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Abstract

Background: Aspergillus species are common environmental fungi known to cause Aspergillosis, often pre-
senting as an invasive infection in individuals with a compromised immune system. It is transmitted by the 
inhalation of  Aspergillus spores and contributes to healthcare associated infections in hospitalised patients. 
Since these patients spend most of  the day in their hospital beds, the presence of  Aspergillus spores in such 
settings puts the patient at risk of  inhaling aerosolised spores leading to infections. 
Objective: To determine the prevalence, distribution, and factors associated with Aspergillus contamination of 
hospital bed rails.
Design: This laboratory-based cross-sectional study was carried out at the University College Hospital, 
Ibadan, Southwest Nigeria, between May and June 2023. In all, 100 beds which were occupied by patients in 
13 wards were included in this study. The left and right rails of beds were swabbed and processed for the detec-
tion of Aspergillus species using fungal culture and microscopy. A checklist was used to assess selected infec-
tion prevention and control measures in the wards.
Results: The total number of bedrails with Aspergillus isolated across all the wards where samples were taken 
was 56 (28.0%). Aspergillus niger was the most prevalent specie (64.2%) followed by Aspergillus flavus (30.4%), 
then Aspergillus fumigatus (5.4%). The prevalence of Aspergillus contamination was related to the level of 
sanitation and proximity to construction activity. 
Conclusion: To reduce the risk of Aspergillus infections in hospitalised patients, adequate infection prevention 
and control measures including thorough cleaning and disinfection should be strictly adhered to. 
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Nosocomial or healthcare associated infections 
(HAIs) which include bacterial, viral, and fungal 
infections may occur in patients receiving 

medical care. These infections are seen in both developed 
and developing countries, though global estimates report 
higher burden in developing nations (1). According to the 
World Health Organization (WHO), approximately 15.0% 
of all hospital patients suffer from these infections (2). 
The route of HAI transmission includes airborne, droplet, 
contact, common vehicles, medical devices, and 
instrumentation (3). As these infections occur during 
hospital stay, they cause prolonged hospitalisation, 
disability, and increased economic burden (1). The 
increasing number of HAIs, especially opportunistic 
fungal infections, has received significant attention in 

recent decades as they constitute a great threat to patient 
health and safety (4, 5).

Aspergillus species are spore-forming fungi widely 
distributed in soil, water, and decomposing vegetation (6). 
In the healthcare settings, Aspergillus species can also be 
isolated from various surfaces and materials including 
unfiltered air, dirt from suspended ceilings, dust released 
from hospital renovation, and construction works 
which  settle on surfaces, healthcare equipment, and 
devices such as ventilation devices, catheters, and implants 
(7). Aspergillus species can cause or contribute to the 
development of several diseases including sinusitis, 
allergic bronchopulmonary disease, mycotic keratitis, 
otomycosis and in severe cases, invasive aspergillosis, In 
addition, the fungus may also spread into the bloodstream 
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and disseminate to various organs (8). Aspergillus 
infections develop from inhalation of the fungal spores 
(conidia) and are often implicated in HAIs particularly in 
patients with compromised immune systems (9). 

Large construction activities, humidity, temperature, 
and location of hospital are some of the factors that affect 
their environmental density (10). High density of 
Aspergillus spores in the clinical environment is a high-
risk situation for immunocompromised patients such as 
Advanced human immunodeficiency virus disease (AHD) 
patients, patients with malignancies, and elderly 
individuals (11, 12). Although Aspergillus fumigatus and 
Aspergillus flavus are usually the most commonly isolated 
species, at least 30 species including A. terreus, A. niger, A. 
versicolor, A. nidulans, and A. ustus have been implicated 
in human disease (13). It is therefore important to accu-
rately identify the species causing infection to ensure ade-
quate and appropriate treatment (14). Many research 
articles have documented Aspergillus air contamination in 
health facilities, however, few have investigated contami-
nation of surfaces in such environments.

The aim of this research was to determine the preva-
lence, distribution, and factors associated with Aspergillus 
species on bed rails of wards at the University College 
Hospital as a means of assessing the risk of fungal HAIs 
in hospitalised patients.

Methods
This was a laboratory-based cross-sectional study carried 
out in the University College Hospital, a 1,000-bed a pub-
lic tertiary hospital located in Oyo state, a region in the 
South-Western part of Nigeria. A total of 13 wards were 
purposively selected for the study, and ward type with 
assigned numbers were used to de-identify the wards. The 
samples were collected for a period of 1 month from mid-
May to mid-June 2023, and the beds sampled were those 
occupied by patients at the time of data collection. The 
left and right rails of the beds were swabbed with the aid 
of a sterile swab stick moistened in normal saline. The 
swab sticks were labelled with a unique laboratory num-
ber, name of the ward, date, and time of collection. 
Collected samples were put into a Ziploc bag, sealed 
securely, and transported to the Medical Microbiology 
Laboratory, University College Hospital, Ibadan, within 
1 h of collection. For each ward, a checklist was used to 
assess selected environmental infection prevention and 
control measures. The swabs from the bed rails were pro-
cessed for fungal isolation following standard microbio-
logical procedures (15). Each swab was streaked on 
Sabouraud Dextrose Agar plate supplemented with chlor-
amphenicol to further inhibit bacterial growth. The plates 
were incubated for 2–5 days at room temperature and 
observed daily for growth. Once colonies were visible, 
their morphology, colonial form, and surface and reverse 

colour and other macroscopic characteristics were 
assessed. Microscopic examination was performed using 
lactophenol cotton blue wet mount to examine the form 
and arrangement of spores and spore-bearing structures 
in order to identify the Aspergillus species. 

Data entry and analysis were done using the Statistical 
Package for the Social Sciences (SPSS) version 25 soft-
ware package. Data were summarised using frequencies, 
percentages, means among others, and presented as tables 
and charts. Categorical data including prevalence of 
Aspergillus species, distribution of Aspergillus species 
across each ward, and factors associated with contamina-
tion were summarised as frequencies and proportion and 
presented as tables and charts. Quantitative data were 
summarised as range and mean values. A score of 0 (poor) 
or 1 (good) was assigned to the observation for each of 
the six parameters on the checklist. The total score out of 
a maximum obtainable score of 6 was converted to a 
percentage. 

Results
A total of 100 beds were included in this study, and over-
all, 200 samples were obtained from swabbing the left and 
right rails of the various beds. The occurrence of indus-
trial action by health workers during data collection 
resulted in two sets of research data. Batch 1 data were 
collected during the regular work period while Batch 2 
data were those collected during the industrial action. 

As shown in Table 1, surgical ward 1 (15.0%) and med-
ical ward 2 (15.0%) had the highest numbers of  bed rails 
swabbed due to the higher number of  occupied beds at 
the time of  sampling while medical ward 3 had the least 

Table 1.  Distribution of bed rails swabbed per ward

Ward ID No. of swab specimens 
collected

Percentage (%)

Batch 1

Surgical 1 30 15.0

Medical 1 20 10.0

Surgical 2 30 15.0

Medical 2 20 10.0

Batch 2

Medical 3 4 2.0

Surgical 3 20 10.0

Surgical 4 16 8.0

Medical 4 12 6.0

Medical 5 6 3.0

Surgical 5 8 4.0

Medical 6 16 8.0

Surgical 6 6 3.0

Surgical 7 12 6.0

TOTAL 200 100.0
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number of  bed rails swabbed (2.0%). Table 2 shows the 
total number of  bed rails swabbed per ward, the corre-
sponding number with Aspergillus growth, and the prev-
alence of  Aspergillus contamination. The overall 
prevalence of  Aspergillus on bed rails was 28.0%. The 
prevalence of  Aspergillus contaminated bed rails per 
ward was higher in wards where samples were taken 
during the industrial strike action as compared to those 
taken before the industrial strike action with surgical 
ward 3 having the highest prevalence of  55.0%, and med-
ical ward 6 with the least prevalence of  6.3%. Table 3 
shows the percentages of  the various Aspergillus species 
which were isolated in this study. Three species of 

Aspergillus were identified: Aspergillus niger (64.2%) was 
the most isolated specie followed by Aspergillus flavus 
(30.4%) then Aspergillus fumigatus (5.4%).

Figure 1 shows the rust and dust characteristics of the 
various bed rails which were swabbed. A total of 30 bed 
rails were rusty, 58 were dusty/dirty, and four were both. 
Aspergillus contamination rate was higher on bed rails 
with dirt than the rusted ones. About 33% of dusty bed 
rails yielded Aspergillus, while this was only 7% for rusted 
rails. Half  of the bed rails that were both dusty and rusted 
had Aspergillus contamination. Of the dusty bed rails  
7 had A. flavus contamination, 1 had A. fumigatus and 13 
had A. niger. Only 2 of the rusted rails had A. flavus, 
while none had A. fumigatus nor A. niger.

Assessment of the various wards for infection control 
processes using selected components of the built environ-
ment is shown in Table 4. Most of the suboptimal charac-
teristics were observed on the wards where sample 
collection was done during the industrial action. Overall, 
eight of the 13 wards had obvious litter such as cotton 
wool, syringe packs, and biscuit wraps on the floor sur-
face. While 10 wards had adequate numbers of waste bins 
3 wards had overfilled waste bins. Ten wards had at 
least  two functional handwash stations, which was the 

Table 2.  Prevalence of Aspergillus species across each ward

Name of 
ward

No. of bed rails 
swabbed

No. of Aspergillus 
growth

Prevalence (%)

Surgical 1 30 4 13.3

Medical 1 20 6 30.0

Surgical 2 30 8 26.7

Medical 2 20 5 25.0

Medical 3 4 1 25.0

Surgical 3 20 11 55.0

Surgical 4 16 2 12.5

Medical 4 12 6 50.0

Medical 5 6 2 33.3

Surgical 5 8 2 25.0

Medical 6 16 1 6.3

Surgical 6 6 2 33.3

Surgical 7 12 6 50.0

TOTAL 200 56 28.0 

Table 3.  Aspergillus species isolated

Organisms isolated Frequency (n) Percentage (%)

Aspergillus flavus 17 30.4

Aspergillus fumigatus 3 5.4

Aspergillus niger 36 64.2

TOTAL 56 100.0

Figure 1.  Bed rails characteristics 
and Aspergillus contamination.
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adequate number for such wards. All the wards were well 
ventilated and no visible moulds were seen on the wall or 
ceiling surfaces.

Table 5 shows the scores obtained by each ward as com-
puted from the built environment assessment. All wards 
sampled during routine work period had high scores of 
83.3% and 100.0% (mean score 91.7%) while those sam-
pled during the industrial action had scores ranging from 
33.3% to 100.0% (mean score 66.7%). There was a slightly 
higher but insignificant difference between the average 
scores for surgical wards (76.2%) compared to medical 
wards (72.2%).

Discussion
The incidence of fungal infections has continued to surge 
globally, mainly due to the increasing population of 
patients who are immunocompromised (16). In both 
developing and developed countries, fungal infections are 
a major health challenge as these immunocompromised 
patients are prone to life-threatening systemic fungal 

infections particularly within the hospital environment 
(17, 18). In all, 56 Aspergillus species were isolated from a 
total of 200 samples giving a 28.0% prevalence of 
Aspergillus species on bed rails. This high prevalence is 
worrisome as bed rails are considered high-touch surfaces 
in the hospital environment, and such a level of contami-
nation poses a significant risk for healthcare-associated 
transmission of Aspergillus to vulnerable patients.

Our study isolated three Aspergillus species, A. niger, A. 
flavus, and A. fumigatus with A. niger predominating. 
Data from available studies show a high diversity in the 
prevalence and distribution of the various Aspergillus spe-
cies in the hospital environment (19–21). Several reports 
align with our finding, identifying A. niger as the predom-
inant Aspergillus spp which is widely distributed in the 
environment. Jangi et al. in a Malaysian University hospi-
tal identified A. niger as the most common of 102 fungal 
isolates from the environmental samples such as the hos-
pital interior spaces and equipment, bedsheets, air, walls, 
and air conditioning (19). 

Table 4.  Selected built environment infection prevention characteristics for the wards

Characteristics Batch 1 (n = 4) Batch 2 (n = 9) Total (n = 13)

Yes (%) No (%) Yes (%) No (%) Yes (%) No (%)

Well-ventilated ward 4 (100.0) 0 (0.0) 9 (100.0) 0 (0.0) 13 (100.0) 0 (0.0)

Multiple hand wash stations in the ward 4 (100.0) 0 (0.0) 6 (67.0) 3 (33.0) 10 (77.0) 3 (23.0)

Availability of multiple waste bins in the ward 4 (100.0) 0 (0.0) 6 (67.0) 3 (33.0) 10 (77.0) 3 (23.0)

Overfilled waste bins 0 (0.0) 4 (100.0) 6 (67) 3 (33.0) 3 (23.0) 10 (77.0) 

Presence of obvious litter in the ward 2 (50.0) 2 (50.0) 6 (67.0) 3 (33.0)  8 (62.0) 5 (38.0)

Visible moulds on the wall and ceiling surface 0 (100.0) 4 (100.0) 0 (0.0) 9 (100.0) 0 (0.0) 13 (100.0)

Table 5.  Ward score for selected built environment infection prevention characteristics

Ward Presence of obvious 
litter in the ward

Availability of 
multiple waste 

bins in the ward

Overfilled waste 
bins

Well-ventilated 
ward

Multiple wash basins 
in the ward

Visible moulds on 
wall and ceiling 

surface 

Total score 
(%)

Batch 1

Surgical 1 1 1 1 1 1 1 6 (100.0)

Medical 1 0 1 1 1 1 1 5 (83.3)

Surgical 2 0 1 1 1 1 1 5 (83.3)

Medical 2 1 1 1 1 1 1 6 (100.0)

Batch 2

Medical 3 1 1 1 1 1 1 6 (100.0)

Surgical 3 0 1 1 1 1 1 5 (83.3)

Surgical 4 1 1 0 1 1 1 5 (83.3)

Medical 4 1 0 0 1 0 1 3 (50.0)

Medical 5 0 1 0 1 1 1 4 (66.7)

Surgical 5 0 1 0 1 1 1 4 (66.7)

Medical 6 0 0 0 1 0 1 2 (33.3)

Surgical 6 0 0 0 1 0 1 2 (33.3)

Surgical 7 0 1 1 1 1 1 5 (83.3)
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Although A. niger is less frequently associated with 
invasive infections, exposed patients are at risk of  
localised infections such as otomycosis and allergic 
manifestations particularly Allergic Bronchopulmonary 
Aspergillosis (ABPA) (22). Karalti et al. monitored the 
Aspergillus species in six different hospitals in Istanbul 
for 1 year and reported a predominance of  A. niger (11). 
However, they reported a remarkably greater diversity 
of  Aspergillus species including A. candidus, A. cervinus,  
A. flavipes, A. flavus, A. fumigatus, A. nidulans, A. niger, 
A. niveus, A. ochraceus, A. reptans, A. restrictus, A. 
ustus, and A. versicolor. 

In contrast to our observation of A. flavus accounting 
for about one third of our isolates and the second most 
common species, Diba et al. reported A. flavus as the pre-
dominant species in four educational hospitals in Iran 
during an 18-month period, accounting for 55.0% of clin-
ical and environmental isolates (14). A. flavus is known to 
cause allergic and invasive disease in both immunocompe-
tent and immunocompromised individuals, ranking sec-
ond to A. fumigatus in prevalence. The observation of 
Diba et al. is however not unusual as their study was con-
ducted in a region where A. flavus is the predominant eti-
ological agent for Aspergillus infection (23).

We observed that a higher proportion of dusty bed rails 
yielded Aspergillus compared to the overall prevalence of 
Aspergillus on the bed rails (32.8% vs. 28.0%), while an 
even higher proportion of 50.0% was seen in beds that 
were both dusty and rusted. This finding is not surprising 
as dust particles can trap Aspergillus spores and settle on 
various surfaces (24). Our observations reinforce the 
importance of adequate cleaning in curbing microbial 
contamination of surfaces. We, however, noted that con-
trary to our expectation, rusty bedrails had lower levels of 
Aspergillus contamination. While it is generally recognised 
that rust promotes fungal growth and fungi contribute to 
acceleration of the rusting process, it has also been postu-
lated that the excess iron in rust, the rough, porous sur-
face, nonoptimal microenvironmental PH, and other 
factors could be inhibitory or toxic to fungi (25). 
Additional studies are necessary to better understand this 
relationship. 

The distribution of  Aspergillus species across each 
ward shows that surgical ward 3 had the highest 
Aspergillus prevalence of  55.0%. A probable reason for 
this high level of  contamination is that samples were 
taken during an industrial strike by some health workers, 
including cleaning staff; thus only cursory cleaning was 
carried out. The two wards with the next highest preva-
lence of  Aspergillus were also in this industrial action 
category, laying credence to our suggestion. The lack of 
standard and regular cleaning during this period proba-
bly encouraged accumulation of  dust containing 
Aspergillus spores. The implication of  this is an elevated 

risk of  Aspergillosis and the potential impact on patient 
health and safety particularly in those with compro-
mised immune systems. The occurrence of  industrial 
action during this study emphasises the important role 
of  sanitation and regular cleaning of  hospital surfaces in 
reducing the concentration of  moulds and eliminating 
reservoirs of  Aspergillus (26). 

Another compelling reason for the high contamina-
tion level observed in surgical ward 3 was that a new 
building was being constructed very close to the ward at 
the time of  sample collection. It is well recognised that 
aerosolization and dispersal of  Aspergillus species occur 
more commonly during or immediately after building 
construction or renovation activities (27). Airborne 
spores eventually settle on various healthcare surfaces 
including the bedrails. The high environmental 
Aspergillus created during construction and renovation 
activities have been linked to a higher prevalence of 
HAIs (28). Our study had a relatively small sample size 
which limited our capacity to carry out extensive statisti-
cal analysis and generate additional insights on this 
topic. Also, we could not assess seasonal variations in 
the prevalence of  Aspergillus contamination due to the 
limited period of  data collection. Further studies with 
larger sample sizes and longer study periods are there-
fore recommended. A major strength of  this research is 
that we had the opportunity of  data collection during an 
ongoing construction activity. This allowed us to assess 
the effect of  such activity on Aspergillus contamination 
levels. We were also able to relate environmental 
Aspergillus to infection prevention and control (IPC), a 
principal approach to patient safety.

Conclusion
This study identified that Aspergillus contamination of 
bed rails in hospital wards is affected by environmental 
cleaning frequency and proximity to ongoing construc-
tion activities. We recommend strict adherence to infec-
tion prevention and control measures particularly 
adequate cleaning and disinfection of hospital surfaces to 
reduce the risk of healthcare associated Aspergillus 
infections. 
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