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Abstract

Introduction: Intense exposure to airborne fungal propagules has been 
associated with the appearance of allergic diseases and mycoses. Indoor 
environments of archives and libraries are a reservoir of fungal propagules 
due mainly to abundance of dust, the heterogeneous nature of substrates and 
overcrowded conditions in repositories, which constitute complex ecosystems. 
Besides, these environments in tropical countries can be dangerous not only to 
preserve documents but also for health because having high temperatures and 
relative humidity.

Objective: The aim of this work was to evaluate the degree of air pollution 
with allergenic fungi viable in a repository with documents that are manipulated 
with high frequency (work environment). 

Methodology: Air sampling was performed by two methods: active 
(biocollector) and passive (sedimentation plate). In all cases Petri dishes with 
Malta Extract Agar supplemented by NaCl (7.5%) was used to isolate the 
environmental fungi. Fungi were taxonomically identified, and spores were 
measured to determine their penetrability in the human respiratory tract, and its 
impact on episodes of allergy. 

Results: In terms of concentration and diversity, the repository environment 
behaved as a fungal propagules reservoir, which showed that there is significant 
health risk for the staff that manipulates the documents. Some spores were 
shown to be able to reach the lower respiratory tract when inhaled, which 
increases their allergenic and pathogenic potential. Aspergillus, Cladosporium, 
Penicillium and Alternaria, which are referred to as highly allergenic fungi, were 
prevalent. 

Conclusion: Aerobiological studies are a valuable tool for the treatment of 
persons with allergy to fungi and other disorders that they produce.
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its incidence in the unleashing of respiratory diseases and allergic 
[3-6]. It is proposed that of 753 allergens officially recognized by the 
World Organization of Health (WHO) the 16% is of fungal origin 
and there is sensitization to almost 80 genera [6]. The groups with 
the highest incidence in type I allergic reactions are the ascomycetes 
and basidiomycetes [4,7]. In the indoor environments its presence is 
associated with other pathologies infections (mycosis) mediated by 
diverse virulence factors that vary according to the groups or taxones 
[4,7-11].

Allergic responses to fungi are more directly related to the spore 
than to other fungal propagules, such as mycelium fragments, volatile 
organic compounds or mycotoxins associated with them. Spores 
produce allergic reactions due to proteins or glycoproteins that are 
found on your wall. The answers to each type of spores differ according 
to the individual, the population and present great variability in their 
severity [12].

The possibility that a person inhales spores, both in outdoor such 

Introduction
The microbiological quality of indoor air has been related 

to the appearance of occupational diseases since in certain work 
environments exposure to biological agents can be intense and 
persistent [1,2]. The fungal extensive growth has most often been 
associated with the presence of water in materials or condensation 
from high humidity, but the environment does not have to be 
“wet” to support mold associated with health problems. Dampness, 
which is noted only by minor moisture/condensate, is adequate for 
some mold, including species of Aspergillus and Penicillium, molds 
that are thought to be a problem to the health of some building 
occupants. Other, more hydrophilic molds (Stachybotrys, Fusarium 
and Acremonium) grow in higher moisture content [2]. For these 
reason, this phenomenon is increased in areas of tropical climate 
and buildings with inefficient ventilation or air conditioning systems. 
Numerous studies have established a close relationship between 
environmental conditions, the presence of anemophilous fungi and 
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as indoor environments, it is elevated, which depends to a large extent 
on their environmental concentration and physical size [13]. Indoor 
environments of archives and libraries are a reservoir of fungal 
propagules due mainly to abundance of dust, the heterogeneous 
nature of substrates and overcrowded conditions in repositories, 
which constitute complex ecosystems [14-19].

For this reason, the need to perform quantitative and qualitative 
follow-up studies and characterization of airborne mycobiota in this 
type of ecosystem, which will contribute to the improvement of the 
quality of life of the personnel that works in these institutions or 
receives systematic services in them.

In Cuba there are few studies of this nature even when the 
weather conditions are favorable for the development and dispersal 
of fungi and there is an important sensitization to their spores in 
the population [20]. The repositories of the National Archive of 
the Republic of Cuba (NARC) hoard documentation of cultural, 
historical and scientific interest that hundreds of users request daily. 
This entails that archivists, stationary and the rest of the personnel 
involved in the service are exposed to a significant number of fungal 
allergens for long periods of time (workdays).

The aim of this research was to evaluate the degree of air pollution 
with allergenic fungi viable in a repository with documents that are 
manipulated with high frequency (work environment).

Materials and Methods
Characteristics of the study deposit and points of 
sampling

The study was conducted in a repository that protects a much 
reviewed documents in the NARC. This archive is located in the 
municipality of Habana Vieja, Havana, Cuba, in an area bordering 

the port of Havana, characterized by significant levels of pollution of 
air, as consequence of the industrial activity and movement vehicular. 
The repository studied is located in the second floor of building and 
its dimensions are (length x width x height) 15.2 x 6.2 x 2.5 m; it has 
natural cross-ventilation system through holes in the wall designed 
especially for that purpose. The repository store treasures documents 
on paper of high scientific value and historical heritage, sheltered 
in wood bookshelf. The access to the premises by the staff and the 
manipulation of these materials is very frequent due to the high 
number of documents requested by the users.

Measurements of temperature and relative humidity
Although data is collected continuously using a thermo 

hygrograph, measurements were made during the collection of 
samples at each point of sampling using a digital thermo-hygrometer 
Pen TH 8709 (China).

Microbiological sampling of the air
Seven air sampling points were established agreement with 

Sánchis [21]. In addition, according to Pasquarella [19], a sample of 
outdoor air was obtained as a control. 

The air samples were taken by two methods: one active (indoor and 
outdoor) and another passive (indoor). For the plate sedimentation 
method (passive) suggested by Omeliansky [22-25] open Petri dishes 
were placed of 110 mm in diameter for 5 minutes at 1.5m from floor. 
With the volumetric method (active) a SAS Super 100TM biocollector 
(VWR International Srl, Italy) was used for 1 min at 100 L/min to a 
similar height to the above mentioned.

In both cases the culture medium used was Malta Extract Agar 
(MEA) supplemented with Sodium Chloride (NaCl) (7.5%) [26] 
facilitates the growth of halophilic fungi and some xerophilic species; 
also, it is used to limit the colonies growth of Mucorales. After the 
samplings, the dishes were incubated inverted for 7 days at 30°C; then 
the counting and isolation of different colonies was made for later 
analyzes.

Biometric analysis
The colony forming units per cubic meter of air (UFC/m3) were 

determined for each of the sampling methods:

1. Passive method, according to the equation described by 
Omeliansky [22-25]: 

Figure 1: Relative Density (RD) percentages of the genera and mycelia 
detected in the repository by two collect methods. OME: Fungi detected 
by sedimentation passive on Petri dish with culture medium (Omeliansky 
methods); SAS: Fungi detected by the portable volumetric biocollector; 
PNSM: Pigmented Non-sporing Septate Mycelium; WNSM: White Non-
sporing Septate Mycelium; WSAM: White Non-sporing Aseptate Mycelium.

Concentration UFC/m3 
(OME, passive)

UFC/m3 
(SAS, active) T (0C) RH (%)

Maxim 1982 180 r 25.1 50.3

Minimum 619 10 24.5 46.6

Average 1223ap 50 *a q 24.8 b 48.2 b

Table 1: Concentrations of fungal propagules detected on the indoor environment 
of the repository by both sampling methods used.

T: Temperature. RH: Relative Humidity. *: Indicates significant differences 
according to Student’s t test (P ≤ 0.05) on comparing the obtained fungal 
concentrations by both methods. a: Indicate the average value of the fungal 
concentration of the 15 Petri dishes used (5 points by triplicate). b: Represents the 
average of the 5 measurements that correspond to the microbiological sampling 
points. p: Indicate that the environment is Highly Contaminated according to 
Omeliansky (passive method) because the value is higher than 1000 CFU/m3 
[23]. q: Indicate that the environment is No Contaminated according to Cappitelli 
et al., [44] and Roussel et al. [45] (active method). r: Refers a value higher than 
150 CFU/m3 indicative of a Contaminated area into the repository [44,45].
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N = 5a × 104 (bt)-1

Where: N, microbial concentration in UFC/m3; a, number of 
colonies per Petri dish; b, area of the Petri dish (cm2); t, exposure time 
(minute)

2. Active method, according to the manufacturer’s 
instructions of the team [27]:

The Relative Density (RD) of each taxon from the formula 
proposed by Smith [28]:

RD = (number of colonies of one taxon / total number of colonies) 
x 100

Student’s t test was used to evaluate differences in the fungal 
concentrations obtained by both methods.

Taxonomic identification of the isolates
For the identification the characteristics were taken into account 

cultural and morphological characteristics of the colonies and of the 
structures by observation to the stereomicroscope and under an optical 
microscope, depending on convenient. These characteristics were 
determined from colonies of each isolate obtained by inoculation in the 
MEA medium. For observation of the morphological characteristics 
microcultures were mounted according to the technique of Li et al. 
[29], as well as fresh, semi-permanent preparations with lactophenol. 
For the observation of structures hyalines were used lactophenol- 
cotton blue [30] or lactophenol-fushina [31].

The observations and measurements were made in a field 
trinocular biological microscope clear with digital camera coupled.

Taxonomic identification up to the level of gender was performed 
according to the criteria of Kendrick and Carmichael [32] and Barnett 
and Hunter [33]. The identification of Aspergillus species were 
performed according to Raper and Fennel [34]. To identify up species 
of the isolates of the genus Cladosporium, performed microcultures 
in MEA media, agar dextrose potato and synthetic nutrient agar; they 
had consider the criteria of Castañeda [35] and Bensch [36].

In all cases, at least 20 observations were made distributed in 

several fields of vision, in preparations of both the young part and the 
mature area of the colony. Measurements of size conidial of each of 
the strains were taken into account for the analysis of the penetration 
of conidia in the human respiratory tract.

Results and Discussion
Concentration of fungi in the air of the repository

In order to carry out a more complete study from a qualitative 
point of view it was complemented an active method of aerial 
sampling with another passive, which implied differences between 
the concentrations estimated from each of them, even in the same 
sampling point. These differences have been informed by several 
authors [19,37,38], but this passive method was accepted in 
environments study by Abdel-Hameed, and Abdel-Mawla [22] and 
Abdel Hameed et al. [24] and used by different authors previously 
[23,25,26,39,40].

The determination of concentrations of fungal propagules in the 
repository allowed to estimate general form the level of air pollution 
by fungi viable (Table 1).

The environmental microbiological quality of a local depends 
on factors like the activity that in it develops, the number of people 
who access or remain in it, the location of the repositories inside the 
building, the location of building, the dusting level on the surfaces, 
the type of ventilation/acclimatization the geographic and climatic 
zone; and time of the year [14,16,17].

That is why, although work environments with similar 
characteristics (such as some documents repository) 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.

Although for some years the studies of mycological quality of 
indoor air in home and work environments have increased worldwide 
due to the potential risk that the presence of fungi poses for human 

Genera Main 
allergens Main affectations to the health

Alternaria Alt a 1 - 6

Common allergen. It produces type I allergies (immediate hypersensitivity or allergic rhinitis followed by asthma attacks, are 
the case of hay fever and asthma) and Type III (delayed hypersensitivity, is the case of hypersensitivity to pneumonia). It also 
produces nasal, subcutaneous, ocular and nail lesions. It can produce toxins harmful to health and others that have mutagenic 

properties. They can produce severe fungal infections.
Opportunistic infections primarily of skin, eye and nose.

Aspergillus
Asp f 1
Asp f 2
Asp f 3

It is a common allergen. It produces type I and III allergies. It can produce allergic bronchopneumonia, aspergillosis and allergic 
fungal sinusitis. Producer of potent toxins such as aflatoxins B1 and B2, gliotoxins, fumigotoxins, etc., which can cause eye 

infections.
Also cause superficial infection of nose, skin, ears and nails.

Cladosporium Cla h 1
Cla h 2

It is a powerful allergen. It produces type I and III allergies. It produces toxins that cause serious effects in man. It can produce 
severe mycosis, infection of skin, nails and cornea.

Penicillium Pen c 3
Pen c 22

It is a common allergen. It produces type I and III allergies. It produces harmful toxins to man. It produces volatile organic 
compounds that give a strong smell of mold and that are irritating. Some species can produce infections to man.

Also cause superficial infection of nose, skin, ears and nails.
Paecilomyces x It produces type I and III allergies. It produces toxins that cause serious effects in man. It can produce severe mycosis.

Nigrospora X It produces type I and III allergies.

Itersonilia x Produce It produces type I and III allergies. Fruiting body causing hypersensitivity.

Candida enolasa It produces type IV allergies (delayed hypersensitivity of cell type, probable cause of allergic alveolitis).

Table 2: Fungi detected in this study whose propagules are reported to cause allergies.

x - Antigen not described with official nomenclature.
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health, at present there is no international consensus regarding 
regulations that establish limit values that allow classifying an indoor 
environment as contaminated or not.

In the literature, reports are available that establish different 
levels of indoor fungal contamination [3,41-43]. In relation to this 
study, some countries of the European Union as Italy and France 
proposed that 150 and 170 CFU/m3 respectively were indicative of 
an environment no contaminated (air indoor quality) in the heritage 
institutions [44,45]. It is valid to highlight that in Cuba there is no 
standards that regulates the microbiological air quality in archives, 
libraries or other public institutions of similar characteristics; hence 
it is necessary to compare the obtained values with international 
references. In this case, the average value obtained by the active method 
(SAS) indicates that the repository environment is not contaminated 
according to Cappitelli et al., [44] and Roussel et al. [45]. However the 
average value obtained by the passive method indicates to contrary, 
the repository environment is contaminated according to Borrego 
et al., [23] because the obtained values were significantly higher. It 
was reported previously that the obtained fungal concentrations with 
Omeliansky method were higher than those obtained with SAS [46].

As a general criterion, it can be assumed that the microbiological 
quality of an indoor environment is good if the microbial 
concentrations in it are lower or equal to those existing in the 
surrounding outdoor areas [1,46,47]. This in turn has been shown 
to be related to the temperature, relative humidity, ventilation 
and dusting degree [48,49]. Taking into account the average value 
obtained in outdoor areas was 80 CFU/m3, the Indoor/Outdoor ratio 
(I/O) was determined and the obtained value was 0.6, lower than 1; 

it is indicative that the repository environment is not contaminated 
according to Stryjakowska-Sekulska et al. [47]. 

In spite of it, in this study with SAS were discovered fungal 
concentrations significantly superior in some points mainly located 
in the center of the repository (180 and 155 CFU/m3); similarly with 
Omeliansky methods in the same points the concentrations were 
very higher (1982 and 1850 CFU/m3) in relation to the other points. 
The above is indicative of the existence of microenvironments or 
“amplification sites” [50] caused by gradients of temperature, relative 
humidity and ventilation in different areas of the repository. This is 
indicative that the natural cross-ventilation system is inefficient in 
this area of the repository because it does not guarantee a good air 
circulation. Therefore these microenvironments constitute reservoirs 
of spores and other 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.

The overreaction of the immune system is acquired after 
prolonged exposures to high concentrations of antigens for months 
or years. However, once the immune system has been sensitized, 
the hypersensitivity reaction is triggered by exposure to minimal 
amounts of the specific allergen [4,12,51].

Thus, individuals already sensitized with the allergens 
characteristic of some spores or propagules could present episodes of 
allergy in the future if they come in contact with a small amount of 
these, even outside the work environment. If one takes into account 
that most of these fungi are anemophilous and abundant in outdoor 
environment, it is evident that such contact is highly probable.

The values of temperature and relative humidity in the repository 
(Table 1) are within the established for the preservation of the 
documentary supports that are preserved in it [52]. However, in 
the face of prolonged exposure they can cause dry air to affect the 
mucosal moisture of the upper respiratory or conjunctive tract [3]. 
This facilitates the passage of antigens through the membranes of the 
mucous, triggering subsequent hypersensitivity reactions. That is why 
in the institutions of this type it is a requirement to stay as short as 
possible within the repositories [52].

Taxonomic and strains identification with allergenic 
potential

If a rigorous environmental microbiological diagnosis is to be 
carried outdoor and indoor environments, it is necessary not only 
to quantify the microorganisms, but also to identify and characterize 
them [8,17]. In order to assess the risk of environmental fungi on 
health, it is necessary to know the genus and the species, since the 
effects can be severe in an environment with the presence of a highly 
allergenic or toxigenic agent, even at low concentrations [8,46,53].

At the site, a great diversity of fungi was detected, which were 
located in 19 genera between ascomycetes, basidiomycetes and 
zygomycetes (16 filamentous fungi and three yeasts), as well as 
three types of non-sporulated mycelia (Figure 1). The comparison 
with the air sample taken outside of the building, where only 
9 genera were detected (Alternaria, Aspergillus, Cladosporium, 
Chrysosporium, Fusarium, Itersonilia, Nigrospora, Nodulisporium, 
Penicillium), showed great differences. It was evident that both for 

Genera Size (length x width, μm) RT

Alternaria 22 - 95 x 8 - 19 A

Aspergillus 2 - 10 A, B y C

Blastomyces 2 - 7 x 2 - 4.5 A, B y C

Botryotrichum 10 - 13 x 15 - 21 A

Chrysosporium 6 - 7 x 4 - 6 A y B 

Cladosporium 3 - 25 x 2 - 8 A, B y C

Fusarium 30 - 60 x 3 - 5 A

Gilmaniella 7 - 10 A

Itersonilia 18 - 21.7 x 8 - 10.5 A

Nigrospora 12 - 15 A

Nodulisporium 10 - 13 A

Ovulariopsis 18.5 - 60 x 6 - 13 A

Paecilomyces 2.5 - 3 x 2 – 3.2 A, B y C

Penicillium 2.2 - 4 A, B y C

Pestalotia 17 - 20 x 5 - 8 A

Zygosporium 9 - 15 x 6 - 9 A

Torula 4 - 6 A y B

Candida 3.8 x 2 - 7 A y B

Rhodotorula 7 - 30 x 3 - 8  A

Table 3: Size of the spores of the different taxa detected. Respiratory Tract level 
(RT) to which the spores can penetrate.

A: Upper Respiratory Tract. B: Trachea, Bronchi and Bronchioles. C: Alveoli.
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the concentration and in terms of diversity, the place behaved as 
an important reservoir of fungal propagules and, consequently, of 
allergens of different characteristics.

It is worth mentioning that the fungal diversity in the environment 
could be greater, since non-viable fungal propagules were not taken 
into account, although they are unable to colonize any substrate, they 
can cause allergic reactions. Prolonged and repeated exposure to such 
a diversity of spores or other fungal fragments increases the risk of 
specific allergic reactions against fungal antigens [4,12].

It was evident the predominance of representatives of the genera 
Aspergillus and Cladosporium, with the highest values of relative 
density. Penicillium spp. was detected too.

It is widely known that the representatives of Aspergillus spp., 
Cladosporium spp. and Penicillium spp. are producers of a large 
quantity of antigens with a marked allergenic character; these can 
be enzymes, toxins and volatile organic compounds (Table 2). On 
the other hand, some components of the cell wall of spores such as 
glycoproteins and certain cross-reactive proteins of phylogenetically 
highly conserved structure can exert a negative effect even without 
active growth or viability [6,53].

Although certain allergenic properties can be attributed to a fungal 
genus, there are great differences between species and even between 
strains of the same species. In this study we detected species of the 
mentioned genera that are reported as recognized causes of allergies: 
Aspergillus niger, Aspergillus flavus, Cladosporium cladosporioides, 
Penicillium oxalicum and Penicillium chrysogenum [6,53-55].

Another genus detected of great importance for allergists was 
Alternaria. Although its concentration in the air is generally lower 
than that of others such as Cladosporium spp., there are more people 
allergic to Alternaria and the responses to its allergens are much 
more severe [4,6,20,53]. Cladosporium usually produces a mild 
allergic reaction due to its high concentrations in the environment, 
important cause of inhalant allergy and allergic asthma in humans 
[10,54-56]. Both fungal genera cause hypersensitivity reactions, 
which can be immediate and affect the upper respiratory system 
causing rhinitis and asthma [9]; some authors have shown that there 
is a cross reactivity between these types of spores. This fact and the 
high concentrations reached by the representatives of Cladosporium 
spp. in the air, enhances the immune response of people sensitive to 
Alternaria spp. [10,54,57].

The isolation of Alternaria cinerariae in the outdoor of the 
building and the low concentration found in the indoor could explain 
its origin and its occasional detection in the premises. Other genera of 
potentialities were isolated to cause allergic reactions (Table 2).

The size of fungal propagules as a virulence factor
The individual capacity of a microorganism to cause diseases 

depends on a series of mechanisms known as virulence factors or 
pathogenic attributes [8,58-60]. In filamentous fungi these are diverse 
and vary according to the group, the genus or the species [11,61].

In the case of hypersensitivity reactions, asthma or invasive 
mycosis in the respiratory tract, the size of the spores can certainly be 
considered as an important pathogenic attribute. The respiratory tract 
functions as a complex network for the distribution of inspired air, in 

which the ducts branch out and decrease in diameter progressively 
until reaching the alveoli, so it acts as a trap, filtering and retaining 
most of the particles that accompany the more than 8000 L of air that 
daily mobilize the lungs [1,13,62].

When they are inhaled in large quantities, the spores of small size 
are dragged to the lower respiratory tract and can reach the alveoli. In 
this study, the measurement of the spores of the sporulated isolates, in 
addition to being used for taxonomic identification, made it possible 
to determine their potential to penetrate the respiratory tract (Table 
3).

In the upper respiratory tract 100% of the detected propagules can 
penetrate; however, 58% cannot pass to the rest of the respiratory tracts 
because their size exceeds 10 μm. Among the spores that are retained 
at this first level are those of the genera Alternaria, Botryotrichum, 
Fusarium, Gilmaniella, Itersonilia, Nigrospora, Nodulisporium, 
Ovulariopsis, Pestalotia, Zygospirium and Rhodotorula. The spores of 
these fungi can come into contact with the nasopharyngeal mucosa 
and trigger allergies or infections.

The rest of the spores (42%) are able to pass to trachea, bronchi 
and bronchioles. They stand out in this group, genera detected with 
high RD as Aspergillus, Cladosporium and Penicillium. Only spores 
with a size smaller than 3 μm can penetrate the alveoli (26%).

Rodríguez et al., [63] in a study aimed at identifying fungal 
genera isolated from the nasal and pharyngeal mucosa of patients 
with allergic rhinitis, detected spores of the genera Cladosporium, 
Penicillium, Aspergillus, Alternaria and Fusarium at the nasal level and 
spores of Cladosporium, Aspergillus and Penicillium at the pharyngeal 
level, result that supports the analysis we perform. It should also be 
considered that the species of these last 3 genera are identified with 
high frequency and almost always predominantly in the air and on 
the surfaces of studied work environments in Cuba [15,16,23,46,64].

Impact of aeromycological studies on allergology
Aeromycological studies are a valuable tool in the fight against 

allergies to fungi and other problems that they cause. The best 
treatment for allergic processes is based on avoiding exposure to 
the allergen that triggers the reaction [12]. Although this treatment 
is almost never possible in full, through systematic environmental 
studies could elucidate the dynamics of the mycobiota characteristic 
of certain premises or buildings, which would result in a better 
prophylactic work in the prevention of allergies.

One of the biggest problems in the study of fungal allergies is the 
standardization of antigenic extracts because there are important 
antigenic variations related to the environmental conditions of 
growths such as temperature, pH, or substrates in which they develop 
[55,65].

In the absence of specific information on the qualitative 
composition and antigen concentration in the atmosphere and 
without the use of uniform extracts of antigens, it is difficult to 
establish a cause-effect relationship.

Indoor and outdoor aerobiological studies together with the 
characterization of the isolates of certain geographical areas, buildings, 
homes or workplaces could facilitate the banks of specimens that 
allow the elaboration of extracts with strains to which a probability 
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is most likely to be exposed population or group determined. On 
the other hand, they will allow locating possible sources of spores or 
deposition zones of certain propagules.

Conclusion
In the analyzed documents repository, a considerable 

concentrations of propagules were detected corresponding to 
viable fungal species and species of marked allergenic nature, which 
evidenced that there is an important risk for the health of the work 
team taking into account the permanence in the same during the 
workday.

An important part of the spores of the aerial mycobiota can reach 
the lower respiratory tract and reach the alveoli, which accentuates its 
allergenic and pathogenic potential.

It is necessary as an essential prophylactic measure, to demand 
the use of the means of personal protection (especially for respiratory 
tract) by all the personnel who have access to the repository.

The generalization and systematization of aerobiological studies 
of this type in work and home environments in Cuba can contribute 
significantly to the prophylaxis, treatment and research in the field of 
allergology.
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