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1 - Background 

1.1 – Challenging environment – waste sorting 

 There is scientific evidence that associates 

occupational exposure to bioaerosols (bacteria and 

fungi) in the waste industry to health outcomes.  

(Domingo and Nadal 2009; Viegas et al. 2019) 

 

 Among fungi, Aspergillus is the most prevalent genera 

on waste-sorting, incineration and composting.          

                                             (Viegas et al. 2016, 2017) 



 Occupational exposure to mycotoxins 



 Azole resistance Climate change 
 

Increase of fungi and 
mycotoxins contamination 

 

Intensive use of azoles in 
crops to avoid toxigenic 

species 
 

Resistant species can multiply 
and survive (A. fumigatus) 

Infections are hard to treat 
and life-threatening. 



2 – Sampling methods multi-approach 

 Previous work – waste sorting 





 This study highlights the need of 
thorough exposure assessment in waste-
sorting industry.  
 

 High-throughput sequencing can be used, 
in parallel with other molecular tools and 
culture based-methods, for a deeper 
understanding of the exposure data. 
 

 The broad spectrum of microbial 
contamination detected in this study 
demonstrates that adequate monitoring 
of bioaerosol exposure is necessary to 
evaluate and minimize health risks.  
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 Previous work – different occupational environments 



Swabs from ventilation grids EDC 

 The two sampling methods used in this study unveiled 

a more complete characterization of the bioburden 

permitting to obtain information regarding workers 

and patient’s potential exposure.  

 

 Culture based methods and molecular tools used in 

parallel should be the tendency to follow.  

 

 Critical need of analyzing the azole resistance 

profile for fungal species that might represent some 

health risk.  

 

 An intervention including the use of UVC-emitting 

device and an increased maintenance and cleaning 

of the HVAC was proposed, to promote the reduction 

of microbial contamination.  



 

 Toxigenic fungal species were observed and detected by 

qPCR and species with clinical relevance were observed on 

the azole resistance screening.  

 

 The results also point to the possible exposure to mycotoxins, 

with flour the probable contamination source.  

 

 Both studies showed the benefit of using a multi-approach 

regarding sampling methods and assays applied.  

 

 



 Protection devices as passive sampling methods 

 Filtering Respiratory Protective Devices (FRPD) presented 

high levels of bioburden.  

 

 Several Aspergillus sections exhibited reduced 

susceptibility to the tested azoles. 

 

 Toxigenic fungal strains were detected on FRPD.  

 

 Workers with more waste contact showed increased 

bioburden on FRPD.  

 

 FRPD can be used as passive sampling methods to assess 

occupational exposure. 

 



 Protection devices as passive sampling methods 

 Gram-negative bacteria were found in all the Mechanic 

Protection Gloves (MPG). 

 

 Aspergillus sections with toxigenic and azole resistance 

potential were observed. 

 

 Mycotoxins exposure through ingestion route by hand-

mouth contact is possible. 

 

 Cytotoxic potential affecting hepatic cells more than 

renal cells was observed.  

 

 Workers can have health effects due to the 

contamination found on MPG. 

 

 MPG can be an adequate passive sampling method to 

estimate workers exposure. 



3 – Assays applied 
 CFU.m3/m2/g 

 

 Detection of harmful 

fungal species 

 

 Mycotoxins detection 

 

 

 Azole resistance profile 
 

 Mutations detection on 

Aspergillus fumigatus 

sensu stricto 

 

 





 Aspergillus section Fumigati should be assessed 

by using active and passive sampling methods.  

 

 Culture-based methods and molecular tools 

should be apply in parallel.  

 

 Mycobiota azole resistance profile should be 

assessed. 

 

 Mycotoxins should be considered when 

assessing workers occupational exposure. 

 



The use of active sampling methods as stand-alone method 
 
Passive sampling methods should be included in the assessment campaigns, and should be adjusted to the 
identified contamination sources, contextual information and variability of the exposure.  

4 – Main findings 

 What we should not do 



The use of only one culture media.  
 
The use of DG18 in addition to MEA allows for a broader characterization of contamination of the 
Aspergillus genus in the workplace, as it restricts the size of fungal colonies with higher growth rates as 
well as the identification of fungi with clinical relevance within the identified fungi.  



The use of culture-based methods only to assess fungal contamination.  

 
Culture-based methods and molecular tools (such as qPCR) should be used in parallel. The use of high-

throughput sequencing, in parallel with other molecular tools and culture-based methods, can also be 

evaluated depending on specific information regarding the key aspects of the occupational exposure 

assessment. 

Species Detected 
Culture-based Molecular 

Number of samples % Number of samples % 

Aspergillus section Circumdati 9 13.43 22 32.84 
Aspergillus section Flavi 22 32.84 6 8.96 
Aspergillus section Fumigati 19 28.36 59 88.06 
Aspergillus section Nidulantes 1 1.49 61 91.05 

 



Neglecting azole-resistance in the workplace.  
 

The results obtained support the theory that azole pressure is present in the environment, while there is evidence 
that exposure of Aspergillus section Fumigati to azoles in the environment can cause cross-resistance to medical 
triazoles and hamper fungal therapy.  
 



Disregard occupational exposure to mycotoxins  
 

Mycotoxins should be recognized as real occupational risk factors in certain specific occupational environments and 
in the presence of Aspergillus genera. It is therefore really important to accurately characterize mycotoxin exposure 
(which mycotoxins, at which concentrations, for which duration) and to understand which factors can influence that 
exposure. 
 
Exposure to mixtures of different mycotoxins, as well as the simultaneously exposure to fungi, such as section 
Fumigati, should be considered in exposure assessments. 
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Thank you for your attention!! 


