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Abstract

Background and Aims:

The incidence of fungal infections in Saudi Arabia is increasing with an increase in the population of
high-risk patients. Still, studies highlighting the impact of environmental fungal agents on infections
in Saudi are limited, and none have examined the Medina region despite the city’s stature, diversity,
and travel flow. This study aims to determine the fungal distribution across the Medina region.

Methods:

A randomized 212 indoor samples were collected based on analyzed data from 1374 questionnaires.
The prevalence of participants to fungal infection was 19.2% and 26.3% in the risk group. Fungal
species were identified via macroscopic and microscopic examination..

Results:

Two hundred and three (96%) samples showed fungal growth. Yeast identified were 78 (34%) Candi-
da species, 56 (25%) non-Candida species. The study identified 13 genera and 20 species for mould,
including 38 (17%) Aspergillus spp., 20 (9%) Rhizopus spp. 9(4%) holoarthic/enteroatric conidio-
genesis,7 (3%) Mucor spp. 4 (2%) of both Penicillium spp. and Neurspora spp. and only 2(1%) of
Madurella spp., 3(1%) Epidermophyton spp., 2 (1%) Lichtheimia spp., and 1(1%) Peacilomyces spp.
Conclusions:

TThis study identified Aspergillus spp. as the most frequent fungi across the Medina region. The
characterization of indoor fungal environment enables healthcare practitioners to anticipate fungal
infection for individuals at risk. These findings can aid the prediction and prevention of fungal infec-
tions and fungal sensitization among the high-risk populations.
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Introduction cause of morbidity and mortality in im-
Fungal infections are the most common munocompromised and chronic disease

patients . This is attributable to the steady
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increase in opportunistic invasive fungal
infections in risk groups 2. It was estimated
that a person inhales 5—5000 conidia of op-
portunistic pathological fungi daily. How-
ever, conidia are harmless cells in most in-
dividuals, except in immunocompromised
patients who are at a higher risk of being
affected by fungal infections *. Patients
with impaired immune systems, such as
diabetes, asthma, and transplant recipi-
ents, are the most susceptible to secondary
infections due to prolonged treatment and
general immunosuppression 4. The prev-
alence of asthma varies worldwide, rang-
ing from 1% —20% for both children and
adults. The prevalence of asthma in Saudi
Arabia, was estimated to be 11.3% °. The
most common fungi found in these patients
are Candida spp., Aspergillus spp., Cryp-
tococcus neoformans, and dermatophytes
6. This study focuses on establishing the
distribution and characterization of the re-
lationship between indoor environments
and fungal abundance across Medina. The
detection and characterization of Medina’s
environmental fungi in the area are inad-
equate. This study aims to determine the
fungal distribution as well as identify the
signature indoor fungi in Medina region
and highlight the prevalence of environ-
mental fungal infections in Saudi popula-

tions.

Materials and Methods

Study Design

This observational cross-section study
assessed the indoor environmental fungi
using a questionnaire for collecting demo-

graphic data and analysis of dust samples.

Inclusion and Exclusion Criteria

The inclusion criteria comprised individu-
als with or without fungal infections, im-
munocompromised illnesses, and healthy
controls. Surveys and samples were ex-
cluded from individuals living outside the

Medina districts.

Data and Sample Collection

The role of the questionnaire was to recruit
the study subjects and to collect data of
their homes. The questions focused on the
resident’s previous or current fungal infec-
tions, immunosuppression status, pets, and
consent for participation. The questionnaire
was distributed using snowball sampling
to different regions in Medina, collected
1374 responses. Samples were collected
from December 2019 to March 2020. The
city’s temperature (°C) and humidity (%)
were moderate across the months (17.7°C
-23.8 °C) and (38%- 28%), respectively.
Questionnaires and samples were sorted
before analysis to remove any inadequate
information and sample. Data were then
normalized by random selection to obtain

an equal number of samples from each dis-
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trict without bias. A final total of 212 sam-
ples were processed after removing insuf-
ficient samples and normalization between
regions of Medina. The participant vacu-
um cleaners’ content (suction power 250—
320 watts) was collected into sterile, well-
sealed, and labeled bags. Sample content
description was recorded, which included

dust, human hair, nails, and cat hair.

Sample Processing

All sample processing was performed in a
class II cabinet for safety reasons and to
avoid any contamination. Fungal identifi-
cation was made using macroscopic and
microscopic fungal morphological classi-
fication using standard mycological meth-
ods (Lactophenol cotton blue staining by
the scotch tape and Gram stain method) ’.
The sample content was transferred to 10
mL falcon tubes and weighted for normal-
ization (0.7 g). Samples were eluted us-
ing 2 mL sterile physiological saline and
vortexed for 30 seconds to be cultured on
the agar. Agar plates were inoculated in
the centre (10 pL) using a platinum loop
(Superior Marienfeld Company - Germa-
ny) then the inoculation was spread using a
glass spreader (Superior Marienfeld Com-
pany - Germany) in a circular motion. Af-
ter incubation at 37 °C for 48 h, all yeasts
and moulds colony were counted manually

then colony-forming-unit (CFU) was cal-

culated, and two dominant well isolated
colonies were selected for purity culture

and further investigation.

Ethical Considerations

This project was approved by the Ethical
Committee of Scientific Research at the
College of Applied Medical Sciences, Tai-
bah University. Ethical training was organ-
ized by the King Abdulaziz City National

Committee of Bioethics.

Statistical Calculation

All epidemiological, statistical, and labo-
ratory data were calculated using Micro-
soft Excel 2016. CFU\ml was calculated
using (number of colonies % dilution fac-
tor) \ volume of sample, prevalence was
calculated using (number of people with
disease / total number of people), frequen-
cy (number of n isolates / total number of
isolates) and risk ratio (RR) (Risk of dis-
ease in a group of primary interest / Risk of

disease in the comparison group).
Results

The Prevalence of Fungal Infections in
Madina

Based on the analysis of the questionnaire
from 1374 participants among different
regions from Medina, the prevalence and
risk of fungal disease who were calculated.
The prevalence of fungal infections among
the participants was 19.2%. The responses

included 133 individuals were identified
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as risk groups (diabetes, asthma, organ
transplant, thyroid disease, irritable bowel
syndrome). The prevalence of fungal in-

fections in risk disease was 26.3%.

The Relationship Between Participants
and Fungal Agents

The randomly selected 212 representative
samples from each home were analysed
considering different variables (Figure 1).
The population risk group analysis showed;
25 individuals (12%) risk group which 14
(7%) had diabetes, 8 (4%) had asthma, and
3 (1%) had an organ transplant, thyroid
disease, irritable bowel syndrome, and 187
(88 %) healthy individuals. The fungal

load among these risk groups was analysed

and showed that six of asthmatic patients
have Candida spp and one Rhizopus spp.
Among diabetic patients, five Candida
spp, three non-Candida spp, and one of
each Aspergillus spp., Rhizopus spp., and
Madurella spp. in their samples. Other risk
groups had only two of Candida spp.
Among 212 participants, 18 cases reported
to have a past fungal infection, which rep-
resented (9%) of the study’s population.
The data revealed that the percentage of
yeast and mould in which they were 134
isolates (60%) and 90 isolates (40%), re-
spectively.

The data include the counts for yeast,

mould, risk groups, previous fungal infec-

Figure 1: Overview of the randomly selected 212 representative samples and their questionnaire data
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tion, previous fungal infection for more
than one family member, causative agent if
known. The data was randomized and nor-
malized to investigate the same number of
homes based on geographical distribution
of Medina regions.

The association between fungal infections
and risk group was measured based on the
risk group ratio. Therefore, the risk ratio
for the risk group was 0.4, indicating that
there is no significant association between
risk group and fungal infections as the RR
is less than 1 (Tablel - A).

The association was carried out between
the isolates found during our study from

risk groups with past infection and isolates

The isolates were classified into yeast and
mould. The RR then was set to be 0.8, in-
dicating no significant difference between
the number of isolates in risk groups with
past fungal infections and the isolates from
risk groups with no past fungal infections
(Table 1 - B).

Fungal Variability in Medina Indoor En-
vironment

Fungal diversity and distribution across
four regions of Medina were identified. Of
the 212 homes, 203 (96%) homes showed
fungal growth, among them the frequency
of each was found to be as shown in (Table

2), whereas 9 (4%) showed no growth.

Table 2: The frequency of signature species in Medina

from risk groups with no past infection. Frequency Relative
Table 1: Association between the fungal load in risk groups Frequency %
with past fungal infections and risk group with no past Fungal isolate
fungal infections in addition to the number members living Candida Yeast 78 34 %,
in a household. Non-Candida 56 25%
A Past fungal | No infection | Total Yeast
infection Aspergillus spp. 38 17 %
Number of Rhizopus spp. 20 9%
Risk groups 2 23 25 Mucor spp. 7 3%
Healthy 37 150 187 Holoarthic\En- 9 4%
people teroatric
Total 39 173 212 Madurella spp. 2 1%
Neurspora spp. 4 2%
B Yeast Mold Total Penicillium spp. 4 2%
Risk groups Epidermophyton 3 1%
With past 120 24 144 °PP-
fungal infec- Lichtheimia spp. 2 1%
tion Paecilomyces 1 1%
With no 1203 120 1323 SPP-
past fungal The analysis of dominant fungal strains
infection
Total 1323 144 1467 | showed; Candida spp, were more frequent

than non-Candida spp. The highest number
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of Candida spp isolate was 20 (36%) that
was found in the Eastern regions of Medi-
na, whereas the lowest number 9 (16%)
was obtained from the Northern region.
The highest number of Candida spp was 22
(28%), obtained from the Eastern region,
whereas the lowest number 15 (19%) was
obtained from the Western region. Based
on macroscopic and microscopic examina-
tion, each region showed the presence of
distinct types of fungi. As for the moulds,
13 genera and 20 species were identified.
Aspergillus spp. accounted for the highest
count, which was 38 homes (15%); they
were found mainly in the Northern region
in 13 homes (34%) and least in the South-
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30% . ] .
20% .
10% . l
0, 1R
Weast West East  East
mold yeast mold yeast mold

ern region in 7 homes (19%). The second
most counted type of moulds was Rhizo-
pus spp., which was found in 20 homes
(9%); as they were found mainly in the
Western region in 9 homes (45%) and less
common in the Eastern region in 3 homes
(15%) (Figure 2). Other moulds were also
detected, such as Mucor spp. In 7 homes
(3%), Neurospora spp. In 4 homes (2%),
Penicillium spp. 4 in homes (2%), Epider-
mophyton spp. In 3 homes (1%), Madur-
ella spp. In 2 homes (1%), Lichtheimia
spp in 2 homes (1%), Paecilomyces spp.
In 1 home (1%) and unknown fungi with
holoarthic/enteroatric conidiogenesis in 9
homes (4%). A total of 134 (60%) yeasts

B Peacilomyces
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Figure 2: Distribution of fungi in different regions of Medina
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and 90 (40%) moulds were isolated and
analyzed. Candida yeasts were the most
dominant yeast compared to non-Can-
dida yeast. Aspergillus spp. were the most
dominant followed by Rhizopus spp. in the
Northern region and least prevalent in the

Southern region.

Aspergillus Species in Medina Indoor En-
vironment

Among Aspergillus spp., A. candidus 9
houses (24%) were the most dominant spe-

cies, followed by A. niger and A. terreus

complex in 6 homes (16%), 4. flavus com-
plex in 5 homes (13%), while 4. fumigatus
complex, 4. ustus complex, and 4. versi-
color complex showed a low presence in
2 homes (5%) each; however, A. oryzae
and A. glaucus complex in one home (3%)
were the lowest to be detected. A. niger
was only found in the Northern and South-
ern regions. Likewise, 4. oryzae, A. ustus
complex, and 4. versicolor complex were
only exclusively found in the Eastern and

Western regions (Figure 3).

A. Aspergillus Species in Al-Medina

B Aspergillus flavus

B Aspergillus versicolor
Aspergillus niger

B Aspergillus terreus

B Aspergillus ustus

B Aspergillus candidus

B Aspergillus fumigatus

B Aspergillus oryzae

B Aspergillus glaucus

B Other Aspergillus

B.North

e

D.East

Distriq’%s
3%
5%

3
5%
16%
5%
C.So
14%
E.Wes

Figure 3: Distribution of Aspergillus spp. across all the regions of Al-Medina Al-Monawwarah.
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A. Aspergillus spp. across all the regions
of Medina A. candidus was the highest
followed by A. niger and A. terreus com-

plex.
B. Aspergillus spp. in the Northern region

of Medina. A. niger and A. terreus com-

plex had the highest numbers.
C. Aspergillus spp. in the Southern region

of Medina A4. terreus complex was the
highest to be detected.

D. Aspergillus spp. in the Eastern region
of Medina 4. candidus was the highest fol-
lowed by A. flavus complex and 4. ferreus

complex

E. Aspergillus spp. in the Western region
of Medina A4. terreus complex was the
highest.

Discussion

This study aimed to calculate the prev-
alence of fungal infections, identifying
the signature indoor fungi and determine
their distribution in Medina. We hypothe-
sized that this region has signature fungal
species that may have further contribut-
ed to the public health. As seen in mod-
ern societies, people spend 90% of their
time indoors, and it is not surprising that
factors contributing to poor indoor quali-
ty are receiving significant attention from
researchers as well as the government &,
Vacuum cleaner dust samples were select-

ed as representative indoor environmental

samples, with a heterogeneous mixture
of emanation from human subjects, pets,
plants, and air. It also contained viable
and non-viable fungi, fungal proteins, my-
cotoxins, and endotoxins °. The vacuum
cleaner was used as sampler for simplic-
ity compared to the air sampling method
in regards to, homes privacy, time, and ac-
cessibility to a larger sample size. Environ-
mental fungi may be inhaled or ingested
due to their adherence, invasion, and col-
onisation properties '°. We identified Can-
dida and Aspergillus spp as opportunistic
fungi, which ranks as top pathogenic fungi
for immunocompromised patients ':'2, The
dominance of these species in the indoor
samples may serve a high risk of infection.
Many factors facilitate the occurrence of
these fungal infections such as contamina-
tion of surfaces, poor hand hygiene, and
indoor air pollution. Patients administered
immunosuppressive drugs for prolonged
periods are at a higher risk for infection
613 A recent study highlights an increased
incidence of superficial fungal infections
in diabetes patients . This study includ-
ed many individuals at risk of fungal in-
fections (patients with diabetes, asthma,
organ transplant, chronic diseases, thyroid
disease, irritable bowel syndrome, and
allergy). In this study, only a few partici-
pants had fungal infections; two of them

were in the class of risk group. However,
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population size was not enough to evaluate
their exposure risk to fungal disease. The
prevalence of fungal infections among all
participants in this study showed a result
of 19.2%. Participants with risk disease
showed a prevalence of 26.3% for fungal
infections. However, the study investiga-
tion and results were all based on the data
obtained from the 212 samples collected
from participants and the questionnaire
data so we were able to identify only su-
perficial fungal infection without system-
ic fungal infection; based on this, clinical
specimens analysis are recommended in
order to identify systemic fungal infection
or conduct data collection analysis study
from hospitals to obtain patient history
whether a previous systemic or superficial
fungal infection were acquired or not.

Nine culture plates out of 212 were neg-
ative using Sabouraoud Dextrose Agar,
which further confirmed the limitation of
routine culture not supporting the growth
of all types of fungi. Other methods such
as Polymerase Chain Reaction (PCR) or
sequencing are best to enhance the detec-
tion and allow comprehensive analysis.
Many studies highlighted the superiority
of PCR over culture in patient samples and
environmental studies. Ross et al, found
that 25% of negative cultures were found
to be positive for dermatophytes using
PCR 5. Another study showed, indoor dust

samples were examined using mould-spe-
cific quantitative PCR (MSQPCR) '¢. This
study focused on fungal presence in an in-
door environment during wintertime when
allergic symptoms are higher. Yet, other
seasons may show slight variations. Geo-
graphical location and climate are impor-
tant determinants that affect the biodiver-
sity of yeasts and moulds. In this study, the
total number of yeast isolates was higher
than that of mould isolates. These findings
could be explained considering humidity
as a factor, as moulds prefer to grow under
high humidity. It has been shown that sev-
eral moulds begin to grow when humidity
exceeds 55% ', while the highest growth
was recorded when humidity ranged be-
low 70% '¥. During the study conduction,
indoor humidity was not recorded in each
home. However, the city’s highest humid-
ity recorded between December 2019 and
March 2020 was 38%. Although the tem-
perature range during the study was suit-
able for the growth of both moulds and
yeasts, temperature alone as a factor was
insufficient to promote higher growth of
moulds .

This study reported Aspergillus spp. and
Rhizopus spp. being the most common
mould found in Medina. Several charac-
teristic features enabled Aspergillus spp.
to be the most dominant, such as tolerance

to high temperatures, pH and other stress
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conditions . Rhizopus spp. is known as
spoilage microorganism and is commonly
found in agricultural products and food fer-
mentation process *'. Another finding was
reported by Aquino ef al, in which that the
most frequent fungi present in the air filter
of vacuum cleaners were environmental
contaminants such as Rhizopus spp. and
Aspergillus spp. 2.

Among Aspergillus spp., Each district
showed varied distribution. A. niger and
A. terreus complex were the highest in
the North region, A. ferreus complex was
the highest in the South and West regions,
and A. candidus was the highest in the
East region. These variations may be due
to different factors and influences such as
indoor sources (ventilation, building stat-
ue like wall cracks, exposed places, and
dampness) besides participants’ occupa-
tion and pet’s reservoirs. In this study, we
found that the North region ranked with
the highest number of household pets.
Aspergillus spp. Wide range of thermo-
tolerance increases its dominance among
other mould species. For example, tem-
peratures (20-25°C) allowed A. versicolor
to grow. As for the other species of As-
pergillus, preferred to grow at (37°C). A.
niger is known as an outdoor fungus that
prefers warm soil, this may indicate their
increased transfer from outdoor sources.

A. niger was only detected in the Northern

and Southern regions which was probably
due to the increase of outdoor playgrounds
and parks in the Medina region. The abun-
dance of these species in the Northern and
Southern regions may also be due to the
presence of farms and suitable groundwa-
ter providing an optimal growth environ-
ment %°. In contrast, A. oryzae, A. ustus
complex, and A. versicolor complex are
known as indoor fungi that are usually
found in damp environments (xerophilic
area) and food products. Since Eastern and
Western regions have limited farms and
plants (outdoor sources), the predominant
fungi in these regions were indoor fungi,
such as A. oryzae, A. ustus complex, and
A. versicolor complex 2.

The most common yeast species observed
was Candida spp. However, further testing
to differentiation between Candida albi-
cans and other Candida spp. could not be
completed due to the COVID-19 pandem-
ic and quarantine. Nowadays, environ-
mental isolates and non-pathogenic fungi
are becoming a threat. Both aspergillosis
and mucormycosis are ranked the highest
reported fungal infection in immunocom-
promised patients >*. Coronavirus disease
2019 (COVID-19) has been associated
with a wide range of opportunistic fungal
infections. More importantly, aspergillo-
sis has been reported as the main fungal

pathogen for co-infection in COVID-19
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patients .

Conclusion

This study evaluated the diversity of the
environmental fungal isolates across Medi-
na. We showed that household dust was an
important source of exposure to environ-
mental fungi. The results of this study indi-
cate that Aspergillus spp. and Candida spp.
were the most dominant species in Medi-
na. However, further efforts are needed to
examine the dust samples using other diag-
nostic methods such as PCR, sequencing
to ensure that all fungal strains, even rare
and unculturable ones are detectable. Al-
though this study focused on investigating
environmental samples, further studies on
establishing a correlation between house-
hold environments of patients, exposure
to fungal strains and health are necessary.
This study will increase awareness about
the spectrum of fungal species across the
Medina region and promote better hygiene
practices and periodic decontamination of
the households. The findings of this study
have several important implications for fu-
ture practice which help the development
of appropriate control strategies to elimi-
nate fungal exposure for immunocompro-
mised, COVID-19 and other patients at
risk, further improving public behaviour
and health.

Funding
This research did not receive any specific
grant from funding agencies in the public,

commercial, or non-profit sectors.

Acknowledgments

We would like to express our thanks to the
University of Taibah and the College of
Applied Medical Sciences for giving ac-
cess to the appropriate laboratory and to

Ms. Rania Osta for her technical support.

Conflict of Interest
The authors declare no potential conflicts

of interest.

Author Contributions

Project conceptualisation, methodology,
resources, validation, project administra-
tion, and supervision: Aiah Khateb
Formal analysis, investigation, and data
curation: Aiah Khateb, Fadwa Moham-
med, Fai Alsubhi, Razan Abdullah and
Saniyya Alkatib

Writing—original draft preparation
Fadwa Mohammed, Fai Alsubhi, Razan
Abdullah and Saniyya Alkatib

Rewriting—review and editing
Aiah Khateb

Visualisation
Fadwa Mohammed and Razan Abdullah

Financial Disclosure Statement
This work was self-funded by the main

PI and no specific funding for this work

Prevalence of Mycoses and investigation of Fungal Indoor Environment



Majmaah Journal of Health Sciences ,Vol. 11, Issue 2, April - 2023, Ramadan - 1444

was received. All authors have read and

agreed to the publication of this version of

the manuscript. All authors declare that no

competing interests exist.

References

1.

Walsh TJ, Groll AH. Emerging fun-
gal pathogens: evolving challenges to
immunocompromised patients for the

twenty-first century. Transplant Infec-
tious Disease. 1999 Dec;1(4):247-61.

Low C, Rotstein C. Emerging fungal
infections in immunocompromised pa-
tients. F1000 Med. Rep. 2011, 3.

. Rosehart K, Richards M, Bidochka M.

Microsatellite analysis of environmen-
tal and clinical isolates of the opportun-
ist fungal pathogen Aspergillus fumig-
atus. Journal of Medical Microbiology.
2002, 51(12), 1128-1134.

Guo R, Zheng N, Lu H, Yin H, Yao J,
Chen Y. Increased diversity of fungal
flora in the vagina of patients with re-
current vaginal candidiasis and aller-
gic rhinitis. Microbiology. Ecol. 2012,
64(4), 918-927.

Al Ghobain O, Algazlan S, Oreibi M.
Asthma prevalence among adults in
Saudi Arabia. Saudi Medical Journal.
2018, 39(2), 179.

Diba K, Rhaimirad M, Makhdoomi
K, Khorshidvand Z. Identification of

Candida species isolated from hospital
acquired infections cases and hospital
indoor environments. African Journal
of Microbiology Research. 2012, 6(2),
4164-4168.

Campbell C, Johnson E. Identification

of pathogenic fungi. John Wiley &
Sons; 2013.

. Aquino S, de Lima J, Do Nascimento

A, Reis F. Analysis of fungal contam-
ination in vehicle air filters and their
impact as a bioaccumulator on indoor
air quality. Air Quality Atmos Health.
2018, 11(10), 1143-1153.

Osunmakinde C, Selvarajan R, Ogola
H, Sibanda T, Msagati T. Microbiologi-
cal air quality in different indoor and
outdoor settings in Africa and beyond.
In Current Microbiological Research in
Africa 2020 (pp. 137-174).

10. Ghannoum A, Jurevic J, Mukherjee K,

11.

Cui F, Sikaroodi M, Naqvi A, et all.
Characterization of the oral fungal mi-
crobiome in healthy individuals. PLOS
Pathogens 2010, 6(1), e1000713.

Soontorngun N, Somboon P, Watchapu-
ti K. Frontier in antifungal treatments
against major human fungal oppor-
tunistic pathogen candida species and
medically important fungi. In Non-con-

ventional Yeasts: from Basic Research

Prevalence of Mycoses and investigation of Fungal Indoor Environment



Majmaah Journal of Health Sciences ,Vol. 11, Issue 2, April - 2023, Ramadan - 1444

to Application 2019.

12.Bastos R, Valero C, Silva L, Schoen T,
Drott M, Brauer, V, et all. Functional
characterization of clinical isolates of
the opportunistic fungal pathogen As-
pergillus nidulans. Am. Soc. Microbi-
ology. 2020, 5(2).

13. Deacon W. Fungal Biology: John Wiley
& Sons; 2013; 384.

14. Gupta A, Humke S. The Prevalence
and management of onychomycosis in
diabetic patients. European Journal of
Dermatology. 2000, 10(5), 379-384.

15.Ross I, Weldhagen G, Kidd S. Detec-
tion and identification of Dermatophyte
fungi in clinical samples using a com-

mercial multiplex tandem PCR assay.
Pathology 2020 Jun;52(4):473-7.

16.Norbdck D, Cai G. Dampness, indoor
mould, fungal DNA and respiratory
health-molecular methods in indoor
epidemiology. Clinical and Experimen-
tal Allergy 2015 Apr 16;45(5):840-3.

17.Block S. Humidity requirements for
mold growth. Applied Microbiology.
1953, 1(6), 287-93.

18.Pasanen A, Pasanen P, Jantunen M,
Kalliokoski P. Significance of Air Hu-
midity and Air Velocity for Fungal
Spore Release Into the Air. Atmospher-

ic Environment Part A General Topics

1991, Jan;25(2):459-62.

19.Deak T. Environmental factors influ-
encing yeasts. Biodiversity and Eco-
physiology of Yeasts: Springer 2006,
155-174.

20.Bossche H, Mackenzie W, Cauwen-
bergh G. Aspergillus and Aspergillosis.
Springer; 1988.

21.Dolatabadi S, Walther G, Van Den Ende
A, De Hoog G. Diversity and delimita-
tion of Rhizopus microsporus. Fungal
Divers. 2014, 64(1), 145-163.

22.Samson R, Hoekstra E. Introduction to
Food and airborne fungi. Centraalbu-

reau Voor Schimmelcultures 2004.

23.Rokas A. The effect of domestication
on the fungal proteome. Trends Genet.
2009, 25(2), 60-63.

24.Azoulay E, Russell L, Van de Louw
A, Metaxa V, Bauer P, Povoa P, et all.
Diagnosis of severe respiratory infec-
tions in immunocompromised patients.
Intensive Care Medicine.2020. 46(2),
298-314.

25.Song G, Liang G, Liu W. Fungal
Co-infections Associated with Global
COVID-19 Pandemic: A Clinical and
Diagnostic Perspective from China.
Mycopathologia.

2020  Aug;185(4):599-606.

Journal Pre-proof.

Prevalence of Mycoses and investigation of Fungal Indoor Environment



