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Cork oak is the second most dominant forest species in Portugal and makes this country the world leader in cork export.
Occupational exposure to Chrysonilia sitophila and the Penicillium glabrum complex in cork industry is common, and
the latter fungus is associated with suberosis. However, as conventional methods seem to underestimate its presence in
occupational environments, the aim of our study was to see whether information obtained by polymerase chain reaction
(PCR), a molecular-based method, can complement conventional findings and give a better insight into occupational
exposure of cork industry workers. We assessed fungal contamination with the P. glabrum complex in three cork
manufacturing plants in the outskirts of Lisbon using both conventional and molecular methods. Conventional culturing
failed to detect the fungus at six sampling sites in which PCR did detect it. This confirms our assumption that the use of
complementing methods can provide information for a more accurate assessment of occupational exposure to the P

glabrum complex in cork industry.
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Cork is produced from the bark of the cork oak (Quercus
suber L), which grows in the Mediterranean (1). Worldwide,
cork oak plantations occupy close to 2.2 million hectares,
33 % of which in Portugal and 23 % in Spain (2). In 2012,
64.7 % of all cork was produced in Portugal, followed by
Spain with 16.0 % (3). Portugal’s cork industry employs
about ten thousands workers (4).

This type of industry has already been associated with
exposure to several fungal species, most commonly with
the Penicillium glabrum complex and Chrysonilia sitophila
(5-13). The presence of the P. glabrum complex in this
industry involves the risk of respiratory diseases such as
suberosis, a type of hypersensitivity pneumonitis that is one
of the most prevalent diseases among cork workers (8-15).

Conventional methods may underestimate this fungal
burden, as the detection of clinically relevant species with
lower growth rates such as the P. glabrum complex may be
hampered in samples with fast-growing fungi such as C.
sitophila (9, 16-19).

We therefore decided to complement conventional
methods with real-time polymerase chain reaction (PCR)
in assessing fungal contamination in three cork plants in
suburban Lisbon, hoping that the higher sensitivity of PCR
compared to the conventional methods will give us a clearer
idea of the potential health risk posed by this fungus.
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MATERIALS AND METHODS

Plants assessed

This pilot cross-sectional study included three cork
plants. Plant A employs 26 workers and produces cork
boards for further processing by other industries. Plant B
employs 93 workers and mainly produces natural bottle
corks. Plant C employs 150 workers and specialises in
several cork-derived articles such as cork tiles, paper, and
textile. All three plants provide respiratory protection
devices to their workers, but they do not use them on a
regular basis. All the plants work five days a week in two
eight-hour shifts.

Samples were taken from the workplaces where workers
spend most of their time.

Sample collection

Samples for both conventional and PCR methods were
collected in January and February 2014 as shown in Table 1.

Conventional sampling methods

Air samples (50-100 L) were collected from 10 indoor
sections (agglomeration, sanding, cutting, selecting, baking,
tracing, grinding, pressing, mixing, and sawing) using an
impactor with a flow rate of 140 L min! (Millipore air
Tester, Millipore - Billerica, Massachusetts, USA) onto malt
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Table 1 Number of samples collected

Conventional Methods Molecular Biology
Plants
Indoor Air Samples Surface Samples Indoor Air Samples Surface Samples
Plant A 5 5 4 NP
Plant B 3 3 3 NP
Plant C 5 5 5 NP

NP-not performed

extract agar supplemented with chloramphenicol (0.05 %).
Samplers were placed at the breathing level of 0.6-1.5 m
above the floor and as close as possible to workers. An
outdoor sample was also collected for reference.

For a proper fungal characterisation from the assessed
occupational environments, surface samples were also
collected by swabbing the same indoor sites with a 10 by
10 cm square stencil, disinfected with 70 % alcohol solution
between samplings, in line with the ISO 18593 requirements
(20). The obtained swabs were then plated onto malt extract
agar.

All the collected samples were incubated at 27 °C for
5 to 7 days. The fungal species were quantified (CFU m™
for air samples and CFU m? for surface samples) and
identified as described by Hoog et al. (21).

Sampling for PCR

For PCR identification we collected 250-litre air
samples through impinger method using a Coriolis p air
sampler (Bertin Technologies, Montigny-le-Bretonneux,
France) at the airflow rate of 300 L min'. Samples were
collected onto 10-mL sterile phosphate-buffered saline with
0.05 % Triton X-100 (Sigma-Aldrich, St. Louis, MO, USA).
The collection liquid was used for DNA extraction with the
ZR Fungal/Bacterial DNA MiniPrep Kit (Zymo Research,
Irvine, CA, USA) according to the manufacturer’s
instructions.

Five millilitres of the liquid were centrifuged at 2500 g
at room temperature for 10 min, supernatant was removed,
and DNA extracted.

The P. glabrum complex was identified with the real-
time polymerase chain reaction (qQPCR) using the Rotor-
Gene 6000 qPCR Detection System (Corbett, Quiagen,
Valencia, Califérnia, USA). Reactions included 1x iQ
Supermix (Bio-Rad, Berkeley, California, USA), 0.5 uM
of each primer (Table 2), and 0.375 uM of TagMan probe
(Table 3) in a total volume of 20 uL. Amplification followed
three steps: 40 cycles with denaturation at 95 °C for 30 s,
annealing at 52 °C for 30 s, and extension at 72 °C for 30 s.

A non-template control was used in every PCR reaction.
For positive control we used DNA samples obtained from
the reference strain provided by the Mycology Laboratory
of the National Institute of Health Dr Ricardo Jorge. We
sequenced the internal transcribed spacers (ITS) from rDNA
as well as the genes that codify the calmodulin and beta
tubulin proteins. The obtained sequences matched 100 %
the sequence of the reference P. glabrum complex.

RESULTS

Fungal identification and load determined with
conventional methods

The conventional identification of fungal species in air
confirmed the presence of countless colonies of C. sitophila
in Plant A. In Plant B C. sitophila was also prevalent,
whereas Plant C presented a larger diversity of fungal
species, among which the most prevalent were Penicillium
genus (76.5 %) and Geotrichum (11.8 %) (Table 3). In
addition to these two genera, Aureobasidium sp., Chrysonilia
sp., Cladosporium sp. and species from Aspergillus niger
complex were also identified.

The distribution of fungal species in the surface samples
of Plants A and B was similar, with isolates from the A.
fumigatus complex being the only ones found in addition
to C. sitophila. In Plant C the most prevalent genera were
Trichoderma and Penicillium (52.9 %; 29.4 %).
Aureobasidum sp. and species belonging to A. fumigatus
complex were also isolated.

All three plants had higher fungal load indoors than
outdoors.

Fungal detection using PCR

Real-time PCR identified the P. glabrum complex in 10
out of the 12 air samples, that is, in six more sampling sites
than the conventional method did (Table 4). The fact that
the DNA was amplified at quite high quantitation cycles

Table 2 Sequence of primers and TagMan probes used for Real Time PCR (from http://www.epa.gov/microbes/moldtech.htm#penicillium)

P. glabrum

Sequence

Primer Forward

Primer Reverse

5'-CATTACTGAGTGAGGGCCCTCT-3'
5'-CGTGAGGCGGGAGCA-3'

Prob

5'-CCAACCTCCCACCCGTG-3'
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Table 3 Most prevalent fungal distribution in three cork production plants

Plant A Plant B Plant C
Fungi species Air Surfaces Air Surfaces Air Surfaces
(CFU m?) (CFU m?) (CFU m?) (CFU m?) (CFU m?) (CFU m?)

C. sitophila Countless Countless Countless Countless 40 ND
Penicillium sp. ND ND ND ND 780 5x10*
A. fumigatus complex ND 2x10* 10 20x10° ND 1x10*
Geotrichum sp. ND ND ND ND 120 ND
Trichoderma sp. ND ND ND ND ND 9x10*

ND-not detected

(Cq) suggests that the fungal load was low. It is important
to note that these values are above 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. The fact
that the Cq does not reflect colony-forming units might
indicate that qPCR detects fungal particles that have not
germinated under the growth conditions used. For example,
in the air sample collected from the raw material grinding
section in Plant B we did not detect any Penicillium colonies
(Table 4), but the Cq value obtained by qPCR was the
lowest, suggesting a higher DNA content. In other words,
we might have detected a sporulated form of the fungus
that did not germinate in our media.

DISCUSSION

The studied plants were all microbiologically
contaminated but with different levels of fungal load. All
air samples with countless colonies can safely be regarded
as exceeding threshold values for occupational exposure
proposed by ACGIH and the World Health Organization
(WHO) (22-24). Since it was impossible to assess real
contamination, for health protection purposes it would be

wise to assume the most critical contamination scenario
(25).

Furthermore, fungi found in the surfaces samples sites
can also be aerosolised (26). The Trichoderma species were
isolated only in the surface samples, highlighting the
importance of analysing surfaces for a more accurate
assessment of fungal contamination (27).

The A. fumigatus complex was present in all the plants.
This saprophytic fungus is very common and may increase
occupational health risk (28, 29) posed by the P. glabrum
complex, since it has also been implicated in the
development of suberosis (30, 31).

The Penicillium genus was identified only in plant C,
and the same is true for the Geotrichum and Trichoderma
genera. This is probably because countless colonies of C.
sitophila could have obstructed an effective counting of
other colonies in the collected samples (16, 18, 19). Thanks
to qPCR, however, we were able to detect the P. glabrum
complex in all three plants. The use of the two types of
analytical methods in this study, culture analysis and PCR-
based detection, has given a more comprehensive idea of
fungal contamination in cork industry. On the one hand,
with the culture analysis we were able to identify and
quantify organisms posing a higher occupational risk from
inhalation and compare their levels with legal and scientific

Table 4 Conventional quantification of isolates belonging to Penicillium genera and molecular detection of P. glabrum

Sampling sites Air (CFU/m®) Surfaces (CFU/m?) (l((:e:_l Eiyncl; }:l(njrl:sililll(;))
Tracing - Plant A ND ND -
Cutting - Plant A ND ND +(37.07)
Baking - Plant A ND ND +(35.07)
Selecting - Plant A ND ND +(35.30)
Rectification - Plant B ND ND +(36.45)
Grinding of raw materials - Plant B ND ND +(34.71)
Grinding in mills - Plant B ND ND +(35.76)
Agglomeration - Plant C 20 2x10* +(35.21)
Mixing - Plant C 60 ND -
Sawing - Plant C 660 ND +(36.51)
Pressing - Plant C 40 ND +(38.73)
Sanding - Plant C ND 3x10* +(35.58)

+-detected; ND-not detected
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guidelines. On the other hand, this conventional method is
limited by several factors, including incubation conditions
and competition between species (32), which might be the
reason for not identifying Penicillium species in plants A
and B. These limitations were overcome by the use of gPCR.
This method is based on the amplification of genomic
regions specific to certain fungal species, which increases
sensitivity and removes interference by other species
present in the sample (32). Although the primers and probes
used in this study may amplify DNA of P. lividum, P.
pupurescens, P. spinulosum, and P. thomii, none of these
species has ever been described in the cork industry, and it
is safe to assume that our detection is limited to the P,
glabrum complex.

In addition, unlike PCR, the conventional methods can
hardly distinguish between the Penicillium species. We
therefore believe that these two methods should be used in
parallel, as they complement each other to provide useful
information for the assessment of occupational exposure to
fungi (18, 19).

REFERENCES

1. Green Cork. Montado de Sobro e o Sobreiral [displayed July
2015]. Available at http://www.greencork.
org/a-floresta-a-cortica-e-a-rolha/montado-de-sobro-e-o-
sobreiral/.

2. Pestana M, Tinoco 1. A industria e 0 comércio da cortica em
Portugal durante o século XX [Industry and the trade of cork
in Portugal during the 20™ century, in Portuguese]. Silva
Lusitana 2009;17:1-26.

3. The Portuguese Cork Association (APCOR). [Estudo de
caracterizagdo setorial 2013, in Portuguese].

4. Ministério do Trabalho e da Solidariedade Social (MTSS).
[Boletim do Trabalho e Emprego 2009, in Portuguese].

5. Danesh P, Caldas F, Marques J, San-Romao M. Mycobiota
in Portuguese “normal” and “green” cork throughout the
manufacturing process of stoppers. J Appl Microbiol
1997:82:689-94. doi: 10.1046/1.1365-2672.1997.00188.x

6. Oliveira A, Peres CM, Correia Pires JM, Silva Pereira C,
Vitorino S, Figueiredo Marques JJ, Barreto Crespo MT, San
Roméo MV. Cork stoppers industry: defining appropriate
mould colonization. Microbiol Res 2003;158:117-24. doi:
10.1111/5.1574-6941.2012.01419.x

7. Santos M, Bragang¢a M, Casimiro P. Microrganismos
associados a cortiga em diferentes fases da sua fileira [Cork
oak associated microorganisms throughout cork manufacture
process, in Portuguese]. Silva Lusitana 2005;13:75-93.

8. Winck JC, Delgado L, Murta R, Lopez M, Marques J. Antigen
characterization of major cork moulds in Suberosis (cork
worker’s pneumonitis) by immunoblotting. Allergy
2004;59:739-45. PMID: 15180761

9. Pereira R, Pires A, Valle MJ, Boas LV, Marques JJF, Romao
MVS. Role of Chrysonilia sitophila in the quality of cork
stoppers for sealing wine bottles. J Ind Microbiol Biotechnol
2000;24:256-61. doi: 10.1038/sj.jim.2900815

10. Serra R, Peterson S, Venancio A. Multilocus sequence
identification of Penicillium species in cork bark during plank

11.

12.

14.

15.

16.

17.

19.

20.

21.

22.

23.

24.

25.

26.

preparation for the manufacture of stoppers. Res Mycrobiol
2008;159:178-86. doi: 10.1016/j.resmic.2007.12.009
Basilio M, Gaspar R, Pereira C, Romdo M. Penicillium
glabrum cork colonising isolates-preliminar analysis of their
genomic similarity. Rev Iberoam Micol 2006;23:151-4.
PMID: 17196021

CruzJ. [Doenga Respiratoria dos Trabalhadores da Industria
da Cortiga, in Portuguese]. [PhD thesis]. 2003; Porto:
Faculdade de Medicina da Universidade do Porto; 2003.

. Oliveira B. Identification and fingerprinting of cork fungi: a

phenetic approach [PhD thesis] Lisboa: Faculdade de
Ciéncias da Universidade de Lisboa; 2011.

Pimentel JC, Avila R. Respiratory disease in cork workers
(“suberosis™). Thorax 1973;28:409-23. doi: 10.1136/
thx.28.4.409

Villar A, Mundz X, Cruz MJ, Morell F. Hypersensitivity
pneumonitis caused by Mucor species in a cork worker. Arch
Bronconeumol 2009;45:405-7. doi: 10.1016/S1579-
2129(09)72939-8

Francuz B, Year H, Geraut L, Bensefa-Colas L, Nghiem ZH,
Choudat D. Occupational asthma induced by Chrysonilia
sitophila in a worker exposed to coffee grounds. Clin Vaccine
Immunol 2010;17:1645-6. doi: 10.1128/CVI1.00134-10
Malta-Vacas J, Viegas S, Sabino R, Viegas C. Fungal and
microbial volatile organic compounds exposure assessment
in a waste sorting plant. J Toxicol Environ Health A
2012;75:1410-7. doi: 10.1080/15287394.2012.721175

. Viegas C, Malta-Vacas J, Sabino R. Molecular biology versus

conventional methods - Complementary methodologies to
understand occupational exposure to fungi. In: Arezes P,
Baptista JS, Barroso MP, Carneiro P, Cordeiro P, Costa N,
Melo R, Miguel AS, Perestrelo GP, editors. Proceedings of
the International Symposium on Occupational Safety and
Hygiene SHO - 2012; 9-10 February 2012; Guimaraes,
Portugal. Guimaraes: SPOSHO; 2012. p. 643-7.

Viegas C, Malta-Vacas J, Sabino R, Viegas S, Verissimo C.
Accessing indoor fungal contamination using conventional
and molecular methods in Portuguese poultries. Environ
Monit Assess 2014;186:1951-9. doi: 10.1007/s10661-013-
3509-4

International Organization for Standardization — ISO
18593:2004 : microbiology of food and animal feeding stuffs:
horizontal methods for sampling techniques from surfaces
using contact plates and swabs. Geneva: ISO, 2004.

Hoog DC, Guarro J, Gené G, Figueras M. Atlas of Clinical
Fungi. 2" ed. Utrecht: Centraalbureau voor Schimmelcultures;
2002.

ACGIH. (1989). Guidelines for the assessment of bioaerosols
in the indoor environment. Committee on Bioaerosols,
American Conference of Governmental Industrial Hygienists
(ACGIH). Cincinnati, OH.

'WHO guidelines for indoor air quality. Dampness and mould.
Geneva: World Health Organization. 2009.

Goyer N, Lavoie J, Lazure L, Marchand G. Bioaerosols in
the Workplace: Evaluation, Control and Prevention Guide.
Montréal: Bibliothétec national du Québec; 2001.
Kromhout, H. Design of measurement strategies for
workplace exposures. Occup Environ Med 2002;59:349-54.
doi: 10.1136/0em.59.5.349

Roussel S, Reboux G, Bellanger AP, Sornin S, Grenouillet
F, Dalphin JC, Piarroux R, Millon L. Characteristics of



Viegas C, et al. Assessment of exposure to the Penicillium glabrum complex in cork industry using complementing methods 2 O 7
Arh Hig Rada Toksikol 2015;66:203-207

dwellings contaminated by mould. J Environ Monit  30. Morell F, Roger A, Cruz MJ, Muiioz X, Rodrigo MJ. Clinical

2008;10:724-9. doi: 10.1039/b71890%¢ study and new etiologic agents in a series of eight patients.
27. Viegas C, Alves C, Carolino E, Pinheiro C, Rosado L, Silva- Occup Environ Lung Dis 2003;124:1145-52. doi: 10.1378/
Santos C. Assessment of fungal contamination in a group of chest.124.3.1145
Lisbon’s gymnasiums with a swimming pool. Ital ] Occup ~ 31. Knob A, Beitel SM, Fortkamp D, Terrasan CRF, de Almeida
Environ Hyg 2011;2:15-20. AF. Production, purification, and characterization of a major
28. Dagenais TRT, Keller NP. Pathogenesis of Aspergillus Penicillium glabrum xylanase using Brewer’s spent grain as
Sfumigatus in invasive Aspergillosis. Clin Microbiol Rev substrate. Biomed Res Int 2013;2013:728735. doi:
2009;22:447-65. doi: 10.1128/CMR.00055-08 10.1155/2013/728735
29. Gutarowska B, Skora J, Stepien L, Twaruzek M, Blajet-  32. M¢éheust D, Le Cann P, Reboux G, Millon L, Gangneux J.
Kosicka A, Otlewska A, Grajewski J. Estimation of fungal Indoor fungal contamination: Health risks and measurements
contamination and mycotoxin production at workplaces in methods in hospitals, homes and workplaces. Crit Rev
composting plants, tanneries, archives and libraries. World Microbiol 2014;40:248-60. doi: 10.3109/1040841X.2013.
Mycotox J 2014;7:345-55. doi: 10.3920/WMJ2013.1640 777687

Ocjena izloZenosti kompleksu Penicillium glabrum u proizvodnji pluta s pomoéu komplementarnih metoda

Hrast plutnjak druga je vrsta po ucestalosti u portugalskim Sumama, zbog cega je ta zemlja najveéi izvoznik pluta na
svijetu. Profesionalna je izlozenost plijesnima Chrysonilia sitophila i Penicillium glabrum Cesta u proizvodnji pluta, a
potonja vrsta povezana je s pluénom bolesti suberozom. Medutim, prilikom procjene izlozenosti konvencionalnim se
metodama Cesto podcjenjuje prisutnost te vrste u radnom okolisu. Stoga je cilj ovog istrazivanja bio provjeriti pretpostavku
da polimerazna lan¢ana reakcija (PCR) kao molekulska metoda dopunjuje nalaze konvencionalnih metoda i time daje
bolji uvid u profesionalnu izlozenost radnika u proizvodnji pluta. U tu smo svrhu istrazili one¢iséenje kompleksom P,
glabrum u trima tvornicama pluta u okolici Lisabona oslanjajuc¢i se na konvencionalne i molekulske metode. PCR je
otkrio prisutnost plijesni u Sest uzoraka, u kojih konvencionalne metode nisu otkrile njihovu prisutnost. To potvrduje nasu
pretpostavku da se primjenom komplementarnih metoda moze steci bolji uvid i napraviti tocnija procjena profesionalne
izlozenosti kompleksu P. glabrum u proizvodnji pluta.

KLJUCNE RUECTI: izloZenost plijesnima; molekulske metode; PCR; Portugal; suberoza



