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ABSTRACT

Portugal has been the world leader in the cork sector in terms of exports, ernploying ten thousands of workers. In this
working activity, the permanent contact with cork may lead to the exposure to fungi, raising concerns as potential
occupational hazards in cork industry. A study was developed aiming at assessing fungal contamination due to
Aspergillus fumigatus complex and Penicillizmn glabrum complex by molecular methods in three cork industries in the
outskirt of Lisbon city. The chosen fungal species are the ones most frequently associated with respiratory problems in
workers from these industries. Twelve air samples of 250L were collected in order to identify fungal species, at the
molecular level, by Real Time PCR. dspergillies fumiganes complex was not detected in any of the samples collected.
However, Penicilliim glabrum complex was detected in ten out of twelve sarmp les, corroborating the high prevalence of
this species in cork industries. This species is an indicator of respiratory diseases such as Suberosis. the most prevalent
disease among workers from cork industries. These results, assessed by molecular methods, suggest that preventive and
protective measures should be applied in order to minimize occupatiodial exposure 1o Penicillium glabrum.
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1. INTRODUCTION

Cork comes from the bark of the cork oak (Quercus Suber L), a tree with very special characleristics that grows in
Mediterranean regions (Patacho, 2012). Worldwide, cork cak occupies an area very close to 2.2 million hectares, with
the Iberian Peninsula accounting for 56.0% of the total area, from which 33% belong to Portugal and 23% to Spain
(Pestana and Tinoco, 2009). World cork production was 201,000 tons in 201 2. Portugal has been the world leader in the
cork sector in terms of exporis. In 2012, Poragal took a share of 64.7 % followed by Spain with 16.0 % (APCOR,
2013), employing ten thousands workers (Ministério do Trabalho e da Solidanedade Social, 2009).

Several fungal species have already been found in this industry (Daneshetal, 1997; Oliveira et al., 2003; Santos et al.,
2005), being Chrvsonilia sitophila and Penicillimm glabrem complex the most prevalent (Winck et al., 2004; Pereira et
al., 2000; Serra and Peterson 2008; Basilio et al., 2006; Cruz, 2003; Oliveira, 201 1), followed by 4. firmigatus complex
(Villar et al.,, 2009). Importantly, the presence of P. glabmm complex in this type of industry is an indicator of
respiratory diseases such as suberosis (Pimentel et al., 1973; Villar et al.,2009; Winck et al., 2004). In fact, side-by-side
with occupational asthma, suberosis is the most prevalent disease among workers from caork industries (Wink ct al.,
2004).

The application of molecular tools is crucial in this setting, since fungal species with faster growth rates, such as C.
sitophila (Francuz et al., 2010) may hide other species with clinical relevance, such as species belonging to P. glabrum
and 4. fumigatus complexes (Pereira et al., 2000; Francuz et al.. 2010; Malla-Vacas et al., 2012; Viegas et al,, 2012.
Viegas et al., 20 14).

This study was developed aiming at assessing fungal contamination due to dspergillus fimigaws complex and
Penicillivm glabrum complex by molecular methods in three cork industries in the outskirt of Lisbon city, since these
fungal species are the ones more frequently associated with respiratory problems in workers from this occupational
setting.

2. MATERIALS AND METHODS

Air samples of 250L were collected using the impinger Coriolis pt air sampler (Bertin T'echnologies), at 300 L/min
airflow rate. Samples were collected onto 10ml sterile phosphate-buffered saline with 0.05% Triton X-100, and the
collection liquid was subsequently used for DNA extraction using the ZR Fungal/Bacterial DNA MiniPrep Kit (Zymo
Research) according to the manufacturer’s instructions.

Five millilitres of the collection liquid were centrifuged at 2500 = g for 10 min, supematant was removed and DNA was
then extracted using the ZR Fungal/Bacterial DNA MiniPrep Kit (Zymo Research) according to the manufacturer’s
recommendations. Molecular identification of 2. glabrum complex and A. fumigarus complex was achieved by Real
Time PCR (RT-PCR) using the Rotor-Gene 6000 gPCR Detection System (Corbett). Reactions included 1x iQ
Supermix (Bio-Rad), 0.5 uM of each primer (table 3), and 0.375 pM of TagMan probe in a total volume of 20 pl.
Amplification followed a three-step PCR: 40 cycles with denaturation at 95°C for 30 s, anncaling at 52°C for 30 s, and
extension at 72°C for 30 s. A non-ternplate control was used in every PCR reaction. As positive controls DNA samples
were obtained from reference strains from the Mycology Laboratory from the National Institute of Health Doutor
Ricardo Jorge (INSA).
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3. RESULTS AND DISCUSSION

Twelve air samples were collected from different working areas of the three plants analysed. Aspergillus fumigatus
complex was not detected in any of the 12 samples collected. However, in ten of those samples Penicillium glabrum
complkex was detected, corroborating the high prevalence of this species in cork industries (Table 1).

Table 1 — Molecular detection of P. glabrum

Sampling sites Real Time PCR
P. glabrum
(Cg- Cycle threshold)
Tracing - Plant A -

Cutting - Plant A +(37,07)
Baking - Plant A +(35,07)
Selecting - Plant A +(35,30)
Rectification - Plant B +(36,45)
Grinding of raw materials - Plant B +(34,71)
Grinding in mills - Plant B +(35,76)
Agglomeration - Plant C +(35.21)
Mixing - Plant C -
Sawing - Plant C +(36,51)
Pressing - Plant C +(38,73)
Sanding - Plant C +(35,58)

The fact that the DNA from P. glabrum complex was amplified at quite high Cq indicates that the fungal load is likely
to be low. It is important to note that these values are within the limit of detection and are specific as no amplification
occurs when samples from other fungi (e.g. A. fumigatus complex and A. flavus complex) are amplified with this pair of
primers.

Fungal contamination by P. glabrum was detected in the three plants suggesting that there might be an increased risk of
development of fungi-related diseases, such as hypersensitivity pneumonitis (interstitial lung disorder), later called
Suberosis (Morell et al., 2003). It is also important to point out that the discrimination of Penicillium species from each
other is difficult when using conventional methods, based mainly on morphological features. Instead, with the PCR

detection, specific probes can be designed for each species allowing differential detection of species (Viegas et al.,
2012; Viegas et al., 2014).

4. CONCLUSIONS

With this study, it was possible to assess occupational fungal-exposure due to P. glabrum in this setting by molecular
detection through real-time PCR. Therefore, it is recommended the application of preventive and protective measures in
order to minimize fungal exposure preventing the workers from developing P. glabrum related diseases, such as
Suberosis.
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