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ABSTRACT

Background and Objectives: It is very common that hospital environment is colonised by
microorganisms. This colonisation is a potential threat for hospitalised patients, especially in high-
risk services. Quantification of microorganisms from surfaces is an important strategy to control the
hospital infection.

Materials and Methods: Total 70 samples were collected and seeded in the Mueller Hinton and
Sabouraud Agar culture media. Media cultures in Petri dishes were incubated and microbial growth
was quantified (CFU/cm?). Bacteria cultures were characterised by Gram stain. Fungal cultures
were submitted for micromorphological evaluation and CHROMagar™ incubation.

Results: Bacterial population higher than 250 CFU/cm? was found in 11 out of 70 samples. Fungi
were found in 3 out of 70 samples. Common manipulation surfaces as water drinking unit, shelf and
water tap presented the highest contamination rates. Bacterial cultures (n= 95) showed mostly the
presence of Gram-negative bacteria (81%). In addition, regarding the fungal cultures (n= 129)
mostly filamentous fungi (72%), from Aspergillus genera were obtained.
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Conclusion: Most of the investigated hospital surfaces presented low contamination (< 5 CFU/cm®).
However, microbiological studies should be regular in critical areas in order to reinforce measures to

control and prevent hospital infection.
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1. INTRODUCTION

The hospital environment is largely contaminated
with pathogenic microorganisms. This
colonization is a threat for hospitalised patients,
especially in high-risk services [1,2]. This
prevalence is quantitatively and qualitatively
variable from one institution to another and in the
same establishment according to the services. It
can constitute a risk factor for nosocomial
infections [3-5],

Although it is difficult to establish a direct link
between environmental contamination and the
occurrence of nosocomial infections, several
studies have shown that microorganisms from
human and/or environmental origin contaminate
hospital surfaces, and play an important role in
the occurrence of these infections [6,7].
Microbiological monitoring of the environment in
health facilities is part of preventing the
transmission of nosocomial infections [8]. The
microbiological controls of the environment are
one of the measuring tools that make it possible
to evaluate a starting situation and the
effectiveness of corrective measures, therefore,
they must be implemented in a relevant way and
obey very precise objectives while avoiding the
inflation of useless analyses, consuming time
and financial means [9-11].

There are no systematic studies on the relative
importance of various environmental factors to
ensure a safe environment although it has
always acknowledged that pathogenic
microorganisms in fomites may be a possible risk
factor for nosocomial infection. In Northern
Brazil, there are no studies to quantify or reduce
contamination of the hospital environment for the
last 10 years. The hypothesis that environmental
microorganisms cause human disease results
from two facts: first, our interaction with
inanimate and, secondly, environmental objects,
which are generally contaminated with potential
human pathogens [4]. The objective of this study
was to quantify and qualify microorganisms
present on hospital surfaces from a tertiary
hospital in Northern Brazil.

2. MATERIALS AND METHODS

2.1 Location and Type of Study

A descriptive cross-sectional study was
conducted at the General Hospital of Brazil
(GHB) from 1 January to 30" June 2018. This is
a tertiary health facility located in the north
region. This hospital has a capacity of 102 beds
and has all the major medical and surgical
specialities. Surfaces were selected by
convenience and focused on important hospital
services: ICU- Intensive Care Unit; SC- Surgery
centre; NS- Infirmary service; OC- Outpatient
care; OS- Oncology service; EC- Emergency
care; BN- Baby nursery and NS- Nutrition
service.

Microbiological analyses were carried out at the
Mycology laboratory from the National Institute
for Amazon Research. These samples were
taken between 5 AM and 8 AM (24hs after
cleaning procedures) using a sterile swab
previously moistened with sterile saline 0.9%.
The swabs were passed in parallel streaks by
slightly turning them, on defined areas of 4 cm®.

2.2 Microbial Isolation

The swabs from the different sampling sites were
immediately inoculated into Mueller Hinton Agar
and Sabouraud Agar. The petri dishes were
incubated in a bacteriological incubator at 35°C
for 48 hours for the bacteria, and at 25°C for 5
days for the fungi. The number of colony forming
units are expressed as per cm? [12,13].

2.3 Colonies Identification

Petri dishes after incubation were observed for
colony counting and macroscopic classification
(shape, size, colour) [13,14]. Bacterial
identification was carried out by morphological
analysis by Gram staining. Fungal identification
was carried out by macromorphological and
micromorphological characterisation (Cotton Blue
Stain). Specifically, Candida spp. isolates were
cultivated and classified on CHROMagar™
(CHROMagar Microbiology, France).




3. RESULTS

In order to investigate bacteria (CFU/mL) in
hospital surfaces, isolation tests were performed
by using Petri dishes containing Mueller Hinton
Agar (Fig. 1). At least, one sample per type of
investigated surface presented more than 250
CFU/cm? (except bed grid). The water taps were
the most contaminated surfaces, five samples
presented more than 250 CFU/cm?.

In order to investigate fungi (CFU/mL) in
hospital surfaces, isolation tests were performed
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by using Petri dishes containing Sabouraud
Agar (Fig. 2). Three samples presented
bacterial population more than 250 CFU/mL
(Fig. 2).

Micro-morphological analysis was performed to
characterise the isolates. Fig. 3 summarises the
results of these tests. Out of the 95 bacterial
isolates, the majority (74%) was Gram-negative
cocci and most of the 129 fungal cultures were
molds, a significant part of them were from
Aspergillus genera.
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Fig. 1. Number of cultivated bacteria (CFU/cm?) from the surfaces of a tertiary assistance
hospital from northern Brazil (a-Bed grid, b-Door handle, c-Cardiac monitor, d-Water drinker,
e-Power socket, f-Shelf and g-Water tap)
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Fig. 2. Number of fungi (CFU/cm?) from surfaces of a tertiary assistance hospital from northern
Brazil (a-Bed grid, b-Door handle, c-Cardiac monitor, d-Water drinker, e-Power socket, f-Shelf
and g-Water tap)

4. DISCUSSION

In the present study bacteria and fungi were
found in higher number in common manipulation
surfaces like drinking water, shelf and tap water.
They presented higher contamination rates.
Bacteria were mostly Gram-negative while
most of the fungi were molds. However,
microbiological studies should be regular in
critical areas in order to reinforce measures to
control and prevent hospital infection [5].

Some workers suggested for bacteriological
standards to assess clinical surface hygiene in

hospitals [15]. Dancer [15] proposed that the first
standard concerns any finding of a specific
‘indicator’ organism, the presence of which
suggests a requirement for increased cleaning.

Indicators include  Staphylococcus aureus,
including methicillin-resistant S. aureus,
Clostridium difficile, vancomycin-resistant

enterococci and various Gram-negative bacilli.
The second standard concerns a quantitative
aerobic colony count of 5 CFU/cm? on frequent
hand touch surfaces in hospitals.

In the present study, most of the
investigated hospital surfaces presented low
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70 samples

‘ Mueller-hinton Agar ‘

95 isolates

Number of isolates:

Sabouraud Agar

129 isolates

93 Molds

-Gram-Positive Cocci: 16
-Gram-Paositive Bacilli: 2
-Gram-Negative Cocci: 70
-Gram-Negative Bacilli: 7

Number of isolates:

-Candida sp: 17
-Rhodotorula sp.: 14
-Unidentified: 5

Number of isolates:

-Aspergillus sp.: 43
-Others: 50

Fig. 3. Identification of microorganisms isolated from the surfaces samples from a tertiary care
hospital in Northern Brazil

contamination (<5 CFU/cm?). Recently, Ebongue
et al. [1], has found several colonised sites with
10° CFU/cm® microorganisms on  various
surfaces and medical devices in the General
Hospital of Douala. As previously described,
common manipulation surfaces like water
drinking unit, shelves and water tap show higher
contamination rates [16-20]. This information is
important and demonstrates that in the
investigated facilities, more attention should be
given to this type of surfaces.

In the present study, 95 bacterial cultures were
obtained. Mostly Gram-negative bacteria (81%)
were observed. This was an expected response
since previous and recent studies have
demonstrated similar results. These organisms
are the potential causes of hospital infections
and their hospital population must be monitored
and controlled [21,22].

In addition, in the present study, 129 isolates
were fungi, out of which, 36 isolates were
identified as yeast and 93 were filamentous
fungi. Among the fungi, 43 isolates were
identified as Aspergillus spp. Most Candida
infections comes from endogenous origin,
however, this organism may survive few days in
the hospital setting and be transmitted by the
hands of caregivers and surfaces [23,24]. The
most isolated filamentous fungus was Aspergillus
spp. with 70.5% of the isolates, in a multicenter
study in hospitals. Mousa et al. (1999) verified
the correlation between fungal isolates of burns

with the environmental surfaces of the burn
therapy unit (UTQ), isolating Aspergillus niger in
greater numbers in patients and environment
[25-27].

The present work had the following limitations: a)
The organisms were not identified upto the
species level; b) the organisms were not
evaluated for susceptibility to antibiotics.
However, the study reported robust sampling and
simple assessment methodologies as the tools to
be used routinely for the evaluation of hospital
colonisation. As well as, the data generated here
may serve for future discussions.

5. CONCLUSION

The present work described the microbial
distribution in a hospital in the north of Brazil.
Surfaces from water drinking unit, shelf and
water tap presented higher contamination rates.
The microbiological controls make possible to
evaluate a starting situation and evaluate the
effectiveness of corrective measures. The study
suggests that microbiological studies should be
regular in critical areas in order to reinforce

measures to control and prevent hospital
infection.
ACKNOWLEDGEMENTS

This project was conducted with support from the
CNPq, FAPEAM and CAPES.



COMPETING INTERESTS

Authors have declared that

no competing

interests exist.

REFERENCES

1.

Ebongue CO, Nguatcheussi CM, Mefo JN.
Microbial ecology and antibiotic
susceptibility profile of germs isolated from
hospital surfaces and medical devices in a
Reference Hospital in Douala (Cameroon).
2018;125-37.

DOI: 10.4236/aim.2018.82009
Garcia-Cruz CP, Aguilar MJN, Arroyo-
Helguera OE. Fungal and bacterial
contamination on indoor surfaces of a
hospital in  Mexico. Jundishapur J
Microbiol. 2012;5:460—4.

DOI: 10.5812/jjm.2625

Sales VM, Oliveira E, Célia R, Ramos
Goncalves F, Carvalho de Melo C. Andlise
microbiolégica de superficies inanimadas
de uma Unidade de Terapia Intensiva e a
seguranca do paciente. (Portuguese).
Analisis Microbiolégico Superf Ina En Una
Unidad Cuid Intensivos Y La Segur Del
Paciente. 2014;4:45-53.

DOI: 10.1016/j.mayocp.2013.11.016
Nwankwo E. Isolation of pathogenic
bacteria from fomites in the operating
rooms of a specialist hospital in Kano,
North-Western Nigeria. Pan Afr Med J.
2012;12:1-10.

Russotto V, Cortegiani A, Raineri SM,
Giarratano A. Bacterial contamination of
inanimate surfaces and equipment in the
intensive care unit. J Intensive Care.
2015;3:54.

DOI: 10.1186/s40560-015-0120-5
Padoveze MC, Fortaleza CMCB.
Healthcare-associated infections:
Challenges to public health in Brazil. Rev
Saude Publica. 2014;48:995-1001.
DOI:10.1590/S0034-8910.2014048004825
Milon De Oliveira H, Pavanello C, Silva R,
Lacerda RA. Politicas de controle e
prevencdo de infecgbes relacionadas a
assisténcia a saude no Brasil: Analise

conceitual policies for control and
prevention of infections related to
healthcare assistance in Brazil: A

conceptual analysis Politicas de control y
prev. Rev Esc Enferm USP. 2016;50:505—
11.

DOI1:10.1590/S0080-
623420160000400018

Lima et al.; JAMB, 12(1): 1-7, 2018; Article no.JAMB.42991

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Vandini A, Temmerman R, Frabetti A,
Caselli E, Antonioli P, Balboni PG, et al.
Hard surface biocontrol in hospitals using
microbial-based cleaning products. 2014;9.
DOI: 10.1371/journal.pone.0108598
Barros LDS. Agéncia Nacional de
Vigilancia Sanitaria Programa Nacional de
Prevencéo E Controle de Geréncia Geral
de Tecnologia em Servigcos de Saude -
GGTES Brasilia, 04 de novembro de 2016.
Agéncia Nacional de Vigilancia Sanitaria;
2016.

Vigilancia G. De. Plano Nacional para a
Prevencdo e o Controle da Resisténcia
Microbiana nos Servigos de Saude; 2017.
Gharb R. Prevalence of nosocomial
infections in Elidrissi Regional Hospital in
the Prevalence of Nosocomial Infections in
Elidrissi Regional Hospital in the Region of
Gharb, Kenitra; 2014.

Moreira LRC. Bancadas Hospitalares:
Superficies e Porosidades como Fontes
Potenciais de Infeccdo. Mol Microbiol.
2002;13:357-68.

Guerra F. étodos de contagem microbiana;
2016.

Lacaz CS, Porto E, Martins JEC, Heins-
Vaccari EM, Takahashi de Melo N.
Tratado de Micologia médica. Rev Inst
Med Trop Sao Paulo. 2002;44:297-8.

DOI: 10.1590/S0036-46652002000500013
Dancer SJ. How do we assess hospital
cleaning? A proposal for microbiological
standards for surface hygiene in hospitals.
2004;10-5.

DOI: 10.1016/j.jhin.2003.09.017.
Brusaferro S, Arnoldo L, Cattani G, Fabbro
E, Cookson B, Gallagher R, et al.
Harmonizing and supporting infection
control training in Europe. J Hosp Infect.
2015;89:351-6.

DOI: 10.1016/j.jhin.2014.12.005

GunTang W, Kamonvoradej N, Chomchat
C, Suriyakan S, Sanit S, Wongwigkarn J,
et al. Prevalence and virulence factors of
Candida spp. associated with blow flies.
Asian Pac J Trop Biomed. 2017;7:428-31.
DOI: 10.1016/j.apjtb.2017.01.014

Huslage K, Rutala WA, Gergen MF,
Sickbert-Bennett EE, Weber DJ. Microbial
assessment of high-, medium-, and low-
touch hospital room surfaces. Infect
Control Hosp Epidemiol. 2013;34:211-2.
DOI: 10.1086/669092

Wilson APR, Smyth D, Moore G, Singleton
J, Jackson R, Gant V, et al. The impact of



20.

21.

22.

enhanced cleaning within the intensive
care unit on contamination of the near-
patient environment  with hospital
pathogens: A randomized crossover study
in critical care units in two hospitals. Crit
Care Med. 2011;39:651-8.

DOI: 10.1097/CCM.0b013e318206bc66
Shih MJ, Lee NY, Lee HC, Chang CM, Wu
CJ, Chen PL, et al. Risk factors of

multidrug  resistance in  nosocomial
bacteremia due to  Acinetobacter
baumannii: A case-control study. J

Microbiol Immunol Infect. 2008;41:118-23.
Tacconelli E, Cataldo MA, Dancer SJ, De
Angelis G, Falcone M, Frank U, et al.
ESCMID guidelines for the management of
the infection control measures to reduce
transmission of multidrug-resistant Gram-
negative bacteria in hospitalized patients.
2015;20.

DOI: 10.1111/1469-0691.12427

Otter JA, Yezli S, Salkeld JAG, French GL.
Evidence that contaminated surfaces
contribute to the transmission of hospital
pathogens and an overview of strategies to
address contaminated surfaces in hospital
settings. Am J Infect Control. 2013;41:S6—
11.

DOI: 10.1016/j.ajic.2012.12.004

Lima et al.; JAMB, 12(1): 1-7, 2018; Article no.JAMB.42991

23.

24.

25.

26.

27.

Vazquez J, Dembry LM, Sanchez V,
Vazquez MA, Sobel JD, Dmuchowski C,
et al. Nosocomial Candida glabrata
colonization: An epidemiologic study. J
Clin Microbiol. 1998;36:421-6.

Weinstein RA, Hota B. Contamination,
disinfection, and cross-colonization: Are
hospital surfaces reservoirs for nosocomial
infection? Clin Infect Dis. 2004;39:1182-9.
DOI: 10.1086/424667

Barbut F, Yezli S, Mimoun M, Pham J,
Chaouat M, Otter JA. Reducing the spread
of Acinetobacter baumannii and methicillin-
resistant Staphylococcus aureus on a
burns unit through the intervention of an
infection control bundle. Burns. 2013;39:
395-403.

DOI: 10.1016/j.burns.2012.07.007
Martins-Diniz JN, da Silva RAM, Miranda
ET, Mendes-Giannini MJS. Monitoring of
airborne fungus and yeast species in a
hospital unit. Rev Saude Publica.
2005;39:398-405.

DOI 10:/S0034-89102005000300010.
Gongalves CL, Mota FV, Ferreira GF,
Mendes JF, Pereira EC, Freitas CH, et al.
Airborne fungi in an intensive care unit.
Brazilian J Biol. 2017;6984:265-70.

DOI: 10.1590/1519-6984.06016

© 2018 Lima et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sciencedomain.org/review-history/26183




