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ABSTRACT

The settling plate method was used to examine the air microflora in 6 units at the Clifford University
Medical Centre, lhie campus, Owerrinta, Abia state, Nigeria. The male ward, male restroom, female
ward, female restroom, theater room, and environment were among the 6 units. At each of the
sample locations, the culture plates containing potato dextrose agar and nutrient agar media were
exposed to the atmosphere for about 15 minutes. A total count of 11 CFU and 295 CFU fungal and
bacterial isolates respectively were identified from the medical center but 5 fungal isolates and 29
bacterial isolates were obtained as pure cultures. These fungi were Aspergillus flavus, Aspergillus
niger, Trichophyton sp, Penicillium sp, and white mold. The bacterial genera were Staphylococcus
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sp, Streptococcus sp, Micrococcus sp, and Bacillus sp. Staphylococcus sp and Aspergillus sp.
were the two most prevalent microorganisms in this investigation. It can be said that the Clifford
University Medical Centre employed for this study featured numerous types of Gram-positive
bacteria, a high prevalence of pathogenic bacteria, and a high prevalence of pathogenic fungi in
both the indoor and outdoor air. The majority of the fungal isolates are molds, whereas certain
bacterial species are commensals that live on human skin, the fungal isolates are of environmental
origin. The bacterial and fungal isolates contained a few non-pathogenic species. The study was
carried out to determine if air microfloral affects the infection rate in the University Medical Centre.

Keywords: Air Microflora; university medical centre; fungal and bacterial isolates; pathogenic; non-

pathogenic organisms.
1. INTRODUCTION

The study of living microorganisms (bioaerosols)
and toxins that are suspended in the atmosphere
is known as Aeromicrobiology [1]. Although the
quantity of microorganisms in the air is far lower
than in the soil and water, they are nevertheless
numerous enough to have an impact on the
atmosphere. These aerosols have ecological
significance because they are linked to illnesses
in people, animals, and plants. [2,3]. The majority
of the particles that end up suspended in the air
come from terrestrial and aquatic environments,
and air turbulence. In addition to being largely
transported by wind, bioaerosols can also be
deposited by a number of different mechanisms,
such as gravity, contact with surfaces, or mixing
with rain to bring the dust back down to the
earth's surface [4,5]. Bioaerosols can spread
infections, endotoxins, and allergens that
sensitive people are allergic to. The types of
bacteria or toxins, the types of particles they are
connected with, such as dust or mist, and the
gases in which the bioaerosols are suspended,
are just a few of the variables that affect the
content and size of bioaerosols. Fungi, bacteria,
viruses, and pollen are examples of bioaerosols.
Bioaerosol survival rates are influenced by a
variety of biotic and abiotic parameters, such as
weather patterns, ultraviolet (UV) light,
temperature, and humidity, as well as the
availability of resources in clouds or dust [6].
Bacteria make up the majority of bioaerosols
found in marine areas, whilst those found in
terrestrial ecosystems are abundant in bacteria,
fungi, and pollen [7].

Healthcare facilities present an extra, particular
issue in addition to the infectious threats faced by
all office and commercial buildings, a high
density of potentially infectious and immune-
compromised individuals. Ventilation is
necessary in hospitals and other healthcare
facilties because they are complicated
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environments that must manage hazardous
emissions while providing comfort for patients [8].
Furthermore, patients may spread dangerous
microbes to staff, hospital visitors, and other
patients, making the biological quality of the air in
hospital environments a special issue [9].
Despite the fact that hospitalization and medical
operations are intended to treat illnesses, they
can occasionally unintentionally introduce
dangerous bacteria into the body and start a
Nosocomial Infection (NI), the infected patient is
the main source of airborne germs inside the
hospital [10]. Airborne transmission occurs
when pathogenic microorganisms are tran
smitted from an infected person to a vulnerable
person through the air. The primary process that
makes infections airborne, is the production of
aerosol droplets from coughing or sneezing,
along with the subsequent loss of water that
permits them to float in the air for long periods of
time and over great distances [11]. Biological
aerosols include spores of yeast, mold, bacteria,
viruses, and other microorganisms, skin
lesions may potentially be a source of airborne
particles in specific clinical situations [10]. Some
microorganisms, especially Gram-positive ones
like Staphylococcus aureus and Streptococcus
pneumoniae, can persist for  several
months on dust particles. Viruses and fungus
spores can both endure for longer lengths of
time. Since many modern buildings are enclosed
and feature self-contained circulating air
systems for temperature management, the
prevalence of airborne infections has increased
[12].

Bioaerosol properties are complex and diverse,
and have a direct impact on the environment,
climate, and human health, to accurately obtain
the atmospheric chemical characteristics of
bioaerosols, their effective identification in the
atmosphere is very significant [13]. Airborne
bacteria and fungi may cause several adverse
effects, especially infectious, allergenic, and
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immunotoxic disorders [13]. Microbiological air
quality is an important criterion that must be
taken into  consideration when  indoor
workplaces are being designed to provide a safe
environment. [14] More people are dying
every year from hospital infections. Although,
many pathogens can cause hospital infection
those that are able to survive in the hospital
environment for long periods and resist also
disinfections are particularly important in this
respect [15]. This study was designed to
identify both pathogenic and non-pathogenic air
microflora and determine if they affect the
infection rate in the hospital environment,
bacterial and fungal aerosols were collected in
this study using the settling plate technique and
isolated in the microbiology laboratory.

2. MATERIALS AND METHODS
2.1 Study Site

Clifford University Medical Centre was used as a
case study for this research project. Air samples
were collected at the following units of the
hospital: Male ward, Female ward, Male toilet,
Female toilet, Theatre room, and External
environment and investigated by settling plate
technique.

2.2 Sample Collection and Isolation of
Organisms

2.2.1 Collection of sample

The 12 culture plates containing the Nutrient
agar media and the 12 culture plates containing
Potato dextrose agar were exposed to the
Medical Centres’ atmosphere for a period of 15
minutes where 2 culture plates were exposed at
each of the sampling units. After which, the
culture plates were carefully covered back and

wrapped in Santana nylons and placed in a cool,
dry, and clean carton, and transported to the
Microbiology laboratory at 25 °C for isolation of
organisms.

2.2.2 Isolation of organisms

After 24 hours of incubation at 37 °C, 29 bacterial
pure cultures were isolated in the Microbiology
laboratory while after 3-5 days of incubation at
25°C, 5 fungal pure cultures were isolated
[16,17].

2.3 ldentification of Organisms

Various biochemical tests were carried out in this
study after the isolation for the identification of
the bacteria isolated from the Medical Centre
while fungal staining and microscopy were
carried out for the identification of fungi isolated
from the Medical Centre. The biochemical tests
are catalase, coagulase, citrate utilization,
oxidase, hydrogen sulphide production, sugar
fermentation, and indole tests [16,17].

3. RESULTS

The bacterial counts and fungal counts of each
unit of the medical centre ranged from 19 CFU to
115 CFU and 1 CFU to 4 CFU respectively. The
microbial counts (CFU) are presented in Table 1,
the biochemical characteristics and identification
of bacterial isolates are presented in Table 2
while Table 3 is the cultural characteristics of
fungal isolates.

The bacterial isolates identified in the various
units of Clifford University Medical Centre were
Micrococcus sp., Staphylococcus sp.,
Streptococcus sp., and Bacillus sp. The
occurrence of the bacterial isolates is presented
in Table 2.

Table 1. Counts of Indoor and Outdoor Air Microflora of Clifford University Medical Centre.

Sample Source Total Bacterial Counts Per Unit Total Fungal Counts Per Unit
(CFU) (CFU)

Male Toilets 25 2

Male Wards 115 2

Female Toilets 37 1

Female Wards 19 4

External Environment 28 1

Theatre room 71 1

Total Microbial Counts 295 11
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Table 2. Biochemical characteristics and identification of bacterial isolates from different units of Clifford University Medical Centre.

SFT

Sample Cultural Shape Gram Catalase Coagulase Oxidase Indole Citrate S B G H.S Possible Bacterial

source characteristics reaction Species (sp)

MT1A Orange, flat, Cocci Positive  + - - - - + o+ - - Staphylococcus sp.
punctiform, smooth.

MT1B Milky, flat, Cocci Positive  + - + - + + o+ - - Staphylococcus sp.
punctiform, smooth.

MT2 Milky, flat, smooth, Cocci Positive  + - + - + + + - - Staphylococcus sp.
punctiform.

MW1A Milky, flat, smooth, Cocci Positive  + - + - + - + - - Micrococcus sp.
punctiform.

MW1B Milky, round, Cocci Positive  + - + - + + + - - Staphylococcus sp.
smooth, flat.

MW2A  Milky, round, flat, Shortrod  Positive + - + - + - + + 0+ Bacillus sp.
smooth.

MW2B Creamy, flat, round, Long rod Positive  + - + - + - + - - Bacillus sp.
smooth.

FT1A Milky, flat, round, Cocci Positive  + - + - + - -+ - Micrococcus sp.
smooth.

FT1B Milky, flat, Cocci Positive  + - + - - + + - - Micrococcus sp.
punctiform, smooth.

FT2A Milky, flat, Cocci Positive  + - + - + + + + - Staphylococcus sp.
punctiform, smooth.

FT2B Milky, opaque, Cocciin Positive  + - + - - - - - - Micrococcus sp.
round, smooth. chain

FW1A Milky, rhizoid, hilly, Shortrod  Positive + - + - - + o+ o+ - Bacillus sp.
rough.

FW1B Milky, opaque, Cocciin Positive  + - + - - + o+ - - Staphylococcus sp.
round, smooth. chain

FwWicC Milky, smooth, Short rod Positive  + - - - + - - - - Bacillus sp.
punctiform.

FW2A Milky, smooth, dark-  Cocci Positive  + - + - + + o+ - - Staphylococcus sp.

centered, round.
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SFT

Sample Cultural Shape Gram Catalase Coagulase Oxidase Citrate S H.S Possible Bacterial

source characteristics reaction Species (sp)

FW2B Milky, smooth, Cocci Positive  + - + + + Staphylococcus sp.
round.

Fw2C Milky, smooth, Cocci Positive  + - + + + Staphylococcus sp.
punctiform.

EE1A White, rough, dark- Cocci Positive  + - - + + Staphylococcus sp.
centered, round.

EE1B Creamy, rough, Cocci Positive  + - - + + Staphylococcus sp.
rough, rhizoid.

EE1C Orange, round, hilly, Cocci Positive  + - - - + Staphylococcus sp.
smooth.

EE1D Milky, round, flat, Cocci Positive  + - - - + Staphylococcus sp.
smooth.

EE2A White, rough, dark- Cocci in Positive  + - - - + Staphylococcus sp.
centered, chain
filamentous, rhizoid.

EE2B Milky, round, Cocci in Positive - - - - - Streptococcus sp.
smooth, flat. chain

EE2C Milky, smooth, Long rod Positive  + + - - + Bacillus sp.
punctiform, flat.

T1 Milky, rhizoid, rough. Cocci Positive - - + - - Streptococcus sp.

T2 Orange, round, Cocci Positive  + - - + + Staphylococcus sp.
dark-centered,
moist, flat

T3 White, rough, dry, Shortrod  Positive - - + - + Bacillus sp.
umbolate.

T4 Milky, flat, smooth, Cocci Positive  + - + - + Staphylococcus sp.
punctiform.

T5 Milky, round, Shortrod  Positive + - + - - Bacillus sp.

smooth, moist.

KEY: MT- Male Toilet, MW- Male Ward, FT- Female Toilet, FW- Female Ward, EE- External Environment, T- Theatre, SFT- Sugar Fermentation Test, S- Slant, G- Gas,

B- Butt, H,S- Hydrogen sulphide, + (positive), - (negative)
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Table 3. Cultural Characteristics of Fungal Isolates from Different Units of Clifford University
Medical Centre

Sample Source  Organism Cultural Characteristics

Theatre White mold White and filamentous

Environment Trichophyton sp.  Orange and non-filamentous

Male Ward Aspergillus sp. Non-filamentous, velvet, circular and leave-green with white

Penicillium sp. circumference.

Non-filamentous, velvet, circular, greenish-blue with white
circumference.

Male Toilet Aspergillus sp. Non-filamentous, velvet, circular, dark-brown with white

Trichophyton sp.  edges.

Orange and non-filamentous

Female Toilet White mold

White and filamentous

Female Ward Aspergillus sp.

Aspergillus sp. edges.

Non-filamentous, velvet, circular, dark-brown with white

Non-filamentous, velvet, circular and leave-green with

Penicillium sp.

white circumference.

Non-filamentous, velvet, circular, greenish-blue with white
circumference.

White mold

White and filamentous

4. DISCUSSION

The bacterial isolates from the different units of
Clifford University Medical Centre: male ward,
male toilet, female ward, female toilet, theatre,
and the environment, were subcultured for 24
hours at 37 °C. Afterward, 29 pure cultures were
isolated and grouped based on their different
sources of the sample.

The results of the current study showed that the
air at Clifford University Medical Centre included
a great diversity of bacteria. Micrococcus,

Staphylococcus, Streptococcus, and Bacillus
were the bacterial genera isolated.
Staphylococcus predominated in the

environment. In a related study, Staphylococcus,
Proteus, Streptococcus, and Micrococcus were
isolated from indoor air of laboratories, while
Micrococcus, Paracoccus, Staphylococcus, and
Enhydrobacter were isolated in the study of
indoor and outdoor environments of child care
facilities [18,19]. Also, Sanaa & Amani [15]
isolated S. aureus, E. coli, Klebsiella sp, P.
aeruginosa, and Bacillus sp from hospital
delivery and nursing rooms in Khartoum district
Sudan. All of the bacteria found in this
study were Gram-positive rods and cocci, just
like the ones found in hospital lobbies' air [20].
Since Gram-positive bacteria have a thicker
covering of peptidoglycan in their cell walls than
Gram-negative bacteria, this is not surprising. As
a result, they dominated the study's bacterial
flora.
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The organisms recovered in this study can be
categorized as either commensals or pathogens
depending on how they interact with their human
hosts. Either humans or the soil environment is
the source of these bacteria. The commensals
are part of the typical human body flora and are
present on the skin, nose, and mouth. They do
not infect their host normally, with the exception
of when the immune system is weak [21].
Bacillus, Paenibacillus, and Chaetomium were
among the bacterial genera reported by Yan et
al. [3]. The Staphylococcus genus, which was
discovered in this study, is found on human and
other animals' skin and mucous membranes.

They are a part of the microbial flora of soil and
are present all over the planet. Staphylococcus
aureus, Staphylococcus epidermidis, and
Staphylococcus saprophyticus are the three most
significant species of human pathogens [21], with
S. aureus being the most pathogenic of all and
responsible for serious infections in healthcare
facilities like Pneumonia; which most frequently
affects people with underlying lung disease,
Osteomyelitis; a bone infection that can be
brought on by staphylococcal bacteria entering
the bloodstream or being directly introduced, as
in the case of intravenous (IV) drug abuse,
vaginal infections, etc. endocarditis, and many
other conditions [22]. Staphylococcus aureus
was one of the dominant isolated organisms, this
is a common pathogenic bacterium that is
associated with various diseases such as
respiratory tract, digestive system, and post-
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operative infections, also urinary tract, and skin
disorders, it is resistant to antibiotics, its
presence might be due to post-sterilization, or
the environment contamination [15]. Anyone can
become infected with Staphylococcus, but some
people are more susceptible than others, such as
those who have diabetes, cancer, etc. The risk is
also higher in hospitals where there are patients
with compromised immune systems, those who
have had specific surgeries, those in intensive
care units (ICUs), and those who have had
medical devices implanted in their bodies [22].
Although the organism can be found in many
places, including on the surface of the skin, in
dust, water, and soil, in this investigation,
Micrococcus sp. was not particularly prevalent in
the medical center. In this investigation, the
genus Bacillus was also isolated. These
saprophytic organisms are common in the air
and several other ecosystems. Medically
significant pathogenic species include Bacillus
cereus, traditionally considered foodborne
pathogens that establish occasional opportunistic
infections, and have naturally evolved to cause
fatal anthrax-like disease. This serves as a
reminder that the field of medical microbiology is
constantly changing, posing new challenges that
require ongoing vigilance and research [23] and
Bacillus anthracis, which produces anthrax.
Bacilli endospores are more resistant to heat,
drying, and disinfectants than vegetative cells
are. They may survive better in the air and can
be found in dirt, dust, and plant products [24]. In
this study, the gram-positive, and catalase-
negative streptococci were the final bacterial
genera discovered. These organisms belong to
the natural flora but turn pathogenic when they
are exposed to an immune system that is weak.
Streptococcus pyogenes (group A
Streptococcus) is one of the most important
bacterial causes of skin and soft tissue infections
(SSTIs) worldwide. There is no other pathogen
that causes as many diverse clinical entities as
S. pyogenes. [25]. Specifically, this organism
causes infections in the superficial keratin layer
(impetigo), the superficial epidermis (erysipelas),
the subcutaneous tissue (cellulitis), the fascia
(necrotizing fasciitis), or muscle (myositis and
myonecrosis) and it is also the etiologic agent of
scarlet fever and Streptococcal Toxic Shock
Syndrome (StrepTSS). Impetigo is a non-life-
threatening infection, but can result in post-
streptococcal acute glomerulonephritis (AGN).
Cellulitis and erysipelas can be mild or
moderately severe, while necrotizing fasciitis,
myonecrosis, and StrepTSS are life-threatening
[25].
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The fungal isolates from the different units of
Clifford University Medical Centre: male ward,
male toilet, female ward, female toilet, theatre,
and the environment, were subcultured for 3-5
days at 25°C. Afterward, 5 pure cultures were
isolated and grouped based on their different
sources of the sample.

This study found that the air at Clifford University
Medical Centre contained a great diversity of
fungi. White Mold, Trichophyton terrestre,
Aspergillus  flavus, Aspergillus niger, and
Penicillium were among the fungi that were
isolated; Aspergillus species predominated in the
medical center, with the female ward having the
highest fungal count (4 CFU). In a related study,
Saccharomyces cerevisiae, Aspergillus sp.,
Rhizopus stolonifera, and Alternaria sp. were
isolated in the study of Indoor Air Microflora of
some Daycare Centres in lllorin south local
government area [26]. Cladosporium,
Asperqgillus, Penicillium, Paecilomyces,
Staphylococcus, and Micrococcus spp were the
most prevalent genera isolated from an
academic pediatric hospital [27]. Due to their
ability to sporulate and reputation for
pathogenicity, the Aspergillus spp. isolated in this
investigation dominated the genera of fungus
isolated. These are Aspergillus niger, which can
cause aspergillosis and generates oxalic acid,
malformin, and other chemicals, and Aspergillus
flavus, which is known to create mycotoxins.
Aspergillus flavus, one of the two isolated
species, is known to produce aflatoxin [28]. In
several offices at the University of llorin in llorin,
Nigeria, previous research also noted the
presence of Aspergillus niger, Aspergillus flavus,
Aspergillus  glaucus, Aspergillus versicolor,
Alternaria alternata, Geotrichum candidum, and
Rhizopus [29].

Penicillium spp. are among the most prevalent
fungi in the environment and are typically thought
to not be harmful to people. This result is in
agreement with Jalili [13] who reported the
isolation of species of yeast, Aspergillus, and
Penicillium in Shahrekord Hospitals in Iran, these
organisms are highly pathogenic or opportunistic
pathogens/medically important microorganisms.
Most fungi are known to be associated with
asthma in both children and adults [13] These
fungi lead to pulmonary aspergillosis when
inhaled [30]. Cases of contamination occur
mostly in people with underlying illnesses and
low immunity levels [31]. Approximately 49.1% of
Aspergillus sp. outbreaks within hospitals can be
attributed to the construction work in or around
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hospitals [32]. In a study conducted in Benin City,
Nigeria, Penicillium, Mucor, Aspergillus, and
Fusarium were among the fungi species isolated
from the hospital indoor air [33]. Airborne fungi
and their spores have the potential to be blown
into buildings with natural ventilation. They can
pose a threat to the life of immunocompromised
patients when are blown in through the windows
of the relevant wards [34]. A study conducted in
hospitals in Sari, Iran isolated predominantly
pathogens which are Mucorales sp., Candida
sp., Fusarium sp., and Aspergillus sp. [35].
Francisco et al. [36] reported the isolation of
Trichosporon asahii and T. inkin from urine and
blood samples collected from 24 Medical
Centres.

5. CONCLUSION AND RECOMMENDA -
TION

5.1 Conclusion

The results of this study showed that the Clifford
University Medical Center's indoor and outdoor
air harbour a variety of genera of Gram-positive
cocci and rod bacteria, Staphylococcus sp
predominated in the hospital environment and
the male ward having the highest bacterial count
(115 CFU). Of the fungi isolated, Aspergillus sp
has the greatest fungal count (4 CFU). A few
pathogenic species were isolated among
bacteria and fungi such as Staphylococcus,
Bacillus, Streptococcus, Aspergillus, and
Trichophyton spp respectively. Therefore, the air
microflora in this medical centre may have
possibly contributed to the infection rate in the
Medical Centre.

5.2 Recommendation

By refraining from any actions that could cause
dust to be produced, such as sweeping, the
amount of bioburden in the medical facility can
be reduced. It is preferable to mop the floor
rather than sweep it. The vaccination of children
against respiratory illnesses like diphtheria,
whooping cough, etc. is advised to parents. In
order to stop the spread of infectious droplets to
other patients, people with respiratory illnesses
like rhinitis, frequent sneezing, etc., as well as
other transmissible diseases, should be assigned
to different wards. The hospital wards should be
fumigated with chemical disinfectant monthly in
order to decontaminate the room. To keep the
restrooms sanitary and germ-free, various
disinfection techniques should be offered. Water
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should always be available at the hospital so that
toilets may be flushed after each usage.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES
1. Pepper IL, Gerba CP. Aeromicrobiology
environmental microbiology. 2015;89-110
DOI: 10.1016/B978-0-12-394626-3.00005-
3

[Aydogdu H, Asan A, Tatman OM. Indoor
and outdoor airborne bacteria in child
daycare centres in Edirne City (Turkey).
Seasonal Distribution and Influence of
Meteorological Factors. Environmental
Monitoring and Assessment. 2010;164:53—
66.

Yan D, Zhang T, Bai JL, Su J, Zhao LL,
Wang H, Fang XM, Zhang YQ, Liu HY, and
Yu LY. Isolation, Characterization, and
antimicrobial activity of bacterial and fungal
representatives associated with particulate
matter during Haze and Non-haze Days.
Frontiers Microbiol. 2022; 12:793037.
DOI:10.3389/fmicb.2021.793037

Pavan R, Manjunath K. Qualitative
analysis of indoor and outdoor air. Airborne
fungi in Cowshed. Journal of Mycology.
2014;2:1-8.

Jain A, Jain R, Jain S.
microorganisms from air. In the book:
Basic  techniques in biochemistry,
microbiology, and molecular biology. 2020;
119-120.
DOI:10.1007/978-1-4939-9861-1 33.
Acosta-Martinez V, Van Pelt S, Moore-
Kucera J, Baddock M.C. and Zobeck TM.
Microbiology of Wind—Eroded Sediments:
Current Knowledge and Future Research
Directions. Aeolian Research. 2015;18:99—
113.

Moreno D, Alcami A. Monitoring of
airborne biological particles in outdoor
atmosphere. International Microbiology.
2016;19(1):1-13.

Chuaybamroong P, Choomseer P,
Sribenjalux P. Comparison between
hospital single Air unit and central Air unit
for Ventilation Performances and Airborne
Microbes. Aerosol and Air Quality
Research. 2008;8(1):28—36.

Obbard JP, Fang LS. Airborne
concentration of bacteria in a hospital

Isolation of



10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

Jesubunmi et al.; Asian J. Biotechnol. Bioresour. Technol., vol. 9, no. 3, pp. 31-40, 2023; Article no.AJB2T.107926

environment in Singapore. Water, Air, and
Soil pollution. 2013;144:333-341.
Hambraeus A. Aerobiology in the operating
room-a review. J Hosp Infect. 1988 Feb;11
Suppl A:68-76.
DOI:10.1016/0195-6701(88)90169-7.
PMID: 2896749.

Emmerson AM. The impact of surveys on
hospital infection. J Hosp Infect. 1995
Jun;30 Suppl:421-40.
DOI:10.1016/0195-6701(95)90047-0.
PMID: 7560981.

Augustowska M, Dutkiewicz. Variability of
airborne microflora in a hospital ward
within a period of one year. Annals of
Agricultural and Environmental Medicine.
2006;13(1):99-106.

Jalili D, Dehghani MH, Fadaei A,
Alimohammadi M. Assessment of airborne
bacterial and fungal communities in
Shahrekord Hospitals. Journal of
Environmental and Public Health. 2021; 7
pages.
Available:https://doi.org/10.1155/2021/886
4051

Li X, Li L, Zhuo Z, Zhang G, Du X, Li X,
Huang Z, Zhou Z, Cheng Z. Bioaerosol
identification by wide particle size range
single  particle mass  spectrometry.
Atmosphere. 2023;14(6):1017
Available:https://doi.org/10.3390/atmos140
61017

Sanaa O, Yagoub, Amani ElI Agbash.
Isolation of potential pathogenic bacteria
from the air of hospital-delivery and
nursing rooms. Journal of Applied
Sciences. 2010;10:1011-1014.
Cheesbrough M. district laboratory practice
in tropical countries. Cambridge University
Press. 2005;62-70.

Clinical, and Laboratory Standard Institute
(CLSl). Performance  Standard  for
Antimicrobial Susceptibility Testing. CLSI
approved standard M100S. Clinical and
Laboratory Standard Institute, Wayne, PA.
Shin SK, Kim J, Ha SM, Oh HS, Chun J,
Sohn J, Yi H. Metagenomic insights into
the bioaerosols in the Indoor and Outdoor
Environments of Childcare Facilities. PLoS
ONE. Journal.Plos.Org. 2015;10(5) 27-37.
Shiaka GP, Yakubu SE. Comparative
analysis of airborne microbial
concentrations in the indoor environment
of two selected clinical laboratories. IOSR
Journal of Pharmacy and Biological
Sciences. 2013;8(4):13-19.

39

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

Dong UP, Jeong-Kwan Y, Won JK,
Kyeong- Min L. Assessment of the levels
of airborne gram-positive Bacteria and
Fungi in Hospital Lobbies. International
Journal of Environmental Resources and
Public Health. 2013;10:541-555.

Arora DR, Arora BB. Textbook of
microbiology, 4th ed., CBS publishers and
distributions, PVT Ltd., New Delhi, India.
2012;674-677.

Center for disease control (CDC):
Staphylococcus aureus in healthcare
settings. Centers for disease control and
prevention, national center for emerging
and zoonotic infectious diseases
(NCEZID), division of healthcare quality
promotion (DHQP) Last reviewed: January
17, 2011. Retrieved Online on 24/08/2023.
Baldwin VM. You Can’t B. cereus — A
Review of Bacillus cereus Strains That
Cause Anthrax-Like Disease. Front.
Microbiol. 2020;11.
Available:https://doi.org/10.3389/fmicb.202
0.01731

Seino K, Takano T, Nakamura K,
Watanabe M. An evidential example of
airborne  bacteria in a Crowded,
Underground Public Course in Tokyo.
Atmospheric Environment. 2005;39:337—
341.

Stevens DL, Bryant AE. Impetigo,
erysipelas and cellulitis in: Streptococcus
pyogenes: Basic Biology to clinical
manifestations [Internet]. By Ferretti J. J.,
and Stevens D. L, and Fischetti V. A,
editors. Oklahoma City (OK): University of
Oklahoma Health Sciences Center; 2016.
Sule 10, Agbabiaka TO, Saliu BK, Odebisi-
Omokanye, Zakariyah RF, Ali AA. Analysis
of indoor air microflora of some daycare
centres in llorin South Local Government
Area, Nigeria. Al-Hikman Journal of Pure
and Applied Sciences. 2017;4:31-35.
Mirhoseini SH, Didehdar M, Akbari M,
Moradzadeh R, Jamshidi R, Torabi S.
Indoor exposure to airborne bacteria and
fungi in sensitive wards of an academic
pediatric hospital. Aerobiologia. 2020 Jun;
36:225-32.

Khan AAH, Karuppayil SM. Fungal
pollution of indoor environments and its
management. Saudi Journal of Biological
Sciences. 2012;19(4):405-426.

Adetitun DO, Oladele IL. Airborne
microbial load and diversity in some offices
in University of llorin. Nigerian Journal of



30.

31.

32.

33.

Jesubunmi et al.; Asian J. Biotechnol. Bioresour. Technol., vol. 9, no. 3, pp. 31-40, 2023; Article no.AJB2T.107926

Pure and Applied Science. 2016;29:2715-
2723.
Jaakkola JJK, Hwang BF, Jaakkola MS.

Home dampness and molds as
determinants of allergic rhinitis in
childhood: A 6-year, population-based
cohort study,” American Journal of

Epidemiology. 2010;172(4):451-459.
Shiaka G, Yakubu S. Comparative analysis
of airborne microbial concentrations in the
indoor environment of two selected clinical
laboratories,” IOSR Journal of Pharmacy
and Biological Sciences (IOSR-JPBS).
2013;8:13-19.

Vonberg RP, Gastmeier P. Nosocomial
aspergillosis in  outbreak  settings.
Journal of Hospital Infection. 2006;63:246—
254,

Ekhaise FO, Ogboghodo B. Microbiological
indoor and outdoor air quality of two major
hospitals in Benin City, Nigeria. Sierra
Leone Journal of Biomedical Research.
2011;3:169-174.

34.

35.

36.

Tang JW, Nicolle A, Pantelic J, et al.
Different types of door-opening motions as
contributing factors to containment failures
in hospital isolation rooms. PLoS One.
2013;8: Article ID e66663.

Moazeni M, Asgari S, Nabili M.
Nosocomial fungal infections:
epidemiology, diagnosis, treatment and
prevention. Journal of Mazandaran

University of Medical Sciences. 2018;28:
182 -212.

Francisco EC, de Almeida Junior JN, de
Queiroz Telles F, Aquino VR, Mendes AV,
de Andrade Barberino MG, Castro PD,
Guimardes T, Hahn RC, Padovan AC,
Chaves GM. Species distribution and
antifungal susceptibility of 358
Trichosporon clinical isolates collected in
24 medical centres. Clinical Microbiology
and Infection. 2019 Jul;25(7):909.el-
909.e5.
DOI:10.1016/j.cmi.2019.03.026.
2019 Apr 13. PMID: 30991116.

Epub

© 2023 Jesubunmi et al.; This is an Open Access atrticle 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:
https://www.sdiarticle5.com/review-history/107926

40


http://creativecommons.org/licenses/by/4.0

