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Resumo 

 

 
Este relatório está integrado no âmbito da unidade curricular 

Projeto/Tese/Estágio do segundo ano, do Mestrado Tecnologias Clínico-Laboratoriais. 

O estágio de natureza profissional foi realizado de junho de 2023 a março de 2024, num 

laboratório de Microbiologia Ambiental e Ocupacional, pertencente ao Centro de 

Investigação em Saúde e Tecnologia (Health & Technology Research Center - H&TRC). 

Durante os 10 meses, no laboratório, estiveram a decorrer 4 projetos de 

doutoramento, com o objetivo de avaliar a exposição ocupacional a agentes 

microbiológicos, nomeadamente fungos e bactérias, em diferentes ambientes 

(carpintarias, explorações avícolas e escolas primárias). Foram realizadas campanhas 

de amostragem, e as atividades de laboratório, para o tratamento de amostras, consistiu 

na aplicação de técnicas de microbiologia, e na utilização de métodos de biologia 

molecular. 

Todas as atividades realizadas durante este estágio permitiram consolidar os 

conhecimentos adquiridos ao longo do primeiro ano curricular do Mestrado, bem como 

adquirir novos conhecimentos e novas competências práticas relacionadas com a área 

da microbiologia ambiental. Todo este conhecimento adquirido pode representar uma 

mais-valia para o futuro profissional. 

 
 

 
Palavras-chave: Microbiologia, Saúde ocupacional, Exposição ocupacional 
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Abstract 

 

 
This report is integrated within the scope of the Project/Thesis/Internship 

discipline of the second year of the master’s degree in Clinical-Laboratory Technologies. 

The professional internship was carried out from June 2023 to March 2024, in an 

Environmental and Occupational Microbiology laboratory, belonging to the Health & 

Technology Research Center (H&TRC). 

During the 10 months, in the laboratory, 4 doctoral projects were undergoing, with 

the aim of evaluating occupational exposure to microbiological agents, namely fungi and 

bacteria, in different environments (sawmills, poultries, and primary schools). Were 

performed sampling campaigns, and laboratory activities for post-sampling consisted of 

the application of microbiology techniques and the use of molecular biology methods. 

All activities carried out during this internship allow to consolidate the knowledge 

acquired throughout the first year of the Master's degree, as well as acquire new 

knowledge and new practical skills related with environmental microbiology. All this 

knowledge acquired can represent added value for the future professional 

 
 

 
Keywords: Microbiology, Occupational health, Occupational exposure 
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1. Introduction 

 

This report is integrated within the scope of the second curricular year of the master’s 

degree in Clinical-Laboratory Technologies in Escola Superior de Tecnologia da Saúde 

de Lisboa (ESTeSL) from Instituto Politécnico de Lisboa. 

 
1.1. Internship objectives 

 
According to the academic path, it is justified to undertake a professional internship, 

that allows to acquire practical and theoretical skills in environmental and public health. 

The internship took place from June 2023 to March 2024 (as shown in Table 2 on 

Appendix 1), a total of 601 hours in an environmental/public health laboratory dedicated 

to environmental and occupational microbiology located at the Escola Superior de 

Tecnologia da Saúde de Lisboa. The supervisor responsible for this internship was 

Professor Carla Viegas. 

The proposed objectives for carrying out this internship were: 

- Carrying out studies in different occupational environments (sawmills, primary 

schools, and poultries) to characterize the distribution of azole-resistant Aspergillus 

section Fumigati isolates. 

- Consolidate practice with the theory learned in the master's theoretical classes, 

such as, for example, in microbiology, the use of culture methods applied to public 

health, such as inoculation in different culture media (culturomics) of samples 

collected in primary schools, poultries and sawmills (settled dust, filters, swabs, etc.). 

- Apply molecular biology techniques, such as PCR (targeting specific indicators 

of harmful fungal contamination). 

 
1.2. Characterization of the internship location 

 
The professional internship took place in an Environmental and Occupational 

Microbiology Laboratory from the Health & Technology Research Center (H&TRC) 

integrated in ESTeSL and followed 4 research works, done by 4 doctoral students 

(Bianca Gomes (BG), Marta Dias (MD), Pedro Pena (PP), and Renata Cervantes (RC)), 

that were undergoing during the internship period. All the doctoral students were 

supervised by Professor Carla Viegas. 
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2. Projects ongoing 
 

As mentioned, there were 4 research projects ongoing during the internship period. 

Although all projects have the same objective, which resumes fungal and bacterial 

quantification and fungal characterization, they all focus on different occupational 

environments (sawmills, primary schools, and poultries), which will be described below. 

The Figure 12 (on Appendix 2) shows a graphical summary of what was done in all 

projects, for better understanding. 

All projects adopted a seasonal approach to know the influence of different 

temperatures and what humidity does on exposure to microorganisms. 

Except for poultries, where the sampling campaign occurred in Madeira Island, all 

the sampling locations (in sawmills and in primary schools) were performed in the Lisbon 

metropolitan area. 

 
2.1. Guidance for Microbial Occupational Exposure Assessment in Sawmills (MD) 

 
This project proposed to assess and characterize the exposure of sawmill workers to 

microorganisms, such as fungi and bacteria, and their metabolites (endotoxins, 

cytotoxins, and mycotoxins), and the exposure to particulate matter. 

 
a) Sampling sites 

In sawmills, the sampling occurred in the next locations: the bench zone (BZ), 

machine zone (MZ), office (O), warehouse (W), and exterior (E). 

 
b) Sampling methods 

In every of the chosen locations, the following processes were completed: 

Lighthouse Handled Particle Counter, Coriolis µ air sampler, and MAS-100 air 

sampler with four distinct culture mediums (Tryptic Soy Agar (TSA), Violet Red Bile 

Agar (VRBA), Malt Extract Agar (MEA), and Dichloran Glycerol Agar (DG18)). In BZ, 

MZ, O, and W were performed both active and passive methods: floor surface swabs, 

Electrostatic Dust Cloths (EDCs) (left for 30 days on each location), and settled dust 

were collected. Andersen Six-Stage was performed with 3 different culture media 

(TSA, VRBA, and DG18 in duplicated). 

In two sawmill workers, one from BZ area and the other from MZ area, was 

attached an EDC on the t-shirt (EDCT) near the breathing area, and in the same area, 

the Button personal air sampler was placed. 

After finishing the sampling, the samples were accommodated in sterile bags and  
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transported to the laboratory between 0-4°C. 

The following work after the sampling is the same in all settings and will be 

described in sections 3.2.2. and 3.2.3. 

 

 
2.2. Identifying Determinants for Indoor Air Quality and their Health Impact in 

Environments for Children: Measures to Improve Indoor Air Quality and 

Reduce Disease Burdens (PP and RC) 

The InChildHealth (ICH) project is integrated on HORIZON-HLTH-2021-ENVHLTH- 

02-02: Indoor air quality (IAQ) and health. This project proposes to determine the 

elements that affect indoor air quality and how they affect school-age children's health, 

including chemicals, particle concentrations, microorganisms, and physical properties. 

 
a) Sampling sites 

In primary schools, the sampling procedure was like the sawmills. Library (L), 

classrooms (C), cantinee (Ca), bathroom (B), gymnasium (G), and exterior were the 

chosen areas to perform the sampling.  

 
b) Sampling methods 

In all the locations, MAS-100 air sampler (with TSA, VRBA, MEA, and DG18), 

Lighthouse Handled Particle Counter, and Coriolis µ air sampler were used. Floor, 

door, and table swabs were done, was collected settled dust, Andersen Six-Stage 

with 3 different culture media (TSA, VRBA, and DG18 in duplicated) was performed, 

and an EDCs booklet (three 10 cm2 pieces of EDC in a two paper sheet folded – 

Figure 6) was placed strategically in each location, at the height of 1.5-2.5 meters, 

and left for 30 days. An EDCT was put in two students per classroom, 2 Button 

personal air samplers were put in a teacher (in one of the classrooms sampled), and 

to a school auxiliary. EDCTs were collected at the end of the class, and the personal 

air sampler was performed for two hours. The samples were conditioned in the same 

way as the samples of sawmills. 

 
c) Other assays 

Additionally, in the primary schools, handle and table swabs were done for 

Methicillin-Resistance Staphylococcus aureus (MRSA) assessment, and the 

measurement of Adenosine Triphosphate (ATP) to assess the microbiological 
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contamination of cleaning practices, as mentioned in sections 3.2.5.1, and 3.2.5.2, 

respectively. 

 

 
2.3. The Impact of Animals Bedding Material on the Sustainability of an Industrial 

Portuguese Poultry Farm through a One Health Perspective (BG) 

This project aims to describe the potential health risks of poultry farm employees' 

microbial exposure, the impact on animal productivity, and the indirect environmental 

effects of Portuguese poultry pavilions, and if has a relationship with the different 

materials used in animal bedding. 

As the sampling occurred outside of Portugal continental, it was only possible to 

participate in post-sampling procedures of samples from passive methods. 

 
a) Other assays 

Only this project assessed Escherichia coli (E.coli) and the procedure will be 

described in point 3.2.5.3. 
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3. Background 

 

 
3.1. Microbiologic agents 

 
In the scenario of occupational exposure to microorganisms, it is important to 

know the microbial composition of the environment to enable taking precautions towards 

workers and other people who could happen to be in these environments (1). Among 

these microorganisms, bacteria, and fungi are the most present in different settings, such 

as healthcare facilities, schools, wood work or agricultural environments (2). 

During the internship period, total and gram-negative bacteria were only 

quantified. However, Escherichia coli and Methicillin-Resistant Staphylococcus aureus 

were assessed in two of the current projects. E.coli was assessed in poultries and MRSA 

in primary schools. 

In all projects, besides macro and microscopic identification of fungi, the major 

objective was to characterize the azole resistance of Aspergillus spp. 

 
3.1.1. Escherichia coli 

 
Escherichia coli is a gram-negative bacteria and belongs to the Enterobacteriaceae 

family. It can be found in the lower intestine tract of humans and animals, and it is the 

most common bacteria associated with opportunistic infections (3). E.coli can be 

discharged into the environment through wastewater or faeces (4,5), so it can be used 

as an indicator of faecal pollution (4). 

Escherichia coli has previously been linked to poultry workers in the poultry industry, 

as demonstrated by a study (6). Animal production uses a lot of antimicrobial medicines, 

however, they are frequently administered inappropriately or at considerably larger 

doses than what is advised. (7). These behaviors, among others, tend to cause 

Antimicrobial Resistance (AMR) in meat-producing workers, customers, and the animals 

in question. AMR is seen as a serious problem in the One-Health concept and one of the 

main threats to food safety (7,8). 

In the poultries project, E.coli was assessed, as well characterization of some 

antibiotic resistance genes (ARGs). 
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3.1.2. Methicillin-Resistant Staphylococcus aureus 

 
Gram-positive Staphylococcus aureus (S. aureus) is a common bacteria found in 

healthy people's skin, skin membranes, and mucous membranes. It is one of the most 

prevalent infections in people and is also the source of infections acquired in hospitals 

and in the community (9,10). These bacteria can cause skin, bloodstream, and lower 

respiratory tract infections, among other organs (11). 

However, compared to S. aureus infections, MRSA infections are more fatal and are 

strongly associated with hospital infections. This is concerning because MRSA infections 

not only are they nosocomial infections, they also can be acquired in the community (12). 

Portugal is considered the country with the highest prevalence of MRSA infection (11,13). 

Furthermore, it is critical to investigate the areas that raise the greatest concerns because 

MRSA can withstand environmental conditions for extended periods of time. 

In InChilHealth project, MRSA was assessed on the contact surfaces, such as desks 

or handle doors. 

 

 
3.1.3. Aspergillus spp. 

 
Aspergillus species are the cause of the most common mold infections. 

Aspergillus spp. are saprophytic molds found worldwide, and typically they inhabit the 

environment, in soil and decaying organic matter. Infections by these species occur 

through the inhalation of airborne conidia and can cause invasive aspergillosis (IA), a 

life-threatening infection, that affects mostly the respiratory tract system (14,15). 

The most frequent species of Aspergillus are the Fumigati section (the number 

one cause of IA), and the Flavi section (16). Aspergillus species can produce (under 

different environments, and up to 60°C) toxigenic metabolites (referred to as mycotoxins) 

that can be harmful to humans, and cause diverse health effects (17). The severity of 

these effects will depend on the amount of time of exposure to the mycotoxins, the 

quantity of the inhaled mycotoxin, and of the health conditions of the individuals. In 

immunocompromised individuals, Aspergillus section Fumigati infection represents an 

increase in morbidity and mortality, mostly due to delayed diagnosis and, consequently, 

delayed initiation of antifungal therapy (18). 

The first line of therapy for aspergillosis is triazoles. The triazoles are composed 

of itraconazole (ITZ), voriconazole (VOZ), and posaconazole (POZ) (14). ITZ is used for 

chronic and non-invasive aspergillosis, VOZ is the first-line therapy against IA, and POZ 

has been shown to reduce invasive fungal infections (14,19). 
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3.1.3.1. Azole resistance 

 
Azoles are antifungals that are used in a range of fields, including agriculture, 

wood working, and, as already mentioned, therapy against aspergillosis (14,20). 

However, with the extended use in a lot of fields, it is becoming a concern due to the 

ineffectiveness of azole therapy, i.e., the growing azole resistance (21). 

Azole resistance occurs due to mutations in the cyp51A gene. These mutations 

will modify the structure of the CYP51A enzyme, causing alteration to azole affinity, and 

leading to azole resistance (22,23). 

 
Since exposure to bacteria and fungi can result in illnesses, allergic reactions, or 

long-term health issues, it is important to assess the microbiological composition of the 

air in each location and implement measures to guarantee improved quality for the 

workers and people involved (24). 

 

 
3.2. Exposure assessment 

 
Occupational environments are prone to dust formation, resuspension of dust, 

and oscillations in temperature and humidity. These conditions facilitate exposure to 

fungi and to their metabolites, and also can potentially enhance their exposure (16). 

Since these environments represent an increased risk factor of exposure to work, it is 

important to evaluate these factors. 

In the internship period, in all four projects, active and passive sampling 

techniques were employed, together with post-sampling laboratory procedures to enable 

microbiological characterization. It also studied the differences that temperature and 

humidity have on the exposure to fungi, so seasonal sampling was implemented in all 

three projects. 

In this section sampling methods and post-sampling laboratory procedures will 

be discussed. 

 
3.2.1. Sampling methods 

3.2.1.1. Active sampling and particulate matter assessment 

Active sampling consists of passing a predefined airflow volume through a 

collecting device, onto a liquid solution or solid media. As an advantage of linking the 

airborne concentrations with the obtained results, these approaches can characterize 

indoor microbial populations using culture-based methods and molecular assays,  
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because the volume of the air sampler is known. However, these methods can be 

expensive, because of the use of electric devices (25,26). 

Impinger, impaction, and filtration systems were used during the sampling campaigns, 

and are all active sampling methods. Coriolis µ air sampler is an impinger method, the 

Andersen six-stage air sampler and MAS-100 air sampler are impaction methods, and 

the Personal Button Air Sampler is an example of a filtration system. 

Particulate Matter (PM) can be present in indoor dust and can come from outdoor 

sources, from cleaning procedures, and can be influenced by the quality of ventilation. 

PM 2.5 (PM size up to 2.5 µm), due to its small size, can penetrate the lungs, causing 

different health conditions (27,28). So, to evaluate PM, a Lighthouse Handled Particle 

Counter can be used (29). 

 
1) Impinger method 

Coriolis µ air sampler consists of air being drawn into a liquid solution, that 

allows the sample to be inoculated, or to perform molecular tests (25,30). 

 
2) Impaction methods 

MAS-100 air sampler and Andersen six-stage air sampler require an air 

pump that allow the airflow from the outside into a solid culture medium (25). 

 

 

Figure 1 - Impinger method: 
Coriolis µ air sampler 

Figure 2 - Impaction methods: MAS-100 air sampler 
and Andersen six-stage air sampler, respectively. 
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3) Filtration method 

Personal Button Air Sampler is an easy-to-use device and can use 

electrostatic attraction, inertial forces, or diffusion that often cause the air particles 

to gather onto the membrane (25,31). 

 

 

 

 
4) Particulate matter 

Lighthouse Handled Particle Counter is a sampling technique to measure 

the amount of dust that penetrates the respiratory system, as shown in a study 

(32) that made a positive association between particulate matter and the 

concentration of airborne microorganisms (25,29). 

 

 
3.2.1.2. Passive sampling 

Unlike active sampling, passive sampling can gather information on the microbial 

composition of the air for a longer time and evaluate possible changes over that time 

(25,33). 

Surface swabs, Electrostatic Dust Cloths, Settled dust, and EDCs placed on a t-shirt 

are passive methods that were collected during the sampling campaigns. 

Figure 3 - Filtration method: Person Button 
Air Sampler 

Figure 4 - Particulate matter: 
Lighthouse Handled Particle 

Counter 
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Although not being considered passive methods, mops, and mechanical protective 

gloves (MPG) from primary schools and sawmills, respectively were recovered. 

Passive sampling methods have more advantages than active sampling methods 

since they are cheaper and easier to perform than active methods. Also, as passive 

methods rely on gravitational force, and do not require a pump to collect samples, are 

more trustworthy since in active ones cell damage can occur due to high air velocity 

(25,30,33). 

 
2) Surface swabs 

The superficies were swabbed using a 10 × 10 cm square stencil, which was 

disinfected with a 70% alcohol solution between each sampling site. The swabs were 

kept at 4°C until arrived at the laboratory. 

 

 

 

 

 

 

 

 

 

 

 
3) Electrostatic Dust Cloths 

To collect dust, a piece of EDC (with 10 cm2) or an EDC booklet (in the case of 

schools) (Figure 6) was placed strategically at each location on a place of difficult 

access, 1.5 meters above the floor, for a period of 30 days. At two people, was placed 

one EDCT (Figure 7), and it was collected at the end of the day. The pieces of EDC 

and EDCT were stored in a sterilized plastic bag until arrived at the laboratory. 

 
 

 

 

 

 

 

Figure 5 - Passive 
method: surface swabs 

Figure 7 - Example of an EDC 
booklet 

Figure 6 - Passive method: 
example of an EDCT 
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4) Settled Dust 

Settled Dust was collected in each predefined location of each sampling setting, 

and it was collected with a vacuum cleaner with a sterilized coffee filter into the tube. 

The coffee filter with the dust was stored in a sterilized plastic bag until arrived at the 

laboratory. 

 

 
3.2.2. Sample extraction 

 
Passive and active samples were processed in different ways after arriving at the 

laboratory. The culture media resulted from active samples resulting from impaction 

methods were incubated for up to 5-7 days, at different temperatures (26 ± 1°C and 37 °C 

for fungi, 30°C for total bacteria, and 37°C for gram-negative bacteria). 

All the plates resulting from the active impaction methods had two different ways to 

be incubated. Since the fungi prefer a humid environment for growth, the plates need to 

be incubated with the media lowered so that any condensation would fall on the medium. 

On the other hand, the media must be placed on top of the plates during incubation 

because the bacteria prefer dryer conditions to proliferate (34). 

Active samples resulting from the impinger method, personal samples, and passive 

samples were processed in a similar way, which will be described below. 

In this section, it is important to mention that the extracted samples used for 

mycotoxins assays and DNA extraction, were kept at -20°C, and the extracted samples 

for inoculation and endotoxin and cytotoxin assays were kept at -80°C. Note that 

cytotoxin, endotoxin, and mycotoxin assays are not done at the present laboratory, so 

the procedure will not be described. 

Before starting the procedure, all the material, equipment, and work surfaces must 

be cleaned with 70% ethanol. 

 
1) Liquid samples (from Coriolis µ air sampler) 

The liquid was separated into two Eppendorf tubes, to do DNA extraction and 

cytotoxin assays, and the remaining liquid was divided into two Falcons tubes for 

mycotoxins and endotoxins assays. 

 
2) Swabs 

Each swab was cut into an Eppendorf with NaCl 0.9% + Tween 80 0.05%, 

agitated in the orbital shaker (Light Duty Orbital Shaker) at 250 rpm for 30 minutes, 
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and, after agitating, the swab was removed from the Eppendorf, and glycerol was 

added and frozen until DNA extraction. 

 
3) EDCs, EDCTs, and Filters (from vacuumed dust) 

All the samples were cut into 2 pieces. One of the half was cut again in half and 

put into sterile bags for mycotoxin and endotoxin assays. The other half was put in a 

falcon with NaCl 0.9% + Tween 80 0.05% and agitated at 250 rpm for 30 minutes. 

Half of the sample was “squeezed”, and the remaining liquid was divided into two 

falcon tubes (one tube was for cytotoxic assays, and in the other glycerol was added 

and kept until inoculation).  

The procedure of extraction of MPG from sawmills and the mops from schools 

was done in the same way. 

 
4) Filters (from Button sampler) 

The filter was put into a falcon tube with NaCl 0.9% + Tween 80 0.05% and 

agitated at 250 rpm for 60 minutes. The filter was “squeezed”, and glycerol was 

added. The sample was kept until inoculation. 

 
5) Settled dust 

The dust was weighted into a tube. If possible, 2 g were put into two different 

tubes for mycotoxin and endotoxin assays. In schools, it was normal to have less 

than 2 g of dust, so a composite sample was made from all the sampled locations. 

For the remaining dust, was added NaCl 0.9% + Tween 80 0.05% to the tube, 

agitated at 250 rpm for 30 minutes, and half of the sample was kept for cytotoxic 

assays, and glycerol was added to the other half, and kept until inoculation. 

 

 
3.2.3. Assays 

 
To understand the fungi composition of the air samples these were submitted to 

different assays, which will be explained below. 

 

 
3.2.3.1. Microbial contamination assessment 

 
1) Inoculation 

The extracted samples kept for inoculation (mentioned in 3.2.2.) were inoculated into 

different media, TSA and VRBA to assess bacteria, for fungi, were inoculated onto MEA,  
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and DG18 (DG18 was done in duplicated), and to assess azole resistance, the samples 

were inoculated in Saboraud Dextrose Agar (SDA) media supplemented with 

Itraconazole (ITZ), Voriconazole (VOZ), and Posaconazole (POZ). 

Before the inoculation, all the different media plates were identified, and the work 

surface was disinfected with 70% ethanol. The liquid samples were distributed among all 

media using a spreader. The plates were incubated as described in section 3.2.2. 

 
2) Macro and microscopically Identification of fungi 

After the incubation time, for bacteria (TSA and VRBA), only the colonies were 

quantified, and for fungi (MEA, DG18, SDA, ITZ, VOZ, and POZ), the different colonies 

were counted and identified macroscopically using lactophenol cotton blue mount 

procedures, as is shown in Figure 8. 

One little piece of the fungi was cut and sliced, with a sterilized scalpel (the scalpel 

was sterilized in a sterilizer between cuttings), on a slide with one drop of lactophenol 

cotton blue and then put on a coverslip. This procedure was done at the Laminar Flow 

Camera (BioWizard Silver Line Biosafety cabinet). 

All the plates were covered with parafilm, and the excess of lactophenol was 

removed from the slides. After this process, the slides were observed under a 

microscope while the respective fungi were visualized macroscopically on the plate. All 

the fungi were identified, and after that, were conserved (isolates conservation, 

described below on point 3.2.3.2.). 

 

 

 

Figure 8 - Lactophenol cotton blue mount procedures, and microscopic identification of fungi. 
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3.2.3.2. Isolates conservation 

 
After the identification of the fungi colonies (namely, Aspergillus sections 

Circumdati, Flavi, Nidulantes, Fumigati, and Mucor spp.), these were isolated into an 

Eppendorf with Phosphate Buffered Saline (PBS) solution. The piece of fungi was 

collected with a disposable inoculation loop and put onto the Eppendorf (35). It is 

important to mention that all Aspergillus section Fumigati and Aspergillus section Flavi 

isolates were collected in duplicate, in two different Eppendorfs. 

It was added glycerol, and the samples were stored at -80°C, until further 

analyses. 

 

 
3.2.3.3. DNA extraction 

 
After the inoculation, the remaining sample was submitted to DNA extraction. 

Before starting the procedure, all the material, equipment, and work surfaces must be 

cleaned with 70% ethanol. The extraction procedure was adapted from the Quick-DNATM 

Fungal/ Bacterial Microprep Kit (36): 

 
1- The samples were defrosted. 

2- Samples in Falcon tubes were centrifuged on Thermo Heraes Labofuge 400, and 

samples in Eppendorf were microcentrifuged on VWR® Micro Star 21/21R 

Microcentrifuge. After centrifuging, most of the supernatant was discarded and 

the pellet was kept. 

3- To lysis the cell fungi, the pellet was resuspended, and the sample was put on 

ZR Bashing Bead Lysis tube with Bashing Bead Buffer. The tube was put on the 

vortex and then centrifuged (on VWR® Micro Star 21/21R Microcentrifuge). 

4- Then, to remove the fungi’s biggest organelles, part of the supernatant was added 

to a Zymo-Spin III-F Filter in a collection tube and centrifuged. 

5- Then, the column was discarded, and the DNA Binding Buffer was added to the 

collection tube and mixed well. 

6- Half of the mixture was transferred into a Zymo-Spin IC Column in a new 

collection tube and then centrifuged. This was done to facilitate the binding and 

recovery of DNA. 

7- The liquid was discarded, and step 6 was repeated with the remaining mixture. 

8- In a new collection tube, DNA Pre-wash Buffer was added in the same column in 

a collection tube and centrifuged. In this step, protein contaminants were 

removed. 
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9- The filtrated liquid was discarded, and before the DNA elution, salts and 

contaminants needed to be removed, so DNA Wash Buffer was added to the 

same column in a collection tube and centrifuged. 

10- The same Zymo-Spin IC Column was transferred to an Eppendorf, and DNA 

elution Buffer was put into the column to purify the DNA. After 2-3 minutes, the 

Eppendorfs with the columns were centrifuged. 

11- The eluted DNA was transferred again into the same column, and after 2-3 

minutes, was centrifuged again. 

12- The column was discarded, and the extracted samples were divided in three 

different Eppendorfs, one for Real-Time Polymerase Chain Reaction (qPCR) 

assays, one for fungal biomass assays (digital Polymerase Chain Reaction - 

dPCR), and the other for detection of toxigenic strains (Reverse Transcription 

Polymerase Chain Reaction - RT-PCR). 

13- All the Eppendorfs were stored at -20°C until use. 
 

 
3.2.3.4. qPCR for targeted specific fungal species/sections (37) 

 
After DNA extraction, Real-Time Polymerase Chain Reaction was done to detect 

specific toxigenic sections of Aspergillus, namely sections Circumdati, Flavi, Nidulantes, 

and Fumigati (38). 

Before starting the procedure, it was necessary to calculate the right amount of 

reagents (supermix, primers, and probe) to use. Table 3 (in Appendix 3) shows the 

calculation of reagents, template, and water for 110 samples, and for each reaction. 

This procedure was done in three parts. 

Before starting the procedure, all the material, equipment, and work surfaces 

must be cleaned with 70% ethanol. 

 
Part 1 - Preparation of primers (primer forward (PF) and primer reverse (PR)), probe (P), 

and mastermix (MM): 

i. 4 Eppendorf’s were labeled with PF, PR, P and MM. 

ii. On Eppendorf’s primers were put each primer and water in a proportion of 

1:10. For example, as shown in Table 3, for 110 samples, the amount of 

primer to add to the Eppendorf is 9 µL and the amount of water is 91 µL. Then, 

were taken 88 µL to the MM Eppendorf. This procedure was done as well with 

the probe. 
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iii. In the MM Eppendorf put the primers, the probe (as described above), 

supermix and the water. 

iv. To homogenize the solution, with the micropipette doing “up and down”. 
 

 
Part 2 – Plate preparation: 

i. Set up the 96-well plate, as is shown in Table 4 (in Appendix 3). 

ii. Dispense MM solution on each well (all reactions are done in duplicate). 

iii. Water for negative control, positive template for positive control, and the 

samples were added in all respective wells. 

iv. The plate was covered with an optical seal and centrifugated for 30 seconds. 
 

 
Part III – Equipment preparation 

i. After turning on the qPCR machine (CFX Connect Real-Time PCR Detection 

System), the place was put on. 

ii. The settings and the cycling protocol were selected. 

iii. Exported the data after the running cycle. 
 
 
 

 
3.2.3.5. Aspergillus sp. screening of azole resistance and antifungal susceptibility 

testing 

After the recovery of the Aspergillus spp. isolates, as mentioned in 3.2.3.2. (that were 

confirmed by qPCR, in section 3.2.3.4.), the antifungal susceptibility was tested (39): 

 
1- To make pure colonies, the isolates were inoculated onto SDA culture media 

and incubated at 27°C for 2-5 days. 

2- It was made a suspension for each isolate with NaCl 0.9% and half of the pure 

colony. 

3- Part of the solution was transferred to a new Eppendorf. 

4- To a cuvette, the solution with NaCl, in a portion of 0.9%, was added, and the 

Optical Density (OD) was read at 600 nm. 

5- OD was adjusted to 0.6 and was prepared a new Eppendorf with adjusted OD. 

6- Aspergillus purified colonies were inoculated into RPMI 1640 medium with 2% 

dextrose. 
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7- It was put onto the media E-test strips of ITZ, VOZ, POZ, and amphotericin (AMB), 

and were incubated at 35°C. 

8- Minimal Inhibitory Concentration (MIC) was read at 24 and 48 hours, to know the 

resistance concentration of each antifungal agent. 

 

 

 

 
3.2.4. Cytotoxin, Mycotoxin and Endotoxin assays 

 
These studies were not performed in the present laboratory. They were carried out by 

partner laboratories, so the procedure will not be mentioned. 

Samples extracted from EDCs (EDCTs, and EDCs from booklets), filters from 

Settled Dust, and the Settled Dust were kept for cytotoxicity and mycotoxins assays. 

Settled Dust and Coriolis that were extracted, were kept for endotoxic assays. 

 
3.2.5. Other assays 

 
Here will explain how MRSA and E.coli were assessed, as well the ATP was 

measured. 

 

 

Figure 9 - Screening of Aspergillus section Fumigati isolates 
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3.2.5.1. MRSA assessment 

 
For MRSA assessments were used EDCs (Figure 6), an EDCT (Figure 7), and a 

swab with a 10 × 10 cm square stencil, which was disinfected with a 70% alcohol solution 

between each sampling and was used Stuart transport media. The table and the handles 

of the door were the places that were swabbed because MRSA is transmitted through 

direct contact (11), so it is convenient to only swab in the places that are most touched 

by hands. All the sampling and extraction of the samples were done as mentioned above 

in sections 3.2. and 3.2.2.1., respectively. 

The extracted samples were inoculated onto CHROMagar MRSA and incubated at 

37°C, and the colonies were observed at 24 and 48 hours. The colonies that grow with 

pink/red color are considered MRSA suspicious colonies. The suspicious colonies from 

EDC and EDCT samples were suspended in Brain Health Infusion Broth (BHI) and 

incubated at 37°C for 24 hours. After the incubation, an aliquot was inoculated in 

CHROMagar MRSA and again, incubated at 37°C, and the colonies were observed at 

24 and 48 hours. Colonies with pink/red color were considered suspicious of being 

MRSA. 

The isolates were conserved as shown in section 3.2.3.2. and kept for further 

analyses. 

 

 
3.2.5.2. ATP measurements for assessing cleaning effectiveness 

 
To assess the cleaning effectiveness of superficies, such as classroom desks or door 

handles of bathrooms, the levels of ATP were measured. ATP has been used as a marker 

for the detection and quantification of bacterial and fungal contamination on surfaces, so 

the aim is that the levels of ATP are lower after the cleaning of the surfaces, which 

indicates lower microbial contamination (40,41). 

An ATP swab was done on the surface before and after the cleaning. Before the 

cleaning process, with a 10 × 10 cm square stencil disinfected with a 70% alcohol 

solution. It was collected 8 samples per surface, each sample in different locations on 

the surface. After the school cleaning process, with a disinfected square stencil, 6 more 

samples were collected, on the same surface. 

After collecting each sample, the ATP swabs were read with the Clean-Trace 3M (St. 

Paul, Minn.), and the data of the readings were analyzed to assess ATP levels by 

comparing the ATP measurements with the ATP relative light unit (RLU) range values  

established in standards that apply to the surface being tested, where high levels of  

RLUs are indicative of higher contamination (41). 
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3.2.5.3. Escherichia coli assessment 

 
Escherichia coli identification starts with quantifying bacteria, colony-forming units 

(CFU), and CFU concentration (CFU.m-3/m-2/m-2.day/g-1). Gram-negative E. coli is 

genetically diverse and causes opportunistic human infections (3). 

After being quantified, E.coli suspicious colonies (dark pinkish color and regular form 

colonies) were inoculated in MacConkey agar (MAC). After incubating for 24 hours at 

37°C, the suspicious colonies were reisolated into an Eppendorf with 1 mL of PBS. 

The following tasks were not in the internship period, but the isolates will be confirmed 

by a biochemical panel for identification and differentiation of members of the family 

Enterobacteriaceae (Analytical Profile Index 20E – bioMérieux API20E), and will be done 

a DNA extraction and E.coli antibiotic resistance genes characterization. It will use qRT- 

PCR to quantify the next priority ARGs: blaNDM, blaKPC, blaOXA-48, blaIMP, blaVIM, 

mcr and armA. 

 

 
3.3. Citizen Science 

 
Through a variety of activities that involve sampling as well as sample extraction, and 

even completing a walkthrough regarding indoor air quality - such as the number of 

windows, the type of furniture, or the number of students per room - citizen science 

projects allow students and school staff to actively participate in the InChildHealth project. 

By doing these activities, the students, and school staff, can gain an understanding 

of the effects that air quality has on health, and how the work is done by researchers to 

analyze the microbiological particles in the air. 

In ICH project, it was possible to help the students observe microscopically the most 

prevalent fungi in schools, help them to extract samples, like EDCs, and inoculate swabs 

onto culture media. 
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4. Scientific Production 

 

During the internship period, other than the projects already mentioned, it was 

possible to participate in other different projects, like the citizen and science campaigns 

in primary schools, from InChilHealth project, doing a scope review about Waste Water 

Treatment Plants (WWTPs), present a poster at International Symposium Occupational 

Safety and Hygiene (SHO 24) at Porto city, and participating on an evaluation of the 

indoor air quality of a nursing home, collecting samples to assess indoor air quality and 

search and control of Legionella spp.. 

 
4.1. Filling the knowledge gap regarding microbial occupational exposure 

assessment in Waste Water treatment plants – A scoping review (4) 

This review adopted the Preferred Reporting Items for Systematic Review (PRISMA) 

checklist. It was intended to provide an overview of the assays and sample techniques 

used in WWTPs to evaluate worker exposure to microbiologic substances. 

The acquired data may help uncover gaps in the knowledge regarding viral exposure 

at work or possibly help define future criteria and recommendations to guarantee a 

trustworthy microbiological characterization. 

The full paper is available in Appendix 4. 
 

 
4.2. Indoor Air Quality Evaluation 

This evaluation had the objective of assessing the state and conformity of the nursing 

home installations regarding comfort, physical-chemical, and microbiologic parameters 

in terms of IAQ. 

To assess comfort parameters, temperature, and relative humidity were measured, 

particulate matter (PM2.5 and PM10), carbon dioxide (CO2), carbon monoxide (CO) and 

Total Volatile Organic Compounds to assess physical-chemical parameters, and bacteria 

and fungi to assess microbiologic parameters. 

The sampling locations were chosen considering the priority of monitoring (rooms, 

living rooms, cantinee, secretary, office, gymnasium, and nursery). For Legionella spp. 

the sampling occurred in a shower of two rooms, and in shower of a locker room. 

To study the microbiologic parameters, MAS-100 air sampler with solid culture media 

(TSA and VRBA for quantifying bacteria, and MEA and DG18 for fungi) was done, and 
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floor swabs with a 10 × 10 cm square stencil, which was disinfected with a 70% alcohol 

solution between each sampling. 

For physical-chemical parameters was used Lighthouse Handled Particle Counter, 

and IAQ Wolfsense for CO and CO2. IAQ Wolfsense was also used to measure comfort 

parameters. 

To search for Legionella spp., it was collected water to sterilize water bottles (specific 

to Legionella). First, tap water was collected, then in a second bottle, was collected warm 

water. Additionally, the shower head fitting was swabbed. 

The post-sampling laboratory work took place at the same laboratory of the internship 

(Environmental and Occupational Microbiology Laboratory from H&TRC, integrated in 

ESTeSL), and the methodology was done as shown in sections 3.2.2. and 3.2.3. 

The report is available in Appendix 5. 

 

 
4.3. Poster presentation at SHO 24 

 
During this internship, it was proposed to create and present a poster entitled Fungal 

Contamination in Lisbon's Primary Schools - Sampling Insights and Analytical (Poster 1 

from Figure 13 on Appendix 6). Poster 1 was presented at SHO 24, carried out in Porto 

city. This poster aimed to present sampling methodologies applied in primary schools, 

located in the metropolitan area of Lisbon, as well as presenting analytical methods to 

assess fungal contamination in these settings. 

 

 
4.4. Submitted work 

 
During the internship, it was also possible to participate in some works that were 

submitted, such as Poster 2 (Figure 14 on Appendix 7) and Poster 3 (Figure 15 on 

Appendix 8), which were also presented at SHO 24, in Poster 4 (Figure 16 on Appendix 

9), that was presented at the 14th International Conference “Moulds and Mycotoxins”, in 

Bydgoszcz, Poland. 

To Epidemiology in Occupational Health (EPICOH) 2024, with the title “Mitigating 

Health Risks in Wastewater Treatment Plants: Identifying Key Microbial 

Contaminants and Protocols Needs”, done by RC. 

It was also possible to participate in “The Power of Citizen and Science: Insights 

and Achievements from the InChildHealth Project” by RC, and in “Levels of fungi in 
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the air of poultry farms following different stages of birds´ growth cycle”, done and 

presented by BG. 
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5. Other laboratory activities 

 

5.1. Preparation of sampling campaigns 

 
Before the sampling campaign, it was important to ensure all the equipment’s battery 

powers were fully charged (MAS-100 air sampler, Coriolis µ air sampler, Button personal 

air sampler, and the Lighthouse Handheld Particle Counter), and, a checklist was made 

with the aim of not missing anything before going to the campaign, like PBS solution for 

the Coriolis µ cups, sterilized water to wet the swabs (before swabbing the surfaces), 

and enough EDCs (to leave in all destined places and in the t-shirts of workers (in 

sawmills) and students (primary schools). 

 

 
5.2. Culture media preparation 

 
To prepare the culture media, all the quantities measured depended on the 

manufacturer's instructions, so in some culture media, the measurements may vary 

depending on the supplier, but for each media, it was always the same reagents. Were 

prepared media to quantify bacteria, fungi, and azole spiked media. 

All the prepared media (TSA, VRBA, MAC, MEA, DG18, and SDA) were sealed with 

gauze and autoclave indicator tape. Then, the sealed Erlenmeyers were autoclaved at 

120°C for 15 minutes. VRBA media was an exception, and it depended on the 

manufacturer's instructions. Some of them could be autoclaved, and others not. In these 

cases, the VRBA-prepared media was done on a heating plate until it started to bubble 

and was ready to pour on the plates. 

 
a) Media to quantify bacteria 

TSA and VRBA were used to quantify total bacteria and gram-negative bacteria, 

respectively. For both, TSA and VRBA, it was measured distilled water, and it was 

weighed TSA powder, and VRBA powder, respectively. 

MacConkey Agar was used in two projects, one only quantified gram-negative 

bacteria, and the other quantified gram-negative bacteria and qualified possible 

Escherichia coli bacteria (42). For this media, only MAC powder and distilled water 

were needed. 
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b) Media to quantify and qualify fungi 

To quantify and qualify fungi, it was used two different media, MEA a more 

generalist media, and DG18, which is more selective for fungi. For MEA media, it 

was needed distilled water, chloramphenicol (0.01%) diluted in ethanol 96% and 

glycerol. For DG18 media, DG18 powder was weighed, and glycerol was added to 

an Erlenmeyer with the desired distilled water. 

 
c) Azole spiked media 

Azole spiked media was used to quantify and qualify the azole resistance of fungi. 

Each azole solution (as described below, in section 5.3.) was added to SDA media. 

To make SDA media were only needed distilled water and SDA powder. 

After being autoclaved, azole solution (ITZ, VOZ, and POZ) was added to SDA 

liquid media. But in this case, the temperature of these had to be at around 37°C 

before putting the azole solutions in, because the azole solution could lose the active 

ingredient if the temperature was superior. If the temperature was inferior, the media 

started solidifying, and could not be put on the plates. 

 

 
5.3. Azole solution preparation 

 
For making the azole spiked media, the azole solution was added to the SDA media. 

The powders of ITZ were kept at 4°C, VOZ at room temperature, and POZ at -20°C. 

The azoles were weighed, and then Dymethyl sulfoxide (DMSO) was added to each 

azole, in a sterilized falcon. 

All the azole solutions were kept at -80°C until use, and valid for up to 6 months. 
 

 
5.4. Solutions preparation 

 
For the sample extraction, it was used NaCl 0.9% + Tween 80 0.05%. Distilled water, 

NaCl, and Tween 80 were needed to prepare the extraction solution. 

Phosphate-buffered saline was used for the isolation of fungi colonies, and only PBS 

solution and distilled water were needed. 

Both, PBS and NaCl 0.9% + Tween 80 0.05% were autoclaved at 120°C for 15 

minutes and then kept at room temperature until use. 
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5.5. Sterilization of material supplies 

 
Before the sampling, EDCs are sterilized at a Laminar Flow Camera (BioWizard 

Silver Line Biosafety cabinet) with UV lights for 30 minutes. Also, the filters for collecting 

settled dust (coffee filters), the filters for the person button sampler, and his attachments 

were sterilized with UV light. 

The needed lab supplies, like Eppendorf’s or unfiltered pipet tips, were prepared and 

autoclaved for 15 minutes at 120°C. 
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6. Timeline of Activities 

 

 
Table 1 - Timeline of activities done during the internship period (from June 2023 to March 2024). 

 2023 2024 

Project Task June July August September October November December January February March 

 
Guidance for 

Microbial 
Occupational 

Exposure 
Assessment 
in Sawmills 

 
Sampling 

          

 
Assays 

          

Identifying 
Determinants 
for Indoor Air 
Quality and 
their Health 
Impact in 

Environments 
for Children: 
Measures to 

Improve 
Indoor Air 

Quality and 
Reduce 
Disease 
Burdens 

 

 
Sampling 

          

 
Assays 

          

 
Citizen 

and 
Science 

          

The Impact of 
Animals 
Bedding 

Material on 
the 

Sustainability 
of an 

Industrial 
Portuguese 

Poultry Farm 
through a 

One Health 
Perspective 

 
 
 
 
 

 
Assays 
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7. Discussion 

 

The main objective of the projects ongoing during the internship period was to 

characterize the resistance of Aspergillus spp. to azole antifungals. 

Aspergillus spp., namely, Aspergillus fumigatus (A. fumigatus) is one of the most 

common fungi in nature and can cause different health conditions, and compromise 

immunocompromised individuals, and its presence both, indoors and outdoors, may 

pose a significant risk to public health (43,44). 

Continuous exposure to A. fumigatus in indoor environments can pose a health risk 

and can develop severe aspergillosis, which can be treated with azole antifungal (44). 

However, the emergence of azole resistance of A. fumigatus is leading to higher mortality 

and morbidity rates (45). So, it is crucial to understand how exposure to these 

microorganisms occurs, in a way to define and implement standardized protocols for 

effective risk assessments. 

During the internship, air sampling methods were used to evaluate indoor air quality, 

namely exposure to fungi, in occupational environments. In sampling campaigns, active 

and passive approaches, and particulate matter were performed. The active methods 

are based on a pump that drowns the air into a solid or liquid media, and bioaerosol 

quantification can be calculated because the volume of sampled air is controlled. 

However, this method can be expensive due to the need for specialized equipment and 

maintenance. Passive methods use the gravitational force of microorganisms onto 

surfaces or collection media. This method is cheaper and easier to perform than active 

air sampling methods, and it is ideal for sampling for long periods, giving a broad 

spectrum of the microbial environment in each setting (46). 

To evaluate microbial contamination in each setting, different culture media were 

used. The following culture media were employed to analyze bacteria: TSA for total 

bacteria, VRBA for gram-negative bacteria, MAC for Escherichia coli, and CHROMagar 

for Methicillin-Resistant Staphylococcus aureus. As may be expected, TSA media 

consistently had a higher bacterial load than VRBA, where most of the time there was 

nearly no bacterial growth. This is because practically all bacterial species can thrive in 

TSA medium, which is less selective than VRBA (47,48). 

To evaluate fungi, only two media were used, MEA and DG18. MEA is a non-selective 

media, so there were, almost always higher loads of fungi, than in DG18 media, which 

limits the fast-growing colonies and makes easier quantification of fungi (49). DG18 was 

incubated at different temperatures, 27°C and 37°C, to evaluate the pathogenic potential. 
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Figure 10 shows the effect of the difference between the different media and different 

temperatures has on fungal growth. 

 

 

 
To evaluate antifungal resistance the samples were inoculated in azole- 

supplemented media, SDA, ITZ, VOZ, and POZ, and the isolates of Aspergillus section 

Fumigati that grow on these media were submitted to screening for azole resistance, 

measuring the Minimum Inhibitory Concentration referenced by microdilution methods 

(39). 

Overall, the assessment of microorganism exposure in interior environments requires 

the selection of the most effective sampling methods (active and/or passive) and 

collection media for the isolation of bacteria and, particularly fungi, to assess their 

resistance mechanism to azole antifungals. 

To reduce the risks of exposure to airborne pathogenic microorganisms that might 

negatively impact an individual's health, it is recommended to implement efficient 

sampling, culturing, and resistance monitoring protocols. 

Figure 10 - From left to right, fungal growth of the same sample in MEA, DG18, and 
DG18 37°C 
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8. Conclusion 

 

Indoor air quality is an important factor in ensuring the health and well-being of the 

surrounding area, which is why periodic monitoring of the biological, chemical and 

physical components of the environment is essential. Therefore, it is of great importance 

to choose good air sampling methods in occupational environments, as well as assay 

methods. Considering this, the area chosen to carry out the professional internship of 

the curricular unit Project/Thesis/Internship of the second curricular year of the Master's 

Degree in Clinical-Laboratory Technologies at the Escola Superior de Tecnologia da 

Saúde de Lisboa. The internship was carried out from June 2023 to March 2024 at the 

Environmental and Occupational Microbiology Laboratory of the Health and Technology 

Research Center (H&TRC). 

During this internship period, several tasks were carried out, such as collecting air 

samples, in primary schools and sawmills, doing sample extraction, and carrying out 

different assays, such as DNA extraction, or PCR, and the interpretation of the results 

obtained, allowing a better understanding of the work carried out. 

This internship allowed consolidate the theory learned throughout the first year of the 

master's degree and allowed acquire new theoretical and practical skills, thus fulfilling 

the objectives proposed for this internship. 

All the knowledge acquired will be important for the future, especially in 

environmental microbiology. 
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9. Proposal for research work in the area 

 

Based on the activities completed during the internship, "Identification of 

Aspergillus spp. with matrix-assisted laser desorption ionization time-of-flight 

(MALDI-TOF) mass spectrometry" would be suggested as a potential research project 

to be implemented at the laboratory. 

 

 
9.1. Introduction 

 
The standard method for identifying Aspergillus spp. uses culture-based methods 

with molecular tools (50). These procedures involve macroscopic and microscopic 

identification of morphological characteristics (such as color, spores, mycelial structures, 

and shape of conidia) (43). 

The conventional methods are laborious, but MALDI-TOF technology, which has 

recently been used in mycology, can identify fungi quickly and with a good price-quality 

ratio (51–53). 

Matrix-assisted laser desorption ionization time-of-flight process is an analytical 

method for identifying and describing biomolecules, particularly proteins, peptides, and 

microorganisms. This technique combines soft ionization with mass spectrometry, to 

analyze the mass/charge ratio of biomolecules (54). 

Comparing MALDI-TOF mass spectrometry with the standard meths for identification 

of fungi, MALDI-TOF is an all-around strong and adaptable technique that offers quick 

and precise analysis, and it is capable of detecting low concentrations of analytes and 

requires small amounts of sample (55). 

 

 
9.2. Objective 

 
This research work proposes a protocol to use MALDI-TOF in the identification of 

Aspergillus spp. 

This proposed protocol was made after reviewing the literature on the application of 

MALDI-TOF on fungal identification (50,53–56). 
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9.3. Methodology 

 

 
8.3.1. Preparation of the samples 

 
1- Inoculate the extracted air samples in SDA media and incubate at 30°C for 2-3 

days. 

2- With a loop, collect part of the superior material of the fungi and put on a 1.5 µL 

Eppendorf, resuspended with 300 µL of distilled water and 900 µL of ethanol. 

3- Vortex for 10 minutes and centrifuge at 13000 rpm/15000 rpm, for 1 minute. 

4- Remove supernatant, and let the pellet dry at room temperature (RT) for 5-7 

minutes. 

5- Add 20 µL (or the quantity required to cover the pellet) of 70% formic acid and 

incubate at RT for 2-5 minutes. 

6- Then, homogenize the pellet with 20 µL of acetonitrile (volume of formic acid = 

volume of acetonitrile). 

7- Incubate at RT for 10 minutes, and centrifuge at 13000 rpm/15000 rpm, for 1 

minute. 

8- Deposit 1 µL of the final mixture onto the MALDI-TOF target plate. 

9- Let dry, and add 1 µL of matrix solution (α-cyano-4-hydroxy-cinnamic acid matrix). 

10- Before starting the MALDI-TOF analysis, let the mixture dry to allow crystal 

formation (crystals are essential for efficient ionization). 

 

 
8.3.2. Mass spectrometer configuration and data analysis 

 
1- Insert the MALDI-TOF target plate into the MALDI-TOF mass spectrometer. 

2- Setting the configurations, such as laser parameters (e.g. wavelength and 

intensity), and defining the ionization and acceleration conditions. 

3- Initiate the running. 

4- Compare the obtained mass spectrometer with the reference databases to 

identify the molecules present. 

 

 
9.4. Ethical issues 

 
Ethic-related issues may not be considered because the samples that will be used 

come from an environmental source. 
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Figure 11 - Procedure for identification of fungi with MALDI-TOF MS 
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11.1. Appendix 1 

 

 
 

 
Table 2 - Recording the number of hours (dd/mm/yy format) 

Day Number of hours (h) Day Number of hours (h) Day Number of hours (h) 

19/06/2023 4 12/10/2023 6 04/01/2024 5 

20/06/2023 8 13/10/2023 3 08/01/2024 9 

22/06/2023 4 16/10/2023 5 09/01/2024 7 

26/06/2023 3 23/10/2023 4 11/01/2024 8 

27/06/2023 7 24/10/2023 9 15/01/2024 6 

28/06/2023 6 25/10/2023 6 16/01/2024 9 

29/06/2023 6 26/10/2023 10 17/01/2024 8 

30/06/2023 5 30/10/2023 6 18/01/2024 5 

06/07/2023 5 31/10/2023 7 19/01/2024 3 

11/07/2023 3 02/11/2023 6 22/01/2024 9 

12/07/2023 6 06/11/2023 9 23/01/2024 7 

13/07/2023 6 07/11/2023 7 24/01/2024 7 

19/07/2023 7 08/11/2023 7 25/01/2024 3 

20/07/2023 4 09/11/2023 6 29/01/2024 8 

11/09/2023 7 10/11/2023 7 31/01/2024 7 

12/09/2023 6 13/11/2023 7 01/02/2024 6 

13/09/2023 5 14/11/2023 7 05/02/2024 7 

14/09/2023 5 15/11/2023 5 06/02/2024 7 

18/09/2023 5 16/11/2023 7 07/02/2024 8 

19/09/2023 5 17/11/2023 7 08/02/2024 5 

20/09/2023 6 20/11/2023 5 19/02/2024 7 

21/09/2023 6 21/11/2023 9 20/02/2024 4 

22/09/2023 5 22/11/2023 6 21/02/2024 4 

25/09/2023 3 23/11/2023 6 26/02/2024 6 

26/09/2023 6 27/11/2023 7 27/02/2024 5 

27/09/2023 6 28/11/2023 10 28/02/2024 4 

28/09/2023 6 29/11/2023 7 05/03/2024 4 

02/10/2023 8 30/11/2023 7 06/03/2024 5 

03/10/2023 7 04/12/2023 8 11/03/2024 2 

04/10/2023 9 05/12/2023 7 12/03/2024 6 

06/10/2023 7 07/12/2023 8 13/03/2024 4 

10/10/2023 8 11/12/2023 7 14/03/2024 5 

11/10/2023 4 03/01/2024    

Total 188 hours Total 411 hours Total 601 hours 
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11.2. Appendix 2 

 
 
 
 
 
 
 

 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 
 
 
 
 
 
 
 
 
 
 
 
 
 

Figure 12 - Schematic representation from the sampling preparation to the assays 
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11.3. Appendix 3 

 
 
. 

 

Table 3 - Quantities of reagents, template, and water for one reaction, and for 110 samples. 

Reagent 
Volume added per 

reaction (µL) 
Volume added for 110 

samples (µL) 

Supermix 10 1100 

Primer Forward (PF)* 0.8 88 

Primer Reverse (PR)* 0.8 88 

Probe (P) 0.2 22 

Template 4 440 

Water* 4.2 462 

Total 20 2200 

 
 
 
 

 
 

 

Table 4 - 96 well plate arrangement for 46 samples. Positive control (PC); Negative Control (NC); S1-S46 (samples). 

 1 2 3 4 5 6 7 8 9 10 11 12 

A PC NC S1 S2 S3 S4 S5 S6 S7 S8 S9 S10 

B 

C S11 S12 S13 S14 S15 S16 S17 S18 S19 S20 S21 S22 

D 

E S23 S24 S25 S26 S27 S28 S29 S30 S31 S32 S33 S34 

F 

G S35 S36 S37 S38 S39 S40 S41 S42 S43 S44 S45 S46 

H 
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11.5. Appendix 5 
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11.6. Appendix 6 

 

 

Figure 13 - Poster 1: Fungal Contamination in Lisbon's Primary Schools - Sampling Insights and Analytical 
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11.7. Appendix 7 

 
 
 
 
 

 

Figure 14 - Poster 2: Budget-friendly protocol for TR34/L98H and TR46/Y121FT289A mutation 
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11.8. Appendix 8 

 
 
 

 

 

 

 

 

 

 

 

 

 

 

Figure 15 - Poster 3: A multi-approach sampling strategy to assess exposure to microbiologic agents in poultries 
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11.9. Appendix 9 

 

 

Figure 16- Poster 4: First insights of Portuguese Primary schools’ Fungal assessment – Is Indoor Air 
Quality legal framework suitable for this indoor setting? 

 


