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ABSTRACT 
 
The knowledge of fungi present in the air of hospital environments is extremely important for the detection and 
prevention of many diseases that can affect patients and professionals who attend such places. The aim of the 
present study was to assess the presence of anemophilous fungi in a public hospital located in Parnaíba city, 
State of Piauí, Brazil. The methodology used was the exposure of Petri dishes containing Agar Martin culture 
medium in three sectors: Red room, Adult ICU and Neonatal ICU. The subsequent identification of the isolated 
fungi was by morphological analysis of the macro and microstructures of the fungi. It was found the 222 
filamentous fungi colony contemplating eight taxa: Aspergillus fumigatus, A. oryzae, A. niger, Curvularia 
brachysphora, Geotrichum candidum, Ochroconis mirabilis, Penicillium citrinum and Rhizopus oryzae. The 
number of Colony Formation Units (CFUs) differed between sectors with the Red room having the highest 
number of CFUs (164) followed by Adult ICU and Neonatal ICU with 48 and 10 CFUs, respectively. The most 
frequent taxa were Aspergillus oryzae, A. niger and Rhizopus oryzae, with Aspergillus niger being the most 
prevalent taxon in almost all collects. All fungi, except Aspergillus oryzae, reported here have historic as 
pathogen for humans. These results serve as a warning for the prevention of nosocomial infections and for a 
greater hygiene profile in these environments. 
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INTRODUCTION 
 

Fungi are microorganisms endowed with unique 
characteristics that separate them from other groups of 
organisms on the planet. Among fungal microorganisms, 
some are capable of causing diseases to humans, being the 
objective of medical mycological study1,2,3. Still in 2017, 
estimated data registered more than 1.5 million deaths from 
fungal diseases, and more than one billion people in the 
globe affected by these diseases. High-risk fungal infections 
are acquired as a consequence of other diseases, due to 
the low immunity of the patients. Even though most fungal 
deaths can be avoided, fungal diseases have been 
neglected by public health authorities4.  

The fungus that are in the atmospheric air are known as 
anemophilous fungi, with air being the common environment 
for the dispersion of these microorganisms which can 
propagate their spores through the wind5,6,7,8. The inhaled of 
spores found in the air are considered the main responsible 
for infectious diseases like systemic mycoses, respiratory 
tract infections, otitis, urinary infections, eye infections and 
mucosal irritations. As these microorganisms are 
abundantly dispersed in the environment, the types of 
pathologies cited are alert to humans9,10.  

 Knowledge about the presence of these kind of 
organism in the environment through its isolation and 
identification, is important both for the prevention of many 
allergic diseases and mycoses and for the diagnosis of their 
pathological agent11,12. 

Lanzerstorfer et al.13 point out that anemophilous fungi 
have been a problem in hospital settings. Many species of 
filamentous fungal isolated from hospital air have been 
shown to be able to produce toxins, thus posing a risk to 
people working in these environments and specially to 
debilitated patients14. Many cases of nosocomial infections 
have been related to fungi, considering opportunistic 
species 15,16. Studies like Oliveira et al.17 demonstrate that 
intensive care sectors require more attention due to the 
clinical condition of accommodated patients. 

 Given the scarcity of work on anemophilous fungi in 
a hospital environment in the state of Piauí and the concern 
with air quality of environments where high-intensity clinical 
treatments are performed, it was observed the need to carry 
out the study in order to verify the incidence of 
anemophilous fungi in a public health institution in Parnaíba, 
Piauí, Brazil. 

 

MATERIAL AND METHODS 
 

The work was carried out in three intensive care sectors 
of the State Hospital Dirceu Arcoverde – HEDA, in the city 
of Parnaíba, Piauí, Brazil, being: Red room, Adult ICU and 
Neonatal ICU. These sectors were chosen because they are 
environments frequented by patients with critical clinical 
status. The fungal propagules were collected in the period 
from February to April 2018 in the morning, after cleaning 
the environment, following the air exposure method 
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(environmental dust), using Petri dishes containing Martin 
culture medium18, a specific for fungal growth. 

 The Petri dishes were exposed to the air for 10 minutes 
at a height of 1.5 meters above the ground and later 
transported to the laboratory where they were conditioned 
for 7 to 14 days or until the formation of Colony Formation 
Units (UFCs) at room temperature (28℃ ± 2℃)19. Each 
collect was carried out in triplicate for each sector. The entire 
laboratory process was developed at the Mycology 
Laboratory (LABMIC) of Biological Sciences at the Federal 
University of Piauí, Campus Ministro Reis Velloso, where 
the development of CFUs was monitored daily for 8 days, 
which, after growth, were isolated in a specific medium 
(Agar Czapeck, Malt Extract Agar or Potato Dextrose Agar). 

 The Identification was made through the observation 
of macromorphological characteristics, such as color, 
texture, consistency, observing the front and back of 
colonies developed19. For the micromorphological 
identification, microcultures were performed and the slides 
were verified with the aid of the lactophenol blue dye for a 
better visualization of the fungal structures to the optical 
microscope following the methodology of Riddel20 using 
Potato Dextrose Agar (PDA) medium. Afterwards, the 
morphology was compared to the specialized taxonomic 
literature: Ellis21, Lacaz19, Klich and Pitt22 and Shi et al23. 
 
RESULTS AND DISCUSSION 

 
Through the exposure of Petri dishes in the three sectors 

of the hospital, 222 fungal colonies were obtained and from 
those identified eight taxa (Fig. 1) with different relative 
frequencies distributed in six genera. The distribution by 
sectors together with the absolute and relative frequencies 
is showed in table 1. 

  In Red room, 164 fungal CFUs were observed 
contemplate taxa with their absolute frequency: Aspergillus 
fumigatus Fresen (03), Aspergillus oryzae (Ahlburg) Cohn 
(87), Aspergillus niger (48), Curvularia brachyspora Boedijn 
(01), Geotrichum candidum Link (02), Ochroconis mirabilis 
Samerp & de Hoog (01), and Rhizopus oryzae Whet & Prins 
(22). In Adult ICU, 48 CFUs were found: A. oryzae (12), 
Aspergillus niger (27), G. candidum (02), Penicillium 
citrinum Thom (02), R. oryzae (05). In Neonatal ICU, there 
were 10 CFUs: Aspergillus niger (05), G. candidum (02), P. 
citrinum (01) and R. oryzae (02).  

The number of CFUs varied between the collects, as well 
as the occurrence of the taxa in relation to the sectors. 
Aspergillus fumigatus, C. brachyspora and O. mirabilis 
occurred from the second collect of Red room, Aspergillus 
niger occurred in the first and third collect in all sectors. 
Some taxa were isolated from all sectors but restricted to a 
single collect, such as A. oryzae, G. candidum and R. 
oryzae. Penicillium citrinum occurred in adult ICU and 
neonatal ICU in different collections (Table 1).  

The high number of CFUs (222) occurring in the present 
work related to the number of taxa identified (08) is similar 
to the study by Silva et al.24, when checking the mycobiota 
of five sectors of two Clinical Analysis Laboratories in 
Pernambuco, Brazil, reported 140 fungal colonies, and of 
these, only four taxa. Similar results were also obtained by 

Silva et al.25 reporting 164 CFUs and identifying five 
representatives of filamentous fungi in the air analysis of a 
hospital in Paraíba, Brazil. Comparing with the literature a 
greater number of species identified occurs in studies where 
air is studied from open sites26,27. 

 

 
Figure 1. Anemophilous Fungi ocorrentes in a public 
hospital in Parnaíba, Piauí. A. Aspergillus oryzae B. 
Aspergillus fumigatus C. Aspergillus niger D. Geotrichum 
candidum E. Ochroconis mirabilis F. Penicillium citrinum G. 
Curvularia brachyspora H. Rhizopus oryzae. Drawings: 
CRUZ, M.O 
 

Among the identified fungi, seven are included in the 
fungal group Deuteromycota and only one in Zygomycota. 
These results are quite frequent in analyzes of 
anemophilous fungi in closed environments, since 
representatives of the Zygomycota group, such as the 
genus Rhizopus, are more present in environments with 
high airflow26. Aspergillus and Penicillium are the most 
frequently mentioned in studies of fungal anemophilous, 
with Aspergillus being the most outstanding27,28,29. In the 
work of Silva et al.25, two species of Aspergillus were 
identified, Aspergillus niger and Aspergillus flavus, being 
similar to our study, with Aspergillus niger being the most 
frequent. Lacaz19 states that air is important in the dispersal 
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of Aspergillus propagules, in addition explains that the 
suspension of these fungal propagules in the air occurs 
because of their small conidia. 
 
Table 1. Distribution of taxa in relation to sector and collect. 
AF = absolute frequency; RF = Relative Frequency. 

 

 
Mobin and Solmito30, analyzing the fungal microbiota of 

air conditioners in the intensive care units of Teresina, Piauí, 
obtained results similar to ours, and Aspergillus as the 
genus with the highest number of representatives and also 
identifying Aspergillus  niger, A fumigatus and P. citrinum. 
In research by Furtado and Ferraroni31 in hospitals in the city 
of Manaus, the genus Aspergillus, Penicillium and Rhizopus 
were also mentioned. As in the present study, Silva32 
isolated in a hospital of Belo Horizonte, Minas Gerais, 
representatives of Aspergillus, Curvularia and Penicillium. 
Similar results were obtained by Flores and Onofre33 
isolating Aspergillus, Penicillium and Geotrichum taxa from 
health units in Paraná. Menezes et al. 26 in isolating 
anemophilous fungi from the city of Fortaleza, Ceará, 
identified all genera reported in this research, except 
Ochroconis, these researches corroborates the work 
presented here. Oliveira et al.17, isolated and identificated, 
through macro and micromorphological characteristics, 
pathogenic fungi in two particular hospital in Brazil reporting 
three genera of filamentous fungi: Aspergilllus, Penicillium 
and Fusarium. 

The genus Aspergillus composes a group of fungi with 
great medical importance, because many of this species 
have pathogenic and toxic activity to animals and humans2. 
For Mezzari et al.34, exposure to spores of this kind is an 
alert to patients with allergy to these organisms. Aspergillus 
oryzae, a species of higher relative frequency in this 
research, is a fungus widely used in biotechnology and has 
already been isolated from air, soil, water and plant material. 
The toxins production by this microorganism depends 
heavily on the environment, thus being considered safe for 
industrial purposes and there is no report of diseases 
provided by it35. 

Therefore, Aspergillus niger, second highest relative 
frequency taxa in this study, has been isolated from several 
environments, mainly air 36,30,24. Some species of the 
Aspergillus niger group are large producers of ochratoxin A, 
a potent mycotoxin36. Pulmonary biopsy and human sputum 

analysis have shown the relationship of these organisms 
with respiratory diseases14. Aspergillus fumigatus is a major 
etiological agent of fungal infections as well as causing 
pulmonary fungal ball37. For years, this fungus was 
considered a weak pathogen, even causing aspergilloma 
and aspergillosis, however, with the increase in the number 
of patients with fragile immune system there was a great 
increase in the number of invasive aspergillosis caused by 
this fungus38. 

 Rhizopus oryzae, a specie of the Zygomycetes group, 
highlight by presenting third largest relative frequency in our 
analysis has been reported as etiological agent of 
mucormycosis, infection caused by fungi of the Mucorales 
order37. Filho et al.39 reported a case of subcutaneous 
mucormycosis in the State of Paraná and isolated R. oryzae 
from the hospital environment where the patient was 
hospitalized, thus suggesting a nosocomial infection caused 
by contact with their spores. 

 About the other fungi shown in this analysis, which 
had a lower relative frequency, Geotrichum candidum is rare 
but large fungi causing infections. It has been isolated from 
human material, being an etiological agent of diseases 
related to the intestinal tract and to the respiratory system, 
as well as to the respiratory system, invasive skin infection. 
The major pathogenic potential of this fungus is based on its 
arthroconidia40,41. Penicillium citrinum products mycotoxins 
42 and has long been reported as the etiologic agent of 
respiratory system diseases. Mok et al.43 reported a fatal 
case of pneumonia caused by P. citrinum in a person with 
leukemia. Ochroconis mirabilis and Curvularia brachyspora 
have been reported with a fungal pathogen that causes 
infection in immunocompetent patients 44,45. 

 
 
CONCLUSION  
 

Eight fungal taxa with pathogenic historic were reported 
in a hospital in the city of Parnaíba, Piauí, Brazil. This study 
shows the importance of microbiological analysis in 
intensive care sectors in order to avoid nosocomial 
infections. Results showed in this paper are corroborated 
with works carried out in other cities in Brazil. The present 
study was a pioneer in the North of Piauí, thus contributing 
to the knowledge and dissemination of anemophilic fungal 
diversity in a hospital setting and indicating as alert for the 
technical staff involved with the patient and especially for the 
patients. 
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Taxa Sectors / collections AF RF 

Red room  Adult ICU Neonatal ICU   

 1ª     2ª    3ª       1ª    2ª    3ª  1ª      2ª  3ª   

Aspergillus 
fumigatus 

 

-     03     - -  -       - 

 

-      -        - 03 1% 

Aspergillus 
oryzae 

 

-     -     87 -      -     12 

 

-       -       - 99 45% 

Aspergillus niger 03    -    45 02    -     25 02     -    03 80 36% 

Curvularia 
brachyspora 

 

-     01    - -      -       - 

 

   

-       -      - 01 0,5

% 
Geotrichum 
candidum 

 

-     02    - -     02     - 

 

-      02     - 06 3% 

Ochroconis 
mirabilis 

 

-     01    - 

 

-      -      - -       -      - 

 

 

01 0,5

% 
Penicillium 

citrinum 
-     -      - 

 

 

-         - 

01     -    01 01      -      - 

 

03 1% 

Rhizopus oryzae 

 

-     -     22 

 

-      -    05 

 

-       -   02 29 13% 
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