Int J Biol Med Res.2017;8(2):5974-5978
Int J Biol Med Res www.biomedscidirect.com
Volume 6, Issue 2, April 2015

Contents lists available at BioMedSciDirect Publications

International Journal of Biological & Medical Research
BioMedSciDirect
Publications

Journal homepage: www.biomedscidirect.com
International Journal of
BIOLOGICAL AND MEDICAL RESEARCH

Original Article
Aeromycobiota Survey of Indoor and Hygiene Level of Selected Day Care Facilities
in Ekiti State, Nigeria
a

*Oluwole, O. A., aAdeleye, J. M., aDavid, O. M., bEleyode, V. O. and aOgunniran, O.

a

Department of Microbiology, Ekiti State University, Ado-Ekiti, Ekiti State
Department of Biological Sciences, Joseph Ayo Babalola University, Ikeji-Arakeji, Osun State

b

ARTICLE INFO

ABSTRACT

Keywords:
Day care facilities
Airborne fungi
Izal
Dettol
Z-Germicide
Nixoderm

Fungi are ubiquitous eukaryotic organisms and are transient flora in air. Their persistence and
viability in air over time make them potentially pathogenic especially in environments like
daycare facility (crèches). The fungal load in fifty selected crèches in Ado-Ekiti and the
effectiveness of commonly used disinfectants on the fungi isolated were investigated. Fungi
isolates were recovered from the air in crèches facilities environments using sedimentation
method and were identified using morphological and cultural methods. Their susceptibility to
different disinfectants: Izal, Dettol, Z-Germicide and Nixoderm was evaluated using broth
dilution method. A total of one hundred and sixty-four isolates belonging to 10 fungal genera:
Alternaria, Candida, Cladosporium, Fusarium, Mucor, Nigrospora, Penicillium, Pullularia,
Rhizopus and Trichoderma were recovered from crèches. Alternaria sp. was the most
predominant. It was also observed that the isolates exhibited varying levels of sensitivity to the
different disinfectants. Z-germicide was the most effective though with fungicidal activities at,
and above the manufacturer's recommended in-use concentrations. However, the fungal
isolates were observed to show resistant to all tested concentrations of Izal. The results of the
present study clearly showed that airborne fungi of public health significance were present in
crèches and as such may pose threats to health of the babies. Proper hygiene should be
practiced in crèche environments to prevent fungal diseases among the babies.
c
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Introduction
Fungi are ubiquitous eukaryotic organisms. They exist is
several forms and their spores and mycelia fragments easily find
their way into air via various mechanisms of dispersal via human
and natural activites as dust particles and droplet nuclei
(Aydogdu and Asan, 2008; Novakovic et al., 2013). The
persistence and viability of their spores in air over time make
them potentially pathogenic especially in indoor environments
with children being highly susceptible to mycoses (Samat and
S p e n g l e r,
2 0 0 3 ;
K h a n
2 0 0 9 ) .
Molds are common and important allergens. About 5% of
individuals are predicted to have some allergic airway symptoms
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from molds over their lifetime (Hardin et al., 2003). Some molds that
proliferate indoors may under some conditions produce mycotoxins
that can adversely affect living cells and organisms by a variety of
mechanisms. Inhalation or ingestion is a principal route of exposure
to fungal propagules. Products of mold growth such as Microbial
volatile organic compounds (MVOC) or Microbial volatile break
down products may contribute to symptoms of illness or discomfort
independently on exposure to fungal biomass (Beezhold et al., 2008;
Khan and Karuppayil, 2012). Although building materials and
furnishings provide ample nutrition for many species of molds, they
can grow and multiply indoors only when favorable environmental
factors exist (Pessi et al., 2000; Hardin et al., 2003; Liao et al., 2004;
Thacker, 2004; Sailer et al., 2010; Doherty et al., 2011).
The safety of the environments of crèche and daycare facilities
where toddlers and children spend lots of time is becoming of
increased concern (Naruka and Gaur, 2013). As children spend most
of their time inside the rooms of educational institutions which are
common sites of air quality problems (Daisey et al., 2003; Aydogdu et
al., 2005; Zuraimi et al., 2007), a good indoor air quality in buildings
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of day care centers and schools is essential for children's safety
(Novakovic et al., 2013). Various studies (Ferng and Lee, 2002;
Koskinen et al., 2004; Zuraimi et al., 2009) showed that poor
environmental conditions in day care centers can threaten the
health of pre-school children. Young children have higher
susceptibility to bioaerosols than adults; hence, they are more
vulnerable than adults to the diseases caused by microorganisms
in bioaerosols. Also, they breathe more air than adults (per
kilogram of body weight), which may result in a higher daily
intake of the pathogens or allergens present in air (Shin et al.,
2015). Also, children have habits that facilitate the dissemination
of diseases and the unavoidable close contact amongst children
increases their risk of contracting fungal pathogens from the air
(Thompson, 1994; Huskins, 2000).
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RESULTS
A total of three hundred and fifteen children from fifty daycare
facilities located in Ado-Ekiti metropolis were sampled. The
frequency of day-care facilities with schools and without schools is
shown below in Table 2. It was observed that most day care facilities
also run schools simultaneously (90%) while only (10%) run it only.
Most of the day care facilities had between six and ten babies, also
123 babies were in the age range of 8-11 months which represents
39.2% of the total population of babies in the sampled facilities,
while 0-3 months (15.3%) was the lowest age range of the babies in
the facilities.
Table 1: Distribution of selected crèches and age range and
numbers of babies in the facilities

There is therefore the need to ensure that the areomycoflora of
our crèche environments are studied in order to obtain
information relevant on the health of children, safety and hygiene
practices of the daycare centres and day care facilitiess. This
research is therefore aimed at investigating the aeromycoflora of
selected daycare centres and day care facilities environments as
well as verifying the activity of commonly engaged disinfectants
and cleaning agents used in these facilities against these potential
aero-pathogens of public health significance.
MATERIALS AND METHODS
Sampling and isolation methods
Samples were collected from 50 pre-school facilities in AdoEkiti environs that were either attached to schools or separate.
The visited child day care centers were situated in different parts
of the city. They also varied according to building age and size,
number of children and staff, as well as the sizes of the
investigated rooms. The indoor air was sampled by using
gravitational petri plate method for sampling of airborne fungi in
the crèche (Sen and Asan, 2009). Sterile Petri dishes containing
Potato dextrose agar (Oxoid) supplemented with 100g/ml
chloramphenicol were exposed in the crèche for 30 minutes and
covered. The plates were transferred immediately to the
laboratory and incubated at 25°C for five days.
Identification of Fungal Isolates
The plates were thereafter examined for fungi growth as
described by Novakovic et al. (2013). The recovered fungal
isolates were sub-cultured, and incubated as described above.
The fungi isolates were identified using standard mycological
methods based on macroscopic and microscopic morphology as
described by Frey et al. (1979) and Joshi and Srivastava (2013).
Disinfectant Susceptibility Testing
The susceptibility of the fungi species to different
concentrations of commonly used cleaning disinfectants were
evaluated using broth dilution method. Different concentrations
of disinfectants were incorporated into the Potato dextrose broth.
A 6.00 mm plug of 5 days old culture of each of the isolates was cut
at the growing edge and inoculated on the tubes disinfectant
supplemented broth, the control tube has no disinfectant. The
tubes were incubated for 7 days at 25 oC. Daily the plates were
observed for growth.

The hygienic conditions and practices observed in the day care
facilities visited was monitored and is shown in Table 2. The
detergents branded as Sunlight®, Omo®, Waw®, Klin® and Ariel®
were commonly used for cleaning purposes in the crèches visited. Of
the total facilities visited, 34% of them used Omo®, 32%, make use
of Sunlight® while 22% makes use of Waw®. Forty-eight percent
(48%) of crèches covered their floor with carpets while 36% used
tiles and 6% use rugs. Four out of five crèches had good cross
ventilation while 18% had a poor ventilation 42% of crèches visited
change their bed spreads twice a week, 24% changes theirs three
times per week, 14% change their bed spreads daily. Most of the
crèches (48%) place 3 or 4 babies on a single bed at a time, while
36% placed 1 or 2 babies on a bed at a time. The facilities had
different water sources which are borehole (48%), well (30%) and
tap water (22%).
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Table 2: Hygienic conditions and practices of sampled day
care facilities

The four brands of disinfectants screened for antifungal properties
in this study contain different active ingredients at varying
concentrations. Izal showed the least activity, even at when the
manufacturer in-use concentration was increased by four-folds all
the isolates showed signs of growth. Z-germicide inhibited all the
isolates at the manufacturer in-use concentration. As shown in Table
4, none of the disinfectants was effective at concentrations below the
manufacturers recommended.
Table 4: Inhibitory effects of disinfectants on the growth of fungi
isolated from air in day crèche

The morphological and culture characterization of the one
hundred and sixty-four recovered fungal showed that the
isolates belong to the genera Alternaria, Fusarium,
Penicillium, Mucor, Candida, Cladosporium, Pullularia,
Trichoderma, Rhizopus and Neurospora sp. (Table 3).
Table 3: Morphological and cultural characterization of fungi
isolates from the crèches
DISCUSSION
In the modern urban setting, people spend about most of their
time indoors (Daisey et al., 2003; Aydogdu et al., 2005).
Microbiological quality of indoor air of school forms a crucial
determinant in the children's health. Schools serve as a daily
environment for children and also they have low immunity to most
pathogens (Naruka and Gaur, 2013). Poor environmental conditions
in day care facilities may create a lot of health threats to children
(Ferng and Lee, 2002; Zuraimi et al., 2009). This study investigated
the diversity of fungi isolated from daycare facilities as well as their
susceptibility to disinfectants. Using cultural techniques, 10 genera
of fungi were identified from the indoor air of pre-school
environments sampled which may have originated from diverse
outdoor sources and human activities as stated by Shin et al. (2015).
Earlier reports showed that most common airborne fungi in indoor
environment belong to the genera Alternaria, Fusarium, Penicillium,
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Mucor and Candida (Etzel et al., 1998; Rolka et al., 2005;
Kalyoncu, 2008). The result of this work is in agreement with their
findings. These isolates are known to cause allergies (Khattab and
Levetin, 2008) and human mycotic infections (Ezikanyi et al.,
2016). Alternaria was observed to be the most predominant fungi
found in the isolated samples and that agreed with the findings of
Halonen et al. (1997) and Pulimood et al. (2007). Similar
observation was made by Aydogdu et al. (2005). They reported
that Alternaria and Aspergillus were the major mycocontaminants of indoor air of 5 schools in Turkey. Frequent
exposure to airborne aeroallergens of the genus Alternaria has
been reported to cause respiratory arrest in children and
adolescents with asthma (Novakovic et al., 2013).
Most of the day care facilities sampled had floor coverings
which may influence the release of fungal spores into the air. Hedge
and Dietert (1995) observed that airborne dust level can actually
be lowered in carpeted rooms and serve as better trap for fungal
allergens than other floor covering while the use of rug in crèche
helps to absorb moisture which may aid microbial growth or
served as fomites/reservoir of fungal pathogens. Also, the cross
ventilation in some of these daycare facilities could also reduce the
density of contagious germs in the air. Ventilation has been found
as one of the key factors that affect particles removal and
deposition rate in indoors environment due to air turbulent
movement (Howard-Reed et al., 2003; Ezikanyi et al., 2016).
The investigation of the activity of the different types of
disinfectants showed varying activity. Each disinfectant differs in
their spectrum of activity likely as a result of variation in their
chemical compositions (Kiyawa et al., 2014). The fungi isolates
were found to exhibit resistance to Izal at concentrations higher
than the manufactures recommended concentrations. ElMahmood and Doughari (2009) and Obi and Onyekaozuru (2015)
reported that disinfectants are lethal at manufacturers
recommendations, however, the nature, previous exposure and
the parts of the propargule may affect the susceptibility of the
fungi. As against the result of this study, Mbajuika et al. (2015)
observed that Dettol exhibited better activity than Z-Germicide in
their comparative studies of the efficacy of some disinfectants.
Also Adelowo et al. (2008) reported that Dettol possess a broad
spectrum of activity however the product did not inhibit Mucor
and Alternaria at manufacturers in-use concentration.
Aeromycobiota of day care facilities were found to contain
fungi species that are potentially of health concern. Also, the
recovered fungal isolates were observed to be inhibited by three
out of the four tested disinfectants at in-used manufacturers'
recommendations. A regular air monitoring of fungal spores and
application of more accurate, quantitative sampling method like
the use of vacuum/culture samplers would give a more detailed
insight about indoor air quality. Also the control of microbial air
pollution should be developed so as to limit the exposure of
children in these educational facilities to such dangers,
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