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The hospital, even though a place for the sick people, is inhabited by medical staff, administrative,
security and patients who may share common microbes in the hospital environment. Some of these
organisms may be pathogenic and may pose health hazard to humans through inhalation in the
hospital atmosphere. Hence, the objective of this study was to investigate the microbial load of airborne
microorganisms in some selected units of the Tamale Teaching Hospital and to suggest possible
means to reduce the load. The microbial loads of nine units of the Tamale Teaching Hospital were
estimated. Passive air sampling technique, applying open Petri-dishes containing different culture
media, was employed to collect sample twice daily for the two seasons witnessed in Ghana. The
concentrations of airborne microorganisms in the indoor environment of the wards ranged between
277.61 — 5395.14 CFU/m®. The statistical analysis showed that the highest bacterial and fungal loads,
5395.14 CFU/m?® and 2021.87 CFU/m?, respectively were recorded in outpatient department (OPD) and
the least, 492.37 CFU/m®and 277.61 CFU/m?, respectively observed in the theatre ward. Staphylococcus
aureus, Escherichia coli and Bacillus subtilis were among the bacterial isolates. The fungal isolates
include: Aspergillus spp., Alternaria spp., and Fusarium spp. Generally, all units of the hospital
harbored very high concentrations of bioaerosols, except the theatre ward.
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INTRODUCTION

It is estimated that majority of the world’s population
spend most of their time indoors: in houses, offices,
schools and hospitals, where they encounter
environmental factors which compromise their health and
physical conditions (Leech et al.,, 2002). The World
Health Organization (WHO) has described the problems
of the quality of air in buildings as significant risk factors

for human health in low, middle and high income
countries (Gsvej, 2009). Furthermore, Fekadu and
Getachewu (2015) described the healthcare settings
particularly in under-developed countries as breeding
grounds for the growth and survival of microorganisms
due to overcrowding, improper building design and poor
ventilation. These microorganisms could negatively
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impact human health. According to Fanger (2000), the
investigation of the air quality in indoor environments is
known as indoor air quality (IAQ). It has been reported
that healthcare facilities should pay hid to indoor air
concerns because of airborne microorganisms that have
the potential to cause nosocomial infection (Ekhaise et
al.,, 2008; Weiss et al, 2010). Nosocomial infections are
infections acquired from healthcare services (hospitals)
during treatment, which are not the reasons for patients’
visit to the hospital. Patients who visit hospitals are prone
to nosocomial infections that are driven by the degree of
hygienic conditions of the hospital environment, the
number as well as the kind of visitors (Adebolu and
Vhriterhire, 2002). Also, a study by Fracchia et al. (2006)
reported that exposure to bioaerosols that contain
microorganisms and/or their by-products predisposes a
person to diseases of the respiratory systems and other
potentially dangerous effects like infections,
hypersensitivity pneumonitis and toxic reactions.
Sneezing is the most vigorous mechanism that generates
millions of airborne microbes into the hospital
environment (Pasquarella et al., 2000). Meanwhile, it is
believed that the principal factors responsible for the
build-up and spread of microorganisms in the hospital
environment are the activities of people and the use of
equipment (Ekhaise et al., 2008). Exposure studies have
been conducted in many hospital facilities of several
countries, but to the best of our knowledge, the status of
airborne microbial load in health facilities in Ghana is
unknown. This could be a potential source for infection of
wounds, skin infections, and respiratory disease. This
study aims to investigate the microbial load of airborne
bacteria and fungi in the Tamale Teaching Hospital
(T.T.H) and also identify the airborne bacteria and fungi
in the hospital.

MATERIALS AND METHODS

Study area

This study was conducted in the T.T.H which is a regional hospital
in the Northern region of Ghana. It serves as a referral hospital for
the three Northern regions of Ghana and has 478 beds and over
2000 workers. It is the third largest teaching hospital in Ghana after
Korle-Bu Teaching Hospital and the Okomfo Anokye Teaching
Hospital.

Sample collection

The samples for the study were collected from nine different units in
the hospital: the outpatient department (OPD), emergency ward
(EW), children’s ward (CHW), intensive care unit (ICU), theatre
ward (TW), surgical ward (SW), maternity ward (MW),
administration (ADM), and the premise of the hospital (Outside).
Samples were taken twice in the year with respect to the seasons in
Ghana, thus wet season and dry season (harmattan). Plate
exposure method, which requires that plates with specific culture
media be opened for a specified duration, was used for this study
(Bhatia and Vishwakarma, 2010; Ekhaise et al., 2010). This method
allows bacteria or fungi in the air to settle on the respective culture

Larrey et al. 101

media. Prepared plates of Nutrient agar, MacConkey agar (MAC)
and Potato Dextrose agar (PDA) were exposed for 30 min at a
height of 1 to 1.5 m from the floor to simulate human breathing
zone in different wards for both morning and evening (Bhatia and
Vishwakarma, 2010). Nutrient agar was used to culture bacteria for
identification their loads, MacConkey agar was used to isolate gram
negative airborne bacteria and PDA was also used to isolate fungi
and also determine their loads. A total of two hundred sixteen (216)
petri dishes were used for all of the three different media; two petri
dishes were used per room for each medium. After sampling, the
plates were transported to the Microbiology Laboratory of the
Spanish laboratory complex in University for Development Studies -
Nyankpala campus on ice chest with ice cubes for incubation. The
plates were incubated for 48 h at 37 and 44.5°C in the case of
analysis of bacterial samples collected with nutrient agar and
MacConkey agar, respectively and for five to seven (5-7) days at
25°C in the case of fungal identification.

Bacterial count and identification

After incubation, the total number of colony forming units (CFU) for
bacteria and fungi were enumerated and converted to organism
colony forming units per cubic meter (CFU/m®. The bacterial
isolates were identified on the basis of their morphology,
microscopic appearance (using staining techniques), and
biochemical reactions. The fungal isolates were identified on the
basis of microscopic (employing lactophenol cotton blue staining
and wet mounting techniques) and colonial growth.

Statistical analysis

Data were cleaned and entered into the computer, and analyzed
using Genstat version 12.0 and where there was significant
difference, XLD was used to separate the means at 5%. Descriptive
statistics was used to summarize the data. Indoor air bacterial and
fungal loads in the different rooms of the hospital were compared
using ANOVA.

RESULTS

The results of the study on the microbial load in the T.T.H
are given in Tables 1, 2, 3 and Figures 1 and 2. The
results indicate that the lowest microbial load for both
bacteria and fungi was observed in the theatre ward,
492.37 and 277.61 CFU/m®, respectively (Table 1). The
highest concentration of bacteria and fungi was recorded
in the outpatient department, 5395.14 and 2021.87
CFU/m?®, respectively (Table 1). Table 2 indicates that
seasonal variation has a significant effect on the
microbial load in the studied units. While the two seasons
observed in Ghana did withess a significant effect on the
overall microbial load at TTH (Figure 2), time of air
sampling on the other hand did not have a great effect
(Figure 1). However, individual comparison of the time of
air sampling in the various units showed a great effect on
the microbial concentration.

Bacterial isolates

In this study, the bacterial isolates were Bacillus subtilis,
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Table 1. General microbial load in the various units.

Unit Bacteria (CFU/m®) Fungi (CFU/m®) P-value
ADM 969.035%¢ 974.27"8

CHW 4622.54% 1427.36"8

EW 4824.20" 1704.97"®

ICU 2571.86"5¢ 955,948

MW 4308.26"° 929.75"8 <0.001
OPD 5395.14" 2021.87*

ouT 4787.53% 1796.63*

SW 3582.79"5¢ 1521.64"8

TW 492.37° 277.61°

Data are expressed in mean. Mean values followed by different superscripts in the same column are significantly different (p<0.05).

Table 2. The influence of season on the microbial load in the various units.

Unit Bacteria (CFU/m®) Fungi (CFU/m®)
Dry Wet P value Dry Wet P value

ADM 1126.17 811.89 728.08 1225.69

CHW 4517.78 4727.30 1924.97 929.75

EW 6110.13 3543.51 2252.34 1157.60

ICU 4813.72 335.23 1592.35 322.14

MW 4688.01 3928.5 <0.001 1230.93 628.56 0.001
OPD 6081.32" 3137.56° 3069.49" 974.27°

ouT 7555.82 2016.63 2744.71% 851.18°

sSw 5795.85" 1369.74° 2265.43 780.46

T™W 523.8 458.33 361.42 196.43

Data are expressed in mean. Mean values in the same column followed by different superscripts are
significantly different (p<0.05).

Table 3. The microbial load of both bacteria and fungi with respect to time in the units.

Unit Bacteria (CFU/m®) Fungi (CFU/m®)
Morning Evening Morning Evening P value
ADM 1427.36 510.71 1663.07 288.09
CHW 4130.16 5112.29 1052.84 1801.87
EW 4811.10 4837.29 1775.68 1636.88
ICU 3632.55 1511.16 1288.55 620.70
MW 3514.70 5101.81 934.98 921.89 0.041
OPD 6455.84 4334.45 2422.58 1623.78
ouT 461.11 5311.33 1702.35 1890.92
SW 4111.83 3051.14 1642.11 1401.17
™ 641.66 340.4 319.52 235.71
Bacillus cereus, Yersinia enterocolitica, Salmonella Fungal isolates

enterica, Staphylococcus aureus, Escherichia coli, Vibrio
vulnificus, and Vibrio cholera. The fungal isolates were Aspergillus species, Alternaria
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P=0.288 (bacteria), p=0.057 (fungi)
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Figure 1. Microbial load at Tamale Teaching Hospital with respect to time.
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Figure 2. The effect of seasonal variation on the microbial load at TTH.

species, Fusarium species, Mucor species, Penicillium
species, Verticillium species, Abida corymnifera,
Epicoccum nigrum, Phema glemerata, and Rhizopus
stolonifer.

DISCUSSION

The results of this study reveal that the outpatient
department had the highest microbial load for both
bacteria and fungi. This could be due to the open nature
of this unit which may allow bioaerosols from outdoor
environment to flow in freely. This is in relation to the

review of indoor bio-aerosols by Nazaroff (2016), who is
of the view that, circulating bioaerosols have 100% ability
to penetrate naturally ventilated buildings, implying that
these bioaerosols eventually get indoors through
leakages and openings of the buildings. There is no fixed
universally accepted threshold for microbial load in built
environments as several institutions have proposed
different limits. For instance, while an expert group of
WHO suggested a limit of 1000 CFU/m® (Heseltine and
Rosen, 2009), some scholars are of the view that it should
not exceed 750 CFU/m?® (Rao et al., 1996). Furthermore,
bioaerosols concentrations between 4500 and 10000
CFU/m*® have also been suggested for ubiquitous bacteria
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(Hameed and Habeeballah, 2013). Hence, the microbial
loads in buildings can only be compared to these
propositions.

Generally all the units were highly contaminated with
microorganisms, with the exception of the theatre ward,
the intensive care unit, and the administration block
which recorded the least microbial load. A major factor
that could have attributed to the high microbial load could
be the fact that doors leading to the various wards were
left opened for the most part of the day. The high
microbial load could also be attributed to overcrowding.
Being the only referral hospital serving the three northern
regions of Ghana, there is so much pressure on the
facility hence the carrying capacity of the hospital is far
exceeded.

The results of this study affirm the reports of several
studies which have reported that outdoor air microbial
concentration plays significant role in raising and
homogenization of the microbial load of the indoor air
through the passage of bioarosols through windows,
doors and other openings into the built environment
(Hyvérinen et al., 2001; Jaffal et al., 1997; Rainer et al.,
2001). The result is also backed by the findings of Adams
et al. (2015), who reported human occupancy as a
significant factor affecting the number and community
structure of bioaerosols existing in the built environment,
especially in poorly ventilated or heavily occupied
buildings.

The intensive care unit, theatre ward, and
administration blocks which recorded the least microbial
loads were enclosed areas with very high discipline as far
as hygiene is concerned. These wards (intensive care
unit and theatre ward) had stringent measures in place
for people entering and had few patients in there. The low
microbial load in these wards was again anticipated due
to the high sanitary standards in these areas, compared
to other hospital areas. It is worth noting that microbial
rates in the theatre ward and intensive care unit were
dependent on the hospital. The location of the theatre
ward and intensive care unit is very important in order to
reduce the microbial exchange with the other units
through the air. These wards were isolated from the other
wards taking the last but one and last floors of the storey
building and had very good ventilation in contrast to the
rest.

Ghana has two major seasons, dry and wet. The
Northern part where the study was conducted has a
single wet season occurring between May and November
of the year. The Southern part on the other hand has two
wet seasons divided into the major (March to July) and
the minor (September to November) seasons (Owusu
and Waylen, 2013). The results obtained in this study
revealed the frequency of both airborne bacteria and
fungi in the dry season to be dominant than that of the
wet season. This contradicts the findings of Ekhaise and
Ogboghodo (2011), who found the bacterial load to be
higher in the wet season in two major hospitals in Benin
city, Nigeria. This could be as a result of geographical

differences. It is a proven fact that temperature and
relative humidity are two important factors for fungal
spore generation, release and dispersal; especially in
indoor environments. This could be attributed to the
relatively high atmospheric dust particles in the
atmosphere due to the north east trade winds during the
dry season. Rintala et al. (2008) reported no significant
difference in seasonal variation of bacterial load. The
findings of this study, however, disagree with that earlier
report in that seasonal variations between bacterial loads
were highly significant.

The study further reveals that, generally, the microbial
load was higher in the morning than in the evening. One
would expect that due to the cleaning which takes place
in the hospital every morning, the microbial load would be
lower. The major factor which could have attributed to
this is the busy nature of the hospital from morning to
noon hours of the day when large number of people troop
in to receive medical attention. Obbard and Fang (2003),
showed that occupant density is a crucial factor affecting
concentrations of airborne bacteria, their results showed
that occupant density was dependent upon the time and
this supports our findings.

Aspergillus species was the predominant fungi isolated
from the hospital. Augustowska and Dutkiewicz (2006),
brought to light that, Aspergillus species could cause
invasive Aspergillosis and produce mycotoxins which are
known to be carcinogens. Jain (2000) revealed that
respiratory diseases, hypersensitivity reactions and
allergies could also be caused by other fungal spores not
only in immune suppressed patients but also in healthy
individuals. The microorganisms (bacteria and fungi)
isolated from the Tamale Teaching Hospital were also
reported by Ekhaise et al. (2010), who reported similar
isolates in their work which was conducted in the
University of Benin Teaching Hospital, Nigeria.

Conclusion

In conclusion, the results generated in this study obviously
suggest that regardless of season, the units considered
in this study had very high microbial load. Thus, the
Tamale Teaching Hospital should adopt effective
measures to reduce the microbial loads in the wards to
the barest minimum. Keeping doors closed, use of good
ventilation system other than natural ventilation, regulation
of visits, and sticking to the carrying capacity of the
hospital could be vital to decreasing the microbial load of
the Tamale Teaching Hospital.
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