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Airborne Fungi in Library Environment and Human Health Risks

Objetive: This review aims to approach the impact that 
airborne fungi have in collections, mainly in libraries, and also 
their impact in the health of the people who works and visiting 
there. Methodology: The search was made with the most 
recent papers, with free access in online databases: Pubmed 
(National Library of Medicine and the National Institutes), Lilacs 
(Latin-American and Caribbean Literature in Health Science, 
acronym in Spanish) and Scielo (Scientific Electronic Library 
Online), by using key words related with the proposed theme. 
Results: Libraries have substrates and residuals that allow the 
presence and proliferation of airborne fungi. These fungi are 
biodeteriorators that attack the collections but also can cause 
respiratory diseases, mycoses, or even systemic diseases. The 
most common genera are Aspergillus, Penicillium, Cladosporium, 
Alternaria, Acremonium and Fusarium. These fungi have asexual 
reproduction by producing tiny dry spores that can remain 
viable by long periods on the air and can also be transported 
on it. Preserve collections demands control of air temperature 
and humidity, to inhibit the airborne fungi proliferation and 
thus, decreasing the risks to human health. Conclusion: The 
knowledge about airborne fungi as contaminants in libraries 
environment it is of utmost importance for the development of 
preventive actions for preservation of the collections and also for 
the health of people who works in or visit them. 
Keywords: Air quality, documentary collections, Biodeterioration. 
Occupational health.  
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INTRODUCTION 

Libraries are the places where historical 

information are available, housing human 

knowledge from different times and ages [1]. 

Thus, libraries practice an important social role 

in the inclusion of people, in all their diversity and 

totality, in the culture of information which main 

values are accessibility, confidentiality, privacy, 

diversity, education, learning, preservation and 

services, contributing for formation and research 
[2].  Thereby, libraries revest on their importance 

by their function of preserve the history while 

democratizing the knowledge [3].  

The efforts to ensure that the collections present 

in libraries [books, photographs, fine arts and 

other items related to cultural heritage and 

memory] perpetuate to other generations have 

been worthy of recognition. Such collections 

require special care in storage and packaging, 

due to the nature of the material they are made 

of and because they are exposed to a series of 

factors that can compromise the information, 

especially when are in paper form [1,4,5,6]. 

The spectrum of factors that can damage and 

destroy the collections on paper is varied, with 

fungi being one of the always present examples 
[1,4,6]. These microorganisms can lead to the 

complete destruction of historical information, in 

addition to compromising the health of 

employees who work in the environment and of 

other people who visit the collections [7,8,9]. The 

presence of spots as well as fungal structures in 

the collections can cause irreversible damage; 

on the other hand, allergic processes can affect 

the population exposed to the action of fungi 
[1,8,10,11]. The presence or suspicion of 

contaminating fungi in a library requires 

immediate attention. 

Airborne fungi have great importance because 

they are the principal constituents of the 

atmosphere, especially in closed places with low 

air circulation [12]. Its spores, the main 

propagules, are easily transported in the air, 

amid dust, and are deposited on surfaces in 

libraries [13]. The composition of airborne fungi in 

these environments can vary according to their 

exposure to the external environment and the 

various internal factors that contribute to their 

proliferation [14]. Thus, factors such as low air 

circulation, variations in temperature and 

humidity, geography of the area, circulation of 

people and constant handling of books and other 

objects by employees and users, favor the 

dispersion, colonization and inhalation of fungal 

structures [13,15].  

The most commonly airborne fungi recorded in 

literature as contaminants in library 

environments belong to the genera Aspergillus, 

Penicillium, Cladosporium, Alternaria, 

Acremonium and Fusarium [13,15,16,17]. Such taxa 

produce large amounts of dry asexual spores 

that, when dispersed in the air and inhaled, 

become determinants for triggering allergic 

diseases, such as asthma and rhinitis, and 

depending on the degree of infestation, 

exposure time,  and the immune system, they 

can cause more serious diseases, such as 

fungal bronchopulmonary allergies or 

hypersensitive pneumonia [12]. 

The knowledge of airborne fungi as the main 

polluting agents of library environments is of 

paramount importance for the development of 

preventive actions in order to reduce the 

presence of such microorganisms, favoring the 

conservation of the collections, especially those 

on paper, and the health of people who works in 

or visit them. In this context, the present work 

aims to address the impacts that airborne fungi 

cause in a library environment. 

METHODS 

This study is a systematic review of the impacts 

caused by the presence of airborne fungi in 

library collections and the risks and 

consequences for human health. For this, a 

bibliographic search was made in free journals 

available online in the databases of Pubmed 

[National Library of Medicine and the National 

Institutes], Lilacs [Latin American and Caribbean 

Literature in Health Sciences] and Scielo 

[Scientific Electronic Library Online], using the 

following keywords: "Documentary collections", 
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"aeroallergens", "biodeterioration", 

"occupational health", "anemophilic fungi", 

"health risks" “air quality”. 

The inclusion criteria for journals in the research 

were: relevant studies related to the topic; 

complete articles published in English, 

Portuguese or Spanish; published from 1990 to 

2020. As exclusion criteria, articles that did not 

meet the proposed theme or outside the 

selected period were considered. 

RESULTS 

It is known that library collections are formed by 

different types of paper, the main component of 

which is cellulose, a polysaccharide [1]. Starch 

glue, cloth and leather are also present in these 

collections. in addition to dirt and grease 

residues associated with different surfaces, due 

to the routine handling and poor conservation by 

the people who use them [1, 4,15]. All of these 

elements favor the presence and proliferation of 

macro and microorganisms that cause serious 

damage to the historical and cultural heritage 

stored in these locations [1]. 

Among microorganisms, airborne fungi are well 

represented since they are excellent degraders 

of organic matter, including cellulose [16], being 

further favored by the environmental conditions 

that many libraries have as little ventilation and 

poor illumination, in addition to high temperature 

and humidity [18]. Under these conditions, the 

metabolism of fungi intensifies, inducing the 

production of spores, which commonly 

propagate in the atmospheric air through dust 

particles [19]. The deposition of dust particles on 

the different surfaces in the libraries in addition 

to the absorption of air humidity, creates a 

microenvironment auspicious to the germination 

of spores and the growth of these fungi [1,19]. As 

a result, the formation of yellowish spots on the 

papers occurs, which are darker in the center 

and with light edges, due to cellulose 

degradation, which can easily affect all library 

collections causing irreparable damage [6, 9,20]. 

Quantify spores concentration and identify the 

fungal community of airborne fungi in these 

environments  are important aspects that should 

be monitored [16], since in addition to their action 

as biodeteriorators, these microorganisms are 

potential pathogens to man [21], representing 

great risks to the health of the workers in these 

spaces, and to the other people that frequent it 

regularly. These fungi are allergens and, 

therefore, they have been responsible for 

different types of health problems with allergic 

respiratory manifestations, such as asthma and 

rhinitis, conjunctivitis, some dermatological 

diseases, and opportunistic mycoses. In 

addition, they can produce the Sick Building 

Syndrome [SBS], which has been listed by the 

World Health Organization [WHO] since 1982 
[7,8, 9]. SBS is characterized by the manifestation 

of several symptoms, like eyes, nasal and throat 

irritation, chest problems, fatigue, fever, and 

many others [7]. 

These diseases are often associated with 

exposure to large amounts of fungal spores in 

the air [22]. However, infectious diseases, caused 

by the inhalation of different fungi, depend not 

only on the number of spores inhaled, but also 

on the deposition site in the respiratory system, 

which is directly related to the aerodynamic 

diameter of the spores of the fungus [23]. 

Particulate matter suspended in the air 

containing fungi smaller than 5 µm is capable of 

penetrating the alveoli and causing allergic 

alveolitis and other serious diseases [23,24]. The 

more frequent genera of airborne fungi in library 

environments are Aspergillus, Penicillium, 

Alternaria, Cladosporium, Acremonium and 

Fusarium [8,13,25,26]. These fungi reproduce 

asexually and produce small and dry spores in 

large quantities, facilitating long stays in the air 

and wide distribution in the environment [23]. 

The genus Aspergillus can be found in several 

places and has been reported as one of the most 

frequent and abundant genera in library 

environments [13,15,16]. Its spores are numerous 

and very small, which facilitates its suspension 

in the air, being able to penetrate the human 

body through inhalation. Opportunistic lung 

infections [aspergillosis] are the main type of 
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involvement, but they can also attack auditory 

canals, sinuses, corneas and cause 

onychomycosis [27]. In addition, they are capable 

of producing aflatoxins [harmful to the liver, great 

carcinogenic power], which can cause disorders 

to the individual under favorable conditions [16,27]. 

The literature reports that few species can cause 

disease in humans, namely A. fumigatus, A. 

flavus, A. nidulans, A. terreus and A. niger [28]. 

The genus Penicillium is also present in a wide 

variety of environments, especially associated 

with libraries [13,15,16]. This genus mainly affects 

immunocompromised individuals, and can 

cause penicilliosis, an opportunistic mycosis [23]. 

The most clinically important species is P. 

marneffei, a dimorphic fungus whose infection 

begins with the inhalation of spores and 

development within the host cell, spreading to 

the lymph nodes, liver, spleen, lung, marrow and 

skin [27]. This species has been considered as 

one of the world’s ten most feared fungi [29]. 

Currently, the genus Penicillium has received 

great attention since studies have shown the 

relationship of some species with asthma [30,31]. 

The Cladosporium genus has several species 

with wide distribution, many of them has been 

associated with different environments and 

capable to colonize the most diverse substrates 

present in library collections [paints, wood, 

textiles, leather, papers] [3]. The highest 

prevalence of species of this genus is seen in 

external environments, but its isolation in indoor 

environments is quite common, being one of the 

most frequent airborne fungi in libraries and 

hospitals [31,32]. Although Cladosporium species 

are rare as human pathogens, they can cause 

skin infections such as phaeohyphomycosis and 

lung infections [7]. 

Another common fungus indoors is the genus 

Alternaria, which, although considered a 

phytopathogen, some species have been linked 

to cases of infections in humans, especially in 

immunocompromised individuals [31]. It has great 

importance as one of the main genera of 

allergen fungi, with emphasis on the species A. 

alternata sensu lato. The literature has shown 

the association of A. alternata s.l. with asthma, 

hypersensitive pneumonitis, allergic rhinitis [33] 

and cases of cutaneous phaeohyphomycosis 
[34,35]. This fungus is more prevalent in dry and 

hot climates [31]. 

Acremonium is another genus of fungi that can 

be frequently found indoors and has already 

been reported in libraries [8,10,32]. In this 

environment it is present both in the air and on 

the surface of books, floors, shelves, cabinets 

and drawers in file rooms [13]. They usually cause 

infections in immunocompromised individuals, 

but are also known to affect those without any 

underlying immunological problems [36]. 

Acremonium infections can be classified as 

superficial, locally invasive or disseminated. 

Allergic diseases can also be caused by this 

fungus [36,37]. 

Fusarium species are widely distributed and 

recognized as important plant pathogens. Many 

species produce mycotoxins, which are toxic 

secondary metabolites and can affect human 

health [31]. Indoors, its spores in the air are 

potential causes of pathologies. These can vary 

from localized infections of the skin 

[dermatomycosis], nails [onychomycosis] and 

eye infections [keratomycosis, commonly 

affecting contact lens wearers]. More seriously, 

Fusarium infection can result in sinusitis, 

pneumonia, thrombophlebitis, endophthalmitis, 

septic arthritis and osteomyelitis [38]. 

Studies on airborne fungi as polluting agents of 

the environment, mainly in libraries, due to their 

importance in the etiology of allergic and 

opportunistic respiratory diseases, as well as in 

different clinical cases of mycoses, are of 

paramount importance. The confirmation of the 

contamination is based mainly on the collection 

and cultures of samples taken from the 

environments [14]. The diversity of these airborne 

fungi depends directly on local climatic factors, 

mainly on temperature and humidity [8]. Such 

factors influence directly the propagation and 

germination of fungal propagules and the 

organic matter decomposition process, since 

higher values of temperature and humidity favor 
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the growth and colonization of a greater diversity 

of fungi [1,8]. The wrong planning of the physical 

spaces of some libraries and the lack of control 

of these environmental variables generate ideal 

microclimates for the proliferation of such 

microorganisms [39], compromising the 

information on the different supports, besides 

compromising the health of people who work or 

visit library spaces [7,8]. 

CONCLUSION 

Libraries have many conditions that support the 

presence of a variety airborne fungi, such as 

armored artifacts inside them, dust accumulated 

in the rooms, local hygiene, as well as climatic 

conditions of humidity and temperature. The 

collections supported in paper represent a 

substrate quite conducive to the colonization of 

fungi, due to its structures composed mainly by 

carbohydrates, and containing other polymers 

such as proteins, thus becoming a favorable 

medium to the growth of these microorganisms. 

A numerous and constant presence of airborne 

fungi compromises the library collections; 

besides, many species are potential allergens, 

triggers of respiratory allergies or even more 

serious pathologies. So, a constant monitoring 

of the environment to avoid contamination by 

airborne fungi is required, as well as the control 

of atmospheric variables and to adopt adequate 

measures of sanitation and disinfection, aiming 

at the preventive conservation of the collections, 

in order to avoid damage to them and to the 

health of the people. 
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