalation
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Aspergillus

Prevalence of Aspergillus spp. in highly contaminated occupational environments
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Viegas C, Faria T, Aranha Caetano L, Carolino E,
Quintal Gomes A, Viegas S (2017) Aspergillus spp.
prevalence in different Portuguese occupational
environments: What is the real scenario in high load
settings?, Journal of Occupational and Environmental
Hygiene, 14:10, 771-785





Diseases associated with occupational/indoor exposures to Aspergillus

1) Allergic and other hypersensivity responses  

2) Mycotoxicosis

3) Irritant effects caused by mold exposure

4) Opportunistic infection



Diseases associated with occupational/indoor exposures to Aspergillus

1) Allergic and other hypersensivity responses  

2) Mycotoxicosis

3) Irritant effects caused by mold exposure

4) Opportunistic infection

• It is estimated 3 to 10% of the world's population is allergic to molds
Hamilos DL.Proc Am Thorac Soc. 2010 7(3):245-52. 

• Aspergillus cause a large number of allergic diseases:  allergic bronchopulmonary

aspergillosis, rhinitis, allergic sinusitis and hypersensitivity pneumonitis. 



RHINITIS AND ALLERGIC SINUSITIS
Nasal congestion, sneezing, and runny or itchy nose.

Nasal obstruction with polyps

https://pt.slideshare.net/saritajie/fungalsinusitis
?next_slideshow=2

SAFS - SEVERE ASTHMA WITH FUNGAL SENSITIZATION

Occurs in patients with asthma

Fungal-associated (severe) asthma

Fungi responsible: Many, some alone, some collectively. Aspergillus fumigatus, Penicillium chrysogenum, Cladosporium

ABPA –ALLERGIC BRONCOPULMONAR ASPERGILLOSIS

Occurs mainly in patients with asthma or cystic fibrosis

Hypersensivity reaction due to colonization of the bronchi with

Aspergillus

Bronchial inflammation, obstruction, mucus accumulation, 

respiratory failure

http://www.aspergillus.org.uk

Fungi responsible: Many, some alone, some collectively. Aspergillus fumigatus, Penicillium chrysogenum, Cladosporium

herbarum, Alternaria alternata, Candida albicans, Trichophyton spp. and probably others.



Aspergillus fumigatus



Aspergillus oryzae

Soy sauce brewer lung



• Inflammation of the alveoli within the lung caused by

hypersensitivity to inhaled organic dusts with a large variety of

antigens.

• Sufferers are commonly exposed to the dust by their occupation

or hobbies.

HYPERSENSITIVITY PNEUMONITIS

• Hypersensitivity pneumonitis associated with Aspergillus:

Tobacco worker's lung Malt worker's lungFarmer's lung

A. fumigatus associated to 80% of the cases

A. clavatusAspergillus spp. Aspergillus spp.
Compost lung
Aspergillus spp.



Esparto grass lung

Stipa tenacissimaStipa tenacissima



80 workers  analyzed
47 (58.8%) workers in 
poultry
33 (41.2%) in swine 33 (41.2%) in swine 
farms

Incidence of 
diagnosed 

asthma was 8.8%

5% occupational
asthma

High prevalence of respiratory symptoms in professionals without asthma 
• wheezing associated with dyspnea (24%) 
• dyspnea after strenuous activities (12%)
• sneezing, runny nose, or nasal stuffiness (19% ) 



Diseases associated with occupational exposures/indoor to Aspergillus

1) Allergic and other hypersensivity responses 

2) Mycotoxicosis

3) Irritant effects caused by mold exposure

4) Opportunistic infection



Mycotoxin Aspergillus Species Target 
organ

Acute toxicity Chronic Toxicity

Aflatoxins (AFB1) A. flavus
A. parasiticus

Liver Gastrointestinal disturbance,
jaundice, photosensitivity,
hepatosplenomegaly, ascites,
coma, death

Chronic liver injury,
cirrhosis, ascites, liver
carcinoma

Most important mycotoxins produced by Aspergillus 

Ochratoxins
(OTA)

A. ochraceus
A. alliaceus
A. auricomus
A. carbonarius
A. melleus
A. niger (…)

Kidney Acute renal failure Chronic renal injury
in Balkan endemic
nephropathy

Sterigmatocystin A. versicolor Liver hepatosplenomegaly liver
carcinoma

Adapted from: Peraica M,  Mycotoxicosis. InViegas C, Viegas S, Sabino R, Pinheiro C, Brandão J, Veríssimo C (ed) Environmental Mycology in Public Health: An overview on Fungi and 
Mycotoxins Risk Assessment and Management. Elsevier, Oxford (2015). ISBN: 978-0-12-411471-5



Airborne concentrations of mycotoxins found in different occupational settings 

Ochratoxin

Aflatoxin A
Macrocyclic
trichothecenes

Adapted from: K. Huttunen and M. Korkalainen. Microbial Secondary Metabolites and Knowledge on Inhalation Effects. In: Viegas C, Viegas S, Quintal-Gomes A, Taubel M, Sabino R (Eds),
Exposure to Microbiological Agents in Indoor and Occupational Environments. Springer (2017). ISBN: 978-3-319-61688-9

trichothecenes

Others



Group N Range level of AFB1 (ng/ml) Mean

Swinne    workers 34 Positive to AFB1 18 ≥1 - 4,23 1,36

Negative to AFB1 16

Poultry workers 11 Positive to AFB1 6 ≥1 - 8,94 1,05

Negative to AFB1 7

Detection of AFB1 in the serum of poultry and swinne workers

53%

55%
Negative to AFB1 7

Control 30 Positive to AFB1 0

Negative to AFB1 30 <1

Occupational exposure to AFB1 by inhalation

Viegas S, Veiga L, Figueiredo P, Almeida A, Carolino E, Sabino R, Veríssimo C, Viegas C (2013). Occupational exposure to Aflatoxin B1: the case of poultry and swine production. World Mycotoxin
Journal; 6(3): 309-315,

55%



Diseases associated with occupational/indoor exposures to Aspergillus

1) Allergic and other hypersensivity responses 

2) Mycotoxicosis

3) Irritant effects caused by mold exposure

4) Opportunistic infection



Molds produce a number of potentially irritating substances that can be divided

into microbial volatile organic compounds (MVOCs) and particulates (eg, spores,
hyphae fragments, and their components like glucans, chitins … ).

Nasal congestion 

Airway hyperreactivity

Upper and lower respiratory symptoms 

Eye irritations

Headache

Fatigue/tiredness

Joint pains

Skin symptoms

Flu-like symptoms

Nausea

Gastro-intestinal symptoms

Contradictory studies

showing (or not)  this

possible relashionship



Diseases associated with occupational/indoor exposures to Aspergillus

1) Allergic and other hypersensivity responses 

2) Mycotoxicosis

3) Irritant effects caused by mold exposure

4) Opportunistic infection



Nosocomial vs. Community-acquired aspergillosis

Nosocomial
• Due to a break in or contamination 

of hospital water system

• Due to a break in HEPA filtration 

Community acquired 

• Due to the air quality/ 
Aspergillus burden in the 
patients’ houses

Occupational and indoor exposure

• Due to a break in HEPA filtration 

system

• Due to construction or demolition 

work in the hospital or near by

• Other sources of Aspergillus found 

in hospital environment: Foods, 

Plants, Fabrics, Mattresses and 

pillows, Computers

patients’ houses

• Due to occupational or leisure 
activities developed leading to 
direct exposure to high amount 
of conidia

Adapted from: Praz-Christinaz et al. (2007). Transplant Infect Dis; 9: 175-181 







House inspection: Avoiding moldy and dusty housesHouse inspection: Avoiding moldy and dusty houses

Avoiding gardening and composting

Usage of protective equipment 

Indoor exposure



4) Opportunistic infection (ONLY in the immunocompromised host?)
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1 year study: 101 air and 99 surface samples (impaction method and swabbing)

Aspergillus in hospital environment

� From all samples, 548 fungal isolates were obtained

� Aspergillus was the most frequently fungal genera found (19.7%) 

� 25 different species of Aspergillus were identified by β-tubulin and
calmodulin sequencing, and a high percentage of cryptic species
(i.e., not sensu stricto) was found (59%)

Sabino R, Veríssimo C, Parada H, Brandão J, Viegas C, Carolino E, Clemons KV, Stevens DA (2014). Molecular screening of 
246 Portuguese Aspergillus isolates among different clinical and environmental sources. Medical Mycology; 52(5):519-29.   



� Among the tested isolates, sections Circundati, Versicolores showed isolates – namely cryptic
species- with reduced susceptibility to some of the antifungals used as clinical therapeutics.

Aspergillus in hospital environment

Sabino R, Viegas C, Francisco M, Martins C, Veríssimo C, Clemons KV, Stevens DA (2016). Aspergillus nosocomial infections - Do cryptic species found in hospital environment matter? 
Proceedings from Advances Against Aspergilosis 2016: P24, pg 99



Clear differences were

found between the

susceptibility of clinical

and environmental

isolates

Occupational environments

For AMB and PCZ 

significant higher values in 

environmental isolates

Sabino R, Carolino E, Verissimo C, Martinez M, Clemons KV, Stevens DA (2016). Antifungal susceptibility of 175 Aspergillus isolates from 
various clinical and environmental sources. Medical Mycology 1;54(7):740-756

4 environmental isolates 

with MICs ≥ 8 µg/ml to PCZ 

+ MICs ≥8 µg/ml to ITC: 

- 1 isolate from beach sand, 

- 1 isolate from poultry

- 2 isolates from swineries

Other than A. Fumigatus:

Versicolores, Nidulantes and

Aspergilli sections)



The problem of antifungal resistances in 
Aspergillus related to occupational exposure

EXPOSURE to environmental

isolates with induced azole-
resistance (secondary resistance): in 
agricultural settings– PESTICIDES/ 

EXPOSURE to high levels of 

environmental isolates with intrinsic 
/ less susceptibility to antifungals

Use of 

triazoles and 

other sterol 

demethylation

inhibitor (DMI) 

fungicides in 

agriculture

agricultural settings– PESTICIDES/ 
OTHER FUNGICIDES????

Berger S, El Chazli Y, Babu AF and Coste AT 

(2017) Azole Resistancein Aspergillus fumigatus: A 

Consequence of Antifungal Use in Agriculture? 

Front. Microbiol. 8:1024.

Meis JF, Chowdhary A, Rhodes JL, Fisher MC, Verweij PE.
2016 Clinical implications of globally emerging azole
resistance in Aspergillus fumigatus. Phil. Trans. R. Soc. B
371: 20150460.



� Aspergillus occupational exposure is a public health problem that shoud be managed properly

� Strategies to avoid Aspergillus exposure of the worker in contaminated occupational settings and these
include: engineering, sampling and control, as well usage of personal protective equipment.

Final considerations…

Hazard Identification

- Fungal contamination Air Samples Surface Samples

� The molecular study of Aspergillus epidemiology (including the identification of cryptic species) and
determination of the susceptibility profile of environmental isolates may contribute to the prevention of
diseases associated to occupational exposure.

- Aspergillus spp. contamination

- Aspergillus sections / species

- Detection of Aspergillus resistant isolates

Risk
Characterization

Adapted from: Viegas C, Faria T, Aranha Caetano L, Carolino E,
Quintal Gomes A, Viegas S (2017) Aspergillus spp. prevalence
in different Portuguese occupational environments: What is the
real scenario in high load settings?, Journal of Occupational and
Environmental Hygiene, 14:10, 771-785

Cultural methods

Molecular methods
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