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Abstract This quantitative and qualitative study aimed
to identify fungi isolated from patient beds at a reference
hospital in Teresina, Piauí, Brazil, and evaluate the
efficacy of 70 % ethanol and 1 % hypochlorite for
removing the contamination. Thirty-eight beds were
chosen at random and the collection was carried out in
three situations: before and after disinfection with 70 %
alcohol or hypochlorite 1 %. Each sample was inoculat-
ed onto Sabouraud dextrose agar containing chloram-
phenicol and incubated at room temperature to allow
fungal growth.We identified 13 species belonging to the
genera Aspergillus, Cladosporium, Alternaria, Rhizo-
pus, Penicillium, and Candida. All of these species are
pathogenic and can worsen the clinical condition of
patients. The 1 % hypochlorite solution proved to be
an efficient disinfectant against the fungi, but the same
was not observed using 70 % ethanol. Based on these
findings, we recommended that the use of 1 % hypo-
chlorite during bed disinfection be added to the hospital

biosafety protocol to reduce cross contamination and
contribute to patient recovery.
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Introduction

Hospital-acquired infections can be caused by both in-
ternal and external factors, and pathogenic microorgan-
isms are commonly transmitted by patients, visitors,
health professionals, and contaminated biological mate-
rials. In susceptible patients, such as children, the im-
munocompromised, and patients with chronic diseases,
fungi play a significant role in both localized and dis-
seminated infections (Rainer et al. 2001).

Nosocomial infections have a wide epidemiological
distribution and are associated with increasingly high
levels of morbidity and mortality. Multiple factors con-
tribute to the development of hospital-acquired infec-
tions, including invasive procedures, indiscriminate use
of antimicrobials, immunological and nutritional status
of debilitated patients, and lack of compliance with
biosafety standards, particularly in regard to the sanita-
tion of the environment and inanimate objects (Okten
et al. 2012). In the absence of strict hygiene practices,
the hospital environment—including the air, water, and
inanimate surfaces surrounding the patient—can
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transmit infection. Hospitals are responsible for main-
taining proper hygiene and disinfection procedures to
provide a biologically safe environment for patients,
visitors, and hospital employees (Reynolds et al. 2012).

In an epidemiological study of the major nosocomial
infections in Brazil from 2000 to 2014, fungi were, with
143 cases, the second most common cause of hospital-
acquired infections (De Almeida et al. 2014). This num-
ber represents only the properly notified cases, suggest-
ing that the actual number of fungal infections in Bra-
zilian hospitals may be much larger.

Analysis of fungal contamination of hospital beds is
particularly important because contamination of inani-
mate surfaces plays a prominent role in the fungal
transmission chain. The objectives of this study were
to identify fungi isolated from hospital beds in a refer-
ence hospital in Teresina, Piauí, Brazil, and evaluate the
efficacy of disinfectants against these pathogenic
microorganisms.

Materials and methods

This was a quantitative observational study. Data was
gathered between October 2014 andMarch 2015 from a
reference hospital in Teresina, Piauí, Brazil, which treats
contagious infectious diseases.

The 38 beds were randomly chosen from various
nursing wards after liberation of the patient from the
hospital. Samples were collected in three situations:
before disinfection, after disinfection with 70% alcohol,
and after disinfection with hypochlorite 1 %. For the
collection of the samples in the three aforementioned
situations, we used sterile swabs soaked in saline
0.85 %, rubbed on three areas of greatest contact with
the patient beds (upper end, middle region, and lower
end). Alcohol 70 % was applied to 19 beds by friction
with gauze on the surfaces for collection. After a period
of 5 min, new samples were collected to verify its
effectiveness. In the other beds, the hypochlorite 1 %
was applied and after 5 min, held the collection to verify
its effectiveness. Then they were transported at room
temperature to the research laboratory of the University
Center UNINOVAFAPI.

Duplicate Sabouraud dextrose agar plates (HiMedia
Laboratories, Mumbai, India) containing 0.05 g L−1

chloramphenicol (INLAB, São Paulo, Brazil) were in-
oculated with 100 μL of sample and then incubated at
room temperature for 72 h to allow fungal growth. After

growth of the filamentous fungi, microcultures were
prepared to allow observation of fungal structures and
carry out species identification (De Hoog et al. 2000).
Putative yeast species were isolated on BBL
CHROMagar Candida (BDDifco, NJ, USA). Candida
species were identified by observing colony color and
through additional biochemical testing. The absolute
(N°) and relative (%) frequency was calculated using
Microsoft Excel 2007.

Results

Filamentous fungi and yeast species were isolated from all
38 beds prior to disinfection. The most frequently ob-
served species were Aspergillus niger (52.6 %), Penicilli-
um citrinum (42.1 %), Aspergillus flavus (26.3 %),
Cladosporium oxysporum (23.7 %), Cladosporium
cladosporioides (18.4 %), Rhizopus oryzae (15.8 %), As-
pergillus fumigatus (10.5 %), Curvularia lunata (7.9 %),
and Candida tropicalis (7.9 %), as shown in Table 1.

After disinfection with 70 % alcohol, we observed
the growth of the following colonies: A. flavus, A. niger,
C. oxysporum, C. cladosporioides, R. oryzae, and P.

Table 1 Frequency of isolation of fungi from hospital beds prior
to disinfection.

Fungi species N° %

Aspergillus niger V. Tiegh. 20 52.6

Penicillium citrinum Thom 16 42.1

Aspergillus flavus Link: Fr. 10 26.3

Cladosporium oxysporum Berk. & Curt. 9 23.7

Cladosporium cladosporioides (Fres.) de Vries 7 18.4

Rhizopus oryzaeWent & Prinsen Geerligs 6 15.8

Penicillium oxalicum Currie and Thom 6 15.8

Aspergillus fumigatus Fres. 4 10.5

Curvularia lunata (Wakker) Boedijn 3 7.9

Candida tropicalis (castellani) Berkhout 3 7.9

Geotricum aff. Candidum Link: Fr. 1 2.6

Alternaria alternata (Fr.) Keissl. 1 2.6

Candida albicans (Robin) Berkhout 1 2.6

Absidia corymbifera (Cohn) Sacc. & Trott. 1 2.6

Total 38 100

Source: This study. The sum of % is greater than 100 % because
some beds contained more than one fungal species.

N° absolute number of beds containing the fungal species, %
proportion of beds containing the fungal species
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citrinum.However, none were observed fungal colonies
after the use of 1 % hypochlorite.

Discussion

Measures for containing infectious fungi inside health
units rely on responsible practices by health profes-
sionals as well as all hospital users. Pathogens respon-
sible for nosocomial infections may be carried by other
patients, officials, professionals, and visitors, as well as
inanimate objects and equipment that are in direct or
indirect contact with the sick. Immunocompromised
patients, those with nutritional deficiency, or patients
subjected to invasive procedures are considered the
most susceptible to nosocomial infection, particularly
to contaminants in the air that are easily disseminated.
Therefore, understanding the sources of infection in a
hospital setting allows the implementation of effective
prevention protocols (Cremesp 2010; Méheust et al.
2014).

According to the standard operating procedure (SOP)
of the hospital, disinfection of beds should be performed
soon after discharge, death, or patient transfer using
three consecutive applications of 70% alcohol bymove-
ments unidirectional rubbing for 15 s. Moreover, SOP
guides the used rubber gloves by the operator must be
washed and disinfected with 70 % alcohol after use.

All beds examined in the present study were contam-
inated with pathogenic fungi prior to disinfection. These
findings suggest that the sanitation practices used by the
hospital were insufficient, either as a result of inappro-
priate cleaning protocols or the selection of chemicals
used for disinfection.

Studies of intensive therapy units in different coun-
tries that sampled incubators, beds, doors, doorknobs,
windows, telephones, air conditioning apparatus, air,
and stethoscopes found Penicillium, Cladosporium, As-
pergillus, Alternaria, Curvalaria, Rhizopus, and Candi-
da species, as well as other pathogenic and opportunistic
species (Mobin and Salmito 2006; Cunha et al. 2011;
Okten et al. 2012; Oviedo 2013; Santos et al. 2009).
These findings show that, in addition to hospital beds,
fungi are found on diverse surfaces in different medical
units that house patients with weakened immune sys-
tems (Okten et al. 2012).

Fernando et al. (2013) examined the beds of patients
with Candida in their bloodstreams in a private hospital
located in São Paulo for the presence of fungi. They

confirmed that 10 of the 25 beds examined were con-
taminated with Candida species, including Candida
albicans, Candida parapsilosis, C. tropicalis, Candida
orthopsilosis, and/or Candida glabrata. They also eval-
uated the effectiveness of disinfection of the beds with a
solution of potassiummonopersulfate and confirmed the
presence of C. parapsilosis and Candida guilliermondii
following disinfection with this solution. In contrast,
Pereira et al. (2014) confirmed, after literature review,
that sodium hypochlorite possesses sufficient antifungal
activity to inhibit the growth of C. parapsilosis and
C. guilliermondii, the species of Candida that were not
inhibited by potassium monopersulfate in the previous
study.

In the present study, we verified the growth of fungal
colonies following disinfection using 70 % ethanol,
suggesting that this cleaning agent is not a reliable
disinfectant for use against fungi. However, we ob-
served that none of the yeast species grew following
disinfection with 1 % hypochlorite, consistent with the
findings of Pereira et al. (2014). There was also no
growth of filamentous fungi after treatment with this
substance, suggesting that sodium hypochlorite is an
efficient disinfectant for the removal of fungi.

The National Health Surveillance Agency (ANVISA)
cleaning and disinfection manual indicates three specific
products for disinfection of beds: 70% ethanol, 0.02–1%
hypochlorite, and phenol (Brasil 2010; Ferreira et al.
2016). Ethanol (70 %) is a surface disinfectant used
frequently by health units because of its easy application
and low cost; however, it is not sufficient for effective
elimination of microorganisms (Fernando et al. 2014;
Ferreira et al. 2015; Ferreira et al. 2016; Peckham et al.
2016; Ribeiro et al. 2015). ANVISA guidelines require
three applications of 70 % ethanol to achieve antimicro-
bial activity. However, a study has shown that following
application of 70 % ethanol according to ANVISA
guidelines, high levels of microbial contamination may
still be present (Ferreira et al. 2016).

Fungi, particularly yeasts, can remain in hospital
beds for long periods of time. Their presence can be
related equally to aerial contamination (filamentous fun-
gi) and contamination by the previous patient. There-
fore, products used for disinfection must be carefully
chosen and correctly applied (Pereira et al. 2014). Sodi-
um hypochlorite is a far superior disinfectant to ethanol.
Through the liberation of chlorine molecules, and with
significant residual activity, sodium hypochlorite is
highly toxic to pathogenic microorganisms when
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applied to inanimate surfaces. The inhibition of fungi,
including species such as Candida, is almost instanta-
neous at high concentrations (30 s with 5.25 % hypo-
chlorite) (Ferreira et al. 2015).

Conclusion

Our results confirmed that all of the beds examined were
contaminated with pathogenic fungi prior to disinfec-
tion, which can further complicate the clinical picture of
immunocompromised patients. We also found that 70%
ethanol did not satisfactorily disinfect beds in the eval-
uated hospital, and the use of the hypochlorite 1 % by
unidirectional rubbing movements for 5 min after wash-
ing with water and detergent is a disinfection method
efficient against fungi.

Therefore, this study reinforces the need to include
1 % hypochlorite treatment for disinfection of beds in
the biosafety protocol of the hospital in this study, as
well as in the ANVISA guidelines. This measure is
essential to reduce cross contamination and thus pro-
mote safe recovery of the patient.
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