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APRESENTAÇÃO
A obra “Política, Planejamento e Gestão em Saúde” emerge como uma fonte de 

pesquisa robusta, que explora o conhecimento em suas diferentes faces, abrangendo 
diversos estudos.

Por ser uma área que investiga processos de formulação, implementação, 
planejamento, execução e avaliação de políticas, sistemas, serviços e práticas de saúde, 
a sua relevância no campo das ciências da saúde é indiscutível, revelando a multiplicidade 
de aportes teóricos e metodológicos, de caráter interdisciplinar, transdisciplinar e 
multiprofissional, influenciados por diferentes campos de conhecimento. 

No intuito de promover e estimular o aprendizado dos leitores sobre esta temática, 
os estudos selecionados fornecem concepções fundamentadas em diferentes métodos de 
pesquisa.

Constituído por dez volumes, este e-Book é composto por 212 textos científicos que 
refletem sobre as ciências da saúde, seus avanços recentes e as necessidades sociais da 
população, dos profissionais de saúde e do relacionamento entre ambos.

Visando uma organização didática, a obra está dividida de acordo com seis 
temáticas abordadas em cada pesquisa, sendo elas: “Análises e Avaliações Comparativas” 
que traz como foco estudos que identificam não apenas diferentes características entre 
os sistemas, mas também de investigação onde mais de um nível de análise é possível; 
“Levantamento de Dados e Estudos Retrospectivos” correspondente aos estudos 
procedentes do conjunto de informações que já foram coletadas durante um processo de 
investigação distinta; “Entrevistas e Questionários” através da coleta de dados relativos ao 
processo de pesquisa; “Estudos Interdisciplinares” que oferecem possibilidades do diálogo 
entre as diferentes áreas e conceitos; “Estudos de Revisão da Literatura” que discutem 
o estado da arte da ciência baseada em evidência sugerindo possibilidades, hipóteses e 
problemáticas técnicas para a prática clínica; e, por fim, tem-se a última temática “Relatos 
de Experiências e Estudos de Caso” através da comunicação de experiência e de vivência 
em saúde apresentando aspectos da realidade clínica, cultural e social que permeiam a 
ciência no Brasil.

Enquanto organizadores, através deste e-Book publicado pela Atena Editora, 
convidamos o leitor a gerar, resgatar ou ainda aprimorar seu senso investigativo no 
intuito de estimular ainda mais sua busca pelo conhecimento na área científica. Por fim, 
agradecemos aos autores pelo empenho e dedicação, que possibilitaram a construção 
dessa obra de excelência, e o trabalho aqui presente pode ser um agente transformador 
por gerar conhecimento em uma área fundamental do desenvolvimento como a saúde.

Boa leitura!

Luis Henrique Almeida Castro
Fernanda Viana de Carvalho Moreto

Thiago Teixeira Pereira
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ABSTRACT: The effects of indoor air pollution 
have received increased attention worldwide. 
Schools are places with a high level of activity 
and population density of children, where 
different pollutants from both indoor and outdoor 
sources may be introduced and persist for a 
long time. Indoor air quality in school buildings 
is characterized by various pollutants, such as 
volatile organic compounds (VOCs), particulate 
matter (PM2.5 and PM10), fungi and bacteria. 
In this context, the objective of this study was 
to describe and characterize the microbial 
contamination present in the indoor atmosphere 
of a public school in our city in relation to its impact 
with the respiratory disorders of those who come 
to that establishment. The predominant genera of 
airborne fungi isolated in indoor air of the college 
were Cladosporium, Epicoccum, Ulocladium, 
Aspergillus, Fusarium and Penicillium. The 
predominant bacteria in this work were some 
species belonging to the genus Pseudomonas 
and Bacillus, added to Micrococcus luteus, which 
persisted in the different sampled seasons. Mold 
and bacteria monitoring shows differences in the 
found genera/species in the assayed seasons of 
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the year, which is correlated with the variation in environmental conditions. This fact does not 
seem to be affecting the respiratory physiological parameters of the evaluated children since 
they are within normal values, according to the international literature. When compared with 
the international bibliography, they show to be slightly smaller, highlighting the importance 
of having specific equations to the region under study. In future studies, an attempt will be 
made to correlate the found microorganisms with the profiles of volatile metabolites organic 
compounds (MVOC´s) and their effects on the respiratory health of a group of adolescents 
from La Plata city.
KEYWORDS: biological pollution, air quality, health, School environments.

1 | 	INTRODUCTION
The effects of indoor air pollution have received increased attention worldwide. 

Various studies have indicated that exposure to some pollutants can be two to five times 
higher in intramural environments than outside. In recent years, it has become especially 
relevant the term “sick building syndrome” associated to a wide range of symptoms or 
diseases that people who inhabit these spaces attribute to the building itself (BALOCH et 
al., 2020).

Schools are places with a high level of activity and population density of children, 
where different pollutants from both indoor and outdoor sources may be introduced and 
persist for a long time (CHITHRA and NAGENDRA 2018). Indoor air quality (IAQ) has 
a significant impact on health, wellbeing and human performance (GUAIS et al., 2011), 
particularly in children, who are more vulnerable and sensitive to the presence of air 
pollutants (LAZOVIC et al., 2015). 

Indoor air quality in school buildings is characterized by various pollutants, such 
as volatile organic compounds (VOCs), particulate matter (PM2.5 and PM10), fungi and 
bacteria (MADUREIRA et al. 2009, 2012, 2015; SALONEN et al. 2015). Changes in the 
health status of students exposed to poor indoor air quality may manifest in various acute and 
chronic symptoms as well as in the form of various specific diseases, student absenteeism, 
loss of concentration, drowsiness and tiredness, as well as development or exacerbation 
of respiratory symptoms and asthma, headache, and decreased academic performance 
(GRINESKI et al., 2016, MEIBOUDI et al., 2016; KANCHONGKITTIPHON et al. 2015).

Children are more susceptible to the effects of air contaminants than adults, due 
to their immature immune and respiratory system, inferior body mass index and breathing 
pattern (YASSIN and PILLAI 2018, WHO 2006). As a result of the time spent in schools, 
indoor environmental conditions are among the major contributors of total exposure for 
children to various air pollutants (LAI et al. 2015, SALTHAMMER et al. 2016; YASSIN and 
PILLAI 2018, BENNETT et al. 2019).

Biological pollution because of indoor dampness, moisture, or water damage is a 
challenging environmental health issue. Association between these moisture problems 
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and related microbial growth and human health has been extensively documented. In this 
context, the objective of this study was to characterize the microbial contamination present 
in the indoor atmosphere of a public school in our city in relation to its impact with the 
respiratory disorders of those who come to that establishment.

2 | 	METHODOLOGY

Study design 
The present study was carried out in the National College “Rafael Hernández”, 

a public school building located in the urban area of La Plata city, capital of Buenos 
Aires province, Argentine. Nine classrooms were selected with different characteristics, 
associated with their location in the building, orientation and ventilation. Three samplings 
were carried out (during the winter, spring and summer seasons) since the fourth sampling 
(corresponding to autumn) had to be rejected due to the current situation of the coronavirus 
pandemic. Therefore, 54 air samples (27 bacterial and 27 fungal samples) were analyzed. 
The classrooms were selected according to their location in the building and orientation. 

Microbiological air sample
Air samples were collected by a) impaction using an air sampler (“Aquaria” Microflow 

Alfa, Made in Italy) with a flow rate of 1.5 L of air per minute for 3 minutes collected in Petri 
dishes (55 mm diameter) and b) spontaneous sedimentation for 15 minutes in a 90 mm 
diameter Petri dishes.

Microorganism recovery

Fungal isolation
Isolation and count of filamentous and yeast fungi were performed using Sabouraud 

and Diclorán 18% Glicerol Cloranfenicol (DG18) plates. The plates were incubated at 28 ± 
2°C for a 7 and 2 days incubation period for filamentous and yeast fungi, respectively. The 
count was reported as colony forming units (CFU). Each of the filamentous fungi colonies that 
presented different macromorphological characteristics were placed in tubes with inclined 
Malt Extract Agar (MEA) for isolation and subsequent identification. They were incubated 
in the same conditions for 7 days. According to their macromorphology (diameter, texture, 
reverse and obverse of the colonies, color of conidia, production of pigments, sclerotia, 
and/or structures of sexual reproduction), each isolation was replicated to specific culture 
media for each case and identified accordingly according to the taxonomic keys of PITT 
and HOCKING (1997). The yeast colonies were transferred to lysine agar and WL-agar by 
serial dilution and direct plating to differentiate the yeast of the saccharomyces type from 
the non-saccharomyces according to the presence/absence of colonies and microscopic 
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morphology, respectively (FOWELL, 1965; PALLMANN et al., 2001).

Bacterial isolation
Agar R2A agar was used as the culture medium for sampling. The incubation for 

its corresponding enumeration was performed during 48 h at 37°C. Then a macroscopic 
differentiation was carried out by color, texture and appearance. Each colony was 
transferred to Tryptein Soy Agar (TSA) plates and once developed; they were stained with 
Gram, to separate each isolate according to its morphology and structure. Simultaneously, 
the catalase reaction and glucose O/F were performed. The bacteria identification was 
performed using Matrix Assisted Laser Desorption Ionization- Time of Flight analyzer (Maldi-
Tof MS) with the VITEK®MS commercial system (bioMérieux, Durham, NC) with SARAMIS 
database. 

Determination of physiological parameters
The following parameters were performed using a DATOSPIR 120A portable 

spirometer, appropriately calibrated, in a whole in accordance with international 
recommendations (American Thoracic Society, 1995; American Thoracic Society-European 
Respiratory Society, 1993). 

- FVC (liters): Forced Vital Capacity is the amount of air that the patient can expel in a 
maximum expiration, after filling his lungs to maximum capacity. A normal or reduced 
value indicates obstructive diseases, while a reduction of the FVC means restrictive 
diseases. 

- FEV1 (liters): Forced Expiratory Volume that manages to forcely expire the patient 
in the first second of the maneuver. A low value means obstructive disease. 

- FEV1/FVC (%): It is used in the diagnosis of restrictive and obstructive pulmonary 
diseases. It represents the percentage of a person’s vital capacity that can expire in 
the first second of exhalation. 

- FEF25%-75%: Average Forced Expiratory Flow from the moment 25% of the FVC 
is exhaled to 75% of the exhaled FVC.

- PEF (liters/second): Maximum Expiratory Flow obtained from the peak in the 
expiratory branch of the flow-volume curve.

For this purpose, healthy young people were randomly selected from the different 
courses attending the school under study, aged between 13 and 17 years, who had 
voluntarily signed the corresponding informed consent and whose parents expressed the 
desire to accompany them with it (GARCÍA-RIO et al., 2013).
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3 | 	RESULTS AND DISCUSSION

Microbiological pollutants
As the prevalence of different fungal genera was the same regardless of the sampling 

method, the counts were made of Petri dishes of 55 mm diameter where it allowed us to 
quantify the contamination per unit time and the occurrence of each fungal genera was 
estimated based on the frequency of appearance on the Petri dishes of 90 mm diameter 
exposed to the environment.

As there was no significant difference between the different sampled sites, the indoor 
pollutants concentration was reported as the average of all the plates analyzed in each 
sampling. Table 1 summarizes the mean (± standard deviation) concentration of indoor 
microbiological pollutants at the different sampling seasons. 

Microbiological 
pollutants

Winter Spring Summer
Mean (UFC/
m3. minute)

Standard 
deviation (SD)

Mean (UFC/
m3. minute)

Standard 
deviation (SD)

Mean (UFC/
m3. minute)

Standard 
deviation (SD)

Fungus 3.5 x 102 0.3 x 102 4,2 x 102 0.7 x 102 9,1 x 102 1 x 102
Bacteria 410 220 314 186 135 45

Table 1. Microbiological pollutants concentration (mean ± SD) in the different assayed seasons.

Fungal isolation
The total mean concentration of fungal indoor ranged from 3.5 x 102 and 9.1 x 102 

UFC/m3. minute. The results of this study showed that fungal concentrations were higher 
during the period of highest vegetation growth in summer, which is in agreement with the 
findings of other authors (REN et al., 2001; AYDOGDU and ASAN, 2008). The fungi in 
the indoor air come from the outside air that enters through natural ventilation and also 
their spores are transported by the students through clothing. Climatic conditions (warm 
weather and high relative humidity) are the determinants of the higher airborne viable fungal 
concentrations.

The frequency of occurrence of indoor fungal genera is presented in Figure 1. 
Eighteen different fungi representing yeast and filamentous groups were identified from 
indoor air, including spoilage, dermatophytic, dematiaceous fungus, Saccharomyces and 
non-Saccharomyces yeast.
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Figure 1. Frequency of occurrence of fungal genera present in indoor air corresponding to A) 
Summer, B) Spring and C) Winter

As can be observed, the predominant genera of airborne fungi isolated in indoor 
air of the college were Cladosporium, Epicoccum, Ulocladium, Aspergillus, Fusarium and 
Penicillium. Many of the fungal agents present are recognized among the main agents 
that cause infections on human skin (HAVLICKOVA et al., 2008). Other fungi are found 
as pathogens responsible for serious respiratory disorders (allergic rhinitis to asthma) and 
producers of mycotoxins that drastically affect human health (RUGA et al., 2015).

Geotrichum is another of the fungal genera found in air samples and although they 
are natural contaminants of the environment, they induce infrequent but serious invasive 
infections exclusively in immunocompromised patients with hematological malignancies 
and severe neutropenia (GIRMENIA et al., 2005). 

During the spring the growth of species belonging to the zygomicetes fungi was 
excessive, which made the isolation and subsequent identification of many fungal colonies 
difficult.

Exposure to several of these fungal species is associated with increased peak 
expiratory flow variability in asthmatic children (BUNDY et al., 2009).

Regarding to the isolated yeasts, they were found in a much smaller proportion 
than the filamentous fungi. Rodothorula genera and different species belonging to 
the Saccharomyces type group could be identified, as well as some less of the non-
Saccharomyces as shown in figure 2.
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Figure 2. Macro and microscopic characteristics of yeast A) non-Saccharomyces and B) 
Saccharomyces in WL medium.

Bacteria isolation

Identificated species Summer Spring Winter
Bacillus cereus complex X

Pseudomonas orzihabitans X X X
Bacillus altitudinis/pumilus X

St. epidermidis X
Micrococcus luteus X
Acinetobacter iwoffi X

Arthrobacter sp. X
Paenibacillus pabuli X
Micrococcus luteus X X
Paenibacillus durus X

Pseudomonas putida X X
Bacillus subtilis X

Corynebacterium jeikeium X
Bacillus lichemiformis X X
Enterobacter ludwigii X
Kocuria  carniphila X

Staphylococcus conii X
Pseudomonas stutzeri X X

Oenococcus oeni X X
Exignobacterium acetylicum X
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Determination of Pulmonary Function
Statistical analysis was performed with 171 spirometries that met the selection and 

acceptability criteria, 45.03% (77) corresponded to women and 54.97% (94) to men as show 
the table 2.

Variable
Women (N=77) Men (N=94)

Media SD p-value Media SD p-value

Age (years) 15.18 1.03 0.3374 14.69 0.95 0,077

Weight (Kg) 55.70 10.74 < 0.01 64.06 11.84 < 0.01

Height (cm) 160.90 0.06 0.1348 171.30 0.07 0.4855

FVC (l) 3.19 0.58 0.0799 4.06 0.68 0.8079

FEV1 (l) 2.90 0.44 0.7779 3.64 0.61 0.0846

FEV1/FVC 91.38 7.85 < 0.01 89.92 6.73 0.0181

FEF25%-75% (l/s) 3.44 3.98 0.4896 4.85 0.95 0.8779

PEF (l/s) 5.48 1.05 0.3105 6.77 1.22 0.6909

Table 2. Variables under study according to sex.

4 | 	CONCLUSION
Mold and bacteria monitoring shows differences in the found genera/species in 

the assayed seasons of the year, which is correlated with the variation in environmental 
conditions. As for the spirometric parameter values of the study population, they are 
within normal values, according to the international literature. When compared with the 
international bibliography (CASAN et al., 1993), they show to be slightly smaller, highlighting 
the importance of having specific equations to the region under study.

In future studies, an attempt will be made to correlate the found microorganisms with 
the profiles of volatile metabolites organic compounds (MVOC´s) and their effects on the 
respiratory health of a group of adolescents from La Plata city.
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bolsista de Pós-Graduação pela Coordenação de Aperfeiçoamento de Pessoal de Nível Superior 
(CAPES) desenvolvendo pesquisas em duas principais linhas de atuação: nutrição experimental, na 
qual desenvolve estudos farmacológicos e ensaios de toxicidade com espécies vegetais de interesse 
para a população humana; e, nutrição esportiva, no tocante à suplementação alimentar, metabolismo 
energético, fisiologia do exercício e bioquímica nutricional. Atualmente é revisor científico dos periódicos 
Journal of Nutrition and Health Sciences, Journal of Human Nutrition and Food Science e do Journal 
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FERNANDA VIANA DE CARVALHO MORETO - Possui graduação em Nutrição pelo Centro Universitário 
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seguintes temas: fitoterapia, nutrição clínica e esportiva.

THIAGO TEIXEIRA PEREIRA - Possui graduação em Educação Física Licenciatura e Bacharelado 
pela Universidade Católica Dom Bosco – UCDB (2018). Concluiu especialização em Educação Especial 
pela Universidade Católica Dom Bosco em 2019. Ingressou na pós-graduação (Stricto Sensu) a nível 
de mestrado em 2019 pela Fundação Universidade Federal da Grande Dourados – UFGD, área de 
concentração em Farmacologia, no qual realiza experimentos em animais na área de toxicologia e 
endocrinologia, associando intervenção com extratos de plantas e/ou ervas naturais e exercício físico. 
É membro do Grupo de Pesquisa de Biologia Aplicada à Saúde, cadastrado no CNPq e liderado pela 
Profa. Dra. Silvia Aparecida Oesterreich. Em 2019, foi professor tutor do curso de Graduação Bacharel 
em Educação Física, modalidade Educação à Distância, pela Universidade Norte do Paraná polo de 
Campo Grande-MS (UNOPAR/CG). Foi revisor dos periódicos Lecturas: Educacíon Física y Desportes 
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e musculação, avaliação antropométrica, testes de aptidão física e cardiovasculares, montagem de 
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extratos em animais da linhagem Wistar, associado ao exercício físico de força. Recentemente, participou 
como coautor de um estudo de metanálise inédita intitulada: Comparative Meta-Analysis of the Effect of 
Concentrated, Hydrolyzed, and Isolated Whey Protein Supplementation on Body Composition of Physical 
Activity Practitioners, que buscou verificar a eficiência de whey protein dos tipos concentrado, isolado e 
hidrolisado comparado a placebos isocalóricos sobre os desfechos de composição corporal em adultos 
saudáveis praticantes de atividade física.
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