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RESUMO

Objetivo: Investigar a presenca de fungos patogénicos isolados a partir de amostras de
fezes de pombos, em locais de aten¢do a pacientes imunocomprometidos no DF. Método:
As amostras foram coletadas em hospitais onde se oferta atendimento a pacientes
HIV/AIDS e que tenha uma presenca massiva de pombos. Colonias de leveduras foram
previamente selecionados em meio Agar Sabouraud Dextrose acrescido de cloranfenicol,
seguindo-se com andlise microscépica das estruturas leveduriformes. Colonias de
leveduras com suspeita de pertencerem ao género Candida spp. ou Cryptococcus sp., foram
inoculadas no meio Agar Cromogeénico para identificagdo das espécies de Candida e em
meio Agar quimicamente definido para indugao dos fenétipos de viruléncia caracteristicos
de Cryptococcus sp. Resultados: 100% das amostras analisadas apresentaram crescimento
de leveduras do género Candida spp. e Rhodotorula sp. No meio Agar Cromogénico foram
identificadas nas amostras C. krusei em 75%; C. tropicalis em 50% e C. glabrata em 15%. Em
15% das amostras foi identificado leveduras do género Cryptococcus sp. Conclusao: Dados
deste estudo sugerem que fezes de pombo podem estar dispersando leveduras patogénicas
e contribuindo com a incidéncia de infec¢des fuingicas no DF.

Descritores: Doencas infecciosas; Fezes de Pombo; Cryptococcus sp.; Candida spp.

ABSTRACT

Objective: To investigate the presence of pathogenic fungi isolated from pigeon stool
samples, in places of care for immunocompromised patients in the Federal District.
Method: The samples were collected in hospitals where care is offered to HIV / AIDS
patients and which has a massive presence of pigeons. Yeast colonies were previously
selected on Sabouraud Dextrose Agar plus chloramphenicol, followed by microscopic
analysis of the yeast structures. Yeast colonies suspected of belonging to the genus Candida
spp. or Cryptococcus sp., were inoculated in the Chromogenic Agar medium to identify
Candida species and in chemically defined Agar medium to induce the virulence
phenotypes characteristic of Cryptococcus sp. Results: 100% of the analyzed samples
showed growth of yeasts of the genus Candida spp. and Rhodotorula sp. In the chromogenic
agar medium, 75% were identified in C. krusei samples; C. tropicalis in 50% and C. glabrata
in 15%. In 15% of the samples, yeasts of the genus Cryptococcus sp. Conclusion: Data from
this study suggest that pigeon feces may be dispersing pathogenic yeasts and contributing
to the incidence of fungal infections in DF.

Descriptors: Infectious diseases; Pigeon droppings; Cryptococcus sp.; Candida spp.

RESUMEN

Objetivo: Investigar la presencia de hongos patégenos aislados de muestras de heces de
palomas, en los lugares de atencién a pacientes inmunodeprimidos del Distrito Federal.
Método: Las muestras se recolectaron en hospitales donde se brinda atencién a pacientes
con VIH / SIDA y que tiene una presencia masiva de palomas. Las colonias de levadura se
seleccionaron previamente en Sabouraud Dextrose Agar mas cloranfenicol, seguido de un
analisis microscépico de las estructuras de la levadura. Las colonias de levaduras
sospechosas de pertenecer al género Candida spp. o Cryptococcus sp., se inocularon en medio
de agar cromogénico para identificar especies de Candida y en medio de agar quimicamente
definido para inducir los fenotipos de virulencia caracteristicos de Cryptococcus sp.
Resultados: el 100% de las muestras analizadas presentd crecimiento de levaduras del
género Candida spp. y Rhodotorula sp. En el medio agar cromogénico, el 75% se identifico
en muestras de C. krusei; C. tropicalis en 50% y C. glabrata en 15%. En el 15% de las muestras,
levaduras del género Cryptococcus sp. Conclusion: Los datos de este estudio sugieren que
las heces de las palomas pueden estar dispersando levaduras patdgenas y contribuyendo a
la incidencia de infecciones ftingicas en el DF.

Descriptores: Enfermedades infecciosas; Heces de paloma; Cryptococcus sp.; Candida spp.
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Introduction

Systemic mycoses are diseases caused by fungi that infect the body, usually
through the respiratory tract, and can spread to other organs.! Fungal infections
have been growing exponentially in the past few decades, affecting more than a
billion people, resulting in approximately 11.5 million fatal infections and more
than 1.5 million deaths annually.l? However, despite alarming data, fungal
infections are still considered to be neglected.!

Although fungi are saprophytes dispersed in the environment, there are
reports of the spread of these microorganisms and other pathogens important to
public health such as protozoa, bacteria and viruses by pigeons (Columba livia).>-
4 Studies suggest that pigeon excreta, which are ubiquitously present in urban
areas, may pose a health risk because they allow growth and dispersion of
pathogens. This is due to the chemical composition of pigeon feces, rich in
nitrogen from uric acid, providing substrate for fungal spores to germinate.>-”

Among the microorganisms that compose the pigeon droppings
microbiota, it is worth mentioning the presence of yeasts of the genus
Cryptococcus sp. and Candida spp.19-11 These are opportunistic pathogenic yeasts,
responsible for potentially fatal diseases, particularly in immunocompromised
patients.

Candida sp. are responsible for 90% of all invasive fungal infections?, being
the fourth leading cause of nosocomial bloodstream infections.® Data show that
of the isolated Candida species, the predominance is still led by C. albicans
(45.5%) followed by C. tropicalis (28.88%), C.krusei (20%), C. glabrata (3.33%)
and C. parapsilosis (2.22%).10-11 In hospitalized patients, Candida spp. have been
isolated from urine samples (43%), BAL / sputum (18.88%), vaginal smear
(8.88%), catheter (7.77%), blood smears and wounds (6.66%), pus (3.33%) and
biliary aspirate (2.22%).° Although C. albicans is considered by many authors to
be part of the human microbiotal>13, patients with immunity disorders become
more susceptible to infection by this microorganism. In addition, the expression
of virulence factors associated with a profile of resistance to antifungals may
favor colonization and infection by Candida spp.

Cryptococcus spp. are encapsulated yeasts frequently found in the
environment, particularly associated with pigeon feces >14-17- Cryptococcus sp. can
invade the central nervous system (CNS) causing fungal meningoencephalitis,
which is the most common cause of meningitis in adults living with HIV.18
Previously, cryptococcosis had been attributed to two distinct species, Cryptococcus
neoformans and Cryptococcus gattii. However, the improvement of molecular
methods led to a new classification of species, with C. neoformans divided into
two species (C. neoformans and Cryptococcus deneoformans) and C. gattii divided
into a total of five species (C. gattii, Cryptococcus bacillisporus, Cryptococcus
deuterogattii, Cryptococcus tetragattii and Cryptococcus decagattii).’® However,
detailed biological comparisons between the various species of Cryptococcus have
not yet been elucidated, and many studies still consider only the classification C.
neoformans and C. gattii. The species C. neoformans is responsible for
approximately 220,000 new cases of cryptococcal meningitis annually.1-2

Among the aggravating factors of fungal infections already mentioned, it is
worth highlighting the scarcity of antifungal treatments, which are becoming
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increasingly limited. Currently, only four major classes of antifungals are
available to treat life-threatening fungal infections.? In addition, the emergence
of resistant strains progresses exponentially between different species of fungi.?!
Clinical data report that about 7% of all Candida bloodstream isolates are resistant
to fluconazole.?? In addition, different pathogenic fungi are capable of forming
biofilms, which are resistant to amphotericin B and azoles, both clinically and in
in vitro tests, resulting in the use of high doses of antifungals and recurrent
treatment failures.?

Although the Federal District is a region markedly inhabited by pigeons,
present in the most diverse places such as hospitals, restaurants and public
transport stations, there are, to date, studies that evaluate the population of fungi
present in the pigeon droppings in this region. Thus, the scenario in which
pathogenic yeasts could disperse efficiently in environments where care with this
type of infection should prevail is very worrying.

If the hypothesis of the dispersion of pathogenic yeasts in a hospital
environment is considered, this data may guide the implementation of measures
that promote greater patient safety, especially in places of care for
immunocompromised individuals. In addition, these data may contribute to the
survey of epidemiological surveys in the region, studies that are gaining more
and more attention, particularly in the current scenario of the pandemic COVID-
19, where the need for these surveys about infectious diseases propagated by
animals has become undoubted.

Method

The samples were collected in 2019, at points in the Federal District where
care and monitoring is offered to HIV / AIDS patients, another point at the
University of Brasilia (UnB) and another at the SARAH Hospital, due to the
massive presence of pigeons and traffic intense number of individuals. Pigeon
feces samples were collected in pools, totaling 8 samples. Of these 8 samples
collected, 4 samples were collected on the campus of the University of Brasilia-
UNB, and 2 samples were collected in the vicinity of the University Restaurant -
RU (A 1) and 2 collections at the Central Science Institute - ICC (A2) ; 1 collection
at the University Hospital of Brasilia - HUB (A3); 1 collection at the Base Hospital
of the Federal District (A4), 1 collection SARAH Hospital from Asa Sul - Brasilia
(A5) and 1 collection from the Regional Hospital of Taguatinga (A6), as shown in
Figure 1.
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Figure 1- Map indicating the points of sample collection in Brasilia. Federal District, 2020.
Legend: The collection sites are signaled with letters ordered from A1-A6 and highlighted in red
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balloons.
Source: Google Maps.

The collected samples were placed in sterile plastic tubes and stored in the
refrigerator for 24 hours. Then, 0.5 g of each sample was weighed, which were
suspended in 5 ml of sterile 0.9% sodium chloride solution. After homogenizing
this mixture in vortex for three minutes, the suspension was left to stand for 30
minutes at room temperature, for precipitation of larger structures and
contaminants. Then, 100 pl of the supernatant was collected and seeded in Petri
dishes containing Sabouraud Dextrose Agar (SD) medium plus the antibiotic
chloramphenicol (40 mg / L) (the addition of the antibiotic is to prevent the
growth of contaminating bacteria). The plates were then incubated in
greenhouses at a temperature of 30 °C for 48 hours (Figure 2).
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Figure 2- Schematic illustrative of the protocol used in the screening of pathogenic yeasts from a
pool of pigeon feces samples, collected in the Federal District. Federal District, 2020.

Analysis and identification of yeasts

Initially, colonies with morphology suggestive of yeast growth in SD +
chloramphenicol medium were selected. The selected colonies were stained with
methylene blue solution (improves the visualization of fungal cell structures) and
observed under optical microscopy in the 40x and 100x ranges. Then, yeast
colonies identified under a microscope were inoculated in differential media,
which allow genera and fungal species to be identified by biochemical and
morphological tests. For qualifying identification of Candida spp., the yeasts were
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sown on Chromogenic Agar (PLAST LABOR®). To identify the yeasts of
Cryptococcus sp., The colonies were seeded on Chemically Defined Agar, known
as Minimal Medium (MM) (15 mM dextrose, 10 mM MgSO4, 29.4 mM KH2PO4,
13 mM glycine and 3 pM thiamine, pH 5.5, supplemented with 1 mM of L-DOPA
(Sigma-Aldrich) that allows the induction of the polysaccharide capsule, specific
to the genus, as well as the visualization of the melanin pigment produced by
these fungi.?® After identification of the genera, the yeasts were cryopreserved in
aliquots containing BHI medium supplemented with 15% glycerol in a freezer at
-20° C, for further analysis and further studies.

Results

Among the samples collected and analyzed, all showed contamination with
fungi (Figure 3A). Initially, the samples were sown in SD + Chloramphenicol
culture medium, for selection of fungal growth, followed by morphological
analysis of yeast colonies. After selecting the yeast colonies, aliquots were
collected and stained with methylene blue to view cellular structures in an optical
microscope, which allowed the confirmation of yeast structures (Figure 3B-C).

The presence of yeasts from Candida spp. was identified in 100% of the
samples. The identification of the genera and species of Candida spp. it occurred
through growth and colorimetric biochemical reaction in Chromogenic Agar
medium (Figure 3D). Data analysis demonstrated the presence of Candida krusei
in 75% of the samples, followed by Candida tropicalis in 50% of the samples and
Candida glabrata in 15% of the samples.

Figure 3 - Identification of pathogenic yeasts in samples of pigeon feces. Distrito Federal, 2020.
Caption: A) Sabouraud Dextrose + chloramphenicol medium showing varied growth of fungal
colonies. B-C) Optical microscopy images of Candida sp. D) Chromogenic Agar Medium with
yeast growth of Candida krusei and Candida tropicalis.

In all samples sown on SD Agar + chloramphenicol medium, the growth of
colonies with orange to pink coloration was observed (Figure 4A), and
microscopy showed yeast cells (Figure 4B), which according to the Manual of
Clinical Microbiology for Infection Control in Health Services of ANVISA, it is a
characteristic of yeasts of the genus Rhodotorula sp. Such growth was also
observed in 100% of the analyzed samples.

In 15% of the samples, the presence of yeasts with bruises was observed,
which when grown in MM medium induced the formation of a capsule,
visualized with ink ink Nanquim (Figure 4C) and produced the pigment melanin
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(Figure 4D), characteristics that correspond to yeasts of the genus Cryptococcus
sp.

Figure 4 - A) Sabouraud Dextrose Agar + Chloramphenicol Medium Rhodotorula spp. B) Optical microscopy
images of Rhodotorula yeasts. C) Light microscopy images with Nanjing coloring showing encapsulated
yeasts of Cryptococcus spp. D) Chemically Defined Agar (Minimum Medium) showing colonies with melanin
pigment production, typical of Cryptococcus spp

Discussion

Pathogenic yeasts are currently an important public health problem,
particularly for individuals with some associated immunodepression. Although
the health risks associated with fungal pathologies are widely discussed, the
topic is considered neglected, even though these infections can cause as many
deaths as tuberculosis or malaria.>?*

In Brazil, human fungal infections, although known to be prevalent, are not
officially notified diseases and this fact makes it difficult to survey precise
epidemiological surveys. A study has shown that more than 3.8 million people
in Brazil may be suffering from severe fungal infections, mainly patients with
malignant cancers, transplant recipients, asthma, previous tuberculosis, HIV
infection and those who live in areas endemic for fungi truly pathogenic.?

In our study, the growth of Candida spp., The etiologic agent of candidiasis,
was observed in 100% of the analyzed samples. Candida is one of the main yeasts
of medical importance, since, according to data provided by the Centers for
Disease Control and Prevention (CDC), Candida species are in fifth place among
pathogens acquired in hospitals and in fourth among bloodstream infections.> In
addition, these yeasts are developing resistance to antifungal agents for clinical
use. Thus, the treatment of candidiasis has been considered a challenge,
especially in immunocompromised patients.?*

According to data from the health department, the Federal District has
approximately 12 thousand people infected with HIV / AIDS, who are being
assisted by the public and private health system, both receiving drug assistance
from the Unified Health System (SUS) as a therapeutic resource.

In the study by Giacomazzi et al., Candidemia rates in hospitalized patients
in 2011 in Brazil were 28,991 (total) of which 870 were HIV / AIDS patients, 3,131
were patients with cancer and immunosuppression and 13,336 were patients
requiring critical care and surgery.? According to the National Cancer Institutel,
the reference hospitals for cancer treatments in the DF, pediatric or not, are the
Base Hospitals, SARAH, HUB and the Regional Hospital of Taguatinga, which
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were the places chosen for the collection of excrement from the pigeons in this
study .

According to data available on the official website of the Government of
Brasilia, approximately 45 chemotherapy sessions are performed at Hospital de
Base per day.! It is worth mentioning that patients undergoing cancer treatment
may experience immunosuppression due to both the nature of the disease and
the type of treatment.

Among the places of access to hospital care for these individuals, it is worth
mentioning the Hospital Universitario de Brasilia, where they collected samples
of pigeon feces that were contaminated with Cryptococcus sp. and Candida spp.

One of the most alarming species of the genus Candida today is C. auris, due
to its extraordinary ability to resist different antifungal agents, and corroborating
reports that claim that this species is not yet found in Brazil, in our analysis we
did not find results suggestive of presence of this species in the samples collected.

Data from the Ministry of Health point to cryptococcosis as the
fungal infection with the most frequent hospital interventions in
Brazil.! Another study reported that the highest rate of
cryptococcosis infection was due to an association with AIDS. In
Central and South America, 10,548 cases were registered, where the
division by countries was carried out and Brazil led the ranking with
53% of the total cases.?®¢ n our data, yeasts of Cryptococcus sp. in 15%
of the analyzed samples. The identification of yeasts from
Cryptococcus sp. occurred through the induction of virulence factors,
capsule (essential for survival in phagocytes and an important
escape mechanism of the immune system) and melanin (pigment that
protects yeasts from oxidative stress).?” These data suggest that
these yeasts are likely to cause disease in animals. However, future
tests on animal models may confirm this hypothesis.

Interestingly, in the analysis of pigeon feces carried out in this
study, 100% of the samples are contaminated with yeasts of the
genus Rhodotorula spp. Although Rhodotorula spp. be a ubiquitous and
saprophytic fungal species, routinely recovered from environmental
sources, and for a long time it was considered non-pathogenic, more
recent studies suggest this yeast as an opportunistic pathogen,
which has the ability to colonize and infect susceptible patients.?8
Reports point out that most cases of Rhodotorula infection in humans
were fungemia associated with the use of central venous catheters,
patients using corticosteroids and immunosuppression.?8

An alarming point observed in this study was the high
population of pigeons on the outskirts and roofs of hospitals, as
these places concentrate a greater number of immunocompromised
individuals, where health services are provided. Considering that
one of the main forms of transmission of some fungal diseases is
through the inhalation of viable propagules of fungi, the results of
this study indicate the possibility of pigeon droppings playing an
important role in the spread of pathogenic fungi in urban areas
(Figure 5).

1 Disponivel em: http://www.sgc.goias.gov.br/upload/arquivos/2012-05/proposta_ve-criptococosel.pdf.
Acesso em: 11/11/2020.
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Figure 5- Proposed model for the dlssemlnatlon of péthbgemc yeasts present in pigeon
droppings in the Federal District. Federal District, 2020.

In Brazil, especially in Brasilia, epidemiological data on fungal infections
are rare or nonexistent. Thus, it is evident that these infections are in fact being
neglected, requiring preventive measures and information, in the control of the
pigeon population and the spread of pathogenic yeasts in the dried feces of these
birds, which can be dispersed and spread by the wind, health care environments
and urban locations.

It is worth mentioning that, although our data demonstrate the presence
of pathogenic yeasts present in the pigeon feces, further studies are needed to
ascertain whether these fungal isolates can express virulence factors and develop
diseases in an animal model; these analyzes will be carried out in future studies.
Still, it is necessary to consider that humans and fungi interact daily, after all,
most fungi are saprophytes in the environment, playing a fundamental role in
the ecosystem. However, our warning is not for an immunologically healthy
population, but for individuals with immunosuppression, who may be more
susceptible to these infections, and at the same time, are at greater risk of death.

Conclusion

Due to the time of the COVID-19 pandemic, a disease initially
disseminated by interaction between humans and infected animals, studies
aimed at investigating the spread of pathogens by animals in the environment
have a relevant impact. The initial data in this study are alarming, suggesting
that pigeons in the DF may be dispersing pathogenic yeasts and contributing to
the incidence of fungal infections.

The samples from the places of care for HIV / AIDS patients proved to be
contaminated, emphasizing that these patients have immunosuppression, which
makes them more susceptible to fungal infections.
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Finally, although there is still a need for further tests, such as investigating
the pathogenic potential of these strains isolated from the environment, it is
worth highlighting the innovative impact of this study, especially with regard to
public health, since it is the first time that this type of screening is carried out in
the Federal District, and will certainly be able to contribute to epidemiological
surveys of fungal diseases in Brazil, given, as well as fungal infections, neglected.
In addition, it is hoped that these data may guide measures of containment in
hospital environments, which prevent access of pigeons to ventilation systems in
the area, as well as hamper the access of these birds to windows or ventilation
doors.
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