rm—— ESCUOLA ",‘,"_-'"‘-:'f",
SR lﬂ lpl. DELSBOR
TETECAASC

IR
(ELEEN

INSTITUTO POLITECNICO DE LISBOA

ESCOLA SUPERIOR DE TECNOLOGIA DA SAUDE DE
LISBOA

MICROBIOLOGICAL CONTAMINATION ASSESSMENT IN
HIGHER EDUCATION INSTITUTES

RAQUEL FILIPA LOURENCO PIMENTA

SUPERVISOR: PhD. CARLA VIEGAS — ESTeSL - IPL

MASTER’S DEGREE IN CLINICAL LABORATORY TECHNOLOGIES

Lisboa, 2021






INSTITUTO POLITECNICO DE LISBOA

ESCOLA SUPERIOR DE TECNOLOGIA DA SAUDE DE
LISBOA

MICROBIOLOGICAL CONTAMINATION ASSESSMENT IN
HIGHER EDUCATION INSTITUTES

RAQUEL FILIPA LOURENCO PIMENTA

SUPERVISOR: PhD. CARLA VIEGAS — ESTeSL - IPL

MASTER’S DEGREE IN CLINICAL LABORATORY TECHNOLOGIES

(this version include the criticism and suggestions made by the jury)

Lisboa, 2021






MICROBIOLOGICAL CONTAMINATION ASSESSMENT IN HIGHER EDUCATION
INSTITUTES

Copyright © Raquel Filipa Lourengo Pimenta, Escola Superior de Tecnologia da Saude de

Lisboa — Instituto Politécnico de Lisboa.

This work was financially supported by Instituto Politécnico de Lisboa (IPL) for the Project
“IPL MOMENTO ZERO” (ESTeSL/IPL/BI/2020). In the scope of Health and Technology
Research Center (H&TRC) research projects the author gratefully acknowledges the
Fundacao para a Ciéncia e Tecnologia — Ministério da Ciéncia, Tecnologia e Ensino
Superior (FCT/MCTES) national support through the UIDB/05608/2020 and
UIDP/05608/2020. Scientific support and guidance was given by CEDOC, NOVA Medical
School, NMS, Universidade Nova de Lisboa, as well as Instituto de Medicina Molecular Jo&o

Lobo Antunes, Faculdade de Medicina, Universidade de Lisboa.

The Instituto Politécnico de Lisboa and Escola Superior de Tecnologia da Saude de Lisboa
have the right, perpetually and without geographical limits, to archive and publish this
dissertation through copies reproduced on paper or digitally, or by any other known means or
that may be invented, and to disseminate it through scientific repositories, and admit its
copying and distribution for educational or research purposes, not commercial, as long as

credit is given to the author.






Acknowledgements

| want to thank a few people for supporting me during these two years, allowing the end of
this journey to become a reality.

First of all, | want to thank to Professor Carla Viegas for your availability, patience, and
interest in clarifying doubts and for your constructive comments in the development of the
dissertation. | am also grateful for your contagious curiosity for the investigation and the fact
that you believe in me and encourage me to do a good job. Thank you for introducing me to
other projects that contributed to my professional and personal development. It was a
pleasure working with you.

To thank Marta Dias who received me in the laboratory and helped me with all the laboratory
work, being always available to answer questions. It was great working with you.

To Bianca Gomes and Ana Simdes for your support with laboratory tasks. It was a pleasure
working with you.

| also thank to Escola Superior de Tecnologia da Saude de Lisboa and Instituto Politécnico
de Lisboa, in particular the H&TRC research group and all its workers, for allowing this work
to be carried out.

To Professor Elisabete Carolino for your help with statistical results.

| could not fail to thank to my family, especially my parents, who encouraged me and allowed
me to continue studying for all these years. Without your unconditional love, support,
patience, and advice none of this would have been possible.

To my brother Ricardo, for being positive when | face challenges.

Last but not least, | want to thank my grandmother Irene for all your concern, help and love.

To all of you, thank you so much.



Vi



Abstract

In higher education institutes (HEI), microbiological contamination can impair indoor air
quality (IAQ), affecting the health, performance and productivity of the many occupants who
spend a lot of time inside the building.

The aim of this study was to assess fungi, bacteria, and the SARS-COV-2 virus in ten units
of HEI. Azole resistance screening was also analyzed.

Fungal and bacterial contamination on surfaces was characterized by culture-based
methods. Air and surface samples were also used for the detection of SARS-CoV-2 and for
the identification of Aspergillus section Fumigati by molecular tools.

On surfaces, total bacterial contamination ranged from 1 x 10% to 3.1 x 10® CFU.m™2, while
Gram-negative bacteria ranged between 0 to 1.9 x 10* CFU.m™. The total fungal
contamination on the surfaces ranged from 0 to 1.5 x 10° CFU.m™2 on malt extract agar
(MEA) culture media, and from 0 to 1.8 x 10° CFU.m™2 on Dichloran glycerol agar (DG18)
culture media. Cladosporium sp. was the most prevalent fungal species found. Aspergillus
sections were identified on MEA and DG18, being only section Nigri observed in one
supplemented media used for the azole screening. Aspergillus section Fumigati was not
detected on air samples, whereas it was on two surface samples. The presence of SARS-
CoV-2 was not detected.

In conclusion, although cleaning and disinfection procedures are done regularly due to the
COVID-19 pandemic, being effective in eliminating SARS-CoV-2, the surfaces were often

contaminated with fungi and bacteria.
Keywords

Higher education institutes; Fungi; Bacteria; SARS-CoV-2; Azole fungal resistance.
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Resumo

Em instituicdes de ensino superior (IES), a contamina¢do microbioldgica pode prejudicar a
qualidade do ar interior (QAI), afetando a salde, desempenho e produtividade dos muitos
ocupantes que passam muito tempo dentro do edificio.

O objetivo deste estudo foi avaliar fungos, bactérias e do virus SARS-COV-2 em dez
unidades de IES. A resisténcia aos azois também foi analisada.

A contaminacdo fungica e bacteriana nas superficies foi caracterizada por métodos
baseados em cultura. Amostras de ar e de superficie foram também usadas para a detecao
de SARS-CoV-2 e para a identificagdo de Aspergillus section Fumigati por ferramentas
moleculares.

Nas superficies, a contaminacdo total bacteriana variou de 1 x 10%® a 3.1 x 10° UFC.m™,
enquanto as bactérias Gram-negativas variaram entre 0 a 1.9 x 10* UFC.m™2 A
contaminagdo flingica total nas superficies variou de 0 a 1.5 x 10° UFC.m™ no meio de
cultura &gar extrato de malte (MEA) e de 0 to 1.8 x 10° UFC.m™2 no meio de cultura agar
diclorano-glicerol (DG18). Cladosporium sp. foi a espécie fungica encontrada em maior
prevaléncia. As espécies de Aspergillus foram identificadas em MEA e DG18, sendo apenas
observado o complexo Nigri num meio suplementado usado para a resisténcia aos azdis.
Aspergilllus section Fumigati ndo foi detectado nas amostras de ar, enquanto em duas
amostras de superficie foi encontrado. A presenga de SARS-CoV-2 néo foi detetada.
Concluindo, embora os procedimentos de limpeza e desinfe¢do sejam feitos regularmente,
sendo eficazes na eliminacdo de SARS-CoV-2, as superficies apresentaram frequente

contaminacao fangica e bacteriana.

Palavras-chave

Institutos de ensino superior; Fungos; Bactérias; SARS-CoV-2; Resisténcia fangica aos

azois.
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1. Introduction

People spend most of their time in indoor environments, such as offices, schools, and
homes, so the indoor air quality (IAQ) is one of the main factors affecting health,
wellbeing and productivity (1-4). In recent years, there has been a growing interest in
microbiological air quality studies (2,4).

Higher education institutes (HEI) comprise a high population density that spent a lot of
time inside the building (5-7).

Health effects may be experienced soon after exposure (immediately) or, possibly,
years later (long-term) (8). Exposure to microorganisms is associated with irritating
effects (eyes, nose, skin), allergic reactions (asthma, rhinitis), digestive problems,
infectious diseases (pneumonia, tuberculosis, Legionnaire's disease, severe acute
respiratory syndrome), and toxic reactions (mycotoxins) (9-11). Furthermore, it is
important to take into account that immunocompromised individuals are more
susceptible to acquiring infections caused by microorganisms, which can sometimes be
fatal (9,12—14). Another major concern is the emergence and spread of drug-resistant
pathogens that have acquired new resistance mechanisms, leading to antimicrobial
resistance, which makes it difficult or impossible to treat common infections (15).
Furthermore, in the last year, the emergence of SARS-CoV-2 virus has caused of
several damages in the world (including many deaths), and its detection in different
environments must be studied to guarantee public health (16). Thus, this effects can
increase absenteeism and reduce academic performance (7,17,18).

Although microorganisms are ubiquitous, an increase of their concentration could
represent a risk factor (18). In indoor air they are mainly influenced by human
occupancy and their activities, building materials, furnishings, ventilation and outdoor
air (18,19). Thus, microorganisms can be released into the air forming bioaerosols from
almost surfaces (20). Besides that, microbial particles are constantly removed for the
air and deposited on surfaces (20). Therefore, microbiological contamination on
surfaces is also an important tool to identify sources of contamination and evaluate the
effectiveness of cleaning and disinfection procedures on surfaces (21).

For these reasons, the assessment of microbial contamination is crucial to providing a

safe environment.



1.1. Objectives

The aim of the study is to assess the presence of fungi, bacteria, and the SARS-COV-2
virus in HEI. To achieve the main objective, it is necessary to accomplish other specific
objectives, such as collecting air and surface samples to carry out the characterization
of the fungi and bacteria and the detection of SARS-CoV-2; performing the
morphological identification of fungi, giving special emphasis to Aspergillus sections;

and screening the azole resistance.



2. State of the Art

This chapter presents the state of the art regarding the subject under study, addressing
some themes such as the importance of IAQ and the effect of microbiological

contaminants.

2.1. Indoor Air Quality

Problems related to poor IAQ have existed ever since human beings started building
shelters to protect themselves from the harshness of the natural environment (22).
During history, the man has known that polluted air may cause adverse effects on
health (23). In the last few decades, several studies were conducted to understand the
impact of IAQ in public health in different environments, including residential building,
shopping malls, schools, health care centers, offices, museums, libraries, temples, and
churches, etc. (24-30). Indoor environments conditions contribute greatly to comfort,
health and wellbeing of building occupants (3,10,31). However, the indoor air pollution
(IAP), that refers to the existence of pollutants, can influence negatively the IAQ and
are harmful to the human body (3,10). Most people spend around 90% of their time
indoors, mainly at home or in the workplace (10). Because of this, IAQ has emerged
and received increasing attention (3,10,31).

One of the most important parameters influencing IAQ is indoor air pollutants, which
are divided into chemical and biological (3,10). Biological pollutants that have health
relevance exhibit enormous heterogeneity, including biological allergens (animal
dander and cat saliva, house dust, cockroaches, mites, and pollen) and

microorganisms (viruses, fungi, and bacteria) (10,32—34).

2.2. Microbiological Contaminants

Microorganisms are ubiquitous (20,34,35). Their sources varied with the type of
microorganisms and can be carried by people, animals and soil and plants (10).

Wherever microbial sources are present, these particles can be released into the air
forming microbiological aerosols (20). They can be both actively (e.g. by breathing,
coughing) and passively (through meteorological processes) emitted to the atmosphere
from almost all surfaces (20). Independent of the air turbulence, microbial particles are
constantly removed from the air due to gravitational sedimentation, interception,
impaction or precipitation processes, ending in both cases in deposition on surfaces as
‘free’ microbial particles or inside water droplets or ice crystals (20). Therefore,

microbial survival decreases when the air is deprived of nutrient sources, with



constantly changing moisture content, and a wide range of different stress factors (20).
However, microbial particles are capable of preserving their viability and, with it, also all
related biological properties (including infectivity, toxicity, allergenicity, etc.) (20). If
deposited on surfaces, the microbial particles may also maintain their viability for a long
period of time and, when resuspended in the air, may still pose a serious threat to the
exposed individuals (20). Thus, the fact that inhalation of immunologically active
particles can be responsible for numerous adverse health conditions, the relationship
between their stability on surfaces and viability in the air is very important from the
exposure assessment point of view (20). Furthermore, surfaces analysis complements
microbiological characterization of the air and is used in order to identify contamination
sources, and to evaluate efficacy of surface cleaning and disinfection procedures (21).
The three main types of microbiological contaminants are bacteria, fungi and viruses
and are described below (35).

2.2.1. Fungi

Fungi are present in all buildings, comprising an abundance of species (34,36). The
most important source of indoor fungi is outdoor air and are present in lower
concentrations indoors than outdoors (36,37). They may be transported into buildings
on the surface of new materials or by humans (clothes, skin, hair and shoes) or by pets
(34,36). They may also penetrate buildings through ventilation (34). They are found in
the dust and surfaces of every house, including those with no problems with damp (34).
However, sometimes the indoor fungal levels are higher than the outdoor levels, and
this could indicate an indoor fungal source (37).

Once fungi are indoors, fungal growth can be promoted in the presence of moisture,
and many fungi grow readily on any surface that becomes wet or moistened (34,36).
The minimum requirements for temperature, pH, light, and availability of nutrients are
usually present in building (34,36). However, although temperature, nutrients, and
water activity are not crucial, they may affect the rate of growth (34,36). Furthermore,
factors contributing to the fungal occurrence indoors and to their stage include ‘major’
phenomena, such as climate, geography, season, and location, and ‘minor’ factors
which refer to individual buildings and their occupants, such as building construction
and maintenance, current and historical use of the building, ventilation, moisture
control, surface materials, occupants themselves, and their activities and lifestyles (36).
The most common adverse health effects associated with fungi in indoor environments
are various respiratory conditions (e.g. worsening asthma symptoms and lung

function), followed by inflammatory, allergic and toxin effects (36,38,39). Furthermore,



some indoor fungi, when ingested or inhaled, could produce mycotoxins defined as
toxic secondary biomolecules produced by fungus or molds that interfere with RNA
synthesis and can cause DNA damage (40-42). The health effects of mycotoxins are
diverse enough to include weakened immune systems, allergies or irritations, many
identifiable diseases, and even death (41). Besides that, the rapid emergence of drug
resistant pathogenic fungi severely limits therapy (43—-45). Multidrug resistance can
eliminate treatment option entirely, which has a devastating effect on patient outcome
(43-45). Over 300 million people suffer from serious fungal-related diseases, and fungi
collectively kill over 1.6 million people annually (45). Fungi not only have adverse
effects on health but also create damage to building and to their materials (34,35).

The genus Aspergillus is known to be one of the most frequently airborne fungi with
pathogenicity found in indoor environments worldwide and for that reason will be
discussed next (38,46).

Asperqillus sp.
Aspergillus sections are filamentous fungi usually found in soil, decaying vegetation,

seeds, and grains, where they thrive as saprophytes (39,47). They can grow in a high
range of temperatures and moisture environments (39). Aspergillus sp. have a high
nutritional versatility and are able to utilize a wide spectrum of organic compounds and
a variety of substances can serve as source of carbon (39). Sections from Aspergillus
genus are found in a wide diversity of indoor environments with different roles, such as
decomposers of organic matter (for instance, Aspergillus section Nigri), mycotoxin
producers (Aspergillus section Flavi, among others), and often as human pathogens
from occupational environments (Aspergillus section Fumigati) (39,46,47).

Important pulmonary pathology is connected with Aspergillus-induced allergic and
asthmatic lung disease related to occupational exposure (39). The diseases most
commonly associated Aspergillus are allergic bronchopulmonary aspergillosis,
rhinosinusitis, rhinitis, and severe asthma with fungal sensitization (39). Since the
development of Aspergillus infections depends on the interplay between host
susceptibility and the organism, immunocompromised persons are at higher risk and
may develop invasive infections (38,39). Aspergillus conidia can be found almost
everywhere and are easily dispersed in the air (39,47). Since the conidia from
Aspergillus genus are very small, they are easily inhaled and can colonize the
respiratory tract of exposed individuals (39,47).

Aspergillus fumigatus is one of the species most often associated with respiratory

symptoms due to the small size of the conidia and other virulence factors associated



with this specific section (39,46,47). However, besides the infections ability, risk
assessment should consider the toxigenic potential of species (46). Nevertheless,
species or strains belonging to sections Circumdati, Flavi, Nigri and Nidulantes must be
considered in risk assessment of a specific occupational environment, since they
include species that produce mycotoxins (39,46).

For the treatment of aspergillosis, the use of triazoles is recommended, but the
increase of antifungal resistance has been deserved great concern, due to the potential
risk of infections, resulting in difficult clinical management or even death (39,43,46,47).
There are two types of resistance: primary and secondary (39,47). A primary (intrinsic)
resistance is found naturally among certain Aspergillus species without prior exposure
to the drug (39). These species have coded in their genome molecular mechanisms
that enable them to grow in presence of those antifungals (39). This occurs with A.
fumigatus, which shows resistance to fluconazole and with some Aspergillus cryptic
species (i.e., not sensu stricto) such as A. calidoustus, showing resistance to the
triazoles. A secondary resistance (acquired resistance) is the most common and arises
when initially susceptible microorganisms develop resistance after exposure of the
organism to the drug (39,43). Agricultural fungicides drive acquired drug resistance in
Aspergillus species, and these resistant strains are spreading globally, which can lead
to a global public health threat (39,43).

2.2.2. Bacteria

Bacteria are ubiquitous, comprising an abundance of species (34). They can be found
in the dust and on the surfaces of every house, including those with no damp problems
(34). The main sources of bacteria in the indoor environment are outdoor air, human
and indoor bacterial growth (9,34,37,42,48). Many bacteria that belong to the normal
microflora of the human skin, mouth and nose, are continuously emitted into the
immediate surroundings of humans, and accumulate indoors (9,42). The number of
occupants and their activity were likely to sensitively affect the concentration levels
(and compositions) of indoor bacteria (41,42,48). Moreover, insufficient ventilation was
also suggested to exert control on the levels of viable bacteria in indoor air (41,42).

As described for fungi, water is a critical requirement for bacterial growth, therefore, in
water reservoirs or moist sites of the buildings, bacteria are often found (9,34,37,42).
For example, Legionella sp. can colonize hot water in the heating systems or even
water resulting from the condensation of the cooling systems, living in biofilms that

develop on the contact surfaces in the water (9,35,37,42). This can lead to the



Legionnaire's disease, an infection that can result in pneumonia (9,35,37,42). Animals
can be important sources, particularly in indoor agricultural environments (37,42).
Bacteria of human origin or commensals are Gram-positive, presenting, in general, no
risk to human health (9). Gram-negative bacteria are rare in indoor environments and
are generally pathogenic to humans (9). In the outer membrane of Gram-negative
bacteria are found endotoxins, which are toxins composed of proteins, lipids and
lipopolysaccharides, which can produce a strong immune response, independent on
the viability of the bacteria (34,35,41,42,48,49). High levels of exposure to endotoxins
can cause respiratory symptoms, but moderate-to-low exposure may protect against
allergies and asthma (34,42).

Another major concern is the emergence of antimicrobial resistance that threatens the
ability to successfully treat bacterial infections (15,50). For common bacterial infections,
high rates of resistance against antibiotics frequently used to treat these infections
have been observed world-wide (15).

2.2.3. Viruses

Indoor airborne viruses are most often studied because of concerns about infectious
disease transmission (37). Many human pathogenic viruses, such as measles,
influenza and norovirus, can spread through the indoor air when they are expelled by
infected people or when they are aerosolized by medical procedures, flushing of toilets,
and other means (37). In December 2019, a new Coronavirus — SARS-CoV-2 — was
discovered as the causal agent of severe acute respiratory system (16,51). Next, some

more characteristics of the SARS-CoV-2 virus will be presented.

SARS-CoV-2

The virus has rapidly spread internationally, raising global public health concerns, and
was subsequently termed coronavirus disease 19 (COVID-19) (16,51). The World
Health Organization (WHO) declared COVID-19 a pandemic on March 11, 2020 (52).
Structurally, SARS-CoV-2 has four main structural proteins including (53,54):

e Spike (S) glycoprotein, which is a transmembrane protein found in the outer
portion of the virus and mediates host cell binding and entry (53,54).

e Nucleocapsid (N) protein, which because is bound to RNA, the protein is
involved in processes related to the viral genome, the viral replication cycle, and
the cellular response of host cells to viral infections (53). It is also heavily
phosphorylated and suggested to lead to structural changes enhancing the
affinity for viral RNA (53).



¢ Membrane (M) glycoprotein, which is the most structurally structured protein
and plays a role in determining the shape of the virus envelope (53). It can bind
to all other structural proteins (53). Binding with M protein helps to stabilize
nucleocapsids or N proteins and promotes completion of viral assembly by
stabilizing N protein-RNA complex, inside the internal virion (53).
¢ Small envelope (E) glycoprotein, which is the smallest protein in the SARS-CoV
structure that plays a role in the production and maturation of this virus (53).
The most common clinical manifestations of patients with COVID-19 are fever, cough,
shortness of breath, and fatigue. Some patients have also shown radiographic ground-
glass lung changes and eventually died of acute respiratory distress syndrome (16). By
the end of July, there were 188 655 968 confirmed cases of COVID-19, including 4
0067 517 deaths, reported to WHO (55). Their transmission can occur mainly through
direct, indirect, or close contact with infected people through infected secretions, which
are ousted when an infected person sneezes, coughs, sings or talks (16,51,56,57). In
addition, contact with contaminated surfaces is another route of transmission
(16,51,56,57). Thus, the virus long persistence on fomites and environmental surfaces
is alarming and should be tracked (56). It has been reported that the viability of SARS-
CoV-2 can last in aerosols for about 3 h and this virus can be observed on dry surfaces
for 872 h, depending on the surface material (56). This virus can also remain on
inanimate surfaces infectious for up to 9 days at room temperature (56).
Other environmental factors in buildings, including temperature, humidity, and
ventilation and filtering systems, could have a significant influence on the infection (16).
COVID-19 has caused serious global damage to public health, community, and the
social economy (16). Thus, the SARS-CoV-2 exposure assessment is critical to
implement control measures and guarantee safety of workers from different

occupational environments (51).

2.3. Indoor Air Quality in HEI

The HEI represents a unique environment in that it acts as a work environment for
faculty, a learning environment for students, and frequently, a home environment for
students (6). Thus, they comprise a high population density that spent a long time
inside the higher education buildings, which make them susceptible to different types of
disease and injuries and this may lead them to absenteeism and delayed the
performance of their duties (5-7). Additionally, the HEI are widely varied in their usage,

including lecture halls, gyms, dormitories, restaurants, garden, and laboratories (5,7).



Given the magnitude of the population impacted, there is a need to characterize and
understand indoor environmental quality in HEI (6). Since many outbreaks of epidemic
diseases are correlated with microorganisms in the air (e.g., influenza A pandemic —
H1N1 2009 — was frequently reported in universities in 2009), the assessment of the
level of microbiological contamination, especially in crowed places at universities,
should be performed regularly (58). The assessment of microbiological contamination

is an important parameter that contributes to evaluate the air quality in HEI.

2.3.1. Microbiological contamination in HEI

Assessment of microbiological contamination in HEI has been performed in several
facilities, such as classrooms, sports hall, laboratories, rooms, entrances, libraries,
cafeterias, and restaurants (1,2,4,5,7,18,50,59-63). Each of the above-mentioned
studies at universities focused mainly on a single type of environment (64). There is
little data on analyzes of fungi and bacteria contamination in multiple indoor
environments and assessed the pollutant levels between these environments of
various facilities in different HEI (4,7,64). In addition, a recent review analyzed the
detection of SARS-CoV-2 in different environmental samples in different environments,
and concluded that the most described indoor environment were health care facilities,
followed by waste-water treatment plants, rivers and household, cruises, household
environment and industrial occupational environment (51). Although SARS-CoV-2
detection studies have been carried out so far in at least one school, in HEI
environments this has not yet been reported (65).

Entranceways of the building usually have metal door handles that are touched by
many students each day, presumably exchanging a portion of their personal skin
microbiota with contacted surfaces (5). This is a major concern because it has been
shown that pathogenic bacteria can survive on metal surfaces for extended periods of
time, even weeks (5). Moreover, SARS-CoV-2 and fungi were also detected on the
door handles (56,62,66). Inadequate personal hygiene can increase the diversity of
microorganisms on hands and, by extension, on contacted surfaces (5). This can result
in colds and flus that are transmitted, for example, in dormitories and lecture halls (5).
Classrooms are consider one of the main activities of university students, being more
crowded and of prolonged use, which have an important influence on the efficiency ant
health of students (67). As mentioned before, crowded spaces with many people and
close contact favor the proliferation of fungi, bacteria, and SARS-CoV-2 (2,4,16,60-63).
The level of airborne dust is influenced by the type of furniture, equipment, and

activities in classrooms (18). Based on previous studies on bioaerosol exposure, fungi



concentration is typically higher in a classroom than in a home, as there are more
students inside the classroom (60). Evidence show high percentages of Sick building
syndrome symptoms in classrooms (18). For example, laboratories have been widely
studied because they are among the rooms that represent the highest levels of
microbiological contamination that are related with airborne infections (1,18,60,62,68).
Laboratories are used for theoretical and practical classes for students every day and
the air can contain a complex mixture of microorganisms, chemicals and contaminants
(18,60). The nature of research carried out there is determining (18,60,68). Besides to
the presence of harmful pathogens floating in the indoor air, these airborne
microorganisms can be deposited on laboratory contact surfaces (62). Laboratory
workbenches have been reported to be contaminated by transferring microorganisms
from the hands of laboratory technicians to the work surface area during the handling
of the microorganisms which they work daily (62). The presence of microbial
contaminations in surfaces allows the spread further by the users and could be
transferred by other surfaces or person through contact especially when good
laboratory practices were compromised (62).

Libraries are places where students spend most of their time and are generally
overcrowded places in HEI (2,4,69). Contamination of library collections and premises
is of great interest (2,4,69). The amount of microbial content in the indoor air and
surface of library has a direct impact on mental health, physical development and
performance of the students (69). The library, like any confined space, can house many
microorganisms that could not only harm the health of the occupants but also degrade
the documentary heritage and wood material of this building (69). Human activity and
environmental factors seems to favor fungi and bacteria growth in this places (2,4,69).
Cafeterias are also places with high occupant density (59). These facilities have
several activities that favor microbial contamination, such as handling food that may
contain a high content of microbes, cooking and poor hygienic processing practices
(7,59). Besides that, this are places where people take off the mask to eat and if they
are in close contact and the space has poor ventilation, it can promote the aerosol

transmission and cause the spread of COVID-19 infection (16).

2.3.2. Sources of microbiological contamination in HEI

In different facilities of universities, several evidences have associated higher levels of
bacteria, fungi and SARS-CoV-2 with periods of large number of people and their
activities, increasing in working times (2,4,16,60-63). However, it has been reported

that occupation is not the main factor that favor proliferation fungi, since its
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concentration decreased as occupation progressed, suggesting that most fungi species
presents in the air were not human-borne (1,2). Fungi contamination seems to be
favored with dampness of the building, which can be dispersed through droplets during
disturbing and then maintained in aerial suspension (2). High concentration of fungi in
atmosphere can influence microbiological indoor air contamination (2). For example,
before the beginning of the academic year, in indoor air of university rooms were
mainly found common outdoor fungi, such as Cladosporium sp. and Alternaria sp., and
its concentration remains stable (2). However, during the academic year a significant
variation of fungal genera in the air was observed and concentrations of both fungal
genera and other common indoor fungi, such as Aspergillus sp., Penicillium sp. or
Mucor sp. was growing steadily during the daytime (2).

In contrast with bacteria, the concentration of filamentous fungi, including
Cladosporium, was increased by intensive ventilation the air-conditioning operation
(63,70). Higher concentration of bacteria and fungi was characteristic of rooms with
mechanical ventilation (68). This can due to a lack of or improper cleaning of the
mechanical installation, which can act as a source for microbial proliferation and
spreading of microorganisms (68). Obviously, the presence of a good ventilation
system inside buildings eliminates to some extent the influence of indoor sources(2,4).
Furthermore, good ventilation is one of the recommended measures to prevent spread
of SARS-CoV-2 (16).

The season is also a factor that influence the microbiological contamination in HEI
(1,63). There are been suggested that in the warmer season higher indoor microbial
concentration are found (1). For example, one study reported that in winter with cold
with snow, the surrounding surfaces including the area of air inlet were covered with
snow and clean, without a source of fungi (63). Inside of lecture room there were
obtained very low concentrations of all kinds of fungi (63). However, the transition of
seasons changes the indoor microenvironment and affects other factors such as
opening windows, heating method, operation of air conditioning, sunlight, humidity,
mold in walls, as well as outdoor microorganisms, which together lead to changes in
microbial concentrations (71). Therefore, only reporting the season in field
measurement is not enough to fully understand the change of concentration(71).

The lack of bathrooms cleaning regularly, unused effective detergents and antiseptic
and inappropriate cleaning mode are pointed out as source of contaminated and
spread of microbes in different facilities (7). Besides that, effective cleaning of surfaces

can reduce the risk of contact transmission of SARS-CoV-2 (56).
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2.4. Legal and Scientific Guidelines

For exposure levels of indoor bacteria and fungi, different countries or organizations
have different standards (71). There is a clear need to globally standardize regulations
to assess the risk of occupational exposure based on health effects (71).

In Portugal, in recent years there has been an increased concern with indoor air as a
vehicle of pollutants and contaminants (72). Thus, recently a specific law was
published (73) in order to standardize protection thresholds and reference conditions
related to IAQ. With regard to current Portuguese legislation, limit values for
microbiological contamination are established for indoor environments in general,
without any specification for education environments (73). The present Portuguese
legal compliance varies concerning the microorganisms (73).

Regarding to surfaces, there is no legal reference mentioning the assessment of
bioburden (24). However, several studies indicate that in the case of fungal
contamination on surfaces there is the possibility of re-aerosolization during the
dispersion of fungal spores, varying with fungal characteristics and environmental
variables (21,24). In addition, evidence suggests that contamination of surfaces by
bacteria contributes to a 15% increase in airborne contamination (24). Furthermore, for
SARS-CoV-2 detection, surface swabs has been widely used, corroborating their
importance in the assessment of bioburden exposure (comprising fungi and bacteria) in

indoor environments (51).

2.5. Methodology for sampling and microbiological

characterization

To assess microbiological contamination active and passive sampling methods can be
used. For microbiological characterization culture-based methods and molecular tools

are used. Next, will be explained these methods.

2.5.1. Active and passive sampling

Exposure assessment to microorganisms remains a challenge to every exposure
assessor (39). Occupational exposure to microbiological risks can be estimated using a
variety of different methods and each situation is unique and requires specific
methodology (74). The microbiological content of the air can be monitored by active
and passive sampling methods, which encompass various techniques (75,76).

Active methods can only reflect the load from a shorter period of time (mostly minutes),
corresponding to the sampling duration and representing only a small fraction of the

bioburden exposure (24,39,46,51,77,78). In contrast to passive methods, active air
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sampling techniques require specialized equipment and trained staff to operate the
equipment (79). In active methods microbiological air sampler physically draws a
known volume of air through or over a patrticle collection device which can be a liquid
(impinger) or a solid culture media (impaction) or a membrane filter (filtration) and the
guantity of microorganisms present is measured in CFU (colony-forming units)/m?® of air
(20,74,76,80). This method is recommended when the concentration of
microorganisms is not very high (76,78). It can also be used to obtain information on
the concentration of inhalable airborne particles in indoor environments (78).

Passive methods allow determination of the contamination levels from a larger period
of time (days, weeks or several months) (24,39,46,77,78). It provides a valid risk
assessment, since it permits measurement of the harmful part of the airborne
population which falls onto a critical surface (74,75,78). It is a readily available,
economic, and unobtrusive method (75). Passive methods mainly include surface
swabs, electrostatic dust cloth (EDC) and settle plates (37,39,46,74,76).

As described above, both methods have advantages and disadvantages, and the
choice of appropriate sampling method is mainly determined by the objectives of the
study (80). The main difference between them is the period of time that reflects the
levels of contamination, with passive methods reflecting a larger period of time
(24,39,46,77,78). Besides that, in passive method, the microorganisms that are
collected at the time of sampling are unable to capture those that are still floating in the
air and take more time to fall on surfaces (81). The spread in a bio-aerosol is
heterogeneous, so whatever is ‘catched’ on that moment may vary from the second,
third or even fourth sampling attempt (81).

Several studies have been recommended that passive and active methods should be
used in parallel to ensure a more precise assessment of occupational exposure to
bioburden (51,74,77). Increasing the number of different sampling methods will enrich

data findings, enabling industrial hygienists to perform risk characterization (74,77).

2.5.2. Culture-based methods and molecular methodologies

Although culture-based methods is widely used to characterize indoor microbial
communities, molecular methods have also emerged in recent years (37).
Culture-based methods determine if the microorganisms are viable and thus capable of
growth and infection (37). These methods are relatively inexpensive, well developed,
guantitative, taxon specific and allow an easy quantification of culturable
microorganisms with unaided eye (48,82,83). Furthermore, azole resistance screening

can only be performed by culture-based methods (24,84). They have a high sensitivity
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with appropriate media and provide the identification of different species (12,82,83).
However, these techniques can be difficult and time-consuming (37,80,83). Only viable
organisms are measured and only a subset of airborne organisms is culturable (48).
These methods are selective, revealing only microorganisms able to grow on a
particular growth media, therefore, underestimating the total number of microorganisms
in samples (24,37,80,85). In addition, the vast majority of microorganisms currently
cannot be cultivated by routine laboratory methods, and many microorganisms, can
enter a viable but non-culturable state in which they cannot be readily cultured in the
lab (37). Besides the viable part constitutes only between 1 and 25% of total bioburden,
probably represent higher health risks when compared with non-viable organisms
(24,84). The non-viable and non-cultivable portion of bioaerosols can still be harmful to
exposed persons since several health issues related to bioaerosol exposure are not
linked to microorganism viability or infectious potential (37,80). The most tolerant and
fast-growing species can inhibiting others, with clinical relevance, to grow (37).
Molecular methods offer a broader view of the microbial diversity when compared with
culture-based methods (37,80). Thus, allow to overcome some culture-based methods
constraints (39). They are sensitive, specific, and reduced processing time (80). One of
the most common and recommended molecular method for the detection of
microorganisms in environmental samples is the PCR (polymerase chain reaction)
assay, more specifically real-time quantitative PCR (gPCR) (80). qPCR permits to
guantify the abundance and expression of taxonomic and functional gene markers in
various environmental samples. The American Industrial Hygiene Association indicates
gPCR to detect harmful fungal contamination, as an established and very sensitive
molecular technique, which has shown its potential to detect pathogens in many fields,
leading to earlier diagnosis and improved patient outcome (86). However, all molecular
methods also have disadvantages such as, for example, the effectiveness of DNA
extraction, PCR biases or the short size of the amplified DNA fragments which do not
allow the identification at the species level (39,85). Limitations of gPCR include
ineffective release of microbial DNA content from cells, or poor DNA recovery after
extraction and purification steps, or to the presence of exogenous substances, called
inhibitors, namely the presence of particles in the air as previously reported (87-89).
Besides that, gPCR is more expensive than conventional approaches (88).

Based on the advantages and disadvantages of culture-based methods and molecular
methods, the use of both methods seems to be the best way to provide a fuller image

of indoor bioaerosols and o overcome the limitations of each one (37,39,80,89).
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3. Methodology

This chapter describes the methodology involved in carrying out the project, including
the characterization of the study site and the procedures.

3.1. Characterization of the study site

This study was performed between July of 2020 and July of 2021 in ten selected units
of Portuguese HEI, including the presidency building, social services and eight
faculties. It was part of an enlarged study with financial support to implement an
integrated approach on Occupational Health to tackle COVID-19 pandemic and
microbiological contamination assessment, in order to ensure safety in academic
recovery during the pandemic crises (90). Despite all these analyzes, this study
focused on microbiological contamination assessment (comprising SARS-CoV-2, fungi,
and bacteria).

It was a cross-sectional study, observational, as it intends to characterize the
microbiological contamination existing in HEI under study in a specific period of time in

which the sampling is carried out and describe its importance for public health.

3.1.1. Localization of the study site

The HEI under study are located in Lisbon district, as described in Figure 3.1.
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Figure 3.1 — Localization of the study site (adopted from (140))
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In order to ensure anonymity and confidentiality, neither the name of the site nor any
indication that makes it possible to understand their location will be made available.
Therefore, HEI will hereinafter be designated as HEI 1, HEI 2, HEI 3, HEI 4, HEI 5, HEI
6, HEI 7 and HEI 8. The presidency building and social services will be defined as PB
and SS, respectively.

Table 3.1 shows some characteristics related to each study site, such as the developed
activities depending on their purpose and graduation courses held and the building

exterior features.

Table 3.1 — Characteristics related to each study site (adopted from (91)).

S;igy Developed activities Building exterior features
Presidency services that support the HEI in the activities Urban area (n(_axt to .h'gh
PB . road and rail traffic
common to the institution
routes)
Social services that implement the school social action .
; 7 : Urban area (next to high
policy and the provision of support and benefits to students . .
SS - i X road and rail traffic
who attend the Institution, oriented to the improvement of
o routes)
study conditions
Health sciences and technologies for the exercise of skills
: . . . ; Urban area (next to road
HEI 1 in the field of disease prevention and health promotion, . )
) ) o . L and rail traffic routes)
diagnosis and therapeutic intervention and rehabilitation
Accounting and business technicians to perform Urban area (next to high
HEI 2 administrative and financial accounting activities of national : 9
ey road traffic routes)
organizations
Classic engineering areas and in the area of renewable
energies, acoustics, environment, hygiene and safety, Urban area (next to road
HEI 3 o . i : . i
urban rehabilitation, biomedical engineering and traffic routes)
management
Theater and Cinema, including conducting research Urban area (res_|dennal,
HEI 4 o . . L . next to road traffic routes
activities and experimentation and artistic production .
and a city park)
Training of teachers, and other educational agents with a  Urban area (next to high
HEI5  high level of cultural, scientific, technical, and professional road and rail traffic
preparation routes)
Artistic, technical, technological, and scientific training for Urban area (nr—_zxt to .h'gh
HEI 6 . . road and rail traffic
music professionals
routes)
Social communication, including the areas of Audiovisual Urban area (next to high
HEI 7 and Multimedia, Journalism, Advertising and Marketing, road and rail traffic
and Public Relations and Business Communication routes)
HEI 8 Higher education in Dance Urban area (next to road

traffic routes)

3.1.2. Sampling site selection

The sampling site were previously selected in different areas of each study site by the
Occupational Health Services in the context of the detection of SARS-CoV-2. To this
end, a walkthrough survey and checklist were applied in order to prioritize the most

critical workplaces/areas in relation to SARS-CoV-2 contamination and also in order to
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reflect the variability of the environment. Thus, areas of each study site were selected
according to the following criteria: 50-80% workplaces/facilities occupation, activities
performed or based on workers positive serologic surveillance results (positive result
for IgM+ or IgG +) (90).

Environmental samples (air and surface samples) were performed in each area
considering the criteria described above. Between 6 and 25 samples were collected at
each location (average of 8 samples), including an average of 5 air samples for
determining SARS-CoV-2 and fungi; 11 surface swabs for detection of SARS-CoV-2;
and 9 surface swabs for the determination of fungi and bacteria (Table 3.2) (91).
Several areas were sampled at each study site, but most of them were common among
all, such as offices (including human and financial resources, academic services,
logistics, accounting, and acquisition department), attendance rooms, reception rooms,
auditoriums, meals spaces, bathrooms, and libraries. Although there are classrooms in
almost every location, the type of classroom analyzed varies widely in all locations,
including rooms for music, dance, choir, theater and multimedia, laboratories, and
gyms. In addition, in some locations, there were samples collected from student’s
social rooms, workshops, changing rooms and professor’s room (Table 3.2) (91).

In each sampling site, some information was recorded that could have an impact on the
presence of microorganisms, such as the quantification of occupants, the date and time
of sampling, the sampling surface material, the cleaning method, the cleaning products
used and the cleaning frequency. Sampling was carried out between summer and
autumn. The samples were collected mainly in the morning and during normal
activities, except for HEI 1, which was carried out in two days, one of them in the
afternoon. In all facilities, the cleaning method was cleaning, and disinfection and the
cleaning products used were bactericide and virucide, bleach and multipurpose
detergent. Most of the sampling sites (56.8%) registered between 1 to 9 workers, in the
facilities during the samples collection (91).

Table 3.2 described below show the number of air and surface samples collected in the

sampled areas at each study site.
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Table 3.2 - Number of surface swabs and air samples collected in the sampled areas at each study site
(adopted from (91)).

Surface Surface
Study swabs (for Swabs (for Air
Assessed areas
site SARS- fungiand  samples
CoV-2) bacteria)

Communication Office (Doorknob) 1 1
Communication Office (Ventilation grids) 1 1
Drivers Reception (Counter) 1 1
Entrance (Touch screen and money) 1 .
Entrance (Buttons) 1
Lunchroom (Microwave and Coffee machine) 1 0
Lunchroom (Refrigerator) 1 0
Lunchroom (Ventilation grids) 1 1
Human Resources (Coffee machines) 1 0
Human Resources (Access card) 1 0
Human Resources (Staplers and stamps) 1 0
Human Resources (Ventilation grids) 1 1
Financial Resources (Staplers and stamps) 1 1
Human and Financial Resources (Windows) 1 0
Human and Financial Resources (Doorknob) 1 0

PB  Financial Resources (Ventilation grids in 1 . 0*
operation)
Reception 1 (Printer) 1
Reception 2 (Table) 1
Acquisition Department (1st floor) (Windows) 1
Acquisition Department (1st floor) (Keys and 1 0
card)
Acquisition Department (1st floor) (Ventilation 1 1
grids in operation)
Male Bathroom (1st floor) (Doorknob and 1 0
Faucets)
Female Bathroom (1st floor) (Doorknob and 1 0
Faucets)
Corridor (1st floor) (Printer) 1 0
Academics, Quality and Planning Department 1 0
(Mobile air conditioning equipment)

SS  Lunchroom (Table) 0 1 1
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Lunchroom (Microwave, Refrigerator) 1 1

Lunchroom (Door) 1

Waiting Room / Classroom (Coffee Machine) 1 0

Waiting Room / Classroom (Coffee Machine, 0 1 1

PC and eraser)

Waiting Room / Classroom (Table) 1 1

Reception (Counter) 1 1 L

Reception (Door and Water Machine) 1 1

Bathroom (Doors and Faucets) 1 1

Bathroom (Floor) 0 1 !

Attendance Room (Table and Acrylic 1 1 1

Protection)

Accounting (Printer) 1 1

Accounting (Doors) 1 0 1

Accounting (Floor) 0 1

Logistics (Door and Window) 1 1 1

Accounting / Provisioning (Printer, Door and 1 1 1

Stapler)

Academic Services (Printer SA and Printer . L L

corridor)

Reception (Door, Handrail and Balcony) 1 1 0

Bar (Chairs and Door) 1 1 1

Library (Printer and Computer) 1 1 1
HEI 1 Lunchroom (1st floor) (Fridge and microwave) 1 1 1

Lunchroom (2nd floor) (Fridge and microwave) 1 1 1

Corridor (1st floor) (Printer) 1 1 0

Bathroom (1st floor) (Doorknobs, Door and 1 . 0

Flush toilet)

Office (Mouse, Keyboard, Light switch, Door 1 1 0

and Doorknob)

Corridor (2nd floor) (Printer) 1 1

Bathroom (2nd floor) (Doorknobs, Door and 1 1

Flush toilet)

Financial Services (Printers and Stapler) 1 1 1

Professor's Room 1 (Printers and Computers) 1 1 1
HEI 2 Professor's Room 2 (Printers, Computers and 1 1 1

TV control)

Cafeteria / Bar (Counter and Tables) 1 1 1
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Auditorium (Handrail, Light switch and Door)
Student’s Social Room (Door, Fridge,
Microwave, Faucet, Coffee and Machine)
Library (Printer and Computers)

Human Resources (Printer, Door, Acrylics,
Counter and Light switch)

HEI 3

Library (Computer, Printer and Doorknob)
Lunchroom 1 (Faucet, Doorknob, Chair, Table,
Microwave, Coffee machine and Faucet)
Lunchroom 2 (Microwave, Toaster, Kettle,
Doorknob, Door, Table and Chair)

Bar 1 (Microwave, Refrigerator, Handles, Cash
register and ATM)

Workshop (Machine, Doorknob and Door)

Bar 2 (Cash register, Control, Fridge and
Microwave)

Organic Chemistry Lab 1 (Scale and Faucets)
Organic Chemistry Lab 2 (Equipments, Door
and Doorknob)

Inorganic Chemistry Lab (Computer,
Doorknobs, Equipments, Micropipettes and
Refrigerator)

Canteen (Faucets, Counter, Acrylic and Cash
Reqister)

Auditorium (Doorknobs, Door, Table, Chair and

Eraser)

HEI 4

Library (PC, Windows and Tables)

Canteen (Chairs, Table, PC and Doorknob)
Bar (Counter, Napkin Holder, PC, Coffee
Machine and Table)

Grand Auditorium (Doorknob, PC and Chairs)
Small Auditorium (Scenic Interpretation Studio)
(Door, Table, Doorknob and Chairs)
Computer Room (Switch, Mouse, PC,
Keyboard, Door and Doorknob)

Workshop (Doorknob, Tables, Lockers and
Equipment)

HEI'5

Bar/Cafeteria (Cash Register and Counters)
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Science Laboratory (Physic-Chemical) (Chairs,
Scales, Faucets and Handle)

Student’s Social Room (Microwave, Faucet,
Windows and Chairs)

Theatre and Choir Room (Switch, Door,
Doorknob, Windows, Tables and Chairs)
Changing room/Dressing room (Doors,
Doorknobs, Faucets)

Gym (Doors, Doorknobs, Table, Chair,
Equipment)

Ceramic Workshop (Tables, Chairs, Faucets,
Eraser, Doorknob, Door)

Dance Room (Doorknobs, Doors, Eraser)
Music Room (Switch, Piano, Doorknob,
Window and Chairs)

HEI 6

Grand Auditorium (Chairs, Tables, Piano and
Tripods)

Small Auditorium (Chairs, Tables, Piano and
Tripods)

Library (Computers and Tables)

Academic Services (Printer, Doorknob and
Cabinets)

Corridor (Printer)

Academic Services (Customer Service)
(Acrylic, Pens, Coffee Machine and Tables)
Lunchroom (Microwave, Tables, Chairs,
Refrigerator, Doorknobs and Switch)

Choir Room (Chairs, Tables, Piano, Eraser,
Switch, Door and Doorknobs)

Music Room (Eraser, Tripods, Acrylic, Door,

Doorknob, Switch and Piano)

0*

HEI 7

Bar (Chairs, Tables, Cash Register, Acrylic,
Counter and Calculator)

Study Room (Food and coffee machines,
Chairs and Tables)

Corridor (Printer)

"Home Food" Space (Microwave, Water

machine, Tables and Chairs)
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Auditorium (Door, Doorknob and Chairs) 1 1

Academic Services (Tables, Switch, Chairs,

Acrylic, Printer, Stapler, Hole Puncher, Door 1 1
and Doorknob)
Library (Tables, Chairs and Acrylic) 1 1

Multimedia Warehouse (Printer, Computers,
Keyboards, Mouse, Barcode reader, 1 1

Microwave, TV and Chairs)

Academic Services (Printer, Doorknob, Acrylic
and Table)

Dance Reception (Doorknob, Computer,
Telephone and Keys)

HEI 8 Professor's Room (Doorknob, Printer, Switch, 0*

Flush toilet, Table and Chairs) ! !
Atrium Dance Studio (Bar and Sound System) 1 1
Dance Studio 1 (Bar and Sound System) 1 1
Dance Studio 2 (Bar and Sound System) 1 1
Total 106 92 48

* The sampling device was not operational due to technical constrains.

3.2. Procedures

The procedures performed, including sampling, laboratory methodologies used for
detection of SARS-CoV-2 and fungal and bacterial characterization, and statistical

analysis are described below.

3.2.1. Sampling Methodology
The two sampling methods applied, and the materials and equipment used are

described below.

Active sampling methods

Air samples of 600 L were collected using the impinger Coriolis p air sampler (Bertin
Technologies, Montigny-le-Bretonneux, France) with a flow rate of 300 L/min collected
into a conical vial containing 5 mL Buffer NVL (NZY Viral RNA Isolation kit (MB40701)
component) (Figure 3.2) (90,91).

Coriolis p is a portable biological air sampler for bio-contamination assessment (92). It
is based on a cyclonic technology, combined with a high air flow rate (92). These
samplers work by drawing air through liquid causing the airborne particles to become

suspended (93). Biological particles such as toxins, viruses, bacteria, molds, pollens
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and spores are collected and concentrated in a liquid ready to be analyzed with
microbiological and cellular and molecular biology methods (92).
The Buffer NVL is a denaturing lysis buffer containing guanidine thiocyanate, which

also inactivates cellular RNases, to ensure the recovery of intact RNA molecules (94).

Passive sampling methods

Surface samples were collected by swabbing the areas of each sampling site, using
sterile cotton swabs moistened in sterilized water. A 10 cm x 10 cm square stencil,
disinfected between samplings with a 70% alcohol solution was used (95) to allow
guantification. On some surfaces with common characteristics, such as the type of use,
surfaces material and cleaning procedures, composite samples were performed
(swabbing different surfaces with the same swab) (90,91,96) (Figure 3.2).

Then, for SARS-CoV-2 detection, the two sterile cotton swabs collected for each
accessed area were stored into a 15 mL falcon containing 1.5 mL Buffer NVL (NZY
Viral RNA Isolation kit (MB40701) component). On the other hand, for the analysis of
fungi and bacteria, one sterile cotton swab per sampled area was used, which was
previously moistened in sterilized water and after the sampling was placed in the

appropriate swab tube (90,91) (Figure 3.2).
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3.2.2. Characterization of fungal and bacterial contamination
Fungal and bacterial contamination was characterized by culture-based methods.
However, fungi were also characterized through molecular tools. These methodologies

are mentioned below.

Culture-based methods

In culture-based methods surface samples were only used. First it was necessary
extract the samples from swabs with 1 mL of 0.1% Tween™ 80 saline solution (NaCl
0.9%) for 30 min at 250 rpm on an orbital laboratory shaker (Edmund Buhler SM-30,
Hechingen, Germany) (91).
Then, to enhance the selectivity for bacterial and fungal growth, 150uL of the samples
extracted from surfaces swabs were inoculated onto four different culture media: 2%
malt extract agar (MEA) supplemented with 0.05 g L-1 chloramphenicol media were
used for fungi, dichloran glycerol agar (DG18) agar based media were used for
xerophilic fungi, tryptic soy agar (TSA) supplemented with 0.2% nystatin to assess total
bacterial, and violet red bile agar (VRBA) to assess coliforms (Gram-negative bacteria).
Antifungal resistance in all surface samples (except for PB samples due to the lack of
samples) was also screened by inoculating 150uL of the samples on Sabouraud
dextrose agar (SAB) supplemented with 4 mg/L itraconazole (ITR), 2 mg/L
voriconazole (VOR), 0.5 mg/L Posaconazole (POS), or SAB alone (as control)
(adapted from (99)) (91).
The characteristics of each culture media used are described on Appendix 8.1 —
Description of culture media used.
All the inoculated plates were incubated at 27°C for five days for fungal growth or for
seven days at 30°C and 37°C for bacterial growth and for Gram-negative bacterial
growth, respectively. After the incubation period, quantitative (CFU/m?) results for fungi
and bacteria were obtained (91). To obtain the CFU per measuring unit was used this
formula:

CFU.m? = CFU x 1000, where CFU are the colonies counted
When colony overgrowth was observed due to fungi and bacteria with fast growing
rates (Mucorales group, Chrysonilia sitophila and Trichoderma sp.), making it
impossible to count colonies, the median of all colony values obtained in all locations of
the same facility was assumed (91).
Fungal species were also identified microscopically using lactophenol cotton blue
mount procedures. Morphological identification was achieved through macro and

microscopic characteristics (91,100).
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Molecular tools

Air samples obtained by impinger and surface swabs were used for the molecular
detection of a fungal specie with reported toxigenic potential, namely Aspergillus
section Fumigati. Fungal DNA was extracted from the samples mentioned above using
the ZR Fungal/Bacterial DNA MiniPrep Kit (Zymo Research, Irvine, USA), according to
the manufacturer's instructions (91).

Molecular identification of the different fungal species/strains was obtained by qPCR,
using the automation system (CFX)-Connect PCR System (Bio-Rad, California, USA).
Reactions included 1 x iQ Supermix (Bio-Rad, California, USA), 0.5 uM of each primer
(Table 3.3), and 0.375 pM of TagMan probe in a total volume of 20 uL. Amplification
followed a three-step PCR: 50 cycles with denaturation at 95 °C for 30 s, annealing at
52 °C for 30 s, and extension at 72 °C for 30 s. A non-template control was used in
every PCR reaction. As positive controls of amplification, DNA samples were obtained
from reference strains, belonged to the culture collection of the Reference Unit for
Parasitic and Fungal Infections, Department of Infectious Diseases of National Institute
of Health Dr. Ricardo Jorge the Mycology Laboratory. These strains have been
sequenced for Internal transcribed spacer (ITS), B-tubulin, and Calmodulin.

Whenever a sample showed dubious results, this was repeated. The results were
classified as positive or negative for the detection of Aspergillus section Fumigati and
the Cq (Quantification cycle) value was registered.

Table 3.3 shows the sequence of primers and TagMan probes used for qPCR

detection of Aspergillus section Fumigati.

Table 3.3 - Sequence of primers and TagMan probes used for gPCR (adopted from (101)).

Sequences Reference
Fungal Species Fumigati
Forward Primer 5-CGCGTCCGGTCCTCG-3
Reverse Primer 5'-TTAGAAAAATAAAGTTGGGTGTCGG-3 (102)
Probe 5-TGTCACCTGCTCTGTAGGCCCG-3

3.2.3. Detection of SARS-CoV-2
For the detection of SARS-CoV-2 it was necessary to follow the steps described in the

Figure 3.3 which are in detail bellow.
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Inactivation of SARS-CoV-2 Detection of SARS-CoV-2

Figure 3.3 — SARS-CoV-2 detection protocol.
Inactivation of SARS-CoV-2

In the laboratory, the vials of Coriolis and the swabs containing the samples for the

detection of SARS-CoV-2 were externally disinfected with 1% sodium hypochlorite
solution. Then, the vials and the swabs were placed in water bath at 56°C for 30

minutes.

RNA extraction

RNA was extracted from the samples collected (5 mL in air samples and 1.5 ml in
surface samples) with the NZY Viral RNA Isolation kit, from Nzytech, according to

manufacturer’s instructions (90).

Detection of SARS-CoV-2

The detection of SARS-CoV-2 were carried out through the molecular tool RT-qPCR
using the CFXConnect PCR System (Bio-Rad). Reactions included 1 x Master Mix
(NZYSpeedy One-step RT-gPCR probe Master Mix) with 400 nM of each primer and
100 nM of TagMan probes published by CDC (available on (103)), which detected two
viral gene regions (N1 and N2) (Table 3.4). Total volume of reactions was 10uL (90).

In each analysis a positive (a SARS-CoV-2 positive sample, obtained from Chronic
Diseases Research Centre - Universidade NOVA de Lisboa, and from Instituto de
Medicina Molecular Jodo Lobo Antunes) and a negative (water) sample was included.
Besides that, an internal control (TATAA Universal RNA Spike 1) was added to assess
potential inhibitors present in the samples collected (90) (Table 3.4).

Amplification followed a three-step PCR: 45 cycles with denaturation at 95 °C for 30 s,
annealing at 54 °C for 30 s, and extension at 72 °C for 30 s.

All the results are analyzed by two independent researchers. Whenever a sample
showed dubious results, including, for example, lack of amplification of both viral gene
regions, they were considered inconclusive, and the assay was repeated. The results
were classified as positive or negative for the detection of SARS-CoV-2 (90).

Table 3.4 shows the panel primers and probes used.
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Table 3.4 - Novel Coronavirus (2019-nCoV) Real-time RT-qPCR Panel Primers and Probes (adopted from

(90)).

Name Description Oligonucleotide Sequence (5’>3’) Labell
2019-nCoV_N1- 2019-nCoV_N1
. 5-GAC CCC AAA ATC AGC GAA AT-3’ None
F Forward Primer
2019-nCoV_N1- 2019-nCoV_N1 5-TCT GGT TAC TGC CAG TTG AAT N
one
R Reverse Primer CTG-3
2019-nCoV_N1- 2019-nCoV_N1 5-FAM-ACC CCG CAT TAC GTT TGG FAM, BHQ-
P Probe TGG ACC-BHQ1-3 1
2019-nCoV_N2- 2019-nCoV_N2
5-TTA CAA ACA TTG GCC GCA AA-3’ None
F Forward Primer
2019-nCoV_N2- 2019-nCoV_N2
. 5-GCG CGA CAT TCC GAA GAA-3 None
R Reverse Primer
2019-nCoV_N2- 2019-nCoV_N2 5-FAM-ACA ATT TGC CCC CAG CGC FAM, BHQ-
P Probe TTC AG-BHQ1-3 1
Spike In TATAA Universal RNA Spike | FAM

3.2.4. Statistical analysis

Data were analyzed using SPSS statistical software, V26.0 for windows. The results

were considered significant at the 5% significance level. To test the normality of the

data, the Kolmogorov-Smirnov test was used. To characterize the sample, frequency

analysis (n, %) was used for qualitative data. To study the relationship between

bacterial and fungal counts and resistance to azoles and Aspergillus section,

Spearman's correlation coefficient was used, since the assumption of normality was not

verified (91).
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4. Results

This chapter presents the results regarding bacterial and fungal contamination and
detection of SARS-CoV-2, which are submitted for publication (90,91).

4.1. Bacterial contamination by culture-based methods

Surface samples showed a total bacterial contamination of 9.7 x 106 CFU.m-2, ranging
between 1 x 10°®° CFU.m™2 (classroom and attendance room) and 3.1 x 10° CFU.m™
(offices). The highest median value (or total values in the case of classroom,
attendance room, computer room, changing and dressing room, gym, study room and
multimedia) was 5 x 10° CFU.m™2 (study room) and the lowest was 1 x 10° CFU.m™
(classroom and attendance room). Gram-Negative bacteria in surface samples was 7.1
x 10* CFU.m?, ranging from 0 to 1.9 x 10* CFU.m2 (laboratory) with a highest median
value of 9.5 x 10° CFU.m2in the laboratory (Figure 4.1 and Figure 4.2).

Total bacterial contamination found in different facilities ranged from 3.8 x 10* CFU.m™2
(HEI 2) to 4 x 10° CFU.m™2 (HEI 7), with the highest median value found in HEI 7 (5 x
10° CFU.m™) and the lowest median value found in SS (2 x 10® CFU.m™2). Gram-
negative bacteria ranged between 0 and 3 x 10* CFU.m™2 (HEI 3), with a highest
median value of 4 x 10* CFU.m™2 (HEI 3) (Figure 4.1 and Figure 4.2).
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Figure 4.1 — Total bacteria in surface swabs (adopted from (91)).
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Figure 4.2 — Gram-negative bacteria in surface swabs (adopted from (91)).

4.2. Fungal contamination by culture-based methods

The total fungal contamination on the surfaces ranged from 0 to 1.5 x 10° CFU.m™2
(offices) on MEA, and from 0 to 1.8 x 10° CFU.m™2 (professor’s room) on DG18, totaling
5.3 x 10° CFU.m? on MEA and 5.7 x 10° CFU.m?2 on DG18. The median values (or
total values in the case of classroom, attendance room, computer room, changing and
dressing room, gym, study room and multimedia) ranged from 0 to 5.9 x 10* CFU.m™
(changing and dressing rooms) in MEA, and from 0 to 9.1 x 10* CFU.m2 (professor’s
room) in DG18 (Figure 4.3 and Figure 4.4).

Fungal contamination found in different facilities ranged from 2 x 10° CFU.m™2 (HEI 4)
to 1.8 x 10° CFU.m™2 (HEI 6) on MEA, and from 5 x 10° CFU.m™2 (HEI 4) to 1.7 x 10°
CFU.m™2 (HEI 2) on DG18. The median values on MEA ranged between 0 (HEI 4) to
3.1 x 10* CFU.m™2 (HEI 6), and from 0 (HEI 4) to 8 x 10° CFU.m™2 (HEI 6) on DG18
(Figure 4.3 and Figure 4.4).
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Figure 4.3 — Fungal contamination in surface swabs on MEA (adopted from (91)).
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Figure 4.4 — Fungal contamination in surface swabs on DG18 (adopted from (91)).
Regarding fungal distribution, 13 different fungal species were observed, being found in

total 10 and 9 on MEA and DG18, respectively. The most prevalent species found on
both media were Cladosporium sp. (47.36% MEA; 32.33% DG18). Other common
species observed on MEA were Penicillium sp. (40.94%) and Aspergillus sp. (3.21%),
whereas on DG18 were Aureobasidium sp. (28.97%) and Penicillium sp. (20.67%)
(Table 4.1).
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Table 4.1 — Fungal species distribution in surface swabs after inoculation onto MEA and DG18 media

(adopted from (91)).

MEA

DG18

Fungi
Cladosporium sp.
Penicillium sp.
Aspergillus sp.
Rhizopus sp.

n (CFU.m?); %
2.51 x 10%; 47.36
2.17 x 10%; 40.94
1.70 x 104 3.21
1.40 x 10%; 2.64

Fungi

Cladosporium sp.

Aureobasidium sp.

Penicillium sp.

Aspergillus sp.

n (CFU.m?2); %

1.83 x 10°%; 32.33
1.64 x 10°; 28.98
1.17 x 10°%; 20.67
8.30 x 10%; 14.66

Aureobasidium sp. 1.20 x 104, 2.26 Chrysosporium sp. 1.10 x 104, 1.94

Alternaria sp. 8.00 x 10%; 1.51 Fusarium sp. 3.00 x 10%; 0.53
Chrysosporium sp. 5.00 x 10%; 0.94 Chrysonilia sp. 2.00 x 10%; 0.35
Phoma sp. 3.00 x 10%; 0.57 Mucor sp. 2.00 x 10%; 0.35

2.00 x 10%; 0.38
Chrysonilia sitophila  1.00 x 103; 0.19
Total 5.30 x 105; 100

Acremonium sp. Acremonium sp. 1.00 x 10%; 0.18

5.66 x 10%; 100

Aspergillus genera was observed on MEA (3.21%) and DG18 (14.66%), with 6 different
species identified on both media (Table 4.1). There were found 5 different Aspergillus
sections on MEA, being Candidi the most prevalent (6 x 10° CFU.m?; 35.29%),
followed by Fumigati (5 x 102 CFU.m?; 29.41%), Nigri (3 x 10® CFU.m%; 17.65%),
Nidulantes (2 x 10® CFU.m?; 11.76%) and Aspergilli (1 x 10® CFU.m?; 5.88%). On
DG18 there were found 3 different Aspergillus sections, being Nidulantes the most
identified (7.7 x 10* CFU.m%; 92.77%) followed by Candidi (5 x 10° CFU.m?; 6.02%)
and Circumdati (1 x 10 CFU.m2; 1.20%) (Figure 4.5).

a) b)

5.88% 6.02% 1.20%
11.76%
= Candidi
35.29%
= Fumigati = Nidulantes
17.65% Nigri = Candidi
Nidulantes Circumdati
m Aspergilli

29.41% 92.77%

Figure 4.5 — Aspergillus sections distribution in surface swabs after inoculation onto a) MEA and b) DG18
(adopted from (91)).
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4.3. Azole resistance screening

Forty-seven of the eighty-three samples (56.63%) showed the growth of ten distinct
fungal species on SAB supplemented with azoles. Eighteen of the eighty-three
ITR
(Cladosporium sp., Chrysosporium sp., Chrysonilia sitophila, Alternaria sp., Mucor sp.,

samples (21.69%) presented growth of six fungal species on 4 mg/L
Penicillium sp.); thirty-six of the eighty-three samples (43.37%) presented growth of
nine fungal genera on 2 mg/L VOR (Cladosporium sp., Penicillium sp., Chrysosporium
sp., Aureobasidium sp., Chrysonilia sitophila, Mucor sp., Acremonium sp., Alternaria
sp., Aspergillus section Nigri); twenty of the eighty-three samples (24.10%) presented
growth of six fungal genera on 0.5 mg/L POS (Cladosporium sp., Penicillium sp.,
Chrysosporium sp., Chrysonilia sitophila, Mucor sp., Rhizopus sp.) (Table 4.2).

Table 4.2 — Fungal distribution in azole-supplemented SAB media from surface swab samples (adopted
from (91)).

SAB ITR VOR POS

Fungi n (CFU.m?; % n(CFUmM?;% n(CFUmM?;% n (CFU.m?); %
Acremonium sp. 1.10 x 104, 3.44 0.00 1.00x 103 0.70 0.00
Alternaria sp. 1.00 x 10%;0.31 2.00x 10% 3.92 1.00x 10%; 0.70 0.00

Aspergillus section
o 2.00 x 103; 0.63 0.00 0.00 0.00

Candidi

Aspergillus section

o 3.00 x 10%; 0.94 0.00 0.00 0.00
Fumigati

Aspergillus section

) 5.00 x 10%; 1.56 0.00 0.00 0.00
Nidulantes

Aspergillus section

o 8.00 x 103; 2.50 0.00 1.00x 103 0.70 0.00
Nigri

Aspergillus section

) ) 1.00 x 103; 0.31 0.00 0.00 0.00
Circumdati

Aureobasidium sp.  9.00 x 103; 2.81 0.00 6.00x 103 4.23 0.00
Bipolaris sp. 3.00 x 10%; 0.94 0.00 0.00 0.00

Chrysonilia sitophila
Chrysosporium sp.
Cladosporium sp.
Mucor sp.
Penicillium sp.
Rhizopus sp.
Ulocladium sp.
Total

1.00 x 10%; 0.31
2.20 x 10% 6.88

3.00 x 10%; 5.88
9.00 x 10%; 17.65

4.00 x 103; 2.82
1.30 x 104 9.15

1.00 x 108; 2.22
8.00 x 108%; 17.78

1.93 x 10°%; 60.31 3.30 x 104 64.71 9.30 x 104 65.49 2.40 x 10% 53.33

1.30 x 104 4.06
4.40%x104 13.75
3.00 x 10%; 0.94
1.00 x 103; 0.31
3.20 x 10%; 100

2.00 x 103; 3.92
2.00 x 103; 3.92
0.00
0.00
5.10 x 10%; 100

2.00 x 10%; 1.41

1.00 x 103; 2.22

2.10 x 104, 14.79 1.00 x 104, 22.22

0.00
0.00
1.42 x 10°%; 100

1.00 x 103; 2.22
0.00
4.50 x 104 100
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4.4. Molecular detection of Aspergillus section Fumigati

In all the air samples Aspergillus section Fumigati was not identified by the molecular
tool gPCR. However, this section was detected in 2 surface samples (2.22%, 2 out of
90 samples). Interestingly, the presence of this section was not identified by culture-

based methods in any of the samples collected (Table 4.3).

Table 4.3 — Molecular detection of Aspergillus section Fumigati (adopted from (91)).

Aspergillus section detected Sample type CFU.m2 (in MEA/DG18) Cq
0/0 31.56
Fumigati Swab
0/0 28.32

4.5. Molecular detection of SARS-COV-2

In all the environmental samples analyzed, comprising air and swabs samples, the
results were negative regarding SARS-CoV-2 detection. In all PCR experiments
positive control amplified, and internal control also amplified and at the same CT value

for all the samples and controls, indicating no PCR inhibition in the collected samples.

4.6. Correlation analysis

Regarding bacterial counts in TSA, significant correlations were detected with counts in
VRBA (rS=0.252, p=0.015), in SAB (rS=0.354, p=0.001), in VOR (rS=0.235, p=0.033)
and in POS (rS=0.343, p=0.001) and with the number of workers (rS=0.287, p=0.009).
These results indicate that higher bacterial counts in TSA are related to higher bacterial
counts in VRBA, higher azole resistance counts (either in SAB, VOR or POS) and
higher number of workers (Table 4.4).

Considering bacterial counts in VRBA, only significant correlation was found with fungal
counts in DG18 (rS= 0.235, p=0.024), revealing that higher bacterial counts in VRBA
are related to higher fungal counts in DG18 (Table 4.4)

With regard to fungal counts in MEA, significant correlations were detected with fungal
counts in DG18 (rS= 0.586, p=0.000), in SAB (rS= 0.494, p=0.000), in ITR (rS= 0.362,
p=0.001) and in VOR (rS= 0.485, p=0.000), with Aspergillus section, fungi in MEA (rS=
0.265, p=0.011) and with number of workers (rS= 0.226, p=0.043). These results
reveal that higher fungal counts in MEA are related to higher fungal counts in DG18,
higher azole resistance (either in SAB, ITR or VOR), higher values of Aspergillus
section in MEA and higher number of workers (Table 4.4).

With respect to fungal counts in DG18, significant correlations were detected in SAB
(rS=0.562, p=0.000), in ITR (rS= 0.479, p=0.000), in VOR (rS= 0.572, p=0.000) and in
POS (rS= 0.314, p=0.004) and with Aspergillus section in DG18 (rS= 0.321, p=0.002).
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These results indicate that higher fungal counts in DG18 are related to higher azole
resistance (either in SAB, ITR, VOR or POS) and higher values of Aspergillus section
in DG18 (Table 4.4).

Regarding azole resistance in SAB, significant correlations were detected with azole
resistance in ITR (rS= 0.478, p=0.000), in VOR (rS= 0.638, p=0.000) and in POS (rS=
0.289, p=0.008) and with Aspergillus section — azole resistance in SAB (rS= 0.388,
p=0.000), showing that higher counts in SAB is related to greater resistance to azoles
in other media, including in the Aspergillus section (Table 4.4).

Concerning azole resistance in ITR, significant correlations were detected with azole
resistance in VOR (rS= 0.472, p=0.000) and in POS (rS= 0.360, p=0.001), revealing
that higher azole resistance in ITR is related with higher azole resistance in VOR and
POS (Table 4.4).

With regard to azole resistance in VOR, significant correlations were detected with
azole resistance in POS (rS= 0.308, p=0.005) and with Aspergillus section in MEA (rS=
0.243, p=0.027) and Aspergillus section in SAB (rS= 0.375, p=0.000), revealing that
higher azole resistance in VOR is related with higher azole resistance in POS, higher
values of Aspergillus section in MEA and higher and azole resistance in Aspergillus
section in SAB (Table 4.4).

Regarding Aspergillus section, the following significant correlations were found: i) fungi
in MEA and azole resistance in VOR (rS= 0.360, p=0.001), which indicates that higher
values in MEA are related to higher resistance to azoles in VOR; ii) azole resistance in
SAB and VOR (rS= 0.294, p=0.007), which reveals that higher counts in SAB is related
to greater azole resistance in VOR (Table 4.4).
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Table 4.4 - Study of the relationship between bacterial and fungal counts, azole resistance (SAB, ITR, VOR and POS) and Aspergillus section (fungi (MEA, DG18) and
azole resistance (SAB, VOR). Spearman correlation coefficient results (adopted from (91)).

Bacterial Aspergillus section
counts Fungal counts Azole resistance (CFU.m=2) Azole Number of
(CFU.m?) Fungi
(CFU.m?) resistance workers
VRBA MEA DG18 SAB ITR VOR POS MEA DG18 SAB VOR
Bacterial counts TSA 0.252 0.149 0.141 0.354" 0.130 0.235" 0.343" -0.115 0.043 0.061 -0.009 0.287"
VRBA -0.008 0.235° 0.059 0.119 0.108 0.064 -0.098 -0.022 -0.061 -0.061  -0.082
Fungal counts MEA 0.586" 0.494™ 0.362" 0.485™ 0.123 0.265° 0.169 0.129 0.110 0.226"
DG18 0.562" 0.479” 0.572™ 0.314™ 0.001 0.321™ 0.140 0.002 0.084
Azole resistance SAB 0.478" 0.638™ 0.289™ 0.079 -0.023 0.388" 0.070 0.182
ITR 0.472" 0.360" 0.021 0.041 0.162 -0.058 -0.112
VOR 0.308" 0.243" 0.090 0.375" 0.133 0.171
POS -0.182 0.163 0.079 -0.062  -0.132
Fungi MEA 0.068 0.010 0.360™ 0.189
Aspergillus DG18 -0.083 -0.025 -0.027
section Azole SAB 0.294™  -0.072
resistance VOR 0.190

*, Correlation is significant at the 0.05 level (2-tailed). **. Correlation is significant at the 0.01 level (2-tailed).
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5. Discussion

The discussion of the results presented below is reported in previously submitted
publications (90,91).

The IAQ in HEI is of great importance due to the impact it has on the health and
performance of students, professors and other workers (5—7). Fungi and bacteria have
been widely studied for their negative health effects (9-11). However, in the past year,
the emergence of the SARS-CoV-2 virus has caused extensive damage around the
world, emphasizing the need to analyze the presence of microorganisms in indoor air
(16). Since potentially pathogenic microorganisms can be disseminated as bioaerosols
and via contact with contaminated surfaces, microbiological contamination assessment
is one of the main parameters that affect IAQ (3,10,104).

Several evidence suggested that the source of fungi and bacteria in indoor air are
influenced by many factors, such as human occupancy and their activities, humidity
levels, ventilation, environmental characteristics, water infiltrations, construction and
decoration materials and outdoor air (9,34,77). Concerning SARS-CoV-2 virus, it is
transmitted by aerosols and through contaminated objects and surfaces, including
human skin (16,51,56,57,105). Other factors can influence the infection, such as
temperature, humidity and ventilation and filtering system (16). Due to the extensive list
of factors that influence IAQ, exposure assessment to microorganisms remains a
challenge to every exposure assessor/industrial hygienist (74). The sampling approach
is of critical importance to achieve an accurate risk characterization regarding
microbiological agents (106). Active methods (air sampling), such as impingement
method used in this study, although the most used method for samples collection, may
not represent the real scenario regarding the inhalation exposure (46,77,107). Besides
that, can only reflect the load from a shorter period of time (mostly minutes),
corresponding to the sampling duration and representing only a small fraction of the
bioburden exposure (46,77,107). Despite these concerns, impingers are among the
most common sampling devices used for SARS-Cov-2 assessment in indoor
environments, since it allows longer active sampling times to ensure collection of
sufficient airborne viruses for detection by molecular tools (51,57,108). On the other
hand, passive methods, such as surface swabs used in this study, allow the collection
of contamination over a longer period (after the last cleaning procedure) and to observe
a wider diversity of the bioburden, providing a more complete picture of the exposure

than the active sampling (46,77,106,107). Indeed, swabs are also frequently used in
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several indoor environments, including for SARS-CoV-2 (24,51,57,72,101,106,109—
116). The use of both sampling methods allows to overcome each method limitation,
ensuring a more precise assessment of occupational exposure to bioburden (51,77).
Although most of the studies performed in HEI are focused on the air
(18,59,61,63,68,70), surface analysis has been shown to be relevant, because it may
reflect the contamination in the air, thus possibly leading to increase in airborne
concentration (21,24,117). It allows also the measurement of the harmful part of the
airborne population which falls onto a critical surface (74,75,78).

Previous studies have shown that, beyond sampling approach, culture media applied
also influence the results obtained for fungi and bacteria found in environments
(101,106). Regarding bacterial contamination, culture media allowed for the
discrimination between total bacteria (TSA media) and Gram-negative bacteria (VRBA
media) (101). The presence of bacteria on surfaces is a common situation, especially
in the most frequently touched surfaces, as their main source is people and their
activities (41,42,48). Tacking this into account, it is not surprising that the highest total
bacterial count was found in the offices (31.8%), followed by auditorium (15.7%) and
meals space (14.4%), which are the places with high occupancy and where there are
several touched surfaces for different workers. In fact, meals space is a place that
involves the handling of raw material (vegetables, fruits, meats, and others) that have
bacteria content (7). Incorrect hygiene practices of workers must be considered since
the bacteria are mainly from humans (7). Thus, the identification of bacterial species
present in this area it is an important tool, for conclude its origin (7). The positive
correlation found between higher bacterial counts in TSA and higher number of
workers emphasizes this contribution.

On the other hand, Gram-negative bacteria presented the highest levels on
laboratories (26.8%), workshops (25.4%), and offices (15.5%). This can be a result of
the activities that are carried out in these areas, especially in laboratories, which are
spaces where people can deal with a complex mixture of microorganisms, chemicals,
and contaminants due to the nature of research (18,60). The deposition of these
bacteria on surfaces together with inadequate hygienic practices can lead to their
presence on other surfaces and transferred to people, which can be harmful to
occupants (62). Moreover, previous studies have linked the presence of Gram-negative
bacteria to the settled dust brought into indoor environment by users and from outdoor
particles (109).
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HEI 7 and HEI 3 have a higher amount of total bacteria and Gram-negative bacteria,
respectively. The sampled areas can be a justification for these results, since both
included the same three more prevalent spaces for all institutes, with the exception for
HEI 3, where no samples were collected in offices.

Besides bacteria are ubiquitous and generally of human origin (from skin and mucous
membranes) and not harmful for health, the mere presence of Gram-negative bacteria
is a special concern, as they may have naturally resistance to antibiotics and can also
produce endotoxins, which can cause respiratory symptoms (9,24,34,42).

Aiming the fungal contamination assessment, besides the use of MEA, as suggested in
Portuguese guidance for IAQ assessment (9), DG18 was also selected to be used,
since this media constitutes a better alternative for colony counting and to obtain higher
diversity of genera, since contains dichloran, which is an anti-fungal agent that inhibits
bacterial growth and restrict the spread of more-rapidly growing fungi, such as fungi
belonging to the Mucorales order (including Rhizopus and Mucor genera) and restricts
the colony size of other genera (46,118). However, although the total concentrations
obtained in both media are similar, contrary to expectations, a greater diversity of the
mycobiota was found in MEA (10 different species) than in DG18 (9 different species).
The same trend was observed in relation to Aspergillus sections (5 in MEA; 3 in DG18).
The fact that was identified different species in MEA and in DG18 emphasizes the use
of both media.

In the present study the concentration of fungi on the surfaces was lower than the
concentration of bacteria, which is similar to a study on surface swabs in university
facilities (7). The most prevalent fungi found on this study, such as Cladosporium sp.,
Penicillium sp. and Aspergillus sp. were in accordance with others where the surfaces
swabs were also used as sampling approach (21,89,119,120).

Like bacteria, fungi are present in dust and surfaces of every house (34). However,
previous studies suggested that fungi originate mainly from outdoors and can be
transferred to the building on the surface of new materials or by humans
(34,36,37,121). Ventilation and daily activities can also promote mold indoors (34,36).
While offices (28.5%), meals space (13.4%) and theatre and choir room (12.8%) were
the areas most contaminated by fungi on MEA, on DG18 were professor's room
(32.0%), offices (24.0%) and changing and dressing room (11.8%). In both media, it is
possible to observe fungal contamination in offices, which resembles bacteria. A
possible reason for the presence of fungi in these areas could be the fact that, due to

the COVID-19 pandemic, all indoor spaces were encouraged to open windows to
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prevent COVID-19 infection (16). Evidences concluded that opening the windows
appears to increase the levels of associated microorganisms in the air and on the
surfaces as a result of the passage of outdoor air into indoors (18,48,104,121). In
addition, it cannot be ruled out that people can touch surfaces and transferred fungi ant
their activities can promote their dissemination (5,36). This is particularly interesting for
changing and dressing room, where the materials involved (clothes, skin, hair and
shoes) can be a human transmission route (34,36). Fungal growth can also be
promoted in the presence of moisture, and many fungi grow easily on any surface that
becomes wet or moistened, such as faucets, which are present, for example, in meals
space and changing and dressing room (34,36,48).

HEI 6 and HEI 2 have highest values of total fungal contamination on MEA and DG18
media, respectively. As seen in bacteria, the areas sampled in HEI 6 showed the same
three most prevalent spaces for all institutes on MEA. In HEI 2 on DG18, among the
areas with higher contamination values in all institutes, only professor’'s rooms were
analyzed. However, in this mentioned area a considerable concentration of fungi was
evident.

Besides fungi are present in all buildings, some of the species can cause negative
health impacts, such as respiratory conditions, inflammatory, allergic and toxin effects
(36,38,39). Its ability to produce mycotoxins, which can have adverse health effects,
including death in the worst cases, is of special concern and should be studied in more
detailed (40-42).

Aspergillus sections has been object of study as most of them are reported as
mycotoxins producers, some with clinical relevance (47). While in MEA was exclusively
identified Aspergillus sections Fumigati, Nigri and Aspergilli, Aspergillus section
Circumdati was isolated only on DG18 media (as previously reported (106)). These
Aspergillus sections are indicators of harmful fungal contamination (39,84,122).
Furthermore, the presence of Aspergillus sections Candidi and Nidulantes in both
media should be emphasized due to their toxigenic potential (46,84).

The complementarity of the results reflects the importance of using both media to
achieve a more accurate mycobiota exposure assessment (89).

The emergence of pathogenic fungi resistant to the antifungal agents has been
notorious in recent years, which can cause therapeutic failure (43,44). In this study, the
screening of fungal resistance to three medical azoles, widely used in the treatment of
fungal infections, was conducted (43,44). Cladosporium sp. was the most identified
fungal species in all three azoles (64.71% on ITR; 65.49% on VOR; 53.33% on POS).

40



Penicillium sp. also growth in all three azoles being the second species more prevalent
in two of the three azoles (14.79% on VOR; 22.22% on POS). Chrysosporium sp.,
Chrysonilia sitophila and Mucor sp. were presented also in all three azoles. Alternaria
sp. and Aureobasidium sp. were only observed on ITR and VOR. Acremonium sp. and
Rhizopus sp. were only detected on VOR and POS, respectively. Regarding Mucor sp.
and Rhizopus sp., they are intrinsically resistant to VOR, with ITR and POS as first-line
therapy (77,123). (77,123). However, in this study, there were observed the growth of
these fungal species in the presence of ITR and POS thus indicating the need to
further characterize fungal resistance of those isolates (47,123).

The identification of fungal species in in more than one azole suggests a multi drug
resistance phenotype that must be further evaluated through antifungal susceptibility
testing (123), by the reference microdilution method (EUCAST) (124). A confirmed
resistance phenotype would indicate the presence of azole-resistant fungal species in
these settings, thus constituting a higher exposure risk, especially for
immunocompromised occupants (24). However, no conclusions regarding azole
resistance of these fungal species can be drawn, as reference values are defined only
for Aspergillus sp. and Candida sp. (126).

Antifungal resistance is emerging, especially in Aspergillus fumigatus, which is the
main cause of invasive fungal infections (39,125). In this study, only Aspergillus section
Nigri was identified in one azole media (0.70% on VOR). Nevertheless, Aspergillus
sections Candidi, Fumigati, Nidulantes, Nigri, and Circumdati were observed in control
SAB. Thus, some of those sections were found also in MEA and/or DG18. These
results are in line with some studies in dwellings and hospitals environments, where no
Aspergillus species were able to grow on azole-media, despite being observed in SAB,
MEA or DG18 (24,77,101,114). Of note, cryptic Aspergillus species might be
underestimated in azole-media due to the presence of fast-growing species, such as
Chrysonilia sitophila and Mucorales group (24,77,101).

Culture-based methods allowed the identification of the Aspergilllus section Fumigati in
a wide number of surface samples, with molecular tools also detecting this section in
different and in a smaller number of samples. Despite this discrepancy, the use of both
methods allows to obtain a broader picture of fungal contamination, as supported by
other authors (37,39,80,89).

In fact, although molecular technique has some drawbacks, specific characteristics
allow them to be more successful than other techniques, such as its precision, speed,

intense analytical sensitivity of detection and the fact that it enables the detection and
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identification of dead or dormant microorganisms and can discriminate toxigenic strains
of some fungal species (86,126). On the other hand, culture-based methods are crucial
since the viability of bioburden is of critical importance to estimate health risks, as it
affects biological mechanisms, such as inflammatory and cytotoxic responses which
reinforces the idea of combining both methods (123).

In all air samples, was not possible to detect Aspergillus section Fumigati. A recent
review article concluded that, although in most studies the number of molecular
detections of Fumigati section was higher than the number of positive identifications in
culture medium, there were cases where detection by gPCR was not possible (47). For
example, a study performed in an animal feed industry detected only one of the
samples in the presence of Aspergillus section Fumigati by molecular methods, in
contrast to the high prevalence of this section presented by culture-based methods
(127). Interestingly, this specie was not at high levels in this sample when detected by
culture-based methods(127). The lack of correlation between both methods has been
reported by other authors and it can be seen that gPCR possible may yield false
negatives (47,77,86,127). This could be a result of inadequate removal for PCR
inhibitors in the samples, ineffective release of microbial DNA content from cells or
poor DNA recovery after extraction and purification steps (47,77,86,127). This study is
in line with another that pointed out the presence of particle in the air as a possible
reason for sources of inhibition (127). To ensure the results on air samples, the use of
culture-based methods should be performed. Once again the importance of
complementing the use of both methods is evident (37,39,80,89).

Regarding SARS-CoV-2 results, all samples collected were negative after molecular
detection by RT-gPCR. This can indicate an effective cleaning and a good ventilation of
the areas, as recommended by experts, include Portuguese Health Directorate (16,57).
The fact that the results were negative in both sampling methods shows their
complementarity and allows corroborating the results. This assessment has a great
impact on the safety of people using the HEI under study, since the implementation of
measures seems to be prevented the spread of SARS-CoV-2 in the air and surface.
However, regular detection of SARS-CoV-2 in environmental samples should be

maintained.
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6. Final considerations

6.1. Conclusions

The present study was important due to the lack of research in IAQ on HEI, including
the assessment of microbiological contamination. The high relevance of this study
relies on the great diversity of occupants, who can spend a lot of time in the facilities.
Additionally, the presence of microorganisms can cause negative health effects and
affect the productivity and performance of workers and students. Besides that, the
presence of SARS-CoV-2 is a public health concern, and its assessment in these
settings allows ensure the safety of all occupants. Some innovative aspects can be
highlighted, such as the fact that the azole resistance screening was performed,
something normally carried out only in clinical settings. It can also be emphasized the
analysis of fungi and bacteria on surfaces, which is sometimes neglected. It is
important to point out that a technical-scientific report was prepared for the person
responsible for HEI (See Appendix 8.2 — Scientific technical report). This report
established recommendations to reduce the microbiological contamination found.

This study showed that although cleaning and disinfection procedures are done
regularly due to the COVID-19 pandemic, surfaces were often contaminated with fungi
and bacteria. This can be a result of increasing resistance to biocides and the wide
range of environmental factors that can contribute to the dissemination of microbial
contamination indoors. Furthermore, the growth of fungal species in azoles should be
considered.

However, it is important to mention that in the case of SARS-CoV-2 its presence was
not detected, which can be related to an effective cleaning and disinfection to eliminate
the virus. In addition, although on surface samples was detected Aspergillus sp.,
including section Fumigati, which has clinical relevance, on air samples this section
was not identified by qPCR.

The use of surface swabs proved to be a valuable sampling method for the
assessment of microbiological contamination. Thus, active and passive sampling
methods used in parallel with culture-based methods and molecular tools showed a
more precise characterization of the contamination. Therefore, corrective measures

should be implemented to reduce bacterial and fungal presence.
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6.2. Study limitations

A limitation of this study is the fact that the active sampling method (air impingement),
except for the molecular identification of Aspergillus section Fumigati by molecular tool,
was nhot applied to determine fungal and bacterial contamination, which could
complement both results (74,77,106).

Since seasonality influences the concentration of microorganisms, the fact that
sampling was performed between summer and autumn may constitute a limitation
(1,63).

Furthermore, no antifungal susceptibility testing was performed on isolates that growth

on azoles and that can cause human infections (24,47).

6.3. Suggestions for future studies

As suggestion for future studies, additional research to correlated air and surface can
be interesting to find the source of contamination. Considering the variations in the
levels of microbiological contamination over time, it is recommended that in the future a
more extensive study be carried out throughout the year, covering all seasons. As
some Aspergillus sections detected in this study can produce mycotoxins, it would be
important to analyze their presence in these samples. Fungal species that grew on
azoles would be interesting to study in the future to characterize the fungal resistance
of these isolates. Taking into account the levels of bacterial and fungal contamination
found, further similar studies should be carried out on a regular basis, including the
detection of SARS-CoV-2.

6.4. Ethical and Legal considerations

In order to ensure anonymity and confidentiality, the name of the HEI under study were
not available. With regard to legal considerations, all institutions involved authorize the

work to be carried out.
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8. Appendix

8.1. Appendix 8.1 — Description of culture media used

Table 8.1 — Description of each culture media used.

Culture

media

Description

MEA

MEA is a nutrient-rich medium for the cultivation of environmental fungi (46). It is
particularly suitable for isolating, cultivating and enumerating of yeasts and molds as
it contains a high concentration of maltose and other saccharides as energy sources
(46,128,129). Dextrin and glycerin (added during the preparation of medium) are the
carbon sources, and peptone is a nitrogen source (128). Chloramphenicol is an
antibiotic added to the medium that prevent the growth of bacteria and actinomycetes
(130). Agar is the solidifying agent (128). The alcohol content and the acid pH of the
medium having also inhibitory effects that allow the optimal growth of yeasts and
fungi while restricting bacterial growth (46,128,129,131). In summary, MEA allows
fast-growing fungal species to grow on its surface, especially due to high sugar

content and water activity (46).

DG18

DG18 is firstly used for the enumeration of xerophilic molds and osmophilic yeasts
(46). Enzymatic digest of casein provides amino acids, carbon, nitrogen, vitamins and
minerals for organisms growth (118). Glucose is included as energy source (118).
Monopotassium phosphate is a buffering agent (118). Magnesium sulfate provides
divalent cations and sulfur and it is an inorganic salt used to stimulate fungal growth
and sporulation (118,132). Agar is the solidifying agent (118). Glycerol is included to
lower the water activity (aW) of the medium from 0.999 to 0.95 and provide an
additional carbon source (46,118). Besides that, glycerol has the advantage of culture
a wider range of xerophilic fungi when compared to chloride and sugars, which have
traditionally been used to formulate media of reduced aW (46). It has been suggested
that this medium is a better alternative for colony counting and to obtain higher
diversity of genera, since contains dichloran, which is an anti-fungal agent that
inhibits bacterial growth and restrict the spread of more-rapidly growing fungi, such as
fungi belonging to the Mucorales order (including Rhizopus and Mucor genera) and
restricts the colony size of other genera (46,118). This restrictive characteristic makes
the medium especially suitable for enumeration because it allows for the unobscured
growth of organisms that ordinarily form small colonies (46). Thus, DG18 allows the
identification of a more diverse fungal flora, but excludes fungi requiring high water

activity to grow (46).

TSA

TSA is a non-selective isolation medium used for the growth of bacteria (133). The
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combination of the two peptones - pancreatic digest of casein and papaic digest of
soy bean - provides a high nutrition for organisms growth by supplying organic
nitrogen, amino acids and longer-chained peptides (133-135). Sodium chloride

maintains osmotic balance in the medium and agar is the solidifying agent (133,135).

VRBA

VRBA is used for selective isolation, detection and enumeration of coli aerogenes
bacterial group (136-138). The coliform group of bacteria includes aerobic and
facultative anaerobic, gram-negative, non-spore forming bacilli (136,137). Coliforms
ferment lactose and form acid and gas at 35°C within 48 hours (136,137). Members
of Enterobacteriaceae comprise the majority of the group, but other lactose
fermenting organisms may also be included (136,137). This medium relies on the
use of the selective inhibitory components crystals violet, bile salts and neutral red
that suppress the growth of non-target Gram-positive bacteria (136,138). Organisms,
which rapidly fermenting the lactose (coliforms), produce red-purple colonies
surrounded by purple halos (136,138). Non-fermenters or late lactose-fermenters
produce pale colonies with greenish zones (136,138). Peptone and yeast extract
serve as sources of carbon, nitrogen, vitamins and other essential growth nutrients
(136). Lactose is the fermentable carbohydrate, utilization of which leads to the
production of acids (136). Neutral red indicator also detects the acidity so formed

(136). Sodium chloride maintains the osmotic equilibrium (136).

SAB

SAB is a non selective isolation medium used for the growth and maintenance of
pathogenic and non-pathogenic fungi from clinical and nonclinical specimens (139). It
is also used for recovery and total counting of yeasts and fungi in environmental
monitoring (139). Pancreatic digest of casein and peptic digest of animal tissue
provide amino acids, nitrogen, carbon, vitamins and minerals for organisms growth
(139). Dextrose is an energy source (139). Agar is the solidifying agent (139). The
high concentration of dextrose and the acidic pH of the medium permit selectivity of
fungi (139).
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8.2. Appendix 8.2 — Scientific technical report

RELATORIO TECNICO-CIENTIFICO

Avaliacao da Contaminagao Microbiologica
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3. Introdugao

© presente relatono refere-se 3 avalagdo G exposicSo/ contaminaglo realzada de
|uho a dezembeo do ano 2020, no ambients ocupacional co I
I

As amosTas recolhidas foram processadas no 3borattno de microbiologla amblenial
@3 Escola Superior de Tecnoiogia 0a Sagde de Lisboa (ESTeSL) entra 23 3 julho de
2020 3 1 ge juho de 2021, de 3cordo Com OS Protocoios em vigor para 3 andise de
amosTas amblentals.

Esi3 avalagdo decome 035 acividages o2 Investigagdo da arsa o Investigacdo
Amblente & Sa0de do Heath and Technoiogy Research Cenfer (HATRC)
(NEDE: IS estest Dk OVIITS').
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4, Contexto

O presante rai3itrio raporta os resultados provenientss de amostras recolnkdas no

contexio ocupaciona [N por investigadores cO 1aboratono de microbiotogia
ambientx da ESTeSL

As amostras recoihidas refelem a diversidads da contaminagdo microplana e foram
- ootidas em dez instagles oo NN, o que inciuu o edfico
03 Presidéncia, 05 Senvigos o2 Ag30 Soclal 2 oito unidadss organicas dedicadas 30
ensio, nomeacamente 3 [T
|
I
|
D A avaixdo 3 contaminagso
microdiologica nestes locals fol efeluaca no AMbito do projeto “IPL Momento Zero”,
qQue teve COMO Objelive 3ssegurar 3 SeQUIENC3 na refoma leva em situagdo
pandemica, tendo este profeto Inciuldo 3 Oetegdo 03 presenca do SARS-COV-2 oS
locas descriios a0ima. Além 03 ost2¢do 0o vius pandemico, fol efetuada tambem 3
avalagdo da contaminagdo por fungos € DICHEN3s NOS MESMOE 1003k de amastragem.
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5. Dados

Na 1ab2la | encontram-s& 05 dados relativos 3 entidade onge ol realizads 3 avallagdo
£ 306 quals diZ respelto 08 resuliacios 3DrEsEntanos No presents Relatono Tecnico-
Clentifico.

Tabela 1 - Dacos gerais
Identifcacso da amosira .
Froetc  ge  Invesigagdo Avallagdo 03 contaminagio microsiologica nas
Clents extemo: Unidades organicas oo IS
Datageinide: | 22072020
 Durag%o 0a analise (meses ou | 12 meses
a3s):
Dala o concusic oo | 27/07/2021
relaseno;
hu"corenm 172021
Trabaho 02 campo realzado Carla Viagas, Marta Diss, Raquel Pimenta e
por: Blanca Gomes
“Coihelias amblentals | Marta Dias, Raquel Pimenta e Blanca Gomes
realizadas por ‘
‘Trabaino aboratorial realzano | Marta Dias, Raquel Pimenta e Slanca Gomes
por-
‘Relawro raalizado por Carla Viegas e Ragquel Fimenia com o 3polo o2
Sandra Fewelra e Edians Siva
Paginad ce 28
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6. Siglas e Definigoes

Baclédas Gram-neqavas: Bacténas constiuloss por uma oupia camada de
membranas, Sendo N3 SeMa eXPrasso um potents Indutor Hoopolissacanioso (LPS)
(Oliveira & Reygasn, 2020), s30 produtoras o8 encdoloxinas (Madonaco et al., 2016 e
Barian & Ruz 2018). Estas Daceras ndo retém o corants prmaro utiizado na
COOragao o2 Gram, r2tendo 0 SegunOd COrante OU CONMTTACcorants usuamens Fucsing

ou S3franina (Tripathl, e Sapea, 2020)

Bacierdas Organismas procanoticos uniceirares ciassificados cincamens com base
nas su3s formas (Sefon, 2013).

Eingerpesdis; Particulas 02 32rossol de ongem Diciogica (por exempio, bactenas,
fungos, espOrDs de fungos, ptien, fragmentos de biofime, ... (Uao et 3, 2021).

Colonia: Agrupamento 02 indiviouos de UMa Mesma epécis, ONde 06 Organismos
3550013005 58 SNcONtram UNKos Jraves de Um Substrato comum (Tonura et &,
2009).

DG 18: Dichioran glycerol chioramphanicol (Milipore 2021},
EDC: Slectrosiatic Dust Cloth (Viegas et al,, 20183).

Encotoxinas: Componente ipopoissacandeo da céiula da bactéria Gram-negativa que
& Iberada ourants © crescimento celular 32vo € 3pos 3 lise celuar (Sietzenbach, 2003)

Esporoe Estuturas metabolicaments IN3tvas @ loerantes 3o stress amblenta (30

confraro ¢3s callIas vegetativas). Impartante melo de dispers30 08 Organismos para
cutros habetats (Seliow, 2005).

Fungos: Organismos eucancias que posSUem um Noceo defindo, que contém
matena genetico (DNA) envarto por Um envelope 0enominado 08 Membiana nucear
(Tortora et &, 2009).

Fungos ambentas ou geoflicos: Compreendam oS fungos isoiados hatituaimente no
500, qu2 50 ocasionaimente 530 patogenicos 30 homem ou cutres animals (Femelm,
2000).
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Fungos potenciamente patogenicos: S30 fnNgos que C3usam CO2n¢a 3penas em
dateminadas crounsiancias, @ malor parte das vezes envolvendo dediltagio do
Individuo (C0 et 3l., 2013).

HATRC: Health and Technology Research Center.

Humidade refativa Prncipal condiclonane amblental para 3 prodferagdo de acans 2
fungos em amolentes Interores. E recomendado 3 humicade relaiva em amoientss
In=riores s& mantenha abalxo dos TS% parE prevent 3 proiferagdo Cesiss

organismos (WHO 2008)
Laveduras: Fungos unicaiuanes, ndo flameniosos (Femelra, 2000).
Local de refardncia Locd de captagdo de ar nowo (Exierior das Instalaghss) (APAL

Maters Parsculads (Paticwsts Matieri: Mistura de panlicuias sOidas e goticuias

liquidas enconradas no ar. Algumas particulas, como poeka, suera, fulgem ou
fUM3ag3, 530 Qrandes Ou SSCUras O suficients para serem vistas 3 oiho nu. Outros s30

130 pequence que 50 podem Sr Oetetados COM UM microscopio eletronica (U.S. EPA,
2020).

MEA Mat Extract Agar (Milipore 2021}

Micotoxings’ Metabolios secundarnios 10xcos produidos por fungas Mamentosos que
contaminam varas coellas ge alimentos & ragdes, apresentando sencs MsCos 3
300 humana e anima (Pankaj et al., 2018).

Panticulas (PM,o): particulas Inaiavels, com diameros geraimenta ge 10 micrdmetros
ou menores (U.S.EPA, 2020).

Panicuias (PMs+) particulas Mas Inalavels, com di3metos qua geraimente s30 2.5
Micrdmeyos & menores (U S EPA, 2020}

PMC: Matera particulada — valor massco (Soppa et &, 2014),
PNC: Contagem 00 n0mero de paricusas (Soppa et al., 2014).
Eroiferagio’ Rapica reprodugdo de microrganismas (Eduard, 2003).
QPCR Quantitative Polymerase Chan Reaction (Forer et al., 2013).

Fagina 6 ce 28
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Qualidade do ar intesior (QAIL E 0 conjunio 028 Caractarisicas fisicas, quimicas e
Drokogicas dos eepagos Niemos do edificado ex: escrtonos, s3las, gadinetes, quartos.
N30 comempla 0 e6paco Imeror Industrial (APA, 2003).

Temperatwa: Facior ambiental que feta 1000S 05 OIGANISTOS temestres, 0Evdo 3

relacdo 0as taxas de reacdes DoquIMIcas & processos DIokgicos com a temperatura.
O aumento da3s t2Gs 02 reagdes bloquimicas @ potenclado com © aumento da

temperatura (Kiepsatel et al., 2013)
TSA: Tpions Soya Agar (Milipors 2021}

UFC: Unigages formadoras de colonias, garaimente 30raviado como UFC, referem-se
35 coonias Indviduals de Microrganismes. Por exemplo, Uma coidnia de bactenas ou
mmmmammmwummmm.que
CrEscem em conjunto. A colonia € uUm grupo 0e celulas qus crescam Jurtas. Unidaces
formadorss Oc COONI3s S50 UEIZaC3s como UMa medida do nomem o8

MKIOeganismos presentes UMa amostra (Tortora & al., 2003).

VREA® Vioiet Red Blie Agar (Milipore 2021).

Pagina 7 ce 28
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7. Abordagem metodologica

O3 loc¥s 0e cohala em c3d3 Instaiacdo foram previaments selecionados peios
Senigos de Sande Ccupacional com base em ciitéros defnidos, de modo 3 priorzar
35 @reas de rabaho mals oriicas paa 3 ostegdo do SARS-CoV-2 Os omiénios
Fplicados foram: S0-50% de ocupacdo das nstaagles, aihvidaces realzadas ou com
D3sE NOS FESUNa0s 03 VIgIANCa sertiogica dos trabaladores.

Foram recoliias amostras de supermicies geramente utiizadas pelos rabahadorss
&m escrtdnios, salas de atendimentos, recegdo, Judnonas, espacos de rafelcdo, ¢353s5
02 Danno, bibllotecas, £3l3s de aula & gNasios. A 3MOSiragem %l e%=tU3da no periodd
entre o verdo e 0 outono &, malontaraments, durants 3 manhd e durante o curso das
Fvidages nomals, com excegdo da N que fof reaizada em dois dlas, sendo
um deles No periodo da tarde.

Pagina 8 ce 28
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8. Equipamentos e Materiais

A Tabela 2 apresenta 3s Informagdes respetantas 3 esirategla 0e aMostragem & 3s Variavels microbioigicas analsadas.
Tabela 2 - Procagimentos utllzados, parametros microbioldgicos anallsados e matenal utiizado

iuo(ooomoumh Jvma\«u ‘qupunuio "ﬁ'ra' Material assoclado ]
Colhelia o2 amostra- Fungos (UFC/m®) | Corolls  alrsampler | Bertn Technologies | SolugSotamplio;
Az {Impinger) Paafim;
Luvas,
Acool.
Colhefia de superficle | Fungos [UFCITY) X X Zaragatoas,
| Bacteras (UFCIm?) Foma metalica parm
detimitagio o area 3
amosirar,
Som fslclogeo
Luvas;
Acool;
Algod3o.
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9. Resultados

N3 tabela 3 encontram-s2 0s locals com malor contaminacdo microbiana por Unidade
Organica, obtidos Araves 02 microbloiogla classica.

NoO que conceme 306 locds com malor contaminagdo microdlana o estidlo Ario C-1
da unidace I 1o o dnico local com eevada quantidads de bacterias totais @ Gram-
negatvas. O deparnamento o2 COMPras (1°andar) da unidade Presidéncia &, @naa, o
e5pa¢0 “comida 0e casa” da unidace I foram os locais com maior comaminagdo
2 Dactanas totals. Enconrou-se UMa malor prevaisngila de bactenas Gram-negativas
na oficna de ceramica da I e nos senvicos acacemicos aa N

Em refagdo & comaminagdo NIngica, no melo MEA destacam-s2 3 s3a o2 coro da
e 0 oainsamoivestiaro dz [ No melo DGIE @ o2 s3lentar 3 sala de
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Para uma menol Caracienzagio 03 contaminagdo fngica, foram identficadas 3s
Tavelad,

No total foram identficadas 12 especies fungicas diferenies Nos Mo 02 cultura MEA
e DG15. O fungo mals prevaents am amdos 05 melos de cultura fol Cladosponum sp.
(47.26% MEA; 32,33% DG18). Akm Giss0, NO Mek 2 Cutura MEA fol tamdeém
Igentiicaco com MEQUENCa O Peniclim Sp. (40,94%), Seguido de Aspergiius sp.
{3.21%). No meio de cultura DG 18, cheervou-s2 também uma maior predominancia de
Aursobasigium sp. {28,97%) @ Penicifium sp. {20,67%).
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Em relaglo 30 género Asperpilus, cbfveram-se © sectians distintas, sendo que
Candict {35,29% no MEA) & Niduiantes (92,77% no DG1E) foram 3s sections com

malor Asrbuc3o no mak MEA & DG 18, respetvaments.
Tabela 4 - Resultados ootioos relatives 3 distribuicao fUngica em UFCmS,

Mslo de cultura MEA Malo de cultura DG18
~ Contagem total " Contagem total
Espacie fungica (UECI: %) Especie fungica (UECIE: %)

Cadosporumsp. | 251 x10°%,47,36  Ciadosportumsp. 1,83 x10°% 3233
Peniciium sp. CZATx10°%; 4054 Aweobasidumsp. 1,54 x10°%; 23,58
Aspergitus sp. 1.70X10%% 321  Penicium sp. 117 X10°%; 2067
RINZ0pUSs Sp. 140 X104, 264  Asperghiss sp. 8,30 x10°™; 14,66
Aureobasidium sp. 1,20x10%%226  Chrysosporumsp. 1,10 x10%% 1,84
Akemana sp. 8.00x10%% 1,51  Fusanum sp. T3.00x10%%0.53
Chrysosporiumsp. | S00x10%% 054  Chrysoni¥s sp. 2.00x10%%, 0,35
Fnoma s0. 3.00x10%%5 0,57 Mucorsp. 2.00x10%%,0,35
ACramonium 9. 200x10%% 0,38  Acremonium sp. 1,00 x10%% 0,18
Chrysoniia sfophila = 1,00 x10%%, 0,19

Total 5.30 x10*%; 100 5,66 x10*%; 100

Nas figuras 1 € 2 pode ser cbsenvada 3 distibuigdo 03 contaminagdo microtiana por
loca amesirado. N3 figura 1, pode ser observada 3 dstribugdo 03 carga microdiana
total, onde & visivel 3 forde prevaidncia o2 bactenss wiais e na figura 2 pode ser

005EMVada 3 Mesma distribuicdo, Mas s2m 3 varavel de Dackenas ultas.
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A identtcacio mokscular de Aspergiius section Fumigal atraves de PCR em tempo
red @l efellada nas amostras de I e de superficle recoinkdas, devido 3 sua
refevancia clinica. N3o fol delelaco nas amostras oe ar, no emani ol detetada em 2
amostas de suparmice (2,22%, 2 8m 90 amostras).

10. Discussao de resultados

Apesar 03 ndo existencia ge Imites nacionals QUMD 3 presenca de MICToNganismos
&M supsSTiies @ Imporianie sJlentar que 3 3er0ssolZacdo das SspeciEs Que 52
encontram nas supeficies dependera 03 Infludncia oe variavels amblentals e de
caraciensticas fungicas (Roussel et 3., 2008). Os resufados das superlicies s30
£55encials para Aancar 3 Caractenzagdo & avallagdo de contaminagdo por funges &
bacteras, & podem ser ullizados para ldentfcar 3s fontes d2 contaminacdo
(Stetzendach et 3., 2004; Klanova 2 Holierova 2003).

Foi possivel vestficar Uma coewstancia de bactenas & UNgas Nos I0cals amostracos.
Em ralagdo 35 DackENas, conforme espectavel, Tol evigente uma menor concentracdo
de Dacténas Gram-negatvas do Que de backnas totals, pois estas Otmas
representam 3 soma 02 bacterias Gram-positivas & Gram-negativas. Alem disso, 3s
Gram-negativas 530 tammbem mals senslvels 35 varlaves amblentals, N30 sando tHo
persistentes no amblenie.

Verficou-58 UMa malor prevalindia de Dactenas do que o2 \ungos, tal como acontecey
num esiudo =m que Toram analsadas 3s superficies de vanas Instalagies de uma
universidade (Haleem et al, 2013)

Relatvaments 3 contaminagdo dacienana ol possivel verficar que as nactenas tolals
se encontam amplamente distibuldas em todos ambientes estudados, serdo 08
locais com maior contaminagdo por Lnidade organica descriios aDaExo:

* Presigéncia - Recursos humanos (5,6 x 10° UFC/m?);

« I s3ia o Mosica (4,3 x 10°UFCIm?);

o INGrange Auditono (4,5 x 10° UFCMYY

o I 533 ce Danga (4.3 x 10° UFCIMY);

« - Gaonete Docente (1.16) (1,9 X 105 UFCM2);

« I Bittioteca (1,2 X 107 UFCHT?;

« N - Casa 02 Banho (3 x 100 UFCImA);
« I Estaio Atrio © -1 {1,2 x 105 UFCINY;
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« I =2l o= estudo (2,0 x 104 UFCIY);
« [ -senvigos Financeiros (1.8 x 10 UFCIM?),

QU3MD 35 DICIEN3s Gram-negavas, 5138 NS0 foram 0ietadas em grande parte dos
locHS IMOSTAdos, s2nd0 oS 10C3ls com maor contaminagdo por uridage descriins
ELERTS

« [ aooraténio de Quimica orgdnica {1,5 x104 UFCny);
« - Oficina de Cerdmica (7.0 X10° UFCInY);

« [ s2nigos Academicos (6,07 10° UFCINF);

« e a0 Aio © -1 (3.0 X1TPUFCHTY);

« N saia g2 estudo (2,0 XIC*UFC?);

« I swioteca & Bar (1,0 X10° UFC/TY)

As superficias com malor Lilizacso por pane de dFErenies DESS03s, COMO Maganstas
02 metd e Dancadas de 1aboratono, 15m si0o reportadas com ekevada contaminagdo
bacteriana (Ross & Newreld 2015; Zurakar et 3l 2019) Uma Inacequada higiens
pessod pode aumentar 3 diversidace ge micTorganismos nas mdos &, por extensdo,
&M supermicies de contacto (Ross & Neufeid 2015).

A malorla d3s Dactenas enconiradas no interior de edificios pertence 3 microfiord
noma 03 pele. boca & narz, € 530 continuamants amiticas pelas pessoas,
acumuiando-se em amoientas f=chados (Zhu &t 3l 2003; APA, 2010; Molooveanu &t
3. 2015). Estas backenas geralmant2 N30 constiuem pangd para 3 sadde (APA,
2010). Por outro lado, @ existéncla de Dactinas Gram-negativas, oeve ser
considerada, pols 25136 DICIErias podem produdir endotoxnads, Que 530 toxinas
prefucicials 3 53002, Provocando prodiemas respiraidnos (Mokloveanu et al. 2015,
WHO, 2009).

Relatvamente 308 resultados da contaminacdo MNQICa 035 superficiss, no meo de
CUTUra MEA, 05 Joc3s com malor contaminacdo por unidace s30 descrios abalxo:

« [ saia de Coro (6, 50 X104 UFCIMA);

« . Banearior Vestiano (5,90 x10¢ UFCm?);

« [N- Gabinete ge comunicagdo (5,70 x10* UFCIm;;

o I Aucttono (1.7 X104 UFC/m?);

« [ 533 g0 professores (1,4 X10*UFCINY);

- Impressora {1° andar) {1,2 x10* UFCIn);

« N Ladoratorio e Quimica Inorganica 1,1 X10* UFC/nY);

« - saia de EsperarSala de Aulas (1,0 X10° UFCITF);
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o I s3ia de Protessores 2 (1,0 x10*UFCTY);
o [ Refeitono @ Grande AuUAtono (1,0 x10* UFCm?).

Em reiagdo 30 melo de cuktura DG 18, 06 10C3IS COM MEOF CONMAMINGEL30 por undads
€6130 0SECrTios AbAX0.

« [ Sala dos professores 2 (1,6 x10° UFCnY);

« [ - Gaoinets de comunicagso (7,70 X104 UFCm3;

o I Banearior vestiaro (5, 70 X104 UFCIM?);

o [N Grande Audtorno (2,5 X10* UFCmS);

o I saia e estuco (2,0 10 UFCIM);

o [ Lavcratono o Quimica Inarganica (1,5 x10* UFCY);

o [ 533 oos professores (1,4 x10° UFC/MY);

- impressora {1° andar) (1,2 x10* UFCimP);

« I sala 92 Espera/Sala de Auias (3 X10° UFCm?)
« [ oncing (4.0x10° UFCIn?).

Para ambos o6 malos de cuira (DG18 & MEA), 06 resuliados poosrdo dever-se 3
Inefcacis nos procedmenios oe IMpeza & de venilagdo dos locals (Viegas & al,
2015; Porana 353-A oe 2013 de 4 de dezembdro). A 1eMperatura & 3 humidade,
tambem podem promover 0 crescimento de fungos € 3 produgdo de micotoxinas
(Bouara &t al, 2005).

Venfica-se que 05 UNQOS Crasceram 2m ambos 05 MEGSs 2m 10005 05 I0C3is, 2XCEt0
em [N, isto podera deverse 3 capacidade de iguns fungos
cresceram de forma diferents nos mekos de cultura DG1E e MEA

No melo de cutura MEA fol encontrada uma m3alor prevaencla ge Cladasporum sp.
(47.36%), seguico de Peniciiium 5. (40,34%) & Aspenglius sp. {3,21%). No meio ds
cutura DG18, o0 mas prevalens fol Cladosporium sp. (32,33%), seguido o2
Aursodasigium sp. {28,93%) & Peniciium sp. {20,67%).

Para uma mainor Caracienzaglo 0a contaminacdo Mngica, foram Slencados o6 Ungos
mals prevalentss & 05 que apresentam refevancia dinica e toxcologica, conforme
demonstrado na tabeia .
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Tabela 5 - Fungos com maor prevalénca e relevancia dinca e toxcologica

‘Fungos com > prevaléncia nas | Cladosparium sp., Penicidum sp.,
m«WM)Wm Aurecbasialum 9., ASpergiius sp.

acorde com o Decreto-Lel n® 102-A2020)

Fungoe com relevincia foxicologica | A.spetgw.ssp Fusarum sp., Peniciium
(Serra, 2005) ‘

Cidosponum 5p., Feniclium sp, & Aspergius sp., 5% fungos geralments
encontracos em amblemas Interiores, Mckindo em Institicdes de ensino superor

{Stryjakowska-Sekuiska, 2007).

Cla0o5p0MUm $p. eM amdientes interioras tem como ongem pAncipal fomes extemas
(Fukutom¥ & Tariguehi 2015). Davido 30 amanho reduzido dos SEUS S5D0M0S, S30
facimemte isseminadas por Jongas distancias (Bensch & 3., 2012). € geraments
3550Ci300 3 Mt 3lérgica ou 3 kesles localzadas sUDercids ou profundas, mas,
raramente causam Infegies dsseminadas (Sandoval-Denis et al, 2015). Algumas

memmmmﬁal.mfzmet&
2018).

Penicilium sp. & M3s COMUM No & Interior 0o que nNo ar exterior (Raboux et al., 2019).
Encontram-se onde exista disponbilidade de matena onganica, podendo Crascer em
conoicdes com muito pouca agua (Jass et al., 2013). O saumento 03 humidade reiativa
contrioul para concantragdes levacas o8 Penicliium (Reboux &t &, 2019). Apesar o2
estarem Oistriousdos por GIvErs0s ambientes, geraimente ndo s3o associades 3
Infecdes para 08 umanos & anmals (Egouta &t al, 2017). No entanto, Jgumas
especies podam causar nfegles e oulras Joencas, COMO DOF EXEMEI0, DNEUMONIAs,
Infegfes winanas e asma (Egouta =t al, 2017) Alem disso, podem proguzr
MiCotoninas Como 3 OCr3toXNNg A, considerada cancarigena (Egouta & al., 2017).

Aspergiius sp. DOOS CEsCer &M Sievadas 1IeMmperairas e &m amdiemas homidos
(Saono &t al, 2012, Tam uma ata versatildade nuiricond e 530 Capazss de ulilzar
FVErsoS COMPOSIos Organicos & subsiandias como fonts de carbono (S3bing et al,
2013). O tamanho reduzide de 2sporos fachita a sua disseminagdo palo ar (Sabino et
., 2019 Multas especies 18m sKI0 reportatas como agenies causadores de Infecdes
oportunisias no homem (EQOuta &t al., 2017). As dOSNC3s Mals CoMUNs 3ssociadas 3
exposigdo ocupacional 3 Aspargdus sp. 5300 3spergicse DronCoPUIMONaT I&Mgica,
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rinossinusite, TNE € 3sM3 Severa por sensiolizagdo funglea (Saoho &t al, 2019)
Ak olss0, 3lQUM3s espécies 530 CapaZes O0° produzir micotoxdnas, que s30
prejucicials para a sadoe (Egbuta ot 3, 2017).

Aureobaskium sp. € 3ssoCiad0 3 prodiemas Nos edficios e 3amoém asia relacionado

oM © desenvolvimento de pneumonie de hpersensibiidade & rle alérgica (Stark &t
a., 2005)

A espécie FUSIum encomra-se amplaments dstribulda no S080, 3QuU3, Send0 e5i3
SU3 C3pICidace de dfus30 em difereniss ambientss Arbulda 3 SU3 capacidace ge
crescer em diferentss substratos. Esia especie pode causar nfegles supedficals,
355IM como d0engas 90 TR F4rgico (Nucd & Analssie, 2007) As especies do gensn
Fusarium s30 consderadas como Indicagores de problemas 02 humidace ou 0e risco
para a sande (Goyer et 3., 2001}

Apesar de especies 3 Sechion Fumigad! teram sido Kientificadas em amostras de
superficie alraves 005 Méodos baseados em cultra, 3 ientMicagSo molecular
permmitiy detectar 3 503 Vesanca em duas amostras disInias, tal como 3comecsu
anteriorments nowtros estudos (Viegas et al., 20180; Viegas et ai., 2021)

11. Recomendagodes

Em todas 35 Inst¥agles, o procadimentos 300tados reponados foram Ampeza
desinfegdo nomnd. Os produtos de impeza wlizados foram dactenicidas & vinucidas,
IIxivi3 & OSlErgenie MUtiusos. ADESSr de 5&% evidentie uma Impaza reguiar o2 todos 05
e60acos, Tol nottrio que 3 malora 435 unidades 2 035 suparmices amosiradas
apresentou contaminagdo microbiokdgics. De um modo geral, & consigerando oS
recutacos obtdos, deverdo ser raaiizadas avaliagdes anies e oepols 03 Impeza, o2
modo 3 venficar se 06 procaaimeantos € 05 produtos UIZ3008 530 05 Mais A02qUIces.

Cutro 3specto Imporante & garanty HMagso adequada 306 radalhadores sobre 05
metodos de limpeza ma's eficazes para diminur 3 quantidage ge fungos 2 DAcEras.

Alm diS50, UM3 reguUiar monitorzagdo 4o ar interor compiementada com avallaghes

das superficies nastes espagos, serla Importante para garantr 3 sagde € o
desempenho e 1odos 05 rabaihadores & dos esiudantas.
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13. Apéndices

Apéndice 1: Tabala resumo doe resuitados coikdos

Looal amoctraco
Armazém Multimédia

Balnearioi Vectiario

Copa?
Copaz
Corredor (impreccora)

Departamento de Comprac {1° andar)

Divicso Acacemioa (Atencamento)
Entrada

Ecpago oomida de caca
Ectocio At

Ectiaio Atrio © -1

Ectiaio D1
Gabinets ce Comunicagdo

.
m'.d.-‘
4 4TE~CS
S1TEDS
$,102+-04
5328+05
5,102+04
6,85E+05
32004
3 00E+04
TAOE0S
1,00E+03
1,00E+03
1,00E+03
191805
1455+04
1435+04
1402-04
1,00E+03
S29e+05
82805
TALDE-02
3.80=+05
S52e+05

1,17TECE

88

Bactértac
Gram-

1,00E=-D3
0,00E+00
0,00E+00
2,00E+03
0,00E+00
2,00e+03
0,00E+00
0,00E+00
0,00E-00
2,00E+00
0,00E+00
0,00E-00
2,00E+03
0,00E-00
0,00E-00
4 00E-03
0,00E-00
1,00E+03
0,00E+00
3,00E+03
0,00E+20
0,00E+00
0,00E+20
3,00E+03
0,00E+00
0,00E+00

A
1205+02
1,205-04
5208-04
3002-03
300203
230204
300203
0002+00
000E+00
2002+03
8 005+03
000E+00
LADE-D2
300s+03
sp0s.0:
0,002+00
200203
500S-03
1002-03
230804
1002+03
9,00=-00
1002+03
300s-03
000200
5705-04

Fungos
(DB1%)

2,00E-03
5,002+03
5,70E+34
3,005-03
1,005-03
1,10E+34
1,00E-03
1,00E-03
0,00E+00
8,00E-03
§,00E-03
2,00E+00
1,890E-02
1,00E+03
1,00E+03
2,00E+03
0,00E-00
1,50E-02
2,00E+20
7.00E-03
2,00E+00
0,00E+00
0,00E+00
7,00E+33
0,00E+00
7,70E+04

HETRC

UFCm?
UFCim?
UFCim?
UFCim?
UFC/ime
UFCm?
UFCm?
UFCIm?
UFCim?
UFCIm:
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Looal amoctrado
Gabinets Dooente (1.18)

CGrands Auaitorio
Impreccona (1° andar)
Improccona (2* andar)
Laboratorio de Clénelas (F@)
Laboratorio e Quimioa Incrgdnios
Laboratorio de Quimioa orgdnica

Ofloina de Cordmica

Paqueno Audttorio (Ectidic ce
Intarprotagdo Cénica)

Reoeg3o de motoriciac

Sata de Atendimento

Sala de Computadores

S2aia de Conwivio
S22 de coro

2aia de Danga

22i2 de Ecpera’Saia ce Aulac
2aia de ectudo
Zaia de Mucloa

2302 de profaczorss

1548+05
310s+02
T3E-QS
1502+02
130E+02
S10s+02
14A0E+04
3.00E+03
1ASE+C2
200s-C2
S,102+02
IADE+CS

1.00E+03
SL00E+~0S
S.038+0S

89

Bactértaz  Fungos
Gram- = (MEA} {DO12)

0,00E+DD 100+03
L00E-03
2A08+04 2
1202+04
200E+03
300+03
1,102+04
2002+03
0,00E+00
1,00E+03
1002
S00E+03

400803
0,00E-00
0,00E+00
0,00E-00
£,00E-03
0,00€-00
1,50E+04
0,00E+00
1, 10E-D2
7,00E-03
0,00E+00

0,00E+C0
8.00E+03

3,00E-00 0,00E-D0

0,00E-00 8,00E-03
0,00E+00 1,00E+03
0,00E+00 2,00E+03
0,00E+00 2,00E+03
0,00E+00 0,00E+0D
0,00E+0D 200=+03

0,00E«D0D 2.00=+03

0,00E+0D
1 ,00E+D3
0,00E+02 1,00E+03
0,00E+02 1,00E+03
0,00E+00 100=+0C3
550204

0,00€+00

1,00E-03
0,00E+02 0,00E+02
0,00e+00 0,00E+D0
0,00e+00 3,00E+03
2,00E+03 000E+00
000s+00

1A02+04

2,00e+D2
1,00E+03 2,00E+00

3,00E+D0 140E-D2
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Baotériac Bactériac  Fungos  Fungoc  Unicade

Losal amoctraco tofale  Gram-  (MEA]  (DG1%)

2ais de Profeccores 1 {305404 00000 100503 SO0ET3 o
2a3is de Profeccores 2 200S+02  0,00E+00 100E+04 1§1E+05 crow
233 de Teatro » Coro S0E+04 2,00E+03 DOOE-00 0,00E+00 o
Sarvigos Acadsmicos S206:05  7.00E-03 S7CE03 S.00Ee3 O O
3ervigos Financeiros \BOE-G: 000E+00 020Es00 DO0Ee0 O
Total Geral 8745408  7.10E+D3 GI0E+06 6,88E-06 iR
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Relatorio n*- 182021

Conclusdo das avallagies amblentd o laboratorial: Os resulisgos encontracos
EVidenciam que o5 procedimanios &/0U produtos gue 5i30 s27 LHIIZ300S PO0eran Ndo ser
05 M3ls 30equUAces. Fuluras avallaches da contaminacdo microbiologica deverao Incialr

na av 03 eficacia 0os procadimentos e produtos uHiizacos nas operagdes de
005 260aAg0S IMRnores.

Elaborado por: Aprovado por:

Raque! Pimenta com o 3palo
de Sanara Femera e Edane
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