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RESEARCH ARTICLE

It has been reported that there is a correlation between indoor airborne fungi and the 
biodeterioration of valuable documents in archives, libraries and museums, and that these fungi 
can also cause effects on human health if there are immunological problems or the time of 
exposure to these environments of low quality is long. The aims of this study were quantifying 
and characterizing the mycobiota of the indoor air in three repositories of the Provincial Historical 
Archive of Pinar del Río, Cuba and assessing its impact on the human health. The samplings were 
made in two different months corresponding to the years 2016 and 2017, one belonging to the rainy 
season and the other to the season of the little rain using a SAS biocollector and appropriate culture 
media to isolate fungi. The fungal concentrations and the Indoor/Outdoor (I/O) ratios obtained 
revealing that the repositories showed good quality environments. In both isolations Cladosporium 
was the predominant genus followed by Penicillium in the fi rst sampling and Fusarium in the second 
isolation. The genera Aureobasidium, Sepedonium, Trichaegum and Wallemia were new fi ndings for 
the Cuban archives. The pathogenic attributes studied showed that 30% of the isolates have spores 
so small that they can penetrate into the respiratory tract into the alveoli; 10.7% of the taxa obtained 
in the fi rst isolation and 13.3% of the taxa detected in the second sampling also showed positive 
results to four virulence tests analyzed “In vitro” (growth at 37°C, hemolytic activity, phospholipase 
activity and respiratory tract level to which the spores can penetrate). These virulence factors 
(pathogenic attributes) evidence the risk that environmental fungi represent for the health of 
personnel in this archive.
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INTRODUCTION
The archives, libraries and museums are the institutions in charge of preserving 

the Memory of a Nation. They contain a large number of documents of heritage value 
written on various media (papyrus, parchment, paper, etc.), and guard other types 
of documents such as photographs, maps and plans, engraving as well as digital 
documents, among others. These supports of an organic, inorganic or synthetic 
nature are deteriorated over time, but this process is accelerated by the eff ect 
of physical (light, temperature and relative humidity), chemical (atmospheric 
pollution) and biological agents (microorganisms, insects, etc.) [1]. Therefore, 
the continuous knowledge and control of environmental conditions in these 
institutions is today one of the most important elements to take into account in the 
preventive conservation of documentary heritage for a country. The prevalence of 
inadequate environmental conditions together with the presence of high microbial 
concentrations in the air of the repositories where this heritage is conserved, has 
been awakening the attention of researchers and specialists in the area of heritage 
conservation, due to the risk that this it implies both for the integrity of the heritage 



405Borrego S, et al. (2020) J Biomed Res Environ Sci, DOI: https://dx.doi.org/10.37871/jbres1172

 
Su

bj
ec

t A
re

a(
s)

:  M
IC

RO
BI

OL
OG

Y |
 VI

RO
LO

GY
 |

 BI
OL

OG
Y preserved and for the health of the personnel that works in 

these institutions or that receives systematic services in them 
[2,3]. Specifi cally, the environmental fungal concentration 
is one of the main objects of study, since on the one hand, 
fungal spores and propagules constitute the largest group 
of all biological material that is transported by air, dust and 
people towards the indoor environment of the repositories 
and on the other, it is known that fungi are characterized by 
a high biodeteriogenic and pathogenic potential [4-6].

Cuba, due to its geographical location, is constantly 
aff ected by the dust coming from diff erent parts of the world 
according to the arrival of winds in diff erent directions, 
and in particular by the dust of the Sahara desert [7], which 
together with the high values of Relative Humidity (RH) and 
Temperature (T) typical of the prevailing climatic conditions 
at diff erent stages of the year, can lead to high concentrations 
of viable conidia in the air that, according to the indoor 
ventilation conditions, are easily deposited on the diff erent 
substrates, facilitating the development of fungi. These 
microorganisms have powerful, versatile and adaptable 
metabolic machinery, which allows them to degrade a great 
diversity of substrates, both of organic and inorganic origin, 
leading to the biodeterioration of the diff erent supports 
preserved in the repositories of heritage institutions [8]. On 
the other hand, fungi are characterized by having diff erent 
structures and mechanisms of pathogenicity (virulence 
factors), which can cause specifi c suff ering to human health 
[9].

Numerous studies have established a close relationship 
between environmental conditions, the presence of fungal 
propagules viable (fungal spores, mycelial cells and their 
fragments) and their incidence in the eventual triggering 
of respiratory troubles and on the individuals’ immune 
system [10,11] , managing to associate their presence with 
the development of symptoms belonging to these types of 
pathologies and others mycosis [12,13 ]. Hence, multiple 
research groups recommend the need to increase the 
frequency of studies of the environmental conditions in 
the premises to assess the quality of the environments, in 
order to guarantee an environmental characterization of 
them that allow solving early problems associated with 
the unleashing of pests and/or health conditions of staff . 
This has been the cause of the multiple studies conducted 
in the indoor environments of diff erent repositories of the 
National Archive of the Republic of Cuba [14-16]  and other 
cuban archives [17].

However, for the Cuban archives these studies have not 
been suffi  cient. Therefore it was decide since some years, 
to perform environmental mycological studies in other 
archives of the country. An example is the case of this study 
carried out in the Provincial Historical Archive of Pinar del 
Río (PHA PR) with the aims of quantifying and characterizing 
the mycobiota of the indoor air in some repositories of this 
archive as well as assessing the aeromicological dynamics 
and its impact on the human health.

MATERIALS AND METHODS
Characterization of the sampled repositories

The study was conducted in three repositories of the 
Provincial Historical Archive of Pinar del Río (PHA PR) 
located in the westernmost province of Cuba 162 km from 
Havana, the capital of Cuba (Figure 1A). The archive is located 
in the center of the Pinar del Río city surrounded by avenues 
and streets with high vehicular traffi  c. The building built at 
the beginning of the 20th century (1910) and is in an eclectic 
style and consisting of a single fl oor at the street level with 
a large central courtyard and around it the repositories are 
positioned (Figure 1B). The studied repositories measure 
(length x width x height, in m) the following: Repository 1 
(R-1) coincides with repository 1 of the archive, it measures 
5.84 x 7.77 x 4.64 m and is located in the south side of the 
building; Repository 2 (R-2) coincides with repository 4 of 
the archive, it measures 5.80 x 7.77 x 4.64 m and is located 
to the east of the building; and Repository 3 (R-3) coincides 
with repository 5 of the archive, measures 5.64 x 8.65 x 4.64 
m and is located on the west side of the building. All have 
natural cross ventilation.

Sampling of aeromycobiota

The samples were taken in 02/June/2016 (month 
corresponding to rainy season) and second sampling was 
done 24/February/2017 (month corresponding at season 
of the little rainy). The number of points to be sampled 
was determined according to Sanchis [18] , which reports 
a simple method based on the cube root of the volume of 
the premises. According to this criterion, a total of 9 points 
were sampled (3 in each repository) (Figure 1C). Also as 
a control, a sample of air on the outdoor courtyard was 
taken. Samplings were done between 10:00 am and 1:30 pm 
approximately, considering the working hours. Each point 
of indoor was sampled by triplicate using a biocollector 
SAS Super 100 (Italy) in vertical position at intervals of one 
hour between replicates. With this impactor air sampler 
100 L of air/min fl ow rate was collected at a height of 1.5 m 
approximately. Two variants of Malt Extract Agar (MEA) 
(BIOCEN, Cuba) were used, one was MEA at pH 5 [19] and the 
other was MEA supplemented with NaCl (7.5%) [1,16 ]. This 
concentration of sodium chloride is used to limit the growth 
of Mucorales colonies and stimulate the growth of halophilic 
and xerophilic fungi. Subsequently, the Petri dishes were 
incubated inverted at 30°C for up to 7 days and the colonies 
were counted to calculate the fungal concentration per m3 
of air expressed in colony forming units (CFU/m3). Then the 
colonies were isolated and purifi ed.

Together with the microbiological samples, Temperature 
(T) and Relative Humidity (RH) were measured at the same 
points analyzed using a digital thermo hygrometer Pen TH 
8709 (China).

For the identifi cation, observations were made of the 
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Figure 1 A: Geographic location of the city of Pinar del Río belonging to the province of the same name. It is located 162 km from Havana city, Capital of Cuba. 
B: Indicative of the repositories location in relation to the central courtyard in the archive building. C: It indicates the sampling points of the air and of the dust 
deposited in each repository.
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both front and back, using a stereomicroscope (X14). 
Conidiophores, conidia and other structures were observed 
from preparations made with lactophenol or microcultures 
using a clear fi eld trinocular microscope (Olympus, Japan) 
at X40 and X100 attached to a digital camera (Samsung, 
Korea). For the observation of structures hyalines were used 
lactophenol cotton blue. In  the taxonomic identifi cation a 
group of key mycological was consulted. In the identifi cation 
up to the genus level was carried out according to the criteria 
of Barnett and Hunter [20] and Domsch, et al. [21]. For the 
identifi cation of the species located in the Aspergillus and 
Penicillium genera, the procedures suggested by Klich and 
Pitt [22] and Pitt [23] were followed. These methodologies 
are based primarily on morphological characters and 
physiological characteristics such as water-temperature 
relationships, pigmentation and the degree of development 
of the colonies in certain media. These characteristics were 
determined 7 days after the strains were inoculated in the 
Czapek Yeast Extract Agar media, incubated at 5°C, 25°C and 
37°C, and in the Malt Extract Agar and Czapek Yeast Extract 
Agar with 20% Sucrose and incubated at 25°C for Aspergillus 
and also 25% Glycerol Nitrate Agar at 25ºC for Penicillium. 
The species located within the genus Cladosporium were 
identifi ed following the criteria of Ellis [24] and Bensch, et 
al. [25], those of Fusarium according to Both [26] and that of 
Nigrospora according to Domsch [21].

Ecological approaches 

Relative Density (RD) of taxa isolated from indoor air 
of each repository was conducted according to Smith [27] 
where: RD = (number of colonies of one taxon / total number 
of colonies) x100

Relative Frequency (RF) of the taxa detected on indoor 
environments was determined according to Esquivel, et al. 
[28] where: RF = (times a taxa is detected/total number of 
sampling realized) × 100

The ecological categories are classifi ed as: Abundant 
(A) with RF = 100-81%, Common (C) with RF = 80-61%, 
Frequent (F) with RF = 60-41%, Occasional (O) with RF = 
40-21%, Rare (R) with RF = 20-0%.

Statistical analysis 

The data obtained were processed with the statistical 
Statgraphics Centurion XV program. Student’s t test was 
used on comparing the average of the fungal propagules 
concentrations between the isolations. The ANOVA-1 and 
Duncan tests were used to compare the obtained RH average 
during the microbiological sampling of air. A p-value smaller 
or equal to 0.05 was considered statistically signifi cant.

A multifactorial analysis was performed to obtain 
possible correlations (Pearson) between the fungal 
concentrations obtained in both samplings and the thermo-

hygrometric parameters recorded during the two years of 
the study.

Determination of Some Virulence Factor  

Spore size of isolated fungal genera: The spore’s 
dimensions corresponding to several representative strains 
of the each isolated specie were determined. In all cases at 
least 20 observations were made distributed in several fi elds 
of vision, in preparations of both the young part and the 
mature area of the colony. These observations were made 
in trinocular microscope (Olympus, japan) at X100 using 
a micrometric lens. The sizes conidial of each strain were 
taken into account for the analysis of the penetration of 
conidia in the human respiratory tract [14] .

Radial growth at 37°C: Strains were grown on Petri dishes 
containing as culture medium MEA. Strains were incubated 
for 7 days at 37°C and growth was evaluated [15] .

Hemolytic activity: Strains were seeded in Petri dishes 
with Czapek Agar, which after being sterilized was added 
5% defi brinated sheep blood. They were incubated for 
7 days at 37°C. In the strains that didn’t grow at 37°C the 
hemolytic activity was determined at 30°C. The hemolytic 
activity was evidenced by the appearance of a halo around 
the colony indicating hemolysis partial if the halo is green 
(alpha hemolytic), total if it is colorless (beta hemolytic) and 
absence of hemolysis if there is no halo (gamma hemolytic) 
[29 ]. 

Phospholipase activity: The strains under study were 
seeded in an agarized culture medium whose composition 
for 500 ml was 5 g bacteriological peptone, 10 g glucose, 29.3 
g sodium chloride and 2.28 g calcium chloride. The pH of 
the medium was adjusted to 4 and after sterilization, 2 egg 
yolks were added aseptically. The plates were subsequently 
incubated at 30°C for seven days. The activity was evidenced 
by the appearance of a transparent halo around the colony in 
the light yellow medium, product of the precipitate formed 
by the salts [29] .

In all cases the tests were performed in triplicates.

RESULTS
Behavior of thermo-hygrometric parameters and 
airborne fungal load in the environment of the 
repositories

The behavior of the T in the repositories examined shows 
that the average values obtained are almost superimposed 
with each other, evidencing the similarity of the values in 
the three repositories (Figure 2). In 2016, the T average value 
in the AHP PR was 30°C and in 2017 it was 29°C. However, the 
T average values in the repositories during the rainy season 
(from January to May plus December) of 2016 ranged between 
27.8°C and 28.2°C whereas in 2017 fl uctuated between 27.5°C 
and 28°C, indicative that there are no diff erences between 



408Borrego S, et al. (2020) J Biomed Res Environ Sci, DOI: https://dx.doi.org/10.37871/jbres1172

 
Su

bj
ec

t A
re

a(
s)

:  M
IC

RO
BI

OL
OG

Y |
 VI

RO
LO

GY
 |

 BI
OL

OG
Y A)

B)

Figure 2 Monthly averages of Temperature (T) and Relative Humidity (RH) registered in 2016 and 2017 for each repository of the PHA PR archive. The fi rst 
microbiological sampling was done 02/June/2016 (Month corresponding to rainy season) and second sampling was done 24/February/2017 (Month 
corresponding at little rainy season). T and RH average values in 2016: 30°C and 61.9% respectively. T and RH average values in 2017: 29°C and 59.5% respectively.

Table 1: Average values of Temperature (T) and Relative Humidity (RH) in each repository of the PHA PR archive during the little rainy season and rainy season 
per each studied year.

2016 2017

January to May and December 
(season of little rainy)

June to November 
(rainy season)

January to May and December 
(season of little rainy)

June to November 
(rainy season)

Repository T (°C) RH (%) T (°C) RH (%) T (°C) RH (%) T (°C) RH (%)

R-1 27.8 60.8 31.0 62.7 27.7 58.0 31.0 60.4

R-2 28.0 60.2 31.2 62.0 27.5 58.7 30.5 60.2

R-3 28.2 62.3 31.2 63.2 28.0 59.0 31.0 60.5

the years. In the rainy season (June to November) of 2016 
and 2017 the averages were maintained around 31°C (Table 
1), and also the values did not show signifi cant diff erences.

In relation to the RH, the values are also superimposed on 
one another (Figure 2). In 2016, the RH average value in the 
PHA PR was 61.9% whilst in 2017 it was 59.5%. On the other 
hand, the averages values obtained in each repository during 

the dry season fl uctuated between 60.8 and 62.3% in 2016, 
whilst in 2017 they oscillated between 58 and 59%; although 
there were no signifi cant diff erences, during 2017 the values 
were slightly lower. In relation to the rainy season, in 2016 
averages were obtained that fl uctuated between 62.0% and 
63.2% whilst in 2017 they were between 60.2 and 60.5%; 
Also, although there were no signifi cant diff erences between 
these values, in 2017 the values were slightly lower (Table 1).
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 R-1 R-2  R-3

Concentrations Fungi
(CFU/m3)

T
(°C)

HR 
(%) I/O Fungi

(CFU/m3)
T

(°C)
HR 
(%) I/O Fungi

(CFU/m3)
T

(°C)
HR 
(%) I/O

First isolation was done  02/June/2016 - Rainy season (Fungal concentration outdoor was 66.7 ± 23.1 CFU/m3)

Maximum 180 29.6 69.9 180 29.1 69.2 140 32.3 66.3

Minimum 20 28.3 66.3 20 27.8 62.4 30 29.3 57.1

Average 71.0 ± 53.3 28.9 ± 0.4ab 67.9± 1.2cd 1.1 91.1 ± 73.2 28.5± 0.5a 66.2 ± 2.7bc 1.4 68.6 ± 38.5 30.3 ± 1.1b 61.8± 3.1a 1.0

Second isolation was done  24/February/2017 - Little rainy season  (Fungal concentration outdoor was 133.6 ± 25.2 CFU/m3)

Maximum 260 29.4 78.8 360 31.0 76.6 220 30.4 75.4

Minimum 110 26.1 62.0 140 26.5 56.1 90 28.0 58.1

Average 202.0 ± 53.1* 27.5 ± 1.3a 70.5± 2.2d 1.5 226.0 ± 86.5* 28.4± 1.6a 66.7 ± 1.6bc 1.7 162.0 ± 66.1* 29.6 ± 0.9b 63.0 ± 2.3ab 1.2

All fungal determination was made in 3 points in each repository by triplicate and the data averaged (n = 9). 
*: Indicates signifi cant differences according to the Student test (p ≤ 0.05) on comparing the average of the fungal propagules concentrations between the 
isolations. 
a,b,c,d,e: Indicate signifi cant differences according to the Duncan test (p ≤ 0.05) on comparing the RH average obtained during the microbiological sampling of air. 

In Cuba, the months of June to November are characterized 
by temperatures above 30°C. This is the season of heavy rains 
and hurricanes during which the RH is signifi cantly high, 
sometimes reaching values above 90%, which is why these 
months are within the rainy season. From December to May 
are the months that are located in the slightly cold season 
characterized by little rain, so these months are considered 
within the season of low rainfall. However, in these years 
there were no hurricanes in the western region of the country 
and therefore the thermo-hygrometric values in the archive 
remained stable.

The fi rst microbiological sampling was conducted on 
June 2, 2016 (rainy season) and at that time, the T average 
values in the repositories ranged between 28.5°C and 30.3°C 
and the RH fl uctuated between 61.8% and 67.9% (Table 2). 
The second analysis was carried out on February 24, 2017 
coinciding with the low rainfall season, and the T average 
ranged between 27.5°C and 29.6°C while the RH average 
fl uctuated between 63% and 70.5%. This day it rained in the 
morning (from 8:45 to 10:00 am approximately) causing 
higher values of RH than the monthly average value for 
each repository (R-1 = 59%, R-2 = 60%, R-3 = 61%). In this 
case, signifi cant diff erences (p ≤ 0.05) were obtained when 
comparing the T and RH averages among the repositories 
evidenced that R-3 shows the lowest RH values and the 
highest T values.

The environmental fungal concentrations of the fi rst 
sampling in the repositories indoor air and in outdoors 
were signifi cantly lower than those obtained in the 
second sampling (Table 2). In the fi rst isolation the fungal 
concentrations ranged from 68.6 CFU/m3 obtained in R-3 
to 91.1 CFU/m3 detected in R-2 while in R-1 the fungal load 
was 71 CFU/m3. In the second sampling, the concentrations 
ranged between 162 CFU/m3 (in R-3) and 226 CFU/m3 (in 
R-2). Highlighted the fact that regardless of the moment 

of isolation and that the concentrations obtained in the 
repositories were similar statistically, in R-3 the lowest 
concentrations were always obtained, followed by R-1 and 
fi nally R-2 (the most contaminated).

Similarly, the indoor/outdoor (I/O) ratios were slightly 
higher for the second sampling. However, the values in 
R-1 and R-3 were less than or equal to 1.5 indicative of 
environments with a very low level of contamination, hence 
with good quality while in R-2 the I/O index was 1.7, which 
reveals an environment slightly contaminated. To reduce 
these indices it is essential to improve natural ventilation 
and this requires better repositories management.

When correlating T and RH with fungal concentration, a 
signifi cantly high correlation was obtained between fungal 
concentration and RH for both isolates (r2 = 0.85 in the 1st 
sampling and r2 = 0.93 in the 2nd sampling for p < 0.05) 
while no correlation was found with T (r2 = 0.46 in the 1st 
sampling and r2 = 0.52 in the 2nd sampling for p < 0.05).

Taxa detected on indoor environment of the 
repositories and in the outdoor environment 

The genera diversity obtained was very close between 
the two isolates. In the fi rst isolation, nine genera and 
two non-sporulating mycelia were detected, while in the 
second, ten genera and the two non-sporulating mycelia 
mentioned above were detected (Figure 3). In both isolations 
the preponderant genus was Cladosporium (1st isolation with 
RD of 33% and 2nd isolation with DR of 57.4%) followed by 
Penicillium in the fi rst isolation (RD = 30%) and Fusarium 
in the second sampling (RD = 20.2%). Ecologically the 
abundant genera were Aspergillus and Cladosporium as well 
as the White Non-sporulating Septated Mycelium (WNSM) 
and the Pigmented Non-sporulating Septated Mycelium 
(PNSM). Aureobasidium, Bipolar, Candida, Chrysosporium, 
Eurotium, Fusarium, Penicillium, Rhizopus, Sepedonium, 
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Figure 3 Relative Density (RD) of the detected taxa on the indoor air in the two isolations made (A) and in outdoor air (B). Taxa classifi ed ecologically as Abundant 
were detected in both isolations whilst the taxa classifi ed as Common were detected only in one of the isolations. WNSM: White Non-sporulating Septated 
Mycelium. PNSM: Pigmented Non-Sporulating Septated Mycelium.

Torula, Trichaegum, Trichoderma, Trichophyton and Wallemia 
were genera classifi ed as common.

In outdoor air the detected taxa in the fi rst isolation 
were Cladosporium spp. (33.3%), Penicillium spp. (33.3%) 
and a White Non-Sporulating Septated Mycelium (WNSM) 
(33.4%) whilst in the second sampling the isolated taxa were 
Cladosporium spp. (66.8%), Nigrospora spp. (6.6%) and the 
WNSM (16.6%). The I/O ratios per genus in 1st isolation were 
Cladosporium spp. = 1, Penicillium spp. = 0.9 and WNSM = 
0.2 whilst in the 2nd isolation the ratios were Cladosporium 
spp. = 0.9, Nigrospora spp. = 0.1 and WNSM = 0.1 revealing 
values lower than 1.0 indicative that these taxa were not 
contaminating the repositories environments.

It should be noted that genera Aureobasidium, 
Sepedonium, Trichaegum and Wallemia were new fi ndings for 
the Cuban archives.

In the fi rst isolation nineteen taxa were obtained. R-1 
showed the greatest diversity of species (eleven species 
and one WNSM) followed by R-2 with seven species and 
in R-3 six species and a non-sporulating mycelium were 
isolated (Figure 4). For repositories the predominant specie 
in R-1 was P. commune followed by Sepedonium sp. and Cl. 
cladosporioides in second and third place respectively. In 
R-2 the principal species were Aspergillus carneus and Cl. 
basiinfl atum whilst in R-3 P. citrinum prevailed followed by 
P. commune and the PNSM. Cladosporium cladosporioides 
was the most abundant specie since it was found in the 
three repositories with RD that ranged from 10% to 11.6%. 
Four species isolated in two of the three repositories were 
classifi ed as common (Aspergillus fl avus, Cladosporium 

basiinfl atum, Penicillium commune and P. citrinum) whilst 
twelve species and two non-sporulating mycelia were 
considered as occasional because they were only detected in 
one of the three repositories; the species were: A. carneus, A. 
fl avipes, Aureobasidium sp., Candida tropicalis, Cladosporium 
hillianum, Cl. licheniphilum, Cl. sphaerospermum, Cl. 
tenuissimum, Sepedonium sp., Trichaegum sp., Trichophyton 
sp. and Wallemia sp. 

In the second isolation, eighteen taxa were obtained. 
Nine species were isolated from R-1 whilst in R-2 and 
R-3 twelve species were detected in each. This shows that 
the diversity and quantity of species per repository was 
slightly greater in this isolation than in the previous one. In 
R-1 the principal specie was C. cladosporioides followed by 
Fusarium nivale and Cl. sphaerospermum in second and third 
place respectively. In R-2 the prevailing species were Cl. 
cladosporioides, C. herbarum, F. nivale and A. fl avus whilst in 
R-3 the preponderant taxa were Cl. cladosporioides, A. fl avus 
and WNSM.

Three species were classifi ed ecologically as abundant 
(A. fl avus. Cl. cladosporioides and Fusarium nivale), six species 
and the two non-sporulating mycelia were classifi ed as 
common (A. niger, A. restrictus, Cl. herbarum, Cl. oxysporum, 
Cl. sphaerospermum, Nigrospora sphaerica) and eight species 
were occasional (A. candidus, A. chevalieri, Bipolaris sp., 
Chrysosporium sp., Fusarium graminearum, Rhizopus sp., 
Torula sp., Trichoderma sp.).  In relation to the prevalence of 
the taxa per repository it can see that in R-1 the main specie 
was Cl. cladosporioides followed by F. nivale, in R-2 again Cl. 
cladosporioides was the predominant specie followed for Cl. 
herbarum whilst in R-3 equally the preponderant specie was 
Cl. cladosporioides followed by A. fl avus. 
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Figure 4 Relative Density (RD) of the detected taxa on the indoor air of the three studied repositories (A) and in outdoor air (B). The species classifi ed as: Abundant 
had a Relative Frequency (RF) = 100%, Common had a RF = 66.7% and Occasional had a RF = 33.3%. WNSM: White Non-sporulating Septated Mycelium. PNSM: 
Pigmented Non-sporulating Septated Mycelium.

From these taxa only fi ve were coincident in the two 
isolations (A. fl avus, Cl. cladosporioides, Cl. sphaerospermum 
and the two non-sporulating mycelia) revealing a similarity 
of 26.3% to 27.8% that is below 50% which constitutes a 
coincidence level very low.

In relation to the obtained taxa in outdoor environment 
it is necessary to highlight that only three were isolated 
in the fi rst sampling (Cl. basiinfl atum, P. citrinum and 
WNSM) whilst four were detected in the second isolation 
(Cl. cladosporioides, Cl. herbarum, Nigrospora sphaerica and 
WNSM) revealing low taxa diversity in this environment at 
moment of the samplings. It should be noted that the three 
taxa isolated in the outdoor environment during the fi rst 
isolation were detected in the indoor environment of some 
of the repositories studied, such that Cl. basiinfl atum was 
isolated from the ambient air of R-1 and R-2, P. citrinum was 

detected in R-1 and R-3 indoor air and WNSM was detected 
only in R-1. Regarding the second isolation, the same thing 
happened; the four taxa isolated in the outdoor environment 
were detected in the indoor environment of some of the 
analyzed repositories. In this sense, Cl. cladosporioides was 
also isolated from the environment of the three repositories, 
Cl. herbarum was detected in the indoor environment of R-2 
and R-3, N. sphaerica was isolated from the indoor air of R-1 
and R- 3 as well as WNSM was found in the R-2 and R-3 
environments.

From all the species found on indoor environments were 
new records for Cuban archives environments Aureobasidium 
sp., Cladosporium basiinfl atum, Cl. hillianum, Cl. licheniphilum, 
F. nivale, F. graminearum, Sepedonium sp., Trichaegum sp. and 
Wallemia sp.
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factors) studied in the isolated taxa

Table 3 shows the results obtained from the virulence 
factors analyzed “in vitro”. In the fi rst isolation, four strains 
(Aureobasidium sp., A. fl avus 1, A. fl avus 2 and A. fl avipes) 
showed positive results to the growth at 37°C as well as the 
hemolysins and phospholipases excretion. 

The P. commune 1strain revealed a diff erent behavior than 
the P. commune 2 and 3 strains, the same happened between 
strains Cl. basiinfl atum 1 and 2, between WNSM 1 and 2 as 
well as between PNSM 1 and 2 demonstrating the metabolic 
diversity that may exist among diff erent strains of the same 
species or taxon even when they have been isolated from the 
same ecosystem and emphasizes the need to perform each 
physiological analysis to diff erent strains representative 

of the colonies number of the same morphological type 
or morphotype. In the second isolation, 5 strains showed 
positive results at these three analyses; they were A. fl avus 
3, Bipolaris sp., Chrysosporium sp., A. niger 2 and the PNSM 5. 
Similarly, several strains of the same taxon showed diff erent 
behaviors, such was the case A. niger 1, A. restrictus 1 and 2, 
Cl. cladosporioides 4, 5 and 6 as well as between WNSM 3 and 
4, and PNSM 3 and 4. It should be noted that the strain of 
Cl. cladosporioides 5 showed -hemolysis and excretion of 
phospholipase, attributes that are of a pathogenic interest. 
On the other hand, it is important to highlight that WNSM 5 
grew at 37°C and showed -hemolysis, dangerous attributes 
for human health.

In relation to the spore’s size and their penetration power 
in the respiratory tract, it can appreciate that in the upper 

Table 3: Virulence factors (pathogenic attributes) detected in the taxa isolated form repositories indoor air.

Repository Taxa Growth at 37°C
Hemolytic 

activity
(hemolysis type)

Phospholipase 
activity

Spores size
(length x width, μm) RT

First isolation

R-1

Aspergillus flavus 1 + β + 3 x 4.5 A, B, C

Aureobasidium sp. + β + 7.5 - 15 x 3.5 - 6a

10 - 25 x 5 - 11b A, B

Candida tropicalis + β - 3.8 x 2 - 7 A, B

Cladosporium basiinflatum 1 - - - 7 - 10 x 2.5 - 4 A, B, C

Cladosporium cladosporioides 1 - - - 3 - 6 x 1.5 - 2.5 A, B, C

Cladosporium cladosporioides 2 - - - 3 - 7 x 2 - 3 A, B, C

Cladosporium licheniphilum - - - 3 - 5 x 2 - 3 A, B, C

Cladosporium sphaerospermum 1 - β* - 4 x 7 A, B

Penicillium citrinum 1 + - - 2.2 x 3 A, B, C

Penicillium citrinum 2 + β - 2.4 x 3 A, B, C

Penicillium commune 1 - β* + 3 x 4 A, B, C

Penicillium commune 2 - β* - 3 x 4 A, B, C

Penicillium commune 3 - β* + 3 x 4 A, B, C

Sepedonium sp. + - - 7 - 17 A, B

WNSM 1 - β* - - -

WNSM 2 - - - - -

R-2

Aspergillus carneus + β - 2 - 2.5 x 3 - 3.5 A, B, C

Aspergillus flavus 2 + β + 3 x 5 A, B, C

Aspergillus flavipes + β + 2 x 3 A, B, C

Cladosporium basiinflatum 2 - - + 6.5 - 10 x 3 - 4 A, B, C

Cladosporium cladosporioides 3 - - - 3 - 7 x 1.5 - 2.5 A, B, C

Cladosporium tenuissimum - - - 10 - 25 x 3 - 6 A, B, C

Wallemia sp. - - - 1.5 - 2.4 A, B, C

R-3

Cladosporium hillianum - - - 6.5 - 11 x 2.5 - 4 A, B, C

Trichaegum sp. + - - 18 - 20 A

Trichophyton sp. + - + 26 - 50 x 5 - 8 A

PNSM 1 - - + - -

PNSM 2 - - - - -
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R-1

Aspergillus flavus 3 + β + 3 x 4.5 A, B, C

Aspergillus restrictus 1 - - - 4 - 10 x 3 - 5.5 A, B, C

Cladosporium cladosporioides 4 - - - 3 - 7 x 1.5 - 2.5 A, B, C

Cladosporium cladosporioides 5 - β* + 3 - 6 x 1.5 - 3 A, B, C

Cladosporium sphaerospermum 2 - α* + 3 x 4.5 A, B, C

Fusarium nivale 1 - - - 15 - 20 x 3 - 5 A, B

Fusarium nivale 2 - - - 15 - 30 x 3 - 5 A, B

Nigrospora sphaerica - - - 15 x 20 A

PNSM 3 - - + - -

R-2

Aspergillus niger 1 + β - 3.5 x 4.5 - 5 A, B, C

Aspergillus restrictus 2 - - + 5 x 5.5 A, B

Bipolaris sp. + β + 14 - 30 x 6 - 11 A

Cladosporium cladosporioides 6 - β* - 3 - 7 x 1.5 - 3 A, B, C

Cladosporium herbarum - - - 5.5 - 10 x 4 - 5 A, B

Cladosporium oxysporum - β* + 3 - 5 x 2 - 3 A, B, C

Chrysosporium sp. + β + 3.5 - 7.5 x 3 - 4.5 A, B

Fusarium nivale 3 - - + 15 - 30 x 3 - 5 A, B

Torula sp. - - + 4 x 6 A, B

WNSM 3 + β - - -

R-3

Aspergillus candidus - - + 2.5 x 3.5 - 4 A, B, C

Aspergillus niger 2 + β + 3.5 x 5 A, B

Fusarium graminearum 1 - - - 30 - 40 x 4 - 5 A

Fusarium graminearum 2 - - - 30 - 50 x 3.5 - 5 A

Fusarium nivale 4 - - + 15 - 20 x 3 - 5 A

Rhizopus sp. + - + 6 - 8 x 4.5 - 8 A, B

Trichoderma sp. - - + 3.6 - 4.5 x 3.5 - 4.5 A, B

WNSM 4 - α* - - -

WNSM 5 + β - - -

PNSM 4 - α* - - -

PNSM 5 + β + - -

In the growth at 37°C: +: indicates growth, -: indicates no growth. Hemolysis type: α: alpha hemolytic (hemolysis partial), β: beta hemolytic (hemolysis total).  
*: Indicates that the excretion of hemolysins in this strain was determined at 30°C. RT: Respiratory Tract level to which the spores can penetrate. A: Upper 
Respiratory Tract. B: Trachea, Bronchi and Bronchioles. C: Alveoli. a: Indicative of hyaline conidia. b: Indicative of dark brown conidia.

respiratory tract 100% of the detected spores can penetrate; 
however in the fi rst isolation only four species could enter 
until the trachea, bronchi and bronchioles (Aureobasidium 
sp., Candida tropicalis, Cladosporium sphaerospermum, 
Sepedonium sp.) because their size exceeds 3.5 μm; this is 
indicative of 14.3% of the total of the evaluated taxa. On the 
other hands eighteen species possesses spores so small (≤ 3 
μm) that they can penetrate until the alveoli, representing 
a 64.3%; highlighting among them, all the species of 
Aspergillus and Penicillium as well as the most of the 
Cladosporium species. In second isolation ten species showed 
very small dimensions revealing that they can enter until 
the trachea, bronchi and bronchioles representing a 33.3% 
of the total of the examined taxa, and nine species (30%) 
are able to penetrate until the alveoli; in this group were the 
most of the analyzed species of Aspergillus and Cladosporium.

A species that shows positivity to the four tests carried 
out will always be more risky for health. In that sense, 10.7% 
of the taxa obtained in the fi rst isolation and 13.3% of those 
detected in the second, showed positive results to the four 
virulence test “in vitro” (Figure 5), showing the potential 
pathogenic risk.

DISCUSSION
The environmental microbiological quality of a room or 

premises depends on diff erent factors such as the activity 
that is carried out, the number of people that access or remain 
in the room, the location of the room within the building, the 
building location, the dusting level on the surfaces, the type 
of ventilation/acclimatization, the geographic and climatic 
zone, and time of the year, etc [30]. That is why, although 
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some documentary repositories) may have similarities in 
the environmental mycobiota, it cannot be assumed that 
their composition is homogeneous. To obtain accurate 
results, timely and frequent studies must be carried out, 
even more so when it comes to detecting microorganisms 
with implications for human health.

It is known that microclimatic conditions that induce 
a very high aw can be generated in a room with a low RH, 
therefore, the measurement of indoor RH alone can be a 
poor predictor of mold problems [31] and simply decreasing 
the RH could not be enough. In addition, many fungal spores 
are resistant to changes in RH and T [32]. In Cuba, the T 
and RH are high all year, but the natural ventilation and in 
particular the natural cross ventilation plays an important 
role in slowing down the microbial growth on the diff erent 
materials that coexist in the repositories. Therefore, in this 
study these thermo-hygrometric variables were taken into 
account in their relation to the concentration and variability 
of the environmental micobiota of the studied repositories.

Despite this, the monthly averages of T and RH were 
stable in the diff erent repositories of the PHA PR, mainly 
due to the characteristics of the building. The relatively 
small dimensions of the repositories, the distribution of 
repositories around the central courtyard and the existence 
of large windows and the entrance/exit door located in 
opposite positions within the repositories guarantees not 
only the natural ventilation but also an air fl ow that moves 
from the cooler areas to the hot yard, favoring the cooling 
of the environment in the repositories and promoting the 
stability of these thermo-hygrometric parameters.

Mycological sampling of both indoor and outdoor air 
showed that the concentrations were signifi cantly lower 
in the rainy season. This could be due to the systematic 

washing of the atmosphere during the rainy months 
causing a decrease in the external bioaerosols, and since 
the repositories have natural ventilation, the decrease of 
the fungal load in the indoor air is favored. These results are 
contrary to those previously obtained in some repositories 
ventilated naturally in the National Archive of Cuba [1,15].

Although in the fi rst isolation the average of fungal 
concentration was signifi cantly lower, it is noteworthy 
that the fungal concentration showed a signifi cant positive 
correlation with the RH for both isolation (85% in the fi rst 
sampling and 93% in the second) while the temperature 
not aff ected signifi cantly the fungal concentration. A 
similar result was previously obtained [33,34] . Although 
the temperature usually infl uences the dynamics of the 
mycobiota in indoor air [35] , it seems to have a secondary 
eff ect by acting on other factors such as RH and air currents, 
which explains its behavior.

As in Cuba there is no standard that allows establishing 
parameters of environmental microbiological quality for 
cultural heritage institutions, the criteria of some authors 
regarding the indoor/outdoor microbial concentrations 
ratios (I/O) were taken into account to defi ne when an 
environment is contaminated or not [36-38 . In general, it 
is accepted that the microbial concentration on indoor air 
is similar to that in the open air and that most indoor fungi 
come from sources external [33], so the total number of 
fungi in indoors is lower than outdoors [39]. According to 
Sobral, et al. [40 ] when the I/O ratio is equal to or less than 
1.5 is indicative that the indoor environmental conditions 
are good, that is, that the indoor environment is not 
contaminated. This behavior was obtained in this study in 
which most of repositories showed  I/O ratios equal to or less 
than 1.5 (with the exception of R-2 in the second sampling) 
evidencing a good environmental quality due to good 
ventilation of repositories. When comparing the I/O ratios 

A B

Figure 5 Percentage ratio of taxa isolated from the indoor air of the repositories according to the number of pathogenic attributes shown. The analyzed attributes 
were growth at 37°C, hemolytic activity (Only the taxa that showed β hemolysis), phospholipase activity and the spore’s penetration in the respiratory tract from 
the trachea (B) until the alveoli (C). If the spores only entered until the upper respiratory tract (A) it was not considered as an attribute of high risk.
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spp., Nigrospora spp., Penicillium spp. and WNSM) the 
obtained values were equal to or less than 1.0, revealing good 
quality environments, an aspect that corroborates what 
before exposed. 

In this study, open windows and doors were one 
important factor which may explain the variation in 
prevalence and concentration of diff erent species. It is known 
that air circulation can promote spore dispersion and their 
transportation, but at the same time it can desiccate fungal 
mycelium by preventing the establishment of microclimates 
and surface-driven humidity gradients [41 ]. Therefore, this 
air circulation ensures that the fungal propagules that enter 
to the environment of the repositories come out and do not 
deposit on the documents and furniture. The R-2 in the 
second sampling showed a ratio of 1.7 that reveals a slightly 
contaminated environment, therefore of regular quality 
[36,40] , possibly because this repository was not effi  ciently 
ventilated in some moments and it is known that a suitable 
ventilation and air circulation is essential to prevent fungal 
spores from settling on books. This indicates the need to 
maintain an adequate environmental and conservation 
management to guarantee the correct natural ventilation 
and air circulation in all repositories if fungal growth on the 
documents is to be avoided, even in extreme situations such 
as heavy rains and hurricanes. It is important to highlight 
that in this study, fortunately, no “amplifi cation sites” 
of the fungal load in the repositories environments were 
detected and this was due to the good circulation of natural 
air within the repositories. This result is contrary to those 
obtained in a Cuban museum [42 ].

In this study the fungal prevalence, in particular of the 
principal genera (Aspergillus and Cladosporium), is similar to 
other studies carried out in indoor environments of Cuban 
libraries, archives and museums [1,16,34,42]. Besides 
Aspergillus and Penicillium, Cladosporium is considered among 
the commonest genera found indoors with some species 
being predominate under these environmental conditions 
[4,8,32,36,37]. Also in this case the prevalence of two types 
of non-sporulating mycelia, one white (WNSM) and other 
pigmented (PNSM) was obtained. These mycelia types were 
also obtained in other studies in indoor environments of 
Cuban archives and museums [15-17,34,40] as well as in 
environments of archives and libraries of other countries 
[37,43-46]. 

Ecologically Cl. cladosporioides, Cl. sphaerospermum, Cl. 
herbarum, Cl. oxysporum and Cl. tenuissimum were abundant, 
common or occasional species in the samplings; but they 
were detected previously in other archives, libraries and 
museum environments [5,8,15]. However, other species 
of the Cladosporium genus (Cl. basiinfl atum, Cl. hillianum, 
Cl. licheniphilum) were detected for the fi rst time in the 
environment of this archive and it has not seen any report of 

them in the literature consulted for the indoor environments 
of archives hence they are new fi ndings for the archival 
environments.

Three fungal species (A. fl avus, Cl. cladosporioides, Cl. 
sphaerospermum) and the two mycelia types were common in 
both environmental sampling, which represents a similarity 
of 26.3% to 27.8%, which according to Esquivel et al. [28] is 
low.

Other genera were isolated in smaller quantity; such is 
the case of Sepedonium, Trichaegum, Trichophyton, Wallemia, 
Bipolaris, Chrysosporium, Rhizopus and Trichoderma that were 
classifi ed ecologically as occasional.

Chrysosporium and Bipolaris genera were previously 
detected in the environment of the National Archive of 
Cuba [14,15] as well as archives and libraries of other 
countries [32,44,46] whilst Rhizopus has been also isolated 
from indoor environments of archives and library [2,6,37]. 
However, there are reports that some species of these genera 
are pathogens or opportunistic pathogens in humans hence 
the importance of their fi ndings [12,13,47,48].

Among the Fusarium species detected are F. nivale and F. 
graminearum, both isolated for the fi rst time from archive 
environments in Cuba. Fusarium graminearum (detected 
only in R-1 environment) was a species isolated from the 
environment of Havana [19] , a city near to the Pinar del Río 
city, which evidences the possibility that it has penetrated to 
this repository environment from the outside at some time 
prior to sampling and has remained in that environment. 
This specie has also been reported as plant pathogen, 
particularly of cereals, and may cause adverse health eff ects 
in humans and domestic animals [49].

It is highlights that, for the fi rst time in the air of 
Cuban archives, fi lamentous fungi belonging to the genera 
Sepedonium, Trichaegum and Wallemia were isolated. 
Sepedonium spp. has been isolated from the environment 
of Poland libraries [32]; although it is a saprophytic fungus 
that inhabits soil, plant material and mushroom compost 
[50] some cases of infection in human by this fungus have 
been reported [51]. On the other hands, Trichaegum spp. 
was detected in the Albuquerque environment, New Mexico 
[52] and in plants grown that grow in very humid lands 
[53]. Ecologically, Wallemia is a ubiquitous genus that is 
usually isolated from diff erent types of foods, hypersaline 
water, soil, plants and indoor environments; particularly 
from house dust [10]. Also, this genus has been isolated 
from libraries and archives environments [6,43] and it has 
pathogenic species as it is for example Wallemia sebi [54].

In comparison to fi lamentous fungi, and in particular 
considering the airborne species, for yeast genera there 
is little data on their diversity and abundance. Only in the 
fi rst sampling also two yeast species were detected one was 
Candida tropicalis and the other Aureobasidium sp. Instead, in 
the second isolation only a yeast species was isolated (Torula 
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Library of Poland by Zerek [32]  and was noticed previously 
on indoor environment of repositories of the National 
Archive of Cuba [14] .

Candida species have been isolated from archival, library 
and museum environments [5,55,56 ]; even some species 
was isolated from the dust of various libraries in Brazil 
[46] . These species are considered opportunistic pathogens 
in immunocompromised people [47,57 ]. Species of 
Aureobasidium (one of several genera of “black yeasts”) have 
also been detected in the air of libraries and museums in Cuba 
[42], in the museums indoor air of another countries [5,56], 
in libraries indoor air [6,8,37,46 ] and archives  [43,44,58]. 
Aureobasidium is a widely distributed fungal genus usually 
found in soil, fresh water, dead plant material, marine 
estuary sediments and wood [59]. This genus has also been 
observed to grow on textiles, foodstuff s, fruits and painted 
surfaces. In the indoor environment, Aureobasidium growth 
is commonly found in moist places such as bathrooms 
and kitchens, especially on shower curtains, tile grout and 
windowsills. The spores are usually disseminated by wind 
(when dry) and water and some species have been reported 
as human pathogenic [60]. 

In the fi rst sampling, from the R-1 and R-2 were isolates 
A. fl avus and Cl. basiinfl atum but in the outdoor environment 
only were isolated Cl. basiinfl atum and the white mycelium 
with a high predominance, and in a smaller proportion the 
pigmented mycelium. This evidences the entry of these taxa 
into the repositories air from the outdoor environment. 
However, Cl. cladosporioides that was abundant in the indoor 
air of the repositories, or A. fl avus that was detected in two 
repositories (R-1 and R-2) were not species detected in the 
outdoor, the same happened with the rest of the species 
identifi ed inside the diff erent repositories; this result is 
contrary to previous reports that indicate to this Cladosporium 
species as the most abundant in outside environments of 
many countries [36]  and of Cuba [ 61]. This may be due to 
the loss of viability of the spores in the air due to the high 
radiation and temperature of the tropics, particularly in the 
months of intense heat such as June, which manifests with 
greater emphasis at 11:00 am [19 ], approximate time in 
which sampling was done.

Cladosporium basiinfl atum was a species fi rst detected 
in the indoor environment of a Cuban archive, and was also 
recently isolated for fi rst time from the outdoor Havana 
environment, capital of Cuba [19] . This species is European, 
particularly from Germany where it has been isolated from 
plants. Although in the Pinar del Río province there is no 
station that monitors the fungi in the outdoor environment, 
this fi nding made it possible to know that this species was 
found in the outdoor environment of the province but it was 
detected in the indoor environments. On the other hand, its 
fi nding in the indoor environment of the PHA PR indicates 
that it has dispersed in other environments outside the 
Capital.

In the fi rst sampling, Cl. basiinfl atum, P. citrinum and 
WNSM were taxa isolated from outdoor environment and 
were detected also on indoor environments whilst in the 
second isolation Cl. cladosporioides, Cl. herbarum, Nigrospora 
sphaerica and WNSM were the taxa detected in both outdoor 
and indoor environments revealing a 100% coincidence 
for both isolations. This result can be indicative that these 
species came from the outdoor environment.

The survival ability of fungi in the air on indoor 
environments is infl uenced by the RH factor. Relative 
humidity values in the repositories can support fungal 
growth because there are some of them that can grow at RHs 
of ≤ 90%, even < 70% [6]. On the other hand, the materials 
biodeterioration in archive and library is more commonly 
caused by fungi. Depending on individual characteristics 
of each species, they may grow in a wide range of moisture 
conditions, from xerophilic to hydrophilic. Those more 
hazardous to documentary heritage are xerophilic fungi. 
According to these approaches some isolated species of the 
repositories environments in the PHA PR has potentialities 
to be pioneer, secondary and tertiary colonizer according to 
informed by Górny [62]. 

Cabral [38] and Pinzari [ 41] reported that fungi can 
serve as bioindicators of air quality because, depending 
on the presence and concentration of some genera, wet 
environments and diseased buildings can be discovered 
(Sick Building Syndrome, SBS); therefore they constitute 
an advertisement of dangerousness environmental for 
health. These authors suggest that the predominance of 
Aspergillus spp. and Penicillium spp. is indicative of an indoor 
environment with humidity in the building and evidence that 
the building is sick; on the contrary if Cladosporium is the 
predominant genus then the building is healthy. On the other 
hand, Guild and MacDonald [63] and Karbowska-Berent et 
al. [33]  reported that up to 50 CFU/m3 is the concentration 
accepted for each species that is detected so that it does 
not represent a risk to health whilst other authors indicate 
that for individual fungi. According to this criterion, the 
repositories showed healthy environments particularly in 
the second sampling, since most of the species were detected 
in concentrations lower than 50 CFU/m3 with the exception 
of Cl. cladosporioides which reached concentrations of up 
to 210 CFU/m3, but this genus is indicative of a healthy 
environment as mentioned earlier.

Generally, the archive and library workers are at no 
particular health risk if the collections are stored under 
appropriate hygienic and climatic conditions and the 
construction standards for this type of facilities are 
complied with. If the storage conditions change, e.g. the 
indoor T or RH increases, the collections may become 
colonized with microscopic fungi presenting a health hazard 
to the personnel. In addition, when already contaminated 
documents are removed for restoration and maintenance, 
workers are exposed to these microorganisms that exist on 
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of the repositories. Under conditions of increased RH, the 
microorganisms, including fungi, form bioaerosols that are 
inhaled by the workers. Colonization with microorganisms 
and formation of bioaerosols can also proceed when the 
level of indoor humidity is normal but the volume of dust 
on the documents and inside the archive building is high. 
The type of work that make archive and library workers 
particularly exposed to microscopic fungi through skin 
contact and bioaerosols inhalation include: restoration 
and maintenance activities, transportation to and from 
the storage site, destroying damaged documents with a 
shredder, examination and remediation of contaminated 
documents, maintenance and repair of ventilation systems. 
Therefore these microenvironments constitute reservoirs of 
spores and other fungal propagules that can have a marked 
allergenic character and become an important risk factor 
considering the high dose of allergens and the long exposure 
time of the individuals who access the repository during the 
working day. For these reasons, personal protective devices, 
particularly suitable masks, should be used whenever 
possible as they protect the health of employees effi  ciently.

The inhalation of the fungal spores, fragments of hyphae 
and other fungal fragments even in conditions of non-
viability can trigger several health aff ectations of allergen 
type in pre-sensitized individuals fundamentally. These 
spores and fungal fragments can come into contact with the 
nasopharyngeal mucosa and trigger allergies or infections 
[64,65 ]. Also, it is known that these spores can penetrate 
the human respiratory tract, particularly those of smaller 
size (≤ 3 μm) and can reach the alveoli causing invasive 
mycosis on immunocompromised people principally [66] . 
Likewise, fungi may colonize the human body and may 
damage airways by the production of toxins, catalases, 
proteases, phospholipases, lipases and other important 
enzymes as well as volatile organic compounds. Thus, fungi 
have a greater impact on the people’ immune system than 
any other allergenic sources [11]. 

The individual capacity of a microorganism to cause 
diseases depends on a series of mechanisms known as 
virulence factors or pathogenic attributes [9,67 ]. In 
fi lamentous fungi these are diverse and vary according to 
the group, the genus or the species [68].

In this study, the hemolysins and phospholipases 
production at 37°C were evaluated using common solid test 
media because these analyses count among the virulence 
factors of many human pathogenic fungi. It is known that 
the growth of fungi at 37°C is a virulence factor necessary and 
essential to consider a potentially pathogenic fungal strain, 
because this is the body temperature of humans and other 
warm-blooded animals [10,69 ]. The development under this 
condition allows the invasion of epithelial, endothelial and 
blood vessels surfaces. Furthermore, according to Brunke 
et al. [67]  the expression of some genes involved in invasive 

mechanisms occur at that temperature. For these reason, 
this parameter was evaluated in all strains isolated from 
repositories air.

Hemolysins are toxins produced by certain 
microorganisms and are secreted into the extracellular 
medium producing erythrocytes rupture [70 ]. The imbalance 
in the osmotic pressure of the cell due to the pores formed 
by these proteins has been suggested as the mechanism of 
hemolysis. This phenomenon compromises the transport 
of oxygen to the tissues, triggers episodes of anemia and 
facilitates the invasion of blood vessels by the pathogen 
because iron is a very necessary compound for metabolic 
processes, as it requires it as an enzymatic cofactor [70 ]. 

All cells are surrounded by a membrane, which in 
turn is composed of lipids, phospholipids, among other 
biomolecules. Its functions include nutrient transport and 
power generation, in addition to receiving signals, etc. It 
is therefore the integrity of the cell membrane is vital to 
the cell. Phospholipases are a group of enzymes secreted 
by various pathogenic microorganisms have the ability to 
damage cell membranes of the host. The ability to produce 
and secrete enzymes with phospholipase activity of certain 
fungi has been considered as a potential virulence factor that 
contributes signifi cantly to their pathogenicity [71] , as they 
are involved in important physiological processes such as 
fungal dissemination in the host and the defense or evasion 
to mechanisms of the immune system [72].

From the obtained isolates, some taxa were able to grow 
at 37°C and the enzymes hemolysins and phospholipases 
were secreted evidencing the high risk that they represent 
to human health. Among the most risky species highlighted 
Aureobasidium sp., Aspergillus fl avus 1 and 2, and Aspergillus 
fl avipes obtained in fi rst sampling as well as Aspergillus fl avus 
3, Bipolaris sp., Chrysosporium sp., Aspergillus niger 2 obtained 
from the second isolation. It is important to highlight that 
in this last isolation the taxa Aspergillus niger 1, Rhizopus sp., 
and PNSM 5 could also be dangerous for the health although 
they show only three pathogenic attributes (75% of the 
total). This result is consistent with the reports of de Hoog et 
al. [47] and Gostinčar et al. [60]. In this study the size of the 
spores shows that the most species belonging to the genera 
Aspergillus, Cladosporium and Penicillium can penetrate to 
the alveoli increasing the risk to health. Similar results 
were reported in previously studies done in Cuban archives 
[14,17].

With relation to the non-sporulating mycelia Pounder et 
al. [73] determined by molecular biology that these mycelia 
can be non-sporulating forms of pathogenic fungi, so they 
can be potential emerging pathogens. Besides, other authors 
have been reported similar results [74]. This may explain 
the fact that PNSM 5 showed positivity to the most “in vitro” 
virulence tests performed.

These obtained results with the Aspergillus species are 
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hemolysin production in strains of Aspergillus fl avipes, A. 
fl avus and A. niger using a methodology similar to what 
was used in this research [15,17,75]. Moreover, it has been 
reported the detection of more than one type of hemolysin 
in strains of Aspergillus fl avus and A. niger, producing 
species par excellence such mycotoxins which can be 
inhaled and absorbed by skin [76] and clinical importance 
widely cited [77 ]. Bomogolova and Kirtsideli [29]  studied 
the phospholipase activity in fungi isolated from outdoor 
environments of the city of St. Petersburg. They found that 
a representative of the genus Chrysosporium showed positive 
enzymatic activity, which is consistent with this study.

It should be noted that some species of Cladosporium 
also showed a marked hemolytic activity constituting this 
an interesting result. They were Cl. sphaerospermum 1, Cl. 
cladosporioides 5, Cl. cladosporioides 6 and Cl. oxysporum. Of 
these, two species also showed phospholipase activity (Cl. 
cladosporioides 5, Cl. oxysporum). The phospholipase activity 
in Cl. cladosporioides was reported previously [29,78].

In fi lamentous fungi, the virulence factors and the 
pathogenicity strategies are diverse and vary according to 
the group, the genus or the species [9]. The union of several 
virulence factors in the same strain is a necessary condition 
to classify them as potentially pathogenic [64]. Although 
other pathogenic attributes that determine the potential and 
extent of the infection can be shown in the infection process, 
the pathogenic attributes examined in this study are of vital 
importance in fungi with multiple host capacity [79]. 

With the virulence factors analyzed (pathogenic 
attributes) it was obtained that 100% of fungal spores can 
be inhaled and are trapped in the upper respiratory tract 
and that only about 45% have sizes that allow them to reach 
the lower respiratory tract . It was also obtained that 28% 
of isolated fungal strains can grow at 37°C and excretes 
hemolysins but 10.7% of the obtained strains in the fi rst 
isolation and 13.3% of the obtained strains in second isolation 
evidenced the four studied pathogenic attributes. Although 
the immune system of the personnel protects them from 
possible respiratory diseases, the detected attributes show 
the potential risk to which the personnel are exposed during 
the working day, hence the need for the personnel not to 
trust the environmental fungi just because they remain 
in the environment air since they represent a potential 
health risk, therefore, it is important that personnel protect 
themselves during the working day using suitable protective 
equipment and in particular correct masks, fundamentally 
to avoid inhalation of fungal propagules during handling 
and manipulation of documents. 

These results emphasize the need to perform 
microbiological studies periodically and to know the fungal 
variability (including their physiological and pathogenic 
characteristics) that may exist between apparently similar 
indoor environments.
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