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bacterial microflora and
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Abstract
Fitness centres are special places where conditions for microbiological proliferation should be con-
sidered. Moisture due to human perspiration and water condensation as a result of human physical
activities are prevalent in this type of buildings. Exposure to microbial contaminants is clinically asso-
ciated with respiratory disorders and people who work out in polluted environments would be suscep-
tible to contaminants. This work studied the indoor air contamination in three gymnasiums in Lisbon.
The sampling was performed at two periods: at the opening (morning) and closing (night) of the three
gymnasiums. The airborne bacterial and fungal populations were sampled by impaction directly onto
Tryptic Soy Agar (for bacteria) and Malt Extract Agar (for fungi) plates, using a Merck MAS-100 air
sampler. Higher bacterial concentrations were found at night as compared to the morning but the same
behaviour was not found for fungal concentrations. Gram-negative catalase positive cocci were the
dominant bacteria in indoor air samples of the studied gymnasiums. In this study, 21 genera/species
of fungal colonies were identified. Chrysosporium sp., Chrysonilia sp., Neoscytalidium hialinum,
Sepedonium sp. and Penicillium sp. were the most prevalent species identified in the morning, while
Cladosporium sp., Penicillium sp., Chrysosporium sp., Acremonium sp. and Chrysonilia sp. were more
prevalent at night. A well-designed sanitation and maintenance program for gymnasiums is needed to
ensure healthier space for indoor physical activity.
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Introduction

Within indoor air, there is a complex mixture of viable
and non-viable particles. The non-viable include inor-
ganic particles, such as metals and other chemical
compounds, and organic non-reactive material. The
viable components are those that are capable of grow-
ing under favourable conditions, such as bacteria, fungi
and all other microorganisms. Bioaerosols are normally
defined as ‘particles with biological origin suspended in
the air’, which can cause health effects, especially in the
upper airways.1–3

The indoor microbial pollution involves hundreds of
species of bacteria and fungi growing inside buildings
when specific conditions are favourable. The main
factors that influence microbial growth in a building

are moisture, temperature and nutrient availability.
The ventilation rate for air renewal is also a crucial
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factor for the control of microbial growth. In fitness
centres, moisture due to perspiration and water conden-
sation, marked human presence, elevated physical
activity that promotes the resuspension of dust from
the ground and contact between the occupants and sur-
faces (pavement, fitness equipment) are conditions
that promote the microbial growth. Fungi are ubiqui-
tous microorganisms that proliferate in more diverse
environments due to their lower water activity
(aw) than bacteria. Bacteria require an aw above 0.80,
while fungi present minimum aw of approximately 0.70.4

Moreover, fungi are less selective in what concerns
the substrate and consequently are able to grow on
a diverse range of surfaces (wood, wall paper,
etc.). Combined with these conditions for growth,
joins the existence of fungal spore in indoor
air. These spores are easily released into the air through
aerial hyphae, while in the case of bacteria this pro-
cess is not easy to promote, due to its gelatinous
colonies.

Exposure to microbial contaminants is clinically
associated with respiratory symptoms, allergies,
asthma and immune reactions5 depending upon the
nature of the microbiological agent and the host’s
immune status. Some species of gram-negative bac-
teria are of most concern when present in indoor
air because they are producers of endotoxins that
can cause respiratory symptoms, including non-aller-
gic asthma.5 Gram-positive bacteria represent the lar-
gest group present in the atmosphere due to their
greater resistance and survival abilities.6,7 Fungi spe-
cies among Aspergillus, Penicillium and Fusarium
genera are producers of mycotoxins which can enter
the human body by inhalation, dermal and oral con-
tact, thereby causing different reactions in the host
organism.8

Athletes and the common individual that practice
sport present a higher risk of contact with bioaerosols
and pollution due to the fact that

1. the minute ventilation could proportionally enhance
the quantity of inhaled pollutants;

2. most of the air is inhaled through the mouth, bypass-
ing the normal nasal mechanisms of filtration of
larger particles and

3. the increased airflow velocity would carry pollutants
deeper into the respiratory tract.9

However, despite the importance of healthy air in
sport facilities, indoor air quality (IAQ) studies have
been focused principally on schools,10–15 elderly care
centres,16–19 homes20 and offices.21,22 Comparatively,
IAQ evaluations carried out in fitness centres (not
school gymnasiums) are very scarce and few have
been reported.23–26

The aim of this work was to assess indoor air con-
tamination in three gymnasiums, by fungal identifica-
tion and bacterial characterization, in order to estimate
the potential biological hazards during sporting activity
in fitness centres.

Methodology

Sampling sites

In this study, three gymnasiums in the city of Lisbon were
selected, and termed as follows: gymnasium 1 (G1), gym-
nasium 2 (G2) and gymnasium 3 (G3). Inside the fitness
centres, sampling sites were chosen: the studios and the
bodybuilding rooms. In G2 and G3, only the studio with
themost practicing fitness classeswasmonitored, whereas
in G1, two studios were evaluated. As described in
Table 1, all fitness centres have identical location besides
having a different surrounding. All fitness centres have
mechanical ventilation; however, G2 preferentially uses
natural ventilation rather than mechanical ventilation as
it was observed that it was often switched off. The sam-
pling campaigns were performed between October and
December of 2012.

Air sampling

Samples were collected in two periods of the day - in the
morning and at night (at the opening and closing of the
gymnasium) - in order to recognize the differences
before and after occupancy. Air samples were collected
at the centre of the studied room, on ground level.

Air sampling was conducted using a microbial air
sampler (MAS-100, Merck Millipore, Germany) that
collected, by impaction, 0.25m3 of air in each plate,
with a flow rate of 6m3/h. Two different culture
media were used in order to provide to the microorgan-
isms the most suitable nutrients for their growth: Malt
Extract Agar (supplemented with 0.1 kg/m3 chloram-
phenicol), used for fungi, and Tryptic-Soy Agar, used
for bacteria. Tryptic-Soy Agar is a general agar
medium used for culturing many kinds of non-fasti-
dious and moderately fastidious microorganisms.27

The sampling was also performed outdoors to compare
the results between the indoor and the outdoor envir-
onments. The samples were sealed with parafilm and
transported to the laboratory in a cooler bag. Air
sample culture plates were incubated at 30 �C between
5 and 7 days (Memmert oven, Germany). A total of 48
Petri dishes with bacterial colonies and 48 Petri dishes
with fungal colonies were analyzed. The colony counts
were corrected using the positive hole correction table
MAS-100, provided by the supplier.28 The microbio-
logical concentrations were expressed in colonies form-
ing units per cubic metre (CFU.m�3).
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AGreywolf (IAQ 610,WolfSense Solutions, USA)was
used to continuously monitor the comfort parameters
(temperature, relative humidity and CO2) inside the
rooms during the sampling days, from the opening to clos-
ing of the gymnasiums.23 Outdoor meteorological data
were obtained from Aeroporto weather station located
in the centre of Lisbon (38 �46’N, 9 �08’W), from which
data are available online.29 MAS-100 and Greywolf were
calibrated according to fabricant specifications.

Microbial characterization

Fungal colonies were grouped by macroscopic colony
characteristics (e.g. colour, shape and elevation). For
fungal identification, microscopic mounts were
performed using tease mount or Scotch tape mount
and lactophenol cotton blue mount procedures.30

Morphological identification was achieved through
macro and microscopic characteristics as given by de
Hoog et al.31

The obtained bacterial isolates were characterized
based on their macroscopic traits (e.g. pigmentation,
texture and shape), microscopic morphology (cellular
morphology, and presence/absence of endospores)
and biochemical characteristics (gram staining, catalase
and oxidase activities). For the morphological charac-
terization, bacteria were isolated in Tryptic-Soy Agar
medium and incubated at 30 �C for 24 h. The isolates
were grouped into morphological types based on their
characteristics. The definition of the morphological
types was based on the Bergey’s Manual of
Determinative Bacteriology.32 The frequency of each
morphological type was calculated based on the
number of isolates obtained and on their characters.

National guidelines for bioaerosols

In Portugal, a recent legislation established new
limit values for microbiological contamination in
indoor environments,33 replacing the previous dip-
loma.34 In the previous legislation, a critical limit of
500CFU.m�3 was defined as the threshold for bacteria
and fungi concentrations. Currently, the legal compli-
ance is different concerning the type of microorganism.
For fungi, indoor concentrations should be less than
outdoor concentrations; and for bacteria, the indoor
concentration should not exceed the outdoor concentra-
tion by 350CFU.m�3. However, when these situations
are not fulfilled, there is a second opportunity to satisfy
the legal requirements according to Tables 2 and 3.

The critical limit of 500CFU.m�3 was applied in
guidelines and other studies.33–37 In this present
study, the sampling campaigns were performed when
the previous legislation was in force, therefore the pre-
vious legislation limit was used to determine the legalT
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compliance; and we also consider the compliance with
the new limit requirements.

Statistical analysis

The Origin 7.5� software was used to compute graph-
ical figures and the Statistica� software was used to
calculate the statistical tests.

Results and discussion

Comfort parameters

According to the comfort criteria defined by the ISO
7730:2005,38 the temperature should range between

23 �C and 26 �C and the relative humidity should vary
between 30% and 70%. Table 4 presents the tempera-
ture and relative humidity measured in the three fitness
centres during the sampling campaigns. Temperature
varied between 10 �C and 27 �C with the greatest
humidity levels recorded/observed in G1 (80%),
exceeding the comfort criteria defined by ISO
7730:2005. The highest values for these parameters
were recorded during occupancy of the spaces.38

CO2 concentration was used not only as an indicator
of ventilation efficiency, comfort and excess of occu-
pancy but also to evaluate the microbiological compli-
ance according to the Portuguese legislation. Table 4
shows the variation of indoor CO2 concentrations mea-
sured during the sampling campaigns. CO2 varied

Table 3. Fungal conformity based on the species according to Portaria no. 353-A/2013.

Species Specific condition of conformity

Common species Cladosporium spp

Penicillium spp
Aspergillus spp
Alternaria spp

Eurotium spp
Paecilomyces spp
Wallemia spp..

Mixture of species: �500CFU.m�3

Non-common species Acremonium spp
Chrysonilia spp
Tricothecium spp

Curvularia spp
Nigrospora spp

One specie: <50CFU.m�3

Mixture of species: <150CFU.m�3

Pathogenic species Chryptococcus neoformans

Histoplasma capsulatum
Blastomyces dermatitidis
Coccidioides immitis

Absence of any species

Toxigenic species Stachybotrys chartarum
Aspergillus versicolor
Aspergillus flavus

Aspergillus ochraceus
Aspergillus terreus
Aspergillus fumigatus

Fusarium moniliforme
Fusarium culmorum
Trichoderma viride

One specie: <12CFU.m�3 (Several colonies per plate)

Table 2. Portuguese legal compliance for microbiological parameters according to Portaria no. 353-A/2013.

Fungi Bacteria

1st requirement � [indoor]< [outdoor] � [indoor]+350CFU. m�3< [outdoor]

2nd requirement (to be

applied when the 1st
requirement is not
fulfilled)

� No visible fungal growth

on surfaces;
� Species should be

evaluated according Table 3

� [indoor]+350CFU. m�3> [outdoor]

and [CO2]< 1800mg.m�3;
� Ratio between Gram-negative bacteria

and total bacteria should be less than 0.5.
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between 398mg.m�3 and 3590mg.m�3 and showed a
strong correlation between high occupancy and
HVAC systems.23 Higher CO2 concentrations were
observed during periods of physical activities within
the studios.

Total bacteria and fungi concentrations

Figures 1 and 2 illustrate the indoor and outdoor con-
centrations of bacteria and fungi in the fitness centres.

Bacterial concentrations exceed the outdoor concen-
trations by 350CFU.m�3 during the night period in the
studio of G2 in the second day of sampling
(556CFU.m�3 indoor and 56CFU.m�3 outdoor) and

in the bodybuilding room of G3 in the first day of
sampling (824CFU.m�3 indoor and 60CFU.m�3 out-
door). In the above situations, the critical limit of
500CFU.m�3 was also exceeded. Results showed that
at the end of the day, the bacterial load was signifi-
cantly higher indoors than outdoors, indicating the
effect of occupants on bacterial development.

For fungal concentrations, indoor concentrations
were greater than outdoor concentrations in G2 in six
measurements (sampling performed in the studio
during the morning period and in all sampling per-
formed at the end of the day) and in G1 in the body-
building room at night. Regarding the old guidelines,33

the critical limit value of 500CFU.m�3 was not
exceeded in any situation. Results show that the highest

Table 4. Physical parameters measured outdoor and indoor (temperature and relative humidity) and indoor CO2 measured

in fitness centres.

Fitness
centre

Sampling
site

Outdoor Indoor

Temperature
(�C)

Relative
humidity (%RH)

Temperature
(�C)

Relative
humidity (%RH) CO2 (mg.m�3)

�x�s �x�s �x�s �x�s �x�s

G1 Studio 1 19� 3.2 70� 15 18� 0.88 80� 4.1 1147� 502

Studio 2 19� 1.01 78� 5.2 1315� 591

Bodybuilding 19� 0.35 72� 2.6 1882� 553

G2 Studio 17� 2.4 61� 8.2 23� 1.7 58� 7.07 1185� 587

Bodybuilding 21� 1.3 59� 7.8 1015� 219

G3 Studio 9.6� 2.3 64� 11 20� 1.1 69� 5.2 1122� 289

Bodybuilding 20� 1.1 57� 5.6 1456� 355
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concentrations were registered in G2 where there was
natural ventilation, a phenomena which was also
observed by Frankel et al.39 In G1 and G3, outdoor
particles were retained in the filters that were placed in
the Air Treatment Units in both buildings, whereas in
G2, outdoor air enters through the window spaces
without any filtration. Moreover, G1 and G3 have
mechanical ventilation, which is more efficient in pro-
moting pollutant dilution.40

In general, there was an increase in bacterial load at
night that was not observed with fungi. This suggests
that the bacteria are more associated with human occu-
pancy than fungi. The presence of bacteria indoors
might be associated with deposited dust,41 skin cells
and hair.42 These results are in agreement with that
presented by Dacarro et al.43 concerning the microbial
load in universities and school gyms during physical
education classes.

Identification of fungal species

The identification of fungal species is very important
for the study of fungal contamination since it allows
the differentiation between benign and harmful
species.31,44,45

As presented in Figure 3, indoors, Chrysosporium sp.
represented 56% of the fungal genera found in the air
sample in the morning, the presence was reduced to
10% in the air sample taken at night, while 51% of
the night time sample was identified as Cladosporium
sp. The prevalence of Chrysonilia sp. was reduced from
27% in the morning to 5.8% before the closing time of
the gym, and same behaviour was found outdoors,

reducing the prevalence from 35% to 18%. The
indoor Penicillium sp. was found to have increased from
1.9% to 10% between the two studied periods; this
increase was also found in the outdoor samples (10% to
16%). Acremonium sp. was only identified indoors at the
end of the day (7.5%). In fact, the most prevalent fungal
genera found by our study are also consistent with other
studies.Cladosporium sp. was widely found as the domin-
ant genera inside buildings in many work.46–50 Regarding
sports facilities, a study conducted in a sports hall in
China indicated that the dominant genera indoors were
Cladosporium sp., Penicillium sp., Aspergillus sp. and
Alternaria sp., making up 95% of the total observed
genera.51 Viegas et al.24 described Cladosporium sp. as
the principal isolated genera in a gymnasium, followed
by Penicillium sp., Aspergillus sp., Mucor sp., Phoma sp.
and Crysonilia sp. In a study conducted in houses in
Barcelona, the greatest indoor concentrations of
Cladosporium sp. was found during autumn;52 the same
trend was also found in infant bedrooms in the USA.53

Species of Cladosporium sp. are widely distributed, com-
monly encountered on all kinds of plants and on debris
and are frequently isolated from soil, food, paint, textiles
and other organic matter,54 therefore justifying the high
prevalence of this fungi indoors at the end of the day
because of the passage of debris from outdoors to indoors
by people throughout the day.

A total of 22 genera and 27 species of fungal colonies
were identified by this study. Table 5 shows the fungal
species found indoors and outdoors of the fitness
centre, during the two periods of sampling. Significant
statistical differences were found in relation to the
indoor and outdoor concentrations of fungal species,

Outdoor

Indoor

Outdoor

Indoor

0 10 20 30 40 50 60 70 80 90 100

Night

%

Acremonium sp. 
A. versicolor complex
Chysonilia sp.  
Chysosporium sp.
C. inops
Cladosporium sp.
Penicilium sp.
N. hialinum 
Sepedonium sp.

 Others 

Morning

Figure 3. Frequency of the five most prevalent fungal genera in the two periods of sampling (morning and night), both

indoors and outdoors.
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for G1 and G3 (Wilcoxon Matched Pairs test, G1,
p¼ 0.03; G2, p¼ 0.89; G3, p¼ 0.01), although no sig-
nificant statistical differences were found between the
indoor concentrations among gymnasiums (Mann-
Whitney test, p¼ 1 for all tests). In G1, two fungal
species were identified (Penicillium sp. and one belong-
ing to A. fumigatus complex), while in G2, 12 different
genera and three species were found (Acremonium
sp., Chrysonilia sp., Chrysosporium sp., Cladosporium
sp., Penicillium sp., Geotrichum sp., Mucor sp.,
Neoscytalidium sp., N. dimidiatum, N. hialinum,

Rhodotorula sp., Sepedonium sp., Syncephalastrum
recemosum, Scopulariopsis sp., Phoma sp.). In G3,
seven species were identified (one belonging to A.
ustus complex, Alternaria sp., Aureobasidium sp.,
Geotrichum sp., Penicillium sp., S. brevicaulis, N. hiali-
num). As observed, the fungal load in G2 was higher
than in other fitness centres. This can be explained by
the fact that in G1 and G3, the fungi that come from
outdoors are retained in the filters, whereas in G2, out-
door air enters in the rooms by the windows without
any filtration. As emphasized in the studies of Frankel

Table 5. Distribution of fungal species indoor and outdoor in the two periods of sampling (morning and night). In bold are

the five most prevalent fungal species identified in the morning (M) and at night (N), both indoors and outdoors.

Colonies

G1 G2 G3

Indoor Outdoor Indoor Outdoor Indoor Outdoor

M N M N M N M N M N M N

A. flavus complex 4

A. fumigatus complex 4 11 4 8 8

A. niger complex 4 4

Circumdati complex 8

A. ustus complex 4

A. versicolor complex 20

Acremonium sp. 36 20 8 40

Alternaria sp. 24 4 16

Aureobasidium sp. 12 4 16 8

Botrytis sp. 4

Chrysonilia sp. 35 12 72 28 56 32 24 24

Chrysosporium sp. 4 148 48 28 4

C.inops 4 16 8

Cladosporium sp. 8 244 4

Eurotium sp. 4

Fusarium poae 8

Geotrichum sp. 16 12 8 4

Mucor sp. 4 8 16

Neoscytalidium sp. 8 12

N. dimidiatum 4 4

N. hialinum 8 16 4 28 32 8 56

Paecilomyces sp. 24

Penicillium sp. 4 9 4 24 20 4 20 16 48 88

Phoma sp. 4 4

Rhodotorula sp. 4 4 8 12

Scedosporium sp. 4 32

Scopulariopsis sp. 4

S. brevicaulis 4

Sepedonium sp. 12

Syncephalastrum racemosum 12

Total 8 9 70 96 272 428 240 132 20 44 176 200
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et al.39 and Kemp et al.,45 outdoor air is the main
source of indoor fungi in healthy buildings.

Toxic species were found in G1 and G3 indoors,
such as Aspergillus genus, belonging to A. fumigatus
complex,55–59 which is considered to be an indicator
of moisture-damaged buildings.60 Other most notable
toxic mould belongs to A. ustus complex.

Fungal identification revealed one potentially dan-
gerous situation (defined according Table 3) in the G2
studio associated with the presence of Chrysonilia sp.
with a concentration of 72CFU.m�3. Chrysonilia sp. is
considered a non-common species and is known to
induce asthma.61–63 In all the assessed gymnasiums,
no sign of fungal growth was detected on the walls,
furniture or in other materials.

Concerning the colonies concentration found
indoor, there was a higher concentration found in the
morning than at night that resulted in seven new species
in G2 and six new species in G3. Some of these new iso-
lates (A. ustus complex, Acremonium sp., Alternaria sp.,
Aureobasidium sp., Cladosporium sp., Geotrichum sp.,
Mucor sp., Neoscytalidium sp., N. hialinum, Phoma sp.
and S. brevicaulis) can produce toxic compounds
(metabolites or mycotoxins), though few of their
metabolites have been shown to be produced in natural
indoor environments.8

Bacteria characterization

Phenotypic characterization of the most prevalent iso-
lates, collected by impaction in TSA medium, allowed
for the identification of seven morphological groups, as
summarized in Table 6.

Observing bacterial morphology and the Gram reac-
tion usually constitutes the first stage of identification
and is very useful for the preliminary identification of
bacterial species. The traditional methods that employ
observation of either single cell morphology or colony
characteristics remain reliable parameters for the iden-
tification of bacterial species and still have significant

taxonomic value.64 Therefore, and despite being
described by several authors as old fashioned, bacterial
morphological characterization can provide valuable
insights into individual microbial diversity, derived
from both genetic and reversible changes.65 Several
morphotypes have been identified in bacteria related
to chronic and acute infections, and specific phenotypic
traits are important clinical features.66–68

According to the national legislation, when indoor
concentrations exceed the outdoor concentrations by
350CFU.m�3, the ratio between the Gram-negative
and the total bacteria should be less than 0.5. In the
second day of sampling in G2 studio 2, the concentra-
tion of Gram-negative bacteria was calculated to be
540CFU.m�3 in a total of 556CFU.m�3, resulting in
a ratio of 0.9. In G3 bodybuilding room 1, the concen-
tration of Gram-negative bacteria was calculated to be
632CFU.m�3 in a total of 824CFU.m�3, giving a ratio
of 0.7. Therefore, both locations failed to comply with
the national legal compliance.

Our results have indicated that Gram-negative, cata-
lase-positive cocci were the most prevalent airborne bac-
terial morphological-type indoors (25% in G1, 30% in
G2 and 30% in G3) and outdoors (55% in G1, 30% in
G2 and 38% in G3) of all fitness centres. In a study of
cultivable airborne bacteria by the US Environmental
Protection Agency in the Building Assessment Survey
and Evaluation (BASE),69 Gram-negative cocci were
also found to be present within office buildings. The
main source of Gram-negative bacteria is from settled
dust,70 brought into fitness centres by users, with the
concentration of indoor particles affected by the levels
of human occupancy.41,71,72 Contamination can also be
caused by outdoor particles due to the high prevalence
of Gram-negative cocci. The second most prevalent
bacterial phenotype was the Gram-positive, catalase
positive cocci, appearing indoors in all the three studied
gymnasiums. Several studies indicated that this
phenotype is the most prevalent morphological type
indoors.28,70,73,74 This phenotype includes species such

Table 6. Frequencies of the isolated morphological groups (%).

Morphological type

G1 G2 G3

I O I O I O

Gram-positive, catalase-positive cocci 3.2 5.1 0.11 1.7

Gram-negative, catalase-positive cocci 25 58 30 55 30 38

Gram-negative, catalase-negative cocci 1.4 48 38

Non-spore forming, Gram-positive, catalase-positive bacilli 0.13 3.4

Non-spore forming, Gram-positive, catalase-negative bacilli 2 0.16 6.3

Gram-negative, oxidase-positive bacilli 8.5 0.05 5.8

Gram-negative, oxidase-negative bacilli 1.2 25 20 20 19
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as Staphylococcus and Micrococcus, which are abun-
dant on human skin and on mucous membranes.74,75

Our results were similar to those found by Bouillard
et al.70 in healthy office buildings once Gram-positive
catalase negative cocci were not identified. G1 presented
the highest morphological diversity when compared
with the other fitness centres. As bacteria are strongly
linked with levels of human occupancy, this result can
be related to the higher occupancy of G1 and the need
of more effective sanitation. This difference can be
attributed to the higher levels of human occupancy
within this gymnasium, as there is a strong correlation
between human occupancy and bacterial diversity,
revealing the need for more effective sanitation.

Conclusions

The indoor microflora is a complex mixture that varies
according to the activities being undertaken, human
occupancy levels, ventilation systems and physical par-
ameters such as temperature and humidity. This work
studied the microbiological load present in three fitness
centres in the city of Lisbon, with results showing the
existence of critical situations due to the presence of
dangerous and toxic fungal species indoors. Natural
ventilation used in G2 could have an influence on
indoor fungal concentrations as no physical barrier
exists to filter the outdoor air. For bacteria, nonconfor-
mities were recorded in G2 and G3. An increase in
indoor bacterial concentration was observed during
the evening that was not observed for fungal concen-
trations, thereby demonstrating the effect of human
occupancy in the building on bacterial load.
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