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Abstract 

Background: Hospital indoor environments contain a wide variety of microorganisms. Bacteria, viruses, and fungi in 
these environments can cause serious healthcare-associated infections in patients. The aim of this study is to show the 
mycoflora of the hospital by evaluating the distribution of fungal species in hospital indoor air, water, and surfaces.

Methods: Air, water, and surface were sampled for fungi at Gazi University Hospital, using active air method, water 
collection, and swabbing, during a five-month period in 2022-2023. A total of 22 hospital wards were surveyed; overall, 
110 air samples, 66 water samples, and 45 surface samples were collected.

Results: A total of 1331 fungal colonies were isolated from indoor air, predominantly Penicillium (57.7%) and Cladospori-
um (31.6%). From outdoor air (n = 471), Cladosporium (66.9%) and Penicillium (22.5%) were most common. Median colony 
counts per 500 L of air were 11.5 indoors and 30.0 outdoors (range: 4–21.1 and 9–55.6, respectively. Fungal diversity, as 
evaluated by the Shannon index, peaked in March for both environments. Fungal growth was observed in 17 of 66 water 
samples (26.0%), with a total of 225 colonies recovered. Penicillium spp. accounted for the majority (85.7%), followed by 
Exophiala (8.0%) and Aspergillus (5.0%).Among 45 surface samples, only 3 (6.0%) yielded fungal isolates, indicating low 
environmental fungal burden on high-touch surfaces.

Conclusion: The findings demonstrate that hospital environments, especially air and water sources, are significantly col-
onized by diverse fungal genera—predominantly Penicillium and Cladosporium—highlighting the importance of routine 
environmental mycological monitoring to mitigate potential nosocomial risks.
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INTRODUCTION

The hospital environment serves as a reservoir of mi-
croorganisms that may be related to healthcare-asso-
ciated infections (HCAIs). Inadequate knowledge and 
improper implementation of cleaning and disinfection 
protocols can cause environmental surfaces to become 
reservoirs for pathogens, increasing the risk of HCAIs. 
Ward surfaces may become contaminated by infected 
patients or indirectly by vehicles such as healthcare 
workers' hands (1-4).

Hospital indoor environments such as air, tap water, 
and inanimate surfaces contain a wide variety of micro-
organisms. Bacteria, viruses, and fungi in these environ-
ments can cause serious HCAIs in patients. These mi-
croorganisms can be transmitted from hospital indoor 
or outdoor air, water, soil, or environmental surfaces. 
Especially infections caused by resistant microorgan-
isms lead to significant complications and even death 
in Intensive Care Units (ICUs). However, the clinical 
outcome of fungal infections also strongly depends on 
the host’s immune status, as the majority of isolated 
fungal species—such as Cladosporium, Penicillium, and 
Exophiala—are considered low-virulence opportunists. 
These organisms rarely cause disease in immunocom-
petent individuals but can lead to severe infections in 
immunocompromised patients, including those with 
hematologic malignancies, solid organ transplants, or 
prolonged ICU stays. Due to the high rates of mortality 
and morbidity, hospital air quality and environmental 
surfaces must be controlled regularly to prevent these 
infections (5-6). The composition and concentration of 
airborne microorganisms in hospital indoor air has been 
reported to contain airborne bacteria and fungi concen-
trations ranged 10¹-10³ CFU/m³ in inpatient facilities 
which mostly exceed recommendations from the World 
Health Organization (WHO) (7).

The role of the environment in the transmission of fungi 
is recently defined. In recent years, many studies have 
demonstrated that sink drains, shower drains, and air in 
hospitals can serve as a reservoir of fungal infections in 
patients (8-9). Fungi are an important component of the 
microorganisms of the air and are widely distributed in 
soil and water (10). Penicillium, Aspergillus, Cladosporium, 
and Alternaria have been reported to be the most abun-
dant genera in hospital air (11-13). Inhalation of spores 

of these fungi can lead to invasive fungal infections in 
immunocompromised patients such as elderly patients, 
cancer patients, and solid organ transplantation patients 
(14). Additionally, some studies have reported that mi-
croorganisms isolated from hospital water increase the 
risk of infection in immunocompromised patients (10-
11). Although there are many studies on bacterial infec-
tions caused by hospital indoor environments (15-16), 
studies on fungi are limited in the literature. Exposure 
to water in healthcare environments can facilitate the 
transmission of waterborne fungi such as Aspergillus 
and Fusarium, potentially resulting in infections and 
even outbreaks. (17).

The aim of this study is to show the mycoflora of the 
hospital by evaluating the distribution of fungal species 
in hospital indoor air, water, and surfaces collected from 
different hospital wards and ICUs.

MATERIALS AND METHODS

This study was conducted in University Hospital for 
five months during 2022-2023. Ethical approval was 
obtained from Gazi University Ethics Committee on 
09.03.2023/meeting no:4 (E-77082166-604.01.02-622780).

Air

Air collections were taken from hospital interiors and 
outdoor areas adjacent to the hospital at approximate-
ly the same time. All air collections were examined 
and enumerated microscopically, and airborne fungi 
estimates per cubic meter of air were reported for to-
tal fungal colonies. Air samples were collected using 
an active air sampling method with the Air Sampler® 

(bioMérieux) positioned 1.5 meters above the ground. 
Each sample involved suction of 500 L of air over five 
minutes at a flow rate of 100 L/min. Sampling was car-
ried out at five different time points over five months, 
in alignment with WHO guidelines and EN 171340:2020 
standards for air quality validation in healthcare set-
tings (7). The air samples were collected from pediatric 
wards, hematology ward, oncology ward, chest diseases 
ward, general surgery ward, emergency service, otolar-
yngology ward, ICUs, orthopedic ward, respiratory dis-
eases ward, and outpatient hall (OH).
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light hours in dry weather conditions, and the area was 
exposed to partial sunlight at the time of collection.

Approximately 10 grams of soil were aseptically collect-
ed using sterile gloves and a metal spatula and placed 
into a sterile sterile plastic zip-bag. In the laboratory, 
one gram of soil was suspended in nine ml of sterile dis-
tilled water and subjected to serial 10-fold dilutions to 
reduce microbial load. From the highest dilution tubes, 
100 µL was plated using the spread plate method onto 
Sabouraud Dextrose Agar (SDA) and Potato Dextrose 
Agar (PDA) plates. Plates were incubated at 25°C and 
30°C for up to seven days, and colonies were recorded 
daily. Fungal identification was performed using stand-
ard macroscopic and microscopic methods as per de 
Hoog et al. (20).

Identification and quantification of fungal colonies

Sabouraud dextrose agar (SDA) plates were incubat-
ed at 25°C and 30°C for a period of seven days, with 
daily observations. The resulting fungal colonies were 
counted and recorded as colony-forming units per cubic 
meter of air (CFU/m³). Surface and water samples were 
processed in the same manner by culturing on agar 
plates, and the number of visible fungal colonies was 
recorded as colony-forming units (CFUs). No further 
analytical testing was performed at this stage (21). Fun-
gal identification was performed based on macroscopic 
and microscopic characteristics, as outlined in the Atlas 
of Clinical Fungi by G.S. de Hoog et al (20). Additional-
ly, some colonies and their microscopic structures were 
documented and archived.

Statistical Analysis

Statistical analysis was performed using the Chi-square 
test to evaluate the differences in the monthly distribu-
tion of fungal genera isolated from indoor and outdoor 
air samples. A p-value of <0.05 was considered statis-
tically significant. In addition, alpha diversity analysis 
was conducted using the Shannon diversity index (H’) 
to assess fungal diversity within the indoor and outdoor 
air samples for each sampling month. The Shannon in-
dex accounts for both species richness and the evenness 
of species distribution, providing a quantitative meas-
ure of within-sample microbial diversity. Calculations 
were based on the monthly colony count data for each 

Water

Water samples were obtained from taps and toilet-as-
sociated fixtures in inpatient units and ICUs. Specifical-
ly, toilet water samples were collected from bidet-type 
hand sprayers, not from the toilet bowl. To minimize 
transient contamination and ensure consistency, all 
water samples were collected after allowing the water 
to run for five minutes to flush out residual stagnation 
from the pipes. Each sample was collected in a sterile 100 
ml polypropylene container. Sampling was conducted 
in accordance with CDC Environmental Infection Con-
trol Guidelines (18) and the Standard Methods for the 
Examination of Water and Wastewater, 20th Edition by 
the American Public Health Association (19).

Surface

The high-touch surfaces monitored for contamination 
were those most frequently in contact with patients, 
including bed lamps, door handles, phones, assistance 
call remote controls, bathroom faucet knobs, and light 
switches. Microbiological surface sampling was con-
ducted using sterile disposable cotton swabs, which 
collected residual microbial cells from a defined surface 
area (typically 100 cm²). These cells were then eluted 
from the swab tip and cultured on a suitable medium 
for colony counting. The swab samples were taken once 
in December 2022. Surface sampling procedures were 
based on CDC’s infection control recommendations for 
environmental culturing in healthcare facilities (18).

Soil

Only a single soil sample was collected during the study, 
obtained from the area directly in front of the emergen-
cy department entrance. This location was selected as it 
represents the closest accessible soil zone to the hospital 
building, with a potential for direct interaction between 
outdoor and indoor environments. Other soil areas sur-
rounding the hospital complex were intentionally ex-
cluded due to their greater distance from clinical units 
and lower relevance in terms of airborne fungal trans-
mission risk to patients and staff.

The sample was taken from the top five cm of surface 
soil, as this layer is most likely to harbor aerosolizable 
fungal spores. Sampling was performed during day-
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presence rate was 93.8% in the outdoor air samples col-
lected, while 6.7% of them showed no mold colonies on 
culture. The mean colony count was 31.4 for every 500 
L outdoor air sample. The fungal genera in indoor and 
outdoor air were more or less homogenous; Penicillium, 
Cladosporium, Aspergillus, Rhizopus, Paecilomyces, Curvu-
laria, and Alternaria spp. colonies were isolated from air 
samples. Air samples were collected five times during 
the study period. 

A comparative analysis of fungal genera isolated from 
indoor and outdoor air samples over five months re-
vealed distinct distribution patterns. The most frequent-
ly detected genus was Penicillium (n = 768; 57.7%), fol-
lowed by Cladosporium (n = 421; 31.6%) and Aspergillus 
spp. (n = 97; 7.3%). Other genera such as Paecilomyces, 
Alternaria, Rhizopus, Curvularia, Trichoderma, Mucor, 
Scopulariopsis, and Monilia each accounted for less than 
2.0% of the total indoor isolates. In contrast, 471 fungal 
colonies were isolated from outdoor air samples. Clad-
osporium was the dominant genus (n = 315; 66.9%), fol-
lowed by Penicillium (n = 106; 22.5%) and Alternaria (n = 
40; 8.5%). Aspergillus (1.5%) was less commonly identi-
fied in outdoor air (p<0.05). (Figure 1)

fungal genus. The results are presented in a separate 
summary table.

RESULTS

This study presents a thorough examination of the my-
coflora identified in air, water, surface and soil samples 
obtained from a university hospital in Türkiye. A total 
of 13 different fungal genera have been identified, in-
cluding Penicillium, Cladosporium, Rhizopus, Mucor, Al-
ternaria, Aspergillus, Paecilomyces, Curvularia, Scopular-
iopsis, Trichoderma, Cryptococcus, Exophiala, and Monilia.

Air

A total of 22 hospital wards were surveyed, and 110 air 
samples resulted in the growth of 1802 mold colonies. 
A total of 95 indoor air samples were collected, each 
sampling 500 liters of air. Across all samples, a total of 
1331 mold colonies were isolated, corresponding to an 
average of approximately 14 fungal colonies per sam-
ple (i.e., per 500 L of indoor air). Similarly, 15 outdoor 
air samples yielded a total of 471 colonies. The fungal 

Figure 1: Comparison of Indoor and Outdoor Fungal Flora by Relative Abundance 
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Water

Hospital water samples were collected once during the 
study period, totally 66 samples obtained from taps and 
toilet outlets throughout inpatient rooms and ICUs. 
Fungal contamination was detected in 17 samples, corre-
sponding to a 26.0% positivity rate. These positive sam-
ples yielded a total of 225 fungal colonies, with a mean 
of 13.2± 2.3 fungal colonies per 100 ml. The dominant 
fungal genus was Penicillium, accounting for 193 (%85.7) 
colonies, and was detected in the majority of positive 
samples, indicating its strong adaptation to aqueous 
hospital environments. Aspergillus spp. were present in 
12 (%5.0) colonies, and both Fusarium and Cladosporium 
were each represented by a single colony. Notably, Ex-
ophiala spp., a genus associated with biofilm formation 
in plumbing systems, was also isolated with 18 (%8.0) 
colonies—all from tap water samples—highlighting the 
potential for systemic waterborne contamination.

Although the samples were not stratified by water 
source (e.g., tap vs. toilet), such differentiation is crucial 
for identifying point-source reservoirs. Additionally, no 
statistical comparison was made to determine whether 

Tables 1 and 2 provide a summary of the most fre-
quently detected taxa in air samples collected over five 
months. The mycoflora was predominantly composed 
of Cladosporium and Penicillium species. Additionally, 
several other filamentous fungi, such as Fusarium, Mu-
cor, Rhizopus, and Aspergillus, were identified. These 
genera are recognized as emerging fungi in medical my-
cology according to the World Health Organization’s 
fungal priority list (22).

To assess the within-sample fungal diversity in indoor 
and outdoor air, Shannon diversity indices were calcu-
lated for each sampling month. The indoor air samples 
exhibited the highest diversity in March (H’ = 1.30), fol-
lowed by January (H’ = 1.09), indicating greater fungal 
heterogeneity during these periods. In contrast, Feb-
ruary had the lowest diversity (H’ = 0.60), reflecting a 
more uneven distribution dominated by a few genera. 
Outdoor air samples showed a similar trend, with the 
highest diversity observed in March (H’ = 1.07) and 
April (H’ = 1.03). Overall, both environments demon-
strated seasonal fluctuations in fungal richness and dis-
tribution, although no statistically significant differenc-
es were found among months by Chi-square analysis (p 
≥ 0.05). (Figure 2)

Figure 2: Shannon diversity index over time (Indoor vs Outdoor Air)
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Table 1. The most recurrent strains that were detected in the indoor air over five months of the year

Fungi December January February March April p value

Alternaria 1 (0.2%) 1 (0.3%) 0 (0.0%) 2 (2.3%) 1 (0.4%) NA

Aspergillus 10 (2.2%) 71 (23.8%) 6 (2.8%) 10 (11.4%) 0 (0.0%) <0.05

Cladosporium 158 (34.0%) 60 (20.1%) 36 (16.7%) 26 (29.5%) 141 (53.4%) <0.05

Curvularia 5 (1.1%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) NA

Monilia 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 4 (1.5%) NA

Mucor 0 (0.0%) 0 (0.0%) 0 (0.0%) 1 (1.1%) 0 (0.0%) NA

Paecilomyces 7 (1.5%) 1 (0.3%) 0 (0.0%) 7 (8.0%) 7 (2.7%) >0.05

Penicillium 281 (60.4%) 161 (54.0%) 173 (80.1%) 42 (47.7%) 111 (42.0%) <0.05

Rhizopus 2 (0.4%) 4 (1.3%) 0 (0.0%) 0 (0.0%) 0 (0.0%) NA

Scopulariopsis 0 (0.0%) 0 (0.0%) 1 (0.5%) 0 (0.0%) 0 (0.0%) NA

Trichoderma 1 (0.2%) 0 (0.0%) 0 (0.0%) 0 (0.0%) 0 (0.0%) NA

Total 465 (100.0%) 298 (100.0%) 216 (100.0%) 88 (100.0%) 264 (100.0%) <0.05

Grand Total          1331

*Chi-square test, NA: Not applicable

Table 2. The most recurrent strains that were detected in the outdoor air over five months of the year

Fungi December January February March April p value

Alternaria 13 (7.8%) 2 (2.2%) 2 (7.4%) 12 (10.0%) 11 (16.9%) <0.05

Aspergillus 0 (0.0%) 1 (1.1%) 0 (0.0%) 6 (5.0%) 0 (0.0%) NA

Cladosporium 131 (78.4%) 65 (70.7%) 22 (81.5%) 72 (60.0%) 25 (38.5%) <0.05

Penicillium 22 (13.2%) 24 (26.1%) 2 (7.4%) 29 (24.2%) 29 (44.6%) <0.05

Rhizopus 1 (0.6%) 0 (0.0%) 1 (3.7%) 1 (0.8%) 0 (0.0%) NA

Total 167 (100.0%) 92 (100.0%) 27 (100.0%) 120 (100.0%) 65 (100.0%) <0.05

Grand Total          471

*Chi-square test, NA: Not applicable
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complexity, using epidemiological data and scientific 
evidence. In our study, the Infection Control Commit-
tee of a 1,100-bed teaching hospital conducted envi-
ronmental surveillance while the HCAI rate remained 
below 5.0% in 2022–2023. We monitored air, water, and 
surface samples to detect fungal pathogens, following 
current evidence-based practices. Although environ-
mental sampling is widely accepted during outbreaks 
or for infection tracing, predicting HAICs solely from 
the presence of environmental fungi is debated. Host 
susceptibility remains the most important risk factor for 
fungal infections. Air quality varies across healthcare 
settings, particularly in critical care units, depending on 
the services provided and patient vulnerability. ICU air 
standards differ among countries according to ventila-
tion and HVAC guidelines (23).

We investigated airborne fungal genera over five con-
secutive months. Penicillium was the most dominant 
genus throughout the study, with a peak in February 
(80.1%). This high prevalence may be due to its strong 
sporulation capacity and resistance to environmental 
stress, which help it persist in indoor hospital environ-
ments. Cladosporium was the second most frequently iso-
lated genus, with a peak in April (53.4%). Its occurrence 
in both indoor and outdoor environments may account 
for the observed seasonal variation. Aspergillus showed 
a noticeable increase in January (23.8%), possibly influ-
enced by higher indoor humidity or reduced ventilation 
during winter. The monthly distribution of Penicillium, 
Cladosporium, and Aspergillus showed statistically signif-
icant variation (p < 0.05) (Table 1), supporting a seasonal 
pattern. Other genera such as Curvularia, Monilia, Mucor, 
Rhizopus, Scopulariopsis, and Trichoderma were detected 
only occasionally, likely due to their lower viability in 
the air. Paecilomyces was found sporadically and showed 
no significant variation across months (p > 0.05), indi-
cating a stable but low-level presence. Our results align 
with those of Demirel et al., who identified Penicillium, 
Aspergillus, and Cladosporium as the dominant airborne 
fungi in neonatal units across Turkey. Their frequent iso-
lation of Penicillium chrysogenum, Aspergillus fumigatus, 
and Cladosporium cladosporioides highlights the clinical 
relevance of our findings, especially for indoor hospi-
tal environments. They also reported seasonal peaks 
in fungal counts in October and January. Furthermore, 
they showed that ventilation systems, humidity, and hu-
man activity significantly affect fungal concentrations—
factors likely influencing our results as well (24). Sim-

Penicillium and Aspergillus co-occurred more frequently 
than expected by chance. Such analyses could inform 
whether certain fungal genera demonstrate ecological 
synergy or shared origin, possibly via plumbing bio-
films or decaying infrastructure. Fungal diversity in 
water samples showed limited variability, and the dom-
inance of certain genera suggests low evenness and po-
tential adaptation to aquatic conditions.

Surfaces

Hospital surfaces were evaluated once. The high hand-
touch surfaces were sampled by swabbing a 100 cm² 
area. A total of 45 surface samples were collected, and 
fungal growth was detected in 3 of them (6.0%). Peni-
cillium, Cladosporium spp., and Cryptococcus albidus were 
isolated from surface cultures of our hospital. Although 
species-level identification (e.g., Cryptococcus albidus) 
may exceed the scope and resolution of the primary 
methodology employed in this study, all fungal isolates 
were presented at the genus level as a general rule. How-
ever, in select cases, species names were retained in the 
report to contribute to the extremely limited literature on 
fungal contamination of hospital water systems, partic-
ularly given the unexpected growth of rare genera such 
as Exophiala. The appearance of this hydrocarbon-associ-
ated yeast, in contrast to commonly encountered genera 
such as Candida, may reflect environmental or physico-
chemical properties specific to the sampled sites.

Soil

Soil samples in front of the emergency room were sam-
pled. A total of 1 g soil samples were collected and cul-
tured quantitatively. Mycoflora of the soil consisted of 
600 colonies of Cladosporium, 55 colonies of Penicillium, 
20 colonies of Paecilomyces, 10 colonies of Cunninghamel-
la, and 10 colonies of Rhizopus species.

DISCUSSION

This cross-sectional study aimed to assess fungal con-
tamination levels in air, water, and surfaces within a 
hospital environment. Ultimately, our goal was to re-
duce the risk of healthcare-associated infections relat-
ed to environmental exposure. Hospitals should im-
plement surveillance systems based on their size and 
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also emphasize the dominance of Cladosporium, Asper-
gillus, and Penicillium due to their health relevance and 
high airborne concentrations (31-34).

Willis et al. (35) reviewed sampling in hospital environ-
ments. Water sampling commonly focuses on bacteria 
(19,36,37), while no fungal standards currently exist. 
The CDC provides general water sampling guidelines 
(18), which we followed. Arroyo et al. (38) documented 
diverse fungi in hospital water, including Cladosporium, 
Penicillium, Aspergillus, Curvularia, and Fusarium. In our 
study, we also isolated Aspergillus, Penicillium, Clad-
osporium, Fusarium, and Exophiala from tap water.

Environmental sampling in hospitals follows CDC rec-
ommendations (18), but due to the lack of defined fun-
gal limits, routine culturing has declined in many U.S. 
hospitals. When possible, clinical and environmental 
isolates should be linked through molecular analysis. 
Periodic environmental sampling may help monitor 
microbial loads and evaluate air-handling systems (19). 
Routine surface sampling is not cost-effective for infec-
tion control, but it may serve for quality assurance. Our 
study aimed to document the cross-sectional fungal pro-
file of our hospital by sampling air, water, and surfaces.

This study has several notable limitations that may have 
influenced the composition and quantity of the fungal 
isolates. First, only one soil sample was collected near 
the emergency department. Although it was the closest 
environmental source to the hospital, it may not repre-
sent the broader soil mycoflora. Future studies should 
include more locations. Also, Zygomycetes, known for 
rapid growth, may have overgrown other fungi, reduc-
ing overall diversity. We used only Sabouraud Dextrose 
Agar and Potato Dextrose Agar, without selective me-
dia like Rose-Bengal Agar, which may have limited the 
detection of slow-growing or pigmented fungi. Finally, 
we used a standard 7-day incubation at 25–30°C, which 
may not support thermophilic or slow-growing fungi. 
Therefore, our findings likely represent only part of the 
fungal diversity present.

In conclusion, we demonstrated the presence of various 
fungal genera in the hospital environment. This moni-
toring approach is not only essential for patient safety 
but also has legal importance. It supports the presence 
of an active environmental surveillance system, show-
ing that potential risks are regularly assessed to protect 
both patients and healthcare staff.

ilar observations were made by Okten and Asan, who 
conducted year-long air surveillance in the pediatric 
unit of Edirne Government Hospital. They found that 
Cladosporium, Alternaria, and Penicillium were the most 
common genera, with Cladosporium comprising 33.6% of 
all isolates. Fungal concentrations were highest during 
summer, particularly in August, and lowest during win-
ter. They also reported a positive correlation between 
temperature and Cladosporium levels, while Penicillium 
was more abundant during periods of high humidi-
ty and rainfall. These findings underline the impact of 
seasonal and environmental factors on airborne fungal 
loads and highlight the importance of regular monitor-
ing, especially in units serving immunocompromised 
patients (25). Karaltı et al. similarly reported Cladospori-
um, Penicillium, Alternaria, Aspergillus, and Aureobasidium 
as the most common fungal genera in six Istanbul hospi-
tals over a 12-month period. Consistent with our study, 
Cladosporium and Penicillium were dominant species (26). 
These results further confirm the strong influence of tem-
perature and humidity on fungal growth.

Indoor and outdoor air samples showed clear differ-
ences in fungal composition. Penicillium was dominant 
indoors but less common outdoors, except in April. 
This pattern may reflect poor indoor ventilation or con-
taminated surfaces. Cladosporium was more prevalent 
outdoors, particularly in winter, reflecting its environ-
mental origin. Its lower indoor presence may be due to 
filtration systems or reduced viability indoors. Asper-
gillus was frequently detected indoors but nearly ab-
sent outdoors, suggesting indoor sources such as dust, 
materials, or equipment. The absence of genera such as 
Curvularia and Trichoderma in outdoor samples might in-
dicate their limited environmental distribution or poor 
aerosolization. These differences highlight how both 
internal and external factors shape the airborne fungal 
profile in hospital settings.

Fungal infections are primarily acquired through inhala-
tion of airborne conidia. These small spores (3–5 µm) can 
survive harsh conditions and reach deep into the respira-
tory tract. Aspergillus species, particularly A. fumigatus, 
are commonly found in urban environments and near 
hospitals (27,28). Guinea et al. reported higher Aspergil-
lus conidia levels in autumn and summer, increasing the 
risk of aspergillosis in vulnerable patients (29). Similarly, 
Caggiano et al. found Aspergillus to be the most common 
airborne fungus in an Italian hospital (30). Other studies 



135

Arch Curr Med Res 2026; 7(1): 127-136

16.	 Nakade J, Nakamura Y, Katayama Y, et al. Systematic active en-
vironmental surveillance successfully identified and controlled the 
Legionella contamination in the hospital. J Infect Chemother. 2023; 
29:  43-47.

17.	 Badiee P, Boekhout T, Zarei Mahmoudabadi A, et al. Multicenter 
study of susceptibility of Aspergillus species isolated from Iranian 
university hospitals to seven antifungal agents. Microbiol Spectri. 
2022; 10 (3): e0253921. 

18.	 Eaton AD, Clesceri LS, Greenberg AE. eds. Standard methods for 
the examination of water and wastewater. 20th ed., Washington, 
DC: American Public Health Association, 1998.

19.	 Centers for Disease Control and Prevention (CDC). Environmental 
sampling. 2020 (cited 2024 Jul 27). Available from: https://www.
cdc.gov/infection-control/hcp/environmental-control/environ-
mental-sampling.html

20.	 de Hoog GS, Guarro J, Gené J, et al. Atlas of Clinical Fungi. 4th ed.; 
Foundation Atlas of Clinical Fungi, 2020.  

21.	 Mahon CR, Lehman DC, Manuselis G. Bailey & Scott’s Diagnostic 
Microbiology. 14th ed. St. Louis, MO: Elsevier; 2018.

22.	 WHO fungal priority pathogens list to guide research, develop-
ment and public health action. https://iris.who.int/bitstream/han
dle/10665/363682/9789240060241-eng.pdf?sequence=1

23.	 Alghamdi W, Neamatallah AA, Alshamrani MM, Al Mehmadi 
F, El-Saed A. Distribution and the trent of airborne particles and 
bio-aerosol concentration in pediatric intensive care units with dif-
ferent ventilation setting at two hospitals in Riyadh, Saudi Arabia. J 
Infect Pub Health. 2023; 16: 588-595.

24.	 Demirel R, Sen B, Kadaifciler D, et al. Indoor airborne fungal 
pollution in newborn units in Turkey. Environ Monit Assess. 
2017;189(362).

25.	 Okten S, Asan A. Airborne fungi and bacteria in indoor and out-
door environment of the Pediatric Unit of Edirne Government Hos-
pital. Environ Monit Assess. 2012;184(3):1739-1751.

26.	 Karaaltı İ. Hastane Ortam Havası ve Su Kaynaklarında Fungal Kon-
taminasyonun Araştırılması. (Yüksek Lisans Tezi). Gazi Üniversite-
si Sağlık Bilimleri Enstitüsü; 2019.

27.	 Kim KY, Kim YS, Kim D. Distribution characteristics of airborne 
bacteria and fungi in the general hospitals of Korea. Industrial 
Health. 2010; 48: 236-243.

28.	 Cho SY, Myong JP, Kim WB, et al. Profiles of environmental mold: 
indoor and outdoor air sampling in a hematology hospital in Seoul, 
South Korea. Intern J Environ Res Pub Health. 2018; 15: 2560. 

29.	 Guinea J, Peláez T, Alcalá L, Bouza E. Outdoor environmental lev-
els of Aspergillus spp. conidia over a wide geographical area. Med 
Mycol. 2006; 44: 349-356.

30.	 Caggiano G, Napoli C, Coretti C, et al. Mold contamination in a 
controlled hospital environment: a 3-year surveillance in southern 
Italy. BMC Infect Dis. 2014; 14: 595. 

31.	 Fragola M, Perrone MR, Alifano P, Talà A, Romano S. Seasonal var-
iability of the airborne eukaryotic community structure at a coastal 
site of the central Mediterranean. Toxins (Basel). 2021; 13: 518.

REFERENCES
1.	 Quaranta G, DI Pumpo M, LA Milia, DI., et al. A management mod-

el for Hospital Hygiene Unit: evidence-based proactive surveillance 
of potential environmental sources of infection in order to prevent 
patient's risk. J Prev Med Hyg. 2021; 61: E628-E635.

2.	 Lemiech-Mirowska E, Kiersnowska ZM, Michałkiewicz M, Depta 
A, Marczak M. Nosocomial infections as one of the most important 
problems of healthcare system. Ann Agric Environ Med. 2021; 28: 
361-366.

3.	 Cruz-López F, Martínez-Meléndez A, Garza-González E. How does 
hospital microbiota contribute to healthcare-associated infections? 
Microorganisms. 2023; 11: 192.

4.	 Facciolà A, Pellicanò G, Visalli G, et al. The role of the hospital en-
vironment in the healthcare-associated infections: a general review 
of the literature. Eur Rev Med Pharmacol Sci. 2019; 23: 1266-1278.

5.	 Martino R, Subira M. Invasive fungal infections in hematology: new 
trends. Ann Hematol. 2022; 81: 233-243.

6.	 Mesquita-Rocha S, Godoy-Martinez PC, Gonçalves SS, et al. The 
water supply system as a potential source of fungal infection in pae-
diatric haematopoietic stem cell units. BMC Infect Dis. 2013; 13: 1-8.

7.	 Ertegal V, Salazar-González C, Castro-Alonso MJ, González-López 
Ó, López-González E, Fernández-Llorente MJ, et al. Understanding 
the influence of the bioaerosol source on the distribution of airborne 
bacteria in hospital indoor air. Environ Res. 2023;216:114458.

8.	 Aleem M, Azeem AR, Rahmatullah S, Vohra S, Nasir S, Andleeb S. 
Prevalence of bacteria and antimicrobial resistance genes in hospi-
tal water and surfaces. Cureus. 2021; 13(10): e18738.

9.	 van der Zwet WC, Nijsen IEJ, Jamin C, et al. Role of the environ-
ment in transmission of gram-negative bacteria in two consecutive 
outbreaks in a haematology-oncology department. Infect Prev 
Pract. 2022; 4: 100209.

10.	 Sabuco-Tébar EA, Arense-Gonzalo JJ, Campayo-Rojas FJ. Evalua-
tion of the results of a periodic environmental biosecurity assess-
ment program on air quality in controlled environment rooms of 
hospitals. HERD. 2023; 16: 161-174.

11.	 Maphossa V, Langa JC, Simbine S, et al. Environmental bacterial 
and fungal contamination in high touch surfaces and indoor air of a 
paediatric intensive care unit in Maputo Central Hospital, Mozam-
bique in 2018. Infect Prev Pract. 2022; 4: 100250.

12.	 Zhai Y, Li X, Wang T, Wang B, Li C, Zeng G. A review on airborne 
microorganisms in particulate matters: Composition, characteristics 
and influence factors. Environ Int. 2018; 113: 74-90.

13.	 Habibi N, Uddin S, Behbehani M, et al. Bacterial and fungal com-
munities in indoor aerosols from two Kuwaiti hospitals. Front Mi-
crobiol. 2022; 13: 955913.

14.	 Heutte N, André V, Dubos Arvis C, et al. Assessment of multi-con-
taminant exposure in a cancer treatment center: a 2-year monitoring 
of molds, mycotoxins, endotoxins, and glucans in bioaerosols. Envi-
ron Monit Assess. 2017; 189: 31.

15.	 Rinawati W, Kumalawati J. Sphingomonas paucimobilis infection 
in subcutaneous abdominal preservation of bone flap after craniot-
omy. J Infect Dev Ctries. 2022; 16: 388-391.



136

Sahin et al.

Consent for Publication

It does not contain any personal data.

Availability of Data and Materials

The data that support the findings of this study are available from the 
corresponding author upon reasonable request.

Competing Interests

The authors declare that there are no conflicts of interest regarding the 
publication of this paper. No financial or personal relationships have 
influenced the work reported in this manuscript. 

Funding

There was no funding. 

Author Contributions 

Elif Ayca Sahin: Writing-original draft, investigation, methodology, for-
mal analysis, correspondence. Sidre Erganis: Investigation, methodol-
ogy, formal analysis. Halil Furkan Martli: Investigation, methodology, 
formal analysis. Beyza Yavuz: Investigation, methodology. Sena Algin: 
Investigation, methodology. Ozlem Güzel Tunccan: Writing-review & 
editing, conceptualization, methodology, formal analysis, supervision. 
Murat Dizbay: Writing-review & editing, conceptualization, method-
ology, formal analysis, supervision. Kayhan Caglar: Writing-review & 
editing, conceptualization, methodology, formal analysis, supervision. 
Hasan Bostanci: Writing-review & editing, methodology, investigation, 
formal analysis, supervision Ayse Kalkanci: Writing-review & editing, 
methodology, investigation, formal analysis, supervision.

Acknowledgements

Much appreciation to all people who participated in this study. We also 
acknowledge all members of Gazi University Infection Control Commit-
tee who contributed to the data collection. This study was presented as 
a poster at the 11th Trends in Medical Mycology (TIMM-11) congress.

32.	 Rufino de Sousa N, Steponaviciute L, Margerie L, et al. Plaque-form-
ing units from air samples: Letter to Editor. Re: Jefferson et al., In-
door Air. 2022; 32: e13169.

33.	 Wang S, Qian H, Sun Z, Cao G, Ding P, Zheng X. Comparison of air-
borne bacteria and fungi in different built environments in selected 
cities in five climate zones of China. Sci Total Environ. 2022; 160445. 

34.	 Pertegal V, Lacasa E, Cañizares P, Rodrigo MA, Sáez C. Under-
standing the influence of the bioaerosol source on the distribution 
of airborne bacteria in hospital indoor air. Environ Res. 2023; 216 
(Pt 1): 114458.

35.	 Willis C, Nye K, Aird H, Lamph D, Fox A. Examining food, water 
and environmental samples from healthcare environments. Micro-
biological Guidelines, Public Health England, 2013.

36.	 Taudien S, Leszczynski W, Mayer T, et al. Misidentification as Pseu-
domonas aeruginosa in hospital water supply samples. J Hospital 
Infect. 2023; 133: 23-27.

37.	 Davidova-Gerzova L, Lausova J, Sukkar I, et al. Hospital and com-
munity wastewater as a source of multidrug-resistant ESBL-produc-
ing Escherichia coli. Front Cell Infect Microbiol. 2023; 13: 1184081.

38.	 Arroyo MG, Ferreira AM, Frota OP, et al. Broad diversity of fungi in 
hospital water. Sci World J. 2020; 9358542.

Abbreviations List

HCAIs: Healthcare-associated infections
ICUs: Intensive Care Units
WHO: World Health Organization
OH: Outpatient hall
CDC: Centers for Disease Control and Prevention
SDA: Sabouraud Dextrose Agar 
PDA: Potato Dextrose Agar
CFUs: Colony-forming units.

Ethics Approval and Consent to Participate

Ethical approval was obtained from Gazi University Ethics Committee 
on 09.03.2023/meeting no:4 (E-77082166-604.01.02-622780).


