
Introduction

The air in indoor environments has a high load  
of biological particles comprising fungi, bacteria, 
viruses, and mites. Other airborne particles include 
pollen, dust, molecules of organic and inorganic origin, 

toxins, and allergens. Owing to their small size, these 
particles are classified as bioaerosols and use air as  
a means of transport and propagation, thus reaching 
people who breathe an average of 14 m3 of air per 
day [1]. The concentration of these particles and other 
gases determines the air quality of a given place  
[2-6].

Fungi are eukaryotic, heterotrophic, non-chlorophyll, 
aerobic and/or facultative anaerobic, or macro or 
microscopic organisms. They can be saprophytes or 
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Abstract
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methods were Cladosporium, Penicillium, Aspergillus, and Fusarium, which suggests that although the 
gravimetric method is not as efficient as the volumetric method, it is reliable in estimating environmental 
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parasites and obtain their food through absorptive 
nutrition. They reproduce by asexual and sexual 
spores necessary for their dispersal [7, 8]. Fungi are  
ubiquitous and are considered one of the main group 
of organisms present in both indoor and outdoor 
environments [9]. Fungi abundance depends on 
various environmental and topographic factors, such as 
nutrients, wind, temperature, relative humidity, time of 
day, geographic location, rainfall, light, human activity, 
disposal of biodegradable matter, adjacent vegetation, 
ventilation systems, and cleaning frequency. Conidia 
and spore size and shape [2, 10-14] favor the highest 
fungal concentration in temperate and tropical regions 
[15].

Studies on fungal contamination in various 
environments are numerous; however, studies that 
address airborne spores trap methods, such as the 
horizontal plate sedimentation method and volumetric 
method, are scarce [16]. Furthermore, studies differ 
among authors in terms of factors such as air volume, 
height of sample collection, and culture media  
used [3]. Several studies on environmental fungi 
have been performed in Colombia [17-23]. However,  
few have been conducted in the city of Santiago de Cali, 
and no studies have been performed for comparing 
different methods to capture spores in this city  
[22-25].

Urbanization, technological development, and 
various occupations have led humans to spend long 
periods of their time per day, up to 90%, in closed 
spaces, such as offices, public and private institutions, 
hospitals, and homes. Therefore, contamination in these 
environments represents a public health concern [1, 
26, 27]. In recent years, the interest in evaluating the 
biological quality of indoor air has increased owing 
to the fact that microorganisms contribute to the 
deterioration of materials and are dangerous agents 
that can cause systemic infections, mycotoxicosis, and 
respiratory allergies [2, 28], which can affect work 
performance and the quality of life of the general 
population [27, 29-32]. 

Air samplers used to assess microbiological 
quality can be expensive and are not available in all 
laboratories. Some small and medium-sized companies, 
health centers, educational centers, and the general 
population do not have the resources or the knowledge 
to use these samplers. Additionally, in some occasions, 
it is convenient to simultaneously perform several 
studies, which would require multiple sampling devices. 
Therefore, the gravimetric method continues to be 
widely used [33]. The Omeliansky formula allows to 
closely assess the data obtained using the impaction 
or volumetric techniques. The objective of this study 
was to assess two viable spore capture methods a 
passive method using horizontal plate sedimentation 
(gravimetric method) and an active volumetric 
method (Air Ideal® 3P®Treceability), under the same 
environmental conditions.

Material and Methods

Study and Sampling Area

This study was conducted in the campus Pampalinda 
at Universidad Santiago de Cali, located in the south of 
the city of Santiago de Cali (Valle del Cauca, Colombia). 
The university is located at coordinates 3°24’10.0”N 
76°32’53.0”W. To perform this investigation, a 
concordance, observational, and cross-sectional study 
was performed. A total of 30 indoor spaces and six 
outdoor spaces located in three buildings, “Edificio 
Fundadores” (Founders Building, Block 1), “Edificio 
Trabajadores” (Workers Building, Block 3), and 
“Edificio Laboratorios” (Laboratory Building, Block 4) 
were evaluated.

Environmental sampling was performed quarterly 
for a period of 12 months (March 18, July 18, November 
18, and March 19) using dichloran rose bengal 
chloramphenicol (Scharlau, Spain) agar as culture 
medium in 90-mm × 15-mm Petri dishes. The quality 
control of the culture media was performed by leaving 
the boxes at room temperature for 5 days, during which 
time the absence of microbial growth was verified. A 
total of 120 samples were collected indoors (40 per 
building) and a total of 24 samples were collected 
outdoors (16 per building). Samples were collected 
between 9:00 am and 12:30 pm, with a minimum 
difference of 2-3 days among buildings. The indoor and 
outdoor sampling was performed using two techniques: 
1) using an Air Ideal 3P air sampler (BioMérieux) 
that was configured to let through an air volume of  
100 L/min [34] which impacted the culture media for 1 
min; and 2) using the gravimetric plate sedimentation 
method proposed by Omeliansky adjusted to a time of 
20 min [1, 33, 35, 36].

Samples were simultaneously taken at the same 
sampling place 1 m above the ground. Samples were 
properly coded and transported to the laboratory  
using chlorinated polyethylene (CPE) containers and 
incubated at room temperature (25ºC±2ºC) between 5 
and 8 days with daily monitoring until the complete 
development of the colonies. The quantification of 
colony forming units of mold and yeast per cubic 
meter of air (CFU/m3) using the gravimetric method 
was performed by employing the formula proposed by 
Omeliansky [33, 35].

N = 5a × 104(bt)–1                                 (1)

...where N: CFU/m3 of air; a: number of colonies 
per Petri dish; b: area of the Petri dish in cm2; and t: 
exposure time in min.

When using the volumetric method, CFUs were 
calculated using the correction table associated with the 
equipment.
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Fungal Identification

Fungal identification was performed by considering 
the macroscopic characteristics by analyzing the front 
and back of the fungal colonies with a stereo microscope 
(Motic brand, Ref. SMZ161 T LED). Microscopic 
observations were made by colony dissociation and 
adhesive tape technique [37] with lactophenol blue 
using two microscopes BH2 Double-Action Ball Head 
and HX 21 (Olympus). For fungal identification, the 
descriptions and keys employed by De Hoog [38], 
Piontelli [39], and Koneman [37] were used. To verify 
fungi identification, 500 strains, with an average of  
120 strains per sample, were chosen at random, isolated, 
purified on Potato Dextrose Agar (Merck), and shipped 
to an external evaluator.

Statistical Analysis

For statistical analyses, assumptions were evaluated 
using parametric tests, such as the Kolmogorov-
Smirnov normality test. To evaluate the differences 
between quantitative variables, the Mann-Whitney U 
test was performed when comparing two variables and 
the Kruskal-Wallis test for multiple comparisons. Data 
were descriptively treated from the graphs comparing 
differences in percentages of qualitative variables and 
determining the 95% confidence interval. InfoStat 
software version 2018 [40] was used to describe, 
compare, and graphically represent the variables.  
The significance level was set to α = 0.05. To compare 
the CFU/m3 found in indoor environments, the values 
proposed by the WHO (500 CFU/m3) in 1990 were 
considered [41]. To determine the relative diversity  
of the genera, present in different environments,  
the Yadav and Madelin model of diversity was used 
[18].

Results and Discussion

In the study of indoor and outdoor environments of 
the three buildings at Universidad Santiago de Cali at 
four time points using the two proposed methodologies, 
a total of 64,497 CFU/m3 were counted, of which 
34,930 CFU/m3 were isolated using the volumetric 
method and 29,567 CFU/m3 using the gravimetric 
method. No significant statistical differences were 
observed when comparing the two methodologies  
(P = 0.0739; Mann-Whitney U test). These results are 
consistent with the findings of Awad & Mawla [33] 
who did not report significant differences among three 
sampling techniques, namely, impaction, filtration, and 
sedimentation.

When analyzing the values of fungal CFU/m3 
obtained from indoor and outdoor environments using 
the two sampling techniques, it was found that a 
total of 44,130 CFU/m3 were recorded in the internal 
environments: 26,210 CFU/m3 using the volumetric 

method and 17,920 CFU/m3 using the gravimetric 
method. Outdoor recordings showed a total of  
20,367 CFU/m3: 8,720 CFU/m3 using the volumetric 
method and 11,647 CFU/m3 using the gravimetric 
method. Significant statistical differences were found 
between indoor and outdoor fungal load using the 
gravimetric method (P = 0.0002) but not with the 
volumetric method (P = 0.3156). When comparing the 
fungal load indoors, there was a statistical significance 
between the two methods used (P = 0.0035), with the 
fungal count being higher using the volumetric method. 
According to the fungal levels obtained with both 
methodologies, indoor values were lower than outdoor 
values, where a greater number of outliers were also 
found.

When comparing the fungal load of indoor 
and outdoor environments in each building using 
the different sampling techniques, we did not find 
significant statistical differences, except for Block 1, 
where differences were significant when comparing the 
indoor and outdoor environments using the gravimetric 
method (P = 0.0004) and indoors when comparing the 
two methodologies (P = 0.0005, Fig. 1).

When comparing the fungal loads of the indoor and 
outdoor environments in each building at four sampling 
times (Fig. 2), we did not find significant statistical 
differences between the two sampling methods. 
Specifically, only significant differences were found in 
indoor environments of the three buildings in the first 
sampling using the gravimetric method (March 2018; P 
= 0.0079; Kruskal–Wallis test). At other three sampling 
time points, there were no significant differences indoors 
or outdoors with either of the two methodologies. The 
highest fungal load was found in outdoor environments 
using both methods. The comparison of both methods 
revealed no significant statistical differences among the 
four sampling time points either indoors or outdoors. 
These results show that the gravimetric method using 
the Omeliansky formula is a good technique to measure 
the concentration of anemophilous fungi.

The concentration and variability of indoor fungal 
loads obtained using the two sampling techniques 
could be explained by the characteristics of indoor 
spaces. Indoor spaces are generally closed spaces with 
central or fixed air conditioning, closed windows, and 
certain environmental variations that may promote the 
permanence of conidia or fungal spores suspended in 
the air. Additionally, the architecture, construction 
materials, cleanliness, and human activity could 
influence the presence of fungi in these spaces [14, 42]. 
Temperature and relative humidity are considered key 
factors in the development of environmental fungi. Some 
researchers agree that the concentration of airborne 
spores increases with increase in temperature, relative 
humidity, and even wind speed [43-45]. However, it may 
take some time for these factors to affect fungal levels, 
resulting in uncertain data [46]. Indoor environments, 
such as those found in the buildings studied, have 
closed air conditioning systems that keep the area semi-



Bejarano L.D.C., et al.2998

isolated from external environmental factors. This 
results in a microenvironment that can be altered by 
fungi transported inward from an outdoor environment 
through fomites or people entering or leaving these 
spaces. Consequently, a useful indicator of the patterns 
of fungal air densities that last over time was obtained, 
as indicated in Figs 1 and 2 [47].

Genera diversity according to the Yadav 
and Madelin classification criteria based on 

isolation frequency 

To determine the relative abundance of fungi found 
in the indoor and outdoor environments using the two 
sampling methods, the Yadav and Madelin category 
classification system was used [18]. Considering the 28 
genera found throughout the study, the greatest fungal 
diversity [24 genera (85.71%)] was obtained using the 
volumetric method, whereas 21 genera (75.00%) where 
found with the gravimetric method. With both sampling 

methods, colonies of the genera Aspergillus, Penicillium, 
Cladosporium, Paecilomyces, Curvularia, Rhodotorula, 
Ustilago, Fusarium, Acremonium, Chrysonilia, 
Trichosporon, Arthrographium, and Nigrospora were 
obtained, in addition to unidentified yeasts or fungi, 
and sterile mycelia. The highest frequency of isolates 
corresponded to the genus Cladosporium, accounting 
for 82.17% of the organisms when using the volumetric 
method and 53.49% when using the gravimetric method, 
being the only fungus classified as “very common” [18]. 
The greatest fungal diversity was obtained using the 
volumetric method (Table 1).

The greatest diversity of fungal genera obtained 
using the volumetric method was found in Blocks 1 and 
3 with 17 genera, followed by Block 4 with 13 genera. 
Using the gravimetric method, the greatest genera 
diversity was found in Block 4 with 17 genera, followed 
by Block 3 with 15 genera, and Block 1 with 13 genera. 
Aspergillus, Penicillium, Cladosporium, and Fusarium 
were the genera of fungus classified as “common,” 

Fig. 2. Levels of CFU/m3 found in internal environments of three buildings of the Santiago de Cali University, in the four sampling times, 
compared to the fungal load of the respective external environments. a) Outdoor environments  b) Indoor environments.

Fig. 1. Levels of CFU/m3 values ​​of three buildings of the Santiago de Cali University. a) Outdoor environments  b) Indoor environments.
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“frequent,” and “occasional,” excluding yeasts 
(without specific genera or species) and Chrysonilia 
(contaminating fungus, Table 2) [18].

When comparing the main fungi present in the 
indoor and outdoor environments of the three buildings 
using the two sampling techniques, a greater number of 
CFU/m3 of the Cladosporium genus was found using the 
volumetric method (11,530 CFU/m3; 43.99%), followed 
by Mycelia sterilia (6,850 CFU/m3; 26.14%), Penicillium 
(2,370 CF/m3; 9.04%), Fusarium (1,870 CFU/m3; 7.13%), 
Aspergillus (1,800 CFU/m3; 6.87%), and to a lesser 
extent, other mold genera (900 CFU/m3; 3.48%) and 
yeasts (890 CFU/m3; 3.35%). Using the gravimetric 
method, the genus Cladosporium (5,187 CFU/m3; 
28.95%) was first isolated, followed by Aspergillus 
(1,218 CFU/m3; 6.80%), Fusarium (903 CFU/m3; 5.04%), 
and Penicillium (825 CFU/m3; 4.61%). Counts of hyaline 
and pigmented non-sporulated mycelia (6,759 CFU/m3; 
37.72%), yeasts (1,020; 5.70%), and other unidentified 
mold genera (2,004; 11.18%) were also obtained.

When comparing the main genera of isolated fungi 
obtained outdoors and indoors using the two proposed 
methodologies (Fig. 3), we did not observe significant 
differences when evaluating the outdoor environments. 
However, when the indoor environments of the three 
buildings were evaluated, the genera Cladosporium, 
Penicillium, and Aspergillus were isolated more 
frequently using the volumetric method, and these 
differences were statistically significant (P < 0.0001). 
The genera Fusarium, Chrysonilia, yeasts other than 
Rhodotorula and M. sterilia did not show significant 
statistical differences.

The predominant genus in the indoor and outdoor 
environments was Cladosporium, being the volumetric 
method with the highest detection levels. This is mainly 
due to the dependence on air turbulence [15, 48]. Several 
studies have reported that the genus Cladosporium 
is one of the most frequently found organism in the 
indoor and outdoor environments (up to 33%) [45,  
49-53]. The dimensions of the conidia, which are larger 
than those of the genera Aspergillus and Penicillium, 
favors their capture through different sampling methods 
[16]. Fusarium exhibited a behavior similar to that of 
Cladosporium with both sampling methods, suggesting 
that the size of the spores is extremely important to 
facilitate their capture as well as their density and 
aerodynamic shape.

Aspergillus and Penicillium were the two dominant 
genera, showing significant statistical differences in 
interior building spaces between the two methods. 
The fact that these differences were only found in 
indoor environments suggests that there are significant 
variations in the results obtained at different sampling 
points. However, it is difficult to determine why these 
differences occur indoors and not outdoors. Some 
researchers suggest that the air dynamics in these 
spaces as well as the aerodynamic shape of some 
fungal spores influence these results [16]. In general, 
the air in indoor environments is less dynamic, and the 

  81-100% Very common

  61-80% Common

  41-60% Frequent

  21-40% Occasional

  0,1-20% Rare

  Not found

Fungi
Volumetric method Gravimetric 

method

N %   N %  

Cladosporium 106 82,17   69 53,49  

Mycelia sterilia 88 68,22   70 54,26  

Penicillium 71 55,04   24 18,60  

Aspergillus 52 40,31   21 16,28  

Yeast 40 31,01   22 17,05  

Fusarium 31 24,03   13 10,08  

Chrysonilia 20 15,50   25 19,38  

Paecilomyces 20 15,50   7 5,43  

Curvularia 12 9,30   7 5,43  

Trichoderma 6 4,65   6 4,65  

Rhodotorula 5 3,88   4 3,10  

Ustilago 4 3,10   1 0,78  

Acremonium 4 3,10   3 2,33  

Artrographium 3 2,33   1 0,78  

Eurotium 2 1,55   - -  

Trichosporon 1 0,78   1 0,78  

Nigrospora 1 0,78   3 2,33  

Veronaea 1 0,78   - -  

Phoma 1 0,78   - -  

Alternaria 1 0,78   - -  

Rhizopus 1 0,78   - -  

Beauveria 1 0,78   - -  

Chaetomium 1 0,78   - -  

Mucor - -   1 0,78  

Neoscytalidium - -   1 0,78  

Cylindrocarpon - -   1 0,78  

Exophiala - -   3 2,33  

Unidentified 1 0,78   4 3,10  

Table 1. Classification according to Yadav and Madelin based 
on the frequency of isolates of genera of fungi with the two 
sampling methods.
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  81 - 100% Very common

  61 - 80% Common

  41 - 60% Frequent

  21 - 40% Occasional

  0,1 - 20% Rare

  Not found

Fungi

Volumetric method Gravimetric method

Block 1 Block 3 Block 4 Block 1 Block 3 Block 4

N %   N %   N %   N %   N %   N %  

Cladosporium 42 95,45   33 75,00   31 75,61   21 47,73   26 59,09   22 53,66  

Mycelia sterilia 32 72,73   31 70,45   25 60,98   22 50,00   25 56,82   23 56,10  

Aspergillus 21 47,73   15 34,09   16 39,02   11 25,00   4 9,09   3 7,32  

Penicillium 20 45,45   24 54,55   27 65,85   8 18,18   7 15,91   9 21,95  

Fusarium 15 34,09   8 18,18   8 19,51   9 20,45   3 6,82   1 2,44  

Yeast 15 34,09   13 29,55   12 29,27   6 13,64   9 20,45   7 17,07  

Paecilomyces 9 20,45   4 9,09   7 17,07   3 6,82   3 6,82   1 2,44  

Curvularia 8 18,18   1 2,27   3 7,32   3 6,82   4 9,09   - -  

Acremonium 4 9,09   - -   - -   - -   3 6,82   - -  

Chrysonilia 4 9,09   9 20,45   7 17,07   6 13,64   9 20,45   10 24,39  

Artrographium 3 6,82   - -   - -   - -   - -   1 2,44  

Trichoderma 3 6,82   2 4,55   1 2,44   3 6,82   - -   3 7,32  

Ustilago 2 4,55   - -   2 4,88   - -   - -   1 2,44  

Rhodotorula 1 2,27   2 4,55   2 4,88   2 4,55   1 2,27   1 2,44  

Veronaea 1 2,27   - -   - -   - -     -   - -  

Trichosporon 1 2,27   - -   - -   - -   1 2,27   - -  

Phoma - -   - -   1 2,44   - -     -   - -  

Alternaria - -   1 2,27   - -   - -     -   - -  

Eurotium - -   2 4,55   - -   - -     -   - -  

Rhizopus - -   1 2,27   - -   - -     -   - -  

Beauveria - -   1 2,27   - -   - -     -   - -  

Chaetomium - -   1 2,27   - -   - -     -   - -  

Nigrospora 1 2,27   - -   - -   - -   1 2,27   2 4,88  

Mucor - -   - -   - -   - -   - -   1 2,44  

Neoscytalidium - -   - -   - -   1 2,27   - -   - -  

Cylindrocarpon - -   - -   - -   - -     -   1 2,44  

Exophiala - -   - -   - -   - -   2 4,55   1 2,44  

Unidentified - -   1 2,27   - -   - -   1 2,27   3 7,32  

87     70     70     41     44     42    

Table 2. Classification according to Yadav and Madelin based on the frequency of fungal isolations with the two sampling methods in 
each of the buildings studied. 
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volumetric method, which is an active method, has the 
ability to capture more spores owing to its air aspiration 
system. Taking into account that the gravimetric 
method depends on sedimentation and air turbulence 
as opposed to volumetric samplers, the absence of 
statistical significance in the outdoor environments may 
be due to the fact that the wind favors the dispersion of 
a greater number of mature spores and its subsequent 
contact with the culture medium, thereby allowing 
spores to reproduce [44, 45].

Although the gravimetric method obtained lower 
values for CFU/m3 counts [16,48] and variability 
of the isolated genera, it did not show, in general, 
significant statistical differences compared with the 
volumetric method. This suggests that the dynamics 
that characterize the different sampling methods 
are affected not only by environmental factors and 
the space studied but also by the limitations of each 
method [49]. When comparing the main genera of fungi 
isolated using the two sampling methods and some of 
the identified morphospecies (Table 3), it was evident 
that the most representative genera and morphospecies 
were similar. These genera are also frequently isolated 
by other researchers [54]. Similarly, it was possible 
to demonstrate that high fungal levels in outdoor 
environments tend to increase fungal levels in indoor 
environments [22].

Chrysonilia spp. is a highly contaminating mold 
and generally, the Petri dishes that present it must be 
discarded. It interferes with the correct count and 
isolation of the accompanying colonies [54]. However, 
it is a genus that is frequently sampled in environments 
with air conditioning systems, which favor its 
permanence and distribution in the environment. 
This genus was detected in samples from the three 
buildings, appearing more frequently when using the 
gravimetric method, and to a lesser extent, when using 
the volumetric method. This could be explained by the 

shorter sampling time used with the later method and 
the probability that this fungal genus will be better 
captured by the gravimetric method. Another difference 
observed in this study was the isolation of a greater 
number of yeasts with the gravimetric method. Yeasts 
do not release spores in the same manner as filamentous 
fungi; many of them are released from the microbiota, 
primarily from mucosa and skin of humans and 
animals. They can be found forming conglomerates, 
which could explain why they do not remain floating in 
the environments for long periods of time, rather settle 
on surfaces [7].

Many of the fungi that remain in the environment 
cause infections. Among these are some species of 
Cladosporium, Aspergillus, Fusarium, Rhizopus, 
and Mucor. However, they do not usually cause 
complications in individuals with a healthy immune 
system. Immunocompromised individuals, such 
as those undergoing chemotherapy or organ 
transplantation, suffering from leukemias, or diagnosed 
with HIV, often suffer from infections mediated by 
these microorganisms, which have the potential to 
cause serious and fatal diseases [55-57]. In a clinical 
context, a patient on a hospital bed could acquire a 
nosocomial infection by fungi or other microorganisms. 
In this case, an immobile body with a wound or burn 
totally or partially exposed for a period of time would 
simulate a culture medium in which the fungal particles 
are deposited in a manner similar to what happens in 
the gravimetric method used for the capture of fungal 
spores. This method would be suited for environmental 
sampling in such cases because it would simulate the 
natural mechanism of passive deposition of spores  
[57-59].

According to previous studies based on passive 
gravimetric sedimentation methods using the 
Omeliansky formula, the variations observed with 
this technique are usually owing to the diversity in 

Fig. 3. The main genus of fungi found in indoor and outdoor environments with the different sampling methods.  a) Outdoor environments 
b) Indoor environments.
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sampling times, culture media, and sampling height 
used [18, 20, 60], which also affect the volumetric 
method. Furthermore, in some cases, movements with 
the sampling equipment may influence the results. 
There are still no criteria to know how, when, or under 
what circumstances environmental sampling should 
be performed, either indoors or outdoors, or which 
organisms should be the target organisms of the study. 
Therefore, it is not possible to compare adequately the 
results obtained by different authors. However, the 
various sampling methods serve to estimate the degree 
of fungal contamination in a given area over a period 
of time.

Conclusions

This study showed the concentration and variability 
of viable and cultivable environmental fungi using 
two different methodologies employing volumetric 
and gravimetric concepts. Our data demonstrate that 
the volumetric technique, despite capturing a higher 
fungal load, can be compared with the gravimetric or 
sedimentation technique using the Omeliansky formula 
under similar conditions. Consequently, this method 
enables satisfactory determination of air contamination 
levels and variability of the species present at a certain 
site.

Volumetric method Gravimetric method

Alternaria alternata Aspergillus section  Aspergillus (A. glaucus)

Aspergillus section  Aspergillus (A. glaucus) Aspergillus section  Circumdati (A. ochraceus)

Aspergillus section Aspergillus (A. hollandicus) Aspergillus section  Cremei (A. inflatum)

Aspergillus section  Circumdati (A. ochraceus) Aspergillus section Cremei (A. wentii)

Aspergillus section  Cremei (A. inflatum) Aspergillus section Flavi (A. flavus)

Aspergillus section Cremei (A. wentii) Aspergillus section  Flavi (A. tamarii)

Aspergillus section Flavi (A. flavus) Aspergillus section Fumigati (A. fumigatus)

Aspergillus section  Flavi (A. tamarii) Aspergillus section Nidulantes (A. nidulans)

Aspergillus section  Flavipedes (A. flavipens) Aspergillus section Nigri (A. niger)

Aspergillus section Fumigati (A. fumigatus) Aspergillus Section  Restricti (A. restrictus)

Aspergillus section Nidulantes (A. nidulans) Aspergillus section Terrei (A. terreus)

Aspergillus section Nigri (A. niger) Aspergillus section Versicolores (A. versicolor)

Aspergillus section Terrei (A. terreus) Cladosporium herbarum Species Complex

Aspergillus section Versicolores (A. versicolor) Cladosporium macrocarpum (Cladosporium herbarum Species 
Complex)

Cladosporium herbarum Species Complex Cladosporium sphaerospermum Species Complex

Cladosporium macrocarpum (Cladosporium herbarum Species 
Complex) Curvularia geniculata

Cladosporium sphaerospermum Species Complex Curvularia lunata

Curvularia geniculata Fusarium oxysporum Species Complex (FOSC)

Curvularia lunata Fusarium solani Species Complex  (FSSC)

Fusarium oxysporum Species Complex (FOSC) Mucor circinelloides

Fusarium solani Species Complex  (FSSC) Paecilomyces variotii

Paecilomyces variotii Penicillium chrysogenum

Penicillium chrysogenum Penicillium frequentans

Penicillium frequentans Penicillium funiculosum (Talaromyces foniculosus)

Penicillium funiculosum (Talaromyces foniculosus) Penicillium purpurogenum (Talaromyces purpurogenum)

Penicillium purpurogenum (Talaromyces purpurogenum) Trichoderma harzianum

Rhizopus stolonifer

Trichoderma harzianum

Table 3. Morphospecies isolated with the gravimetric and the volumetric method.
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Additionally, we determined that the two sampling 
methods used in this study captured in a similar manner 
the predominant genera outdoors and indoors of three 
buildings at Universidad Santiago de Cali, between 
March 2018 and March 2019; the captured genera 
included Cladosporium, Penicillium, Aspergillus, and 
Fusarium, with Cladosporium being the most frequently 
isolated genus.
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