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ABSTRACT 

The aim of this article is to discuss the occurrence of anemophilic fungi in hospital 
environments, elaborating on the characteristics of these pathogens, the primary 
risks of contamination, and the necessary precautions for protecting non-admitted 
patients. Regarding the methodological processes, this study is based on a literature 
review, considering sources found in books, scientific articles, and theses published 
on academic websites such as Scientific Electronic Library Online (SciELO) and 
Science Open Research. Inclusion criteria were limited to sources that addressed 
the occurrence of anemophilic fungi in hospital environments within the 
predetermined period: from 2010 to 2023. Sources dealing with other topics or 
published outside the specified timeframe were not considered. According to the 
results, it was observed that the main fungi found in hospital environments were the 
genera Aspergillus ssp., Penicillium ssp., Rhizopus ssp., and Mucor ssp., with the 
primary infection areas being the ICUs and wards. Thus, it was concluded that the 
occurrence of infections by anemophilic fungi is still very common in hospital 
environments, requiring increased attention to control and sterilization protocols by 
healthcare institutions. 

Keywords: Public Health, Medical Mycology, Anemophilic Microbiota. 

 

https://www.nucleodoconhecimento.com.br/
https://www.nucleodoconhecimento.com.br/health/microbiota-infections
https://www.nucleodoconhecimento.com.br/
https://www.nucleodoconhecimento.com.br/health/microbiota-infections


REVISTA CIENTÍFICA MULTIDISCIPLINAR NÚCLEO DO 

CONHECIMENTO ISSN: 2448-0959 

 https://www.nucleodoconhecimento.com.br 

 

97 
RC: 148296 
Disponível em: https://www.nucleodoconhecimento.com.br/health/microbiota-infections 

1. INTRODUCTION 

Fungi are a group of organisms that can be unicellular or multicellular, eukaryotic, 

and heterotrophic (unable to produce their own food). It is noteworthy that fungi can 

be non-chlorophyllous and ubiquitous [2], spreading rapidly in the environment 

through the air or through other means of transport, such as water, insects, and 

animals. The term "anemophilic" refers to fungi that have the ability to disperse in 

the air, as their structures called spores are easily carried by air currents, rapidly 

spreading throughout the environment (MICHELIN and FONSECA, 2018). 

It is also important to highlight that several factors are responsible for facilitating the 

propagation and growth of fungi in environments, such as temperature, nutrient 

availability, and humidity. When they enter the hospital environment, the propagative 

structures (spores) of anemophilic fungi can contaminate humans through 

inhalation, resulting in infections and allergic reactions. Thus, pathologies such as 

asthma, sinusitis, and extrinsic allergic alveolitis can lead to a weakened immune 

system in individuals, exacerbating cases of patients in hospitalization (SALOMÃO, 

2017). 

Fungi are microorganisms capable of causing opportunistic infections, i.e., infections 

related to the host's immune status. When they encounter an individual with low 

immunity, toxins and metabolites produced by fungi can lead to frequent infectious 

pathologies, such as urinary infections, eye irritations, otitis, and nail infections 

(onychomycosis) (CORDEIRO et al., 2021). 

Therefore, the hospital environment is constantly exposed to opportunistic 

pathogens, as fungal infections can be acquired by patients not only through the air 

but also through contact with hospital visitors and staff. It is worth noting that fungal 

infections progress rapidly in cases of patients with weakened immune systems, 

whether due to the use of immunosuppressive medications [3] or underlying 
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conditions such as cancer and Acquired Immunodeficiency Syndrome (AIDS) 

(VERLI; GONÇALVES, 2019). 

It is understood that air quality is widely discussed in the literature as a factor of 

utmost importance in the occurrence of hospital-acquired infections, especially in 

situations where pathogens are widely dispersed in the hospital environment. Thus, 

this study's primary objective is to discuss the occurrence of anemophilic fungi in 

hospital environments, elaborating on the characteristics of these pathogens, the 

primary risks of contamination, and the necessary precautions for protecting patients 

in situations of hospitalization. 

2. METHODOLOGY 

This present study is based on a narrative literature review, relying on the research 

of sources published on academic websites such as Scientific Electronic Library 

Online (SciELO) and Science Open Research, considering the publication period 

from 2010 to 2023. Narrative review was utilized to create a discussion aiming for 

broad analysis and critical interpretations regarding the proposed topic. Thus, the 

following keywords were used to search for articles: public health, medical mycology, 

and anemophilic microbiota. Articles addressing the occurrence of anemophilic fungi 

in hospital environments, whether national or international studies, were considered. 

Furthermore, for exclusion criteria, the following were not considered eligible for 

inclusion in the review: studies not published within the predetermined period, 

studies addressing the occurrence of fungi in different environments, or studies 

focusing on other pathogens such as viruses, bacteria, and other microbiota. The 

main authors cited during the narrative review were Macedo (2019), Verli and 

Gonçalves (2019), and Abbas et al. (2021). 
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3. NARRATIVE REVIEW: THE OCCURRENCE OF FUNGAL 

MICROBIOTA IN HOSPITAL ENVIRONMENTS 

It is well-known that hospital environments require extreme care regarding infection 

control, necessitating constant hygiene and prevention actions by all involved 

professionals. According to Verli and Gonçalves (2019), research developments 

have yielded new scientific knowledge regarding methods, techniques, and hygiene 

protocols capable of assisting in the prevention and treatment of various fungal 

infections. 

Concerning anemophilic fungi, the concern becomes even more justifiable because 

of their ease of spreading in the environment through their structures (spores), which 

contributes to making infection control and prevention even more challenging. 

Considering the frequent occurrence of anemophilic fungi in hospital environments, 

Borba et al. (2021) discussed cases of infections in neonatal intensive care unit 

incubators, highlighting the occurrence of the main pathogens from the genera 

Aspergillus, Candida, Cladosporium, and Nigrospora. 

Possible explanations for the mentioned contaminations are related to actions 

performed in these environments, such as invasive procedures and the need to use 

broad-spectrum drugs (antimicrobials) that end up providing resistance to fungi. 

Inadequate hygiene practices by healthcare professionals (asepsis of the area and 

sterilization of instruments) also contribute to environmental contamination 

(MACEDO, 2019). 

In line with Borba et al. (2021), other studies were conducted to determine the 

microbiological profile of the main anemophilic fungi found in hospital environments. 

According to Cordeiro et al. (2021), the wards of a hospital unit in the city of Cabo 

de Santo Agostinho (PE) were subjected to analysis, where the following filamentous 

fungi were found: Penicillium ssp., Aspergillus ssp., Fusarium sp., Rhizopus ssp., 

Cladosporium ssp., Acremo-nium ssp., Tritirachium ssp., Curvularia ssp., and 
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Nigrospora ssp., with the most frequent genera being Penicillium and Aspergillus. 

Additionally, yeasts and non-sporulating fungi were found. 

It is worth noting the various factors that favor the growth and propagation of these 

pathogens in environments, including relative humidity, temperature, potential hosts, 

and nutrient availability (NASCIMENTO et al., 2019). Thus, when anemophilic fungi 

establish themselves in the environment, they spread rapidly through their spores 

and can be inhaled by the patients present there. 

The main manifestations representing infections by these microorganisms are 

asthma, sinusitis, and even extrinsic allergic alveolitis (ABBAS et al., 2021). Below, 

an image (Figure 1) is presented that exemplifies one of the most frequent genera 

of anemophilic fungi in hospital environments. 
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Figure 1 - Example of a fungus from the genus Penicilium sp. Microscopy: 400x. 

Source: Personal Archive (2023). 

Inhalation of fungi from the Penicillium spp. genus can result in a severe infection, 

progressing to Penicilliosis, a pulmonary pathology that can spread to the body 

through contamination of the cerebrospinal fluid (CSF), as well as organs such as 

the kidneys and the endocardium of the heart muscle. It is emphasized that 

Penicilliosis is considered highly severe since it can affect various vital organs of the 

body, such as the lungs, heart, and liver. Thus, this pathology proves to be very 

dangerous in cases of immunocompromised patients, who are vulnerable to 

septicemia (widespread infection) (ABBAS et al., 2021). 
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Continuing with the current discussion, another study investigated the occurrence of 

anemophilic fungi in intensive care units (ICU) of a hospital. According to Calumby 

et al. (2019), various genera of anemophilic fungi were found, many of them similar 

to the other studies mentioned in this article. Thus, by analyzing the growth of 114 

Colony-Forming Units (CFU), 17 fungal genera were identified in the following 

proportion: Cladosporium spp. (28.1%), Aspergillus spp. (17.5%), and Penicillium 

spp. (12.3%). 

According to Gonçalves et al. (2018), the genus Penicillium spp. is the most 

identified among studies that analyze the profile of anemophilic fungal microbiota in 

hospital environments, which may be related to the ability of this microbiota to adapt 

to climatic variations, as well as to the immune status of patients. Due to the 

frequency of these fungal infections in hospital environments, Intensive Care Units 

(ICUs) stand out as the sectors with the highest contamination rates, resulting in 

Healthcare-Associated Infections (HAIs) and becoming a public health issue (SILVA, 

2017). 

4. RESULTS AND DISCUSSION 

Based on the analysis of the selected sources and the findings, it was possible to 

understand the incidence of infections, the sectors with the highest contamination, 

and the main characteristics of diseases caused by anemophilic fungi. 

4.1 HOSPITAL INFECTIONS CAUSED BY FUNGAL MICROBIOTA: 

INCIDENCE AND CHARACTERISTICS 

It is understood that Healthcare-Associated Infections (HAIs), according to the 

Ministry of Health, are common after a patient's admission to the hospital and 

manifest during hospitalization or even after discharge. This terminology is 

highlighted for infections acquired in relation to hospital admissions or due to hospital 

procedures (BRAZIL, 2003). 
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It is important to note that, in Brazil, data regarding HAIs are not widely disclosed or 

analyzed and end up being archived in the hospitals where they occurred. This 

reality makes it difficult to access such data and knowledge about the national 

situation concerning this issue (DOS REIS; CAVALCANTE; DOS SANTOS, 2018). 

According to Calumby et al. (2019), the most common fungal microbiota in hospital 

environments is represented by filamentous fungi from the genera Aspergillus ssp., 

Cladosporium ssp., and Penicillium ssp. Regarding the most common yeasts, the 

genera Candida ssp., Cryptococcus ssp., and Trichosporo ssp. stand out. This 

reality alerts health authorities, as these fungi easily adapt to environments and can 

spread rapidly through their spore-bearing structures. Based on the analyzed 

studies, it was possible to create a table (Table 1) that presents the main fungi found 

in hospital environments, the sectors with the highest contamination rates, and the 

profile of infected patients. 

Table 1 - Main genera of fungi found in hospital environments 

Main genera 

Found in hospital 
environments 

Sectors with the 
highest incidence of 
microbial 
contamination 

Principal diseases 
caused 

Profile of infected 
patients 

Aspergillus ssp. Emergency ward, 
ward, ICUs, neonatal 
ICU, wards (presence 
in O2 balloons). 

Aspergillosis: 
opportunistic 
infection, generally 
affects the respiratory 
tract, can progress to 
the pulmonary form. 

Patients with 
respiratory infections 
and comorbidities, 

immunocompromised, 
neonates 

Penicillium ssp "ICUs, emergency 
ward" 

Penicilliosis: 
opportunistic infection 
by the species 
Penicillium marneffei 

HIV-positive patients 

Candida ssp. ICUs, neonatal ICU, 
emergency ward, 
ward 

Candidemia: severe 
systemic infection 

Immunocompromised 
patients, neonates, 

Rhizopus ssp. Ward, emergency 
ward, ICUs 

Mucormycosis: 
severe opportunistic 
and invasive infection 

Pacientes 
imunocomprometidos 
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Mucor ssp. Enfermaria, UTI Mucormycosis: 
severe opportunistic 
and invasive infection 

Immunocompromised 
patients 

Cladosporium ssp. Ward, emergency 
ward, ICU 

Allergic disease, 
which can progress to 
the invasive form 

Immunocompromised 
patients 

Source: The author (2023). 

It is important to highlight Brazilian legislation, which, through Resolution No. 9, 

dated January 16, 2003, establishes minimum quality standards for indoor air 

systems and air-conditioned environments, such as hospital environments. 

According to the mentioned resolution, the Maximum Recommended Value (MRV) 

is established, which refers to the acceptable index for microbiological contamination 

in the air-conditioned environment (≤ 750 CFU/m3), with a ratio of I/E ≤ 1.5, where 

"I" represents the quantity of fungi in the indoor environment and "E" the quantity of 

fungi in the outdoor environment. These indices represent the acceptable limit value 

between conditions determining disease or absence thereof for the health of 

individuals present in the environment. 

For the diagnosis of fungal infections, mycological tests should be performed with 

the collection of biological material (urine, sputum, and nails), analyzed through the 

direct method. According to the protocol, the diagnosis of fungal infections is 

determined through blood culture. However, blood culture requires a minimum 

period to yield results, which can extend up to one week for the complete 

identification of the microorganism. 

Considering fungal infections in hospital environments as public health problems, 

simple measures can prevent cases of opportunistic fungal infections, such as 

prioritizing air circulation, sterilizing all instruments used during procedures, 

frequently washing hands, and performing periodic maintenance of all air 

conditioning equipment. 
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ANVISA (2010) regulates that in situations of renovations in hospitals, as well as in 

any healthcare facility, it is necessary to hermetically isolate the area to prevent the 

spread of waste, debris, or contamination of the environment by dirt or 

microorganisms (BRASIL, 2010). 

4.2 OPPORTUNISTIC INFECTIONS IN HOSPITAL ENVIRONMENTS 

AND THE VULNERABILITY OF COVID-19 PATIENTS 

The occurrence of infections by the SARS-CoV-2 virus has been widely studied 

since 2020 when the COVID-19 pandemic spread worldwide. In this context, COVID-

19 infections represented a greater risk for hospitalized patients and those with 

comorbidities, as they had conditions of vulnerability related to low immunity. 

Thus, COVID-19 infection together with opportunistic fungal infections represents a 

major challenge for the nursing team, as well as for all professionals involved and 

health authorities. Opportunistic infections occur in situations of patient vulnerability, 

especially in cases of individuals with neoplastic diseases, diabetes, hypertension, 

and immunocompromised individuals. 

Moreover, patients who use corticosteroid drugs, as well as antibiotics and 

immunosuppressants for an extended period, also have weakened immune 

systems, making them susceptible to various infections. According to Tavares et al. 

(2021), patients infected with SARS-CoV-2 presented secondary infections by 

airborne fungi, with the most common genera being Aspergillus ssp., Rhizopus ssp., 

and Mucor ssp. 

One possible explanation for the occurrence of opportunistic infections in patients 

affected by COVID-19 is the long-term imbalance of the body's microbiota, resulting 

in a disturbance in homeostasis. This risk situation is exacerbated by the use of 

drugs, leading to liver intoxication. In addition, the antimicrobial therapy administered 
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throughout the patient's hospitalization has a broad spectrum, resulting in increased 

resistance of fungi and bacteria to the drugs. 

Thus, the National Health Surveillance Agency (ANVISA) established, through 

Technical Note No. 04/2021, guidelines for identifying fungal infections and 

prevention measures to control opportunistic infections in patients with COVID-19. 

Below is a microscopic image of bronchoalveolar lavage from COVID-19 patients 

with Aspergillosis and Mucormycosis (Figure 2). 

Figure 2 - (A): Microscopy of bronchoalveolar lavage with Aspergillosis in a patient with COVID-19. 

(B): Microscopy of skin biopsy from a COVID-19 patient with Mucormycosis and culture of Rhizopus 

ssp. on blood agar 

Source: Nunes, Trindade (2021), adapted from ANVISA. Technical Note 04/2021. 

According to ANVISA (2021), attention should be paid to opportunistic infections in 

cases of COVID-19 patients, especially infections caused by fungi of the genus 

Rhizopus spp. and Mucor spp., which are responsible for Mucormycosis. Thus, 
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constant cleaning of the area is recommended, as well as sterilization of instruments 

(probes) and disinfection of surfaces, keeping the area free from dirt, dust, or any 

particles that may carry fungal spores into the hospital environment. 

Fungi of the genus Aspergillus spp. are also among the most common in hospital 

environments and, consequently, are related to co-infection in COVID-19 patients. 

Pulmonary aspergillosis, when associated with COVID-19, has been identified in 

cases of worsening respiratory failure, resulting in the death of these patients 

(TAVARES et al., 2021). 

Furthermore, concerning aspergillosis, it is a disease with diverse manifestations, 

ranging from superficial to systemic levels, and symptoms can vary from a simple 

allergic reaction to more severe cases such as chronic cavitary disease 

(Histoplasmosis). In addition to aspergillosis, during the COVID-19 pandemic, 

recurrent cases of Mucormycosis have been identified, primarily affecting the rhino-

orbital region of patients (RIBEIRO et al., 2023). 

As treatment options for Mucormycosis, the antifungal Amphotericin B is used, which 

is an important polyunsaturated organic compound capable of binding to the sterols 

in the fungal cell membrane. This property results in the formation of pores and, 

consequently, the leakage of electrolytes contained in the fungal membrane, 

disrupting the pathogen's metabolic activities, causing its death. It is also worth 

noting that male patients are the most affected by Mucormycosis before and after 

the COVID-19 pandemic, likely due to the recurrence of secondary diseases such 

as diabetes mellitus, obesity, and hypertension. 

5. CONCLUSION 

As per the findings, this study successfully achieved its primary objective of 

discussing the occurrence of airborne fungi in hospital environments, elucidating the 

characteristics of pathogens, the primary contamination risks, and the necessary 
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precautions to protect patients during hospitalization. It was observed that the main 

genera found included Aspergillus spp., Penicillium spp., Rhizopus spp., and Mucor 

spp., with frequent isolation in wards, ICUs, emergency departments, and neonatal 

ICUs. 

A concerning scenario was observed, as the presence of airborne fungi in hospital 

environments represents a serious global public health issue. Therefore, greater 

attention from health authorities is required regarding the cleaning, sterilization, and 

containment protocols adopted in healthcare institutions. Consequently, further 

studies are needed to explore effective alternatives for controlling infections caused 

by airborne fungi, considering the variety of genera, species, and potential 

contamination scenarios. 
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APPENDIX - FOOTNOTE 

2. Ubiquitous, organisms present everywhere in the environment. 

3. Drugs used for the treatment of autoimmune diseases or to prevent organ 
rejection in transplant patients. 

4. Laboratory test that detects bacteria in the blood using specific culture media. 

5. A state of balance in which the body can perform all its functions and chemical 
reactions. 
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