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Abstract

Despite the fact that spores are present in various environments, hospital indoor
surroundings might cause the spread of pathogenic fungi among patients in hospitals.
Nosocomial infections, also called hospital-acquired infections, frequently occur by
pathogenic airborne organisms that are found in hospitals and the areas around them.

The aim of this study was to isolate and identify airborne fungi presented in the
hospital environments in Koya city and Molecular identification for candida species
isolates; with a band size of 375-871 bp and evolution of Zinc oxide and Iron-oxide
nanoparticles activity against candida species. The investigation was done in five
government hospitals and healthcare facilities, which included; Shahid Doctor Khalid
Hospital, Shahid Doctor Handren Health Center, Haji Qadr Health Center, Bawaji
Health Center and Shahid Doctor Kawa &Dental Center. A total of 225 air samples
from various wards in each of these hospitals were cultured. They were isolated on
sterile petri dishes filled with Sabouraud Dextrose Agar (SDA) amended with
chloramphenicol. These plates were left open in the investigation site for 20 minutes.
Each sample is properly identified then taken to a lab for routine microbiological
processing and analysis. 16 genera of pathogenic and opportunistic fungi have been

observed in the selected hospitals.

These isolates were distributed in Shahid Doctor Khalid Hospital (32%), Shahid
Doctor Handren Health Center (17%), Haji Qadr Healh Center (15%), Bawaji Health
Center (12%) and Shahid Doctor Kawa &Dental Center (23%). The results of the
laboratory analysis revealed that out of the 198 positive samples analyzed, a total of
60.5% were identified as filamentous fungi, while the remaining 39.5% were identified
as yeast isolates. The most common airborne fungi included: The filamentous fungi
which was distributed as Aspergillus spp. (25.26%), Penicillium sp. (8.25%) and
Curvularia sp. (6.19%). The yeast isolates were distributed as Candida spp. (28.35%),
Cryptococcus sp. (6.87%) and Rhodotorula sp. (3.61%).

VIl



To identify the most isolated species of candida, molecular diagnosis using PCR
was used. Polymerase chain reaction using ITS1(18S) and ITS4 (28S) oligonucleotide
universal primers amplified rRNA genes and the 5.8S gene of the fungi. C. albicans,
C. glabrata, C. parapsilosis, C. krusei and C. lusitaniae were identified using these
primers. They were registered in the National Centre for Biotechnology Information
database (NCBI).

An additional part of this study was aimed to evaluate the antifungal activity of
metal oxide nanoparticles, particularly zinc oxide and Iron-oxide against different
Candida spp. and compared with fluconazole (FLU). Zinc oxide and lron-oxide
nanoparticles were characterized by X-ray Diffraction Analysis (XRD) and Scanning

Electron microscope (SEM).

The efficacy of ZnONPs and IONPs were studied at concentrations
(1000,500,250,125 and 62.5) pug/ml against 5 isolates of Candida spp. by agar plate
well diffusion assay. The results showed high inhibition effect of ZnONPs on C.
lusitaniae and C. glabrata followed by, C. krusei. While high inhibition effect of IONPs
presented in C. parapsilosis and C. glabrata. The results showed that Candida spp.
were susceptible to NPs and the inhibition rate increases with the increase of

concentration.

For the minimum inhibitory concentration (MIC) by broth microdilution
methods, it is found that MIC of ZnO-NPs and IONPs against Candida spp. were
reported to be 64-512 pg/ml ,16-128 and 64-512 nug/ml for the FLU. The results
revealed that MICs for antifungals against Candida spp. were had very good invitro
activity, the lowest MIC of IONPs in C. glabrata and C. lusitaniae werel6 ug/ml. While
the lowest MIC of ZnO-NPs was observed for C lusitaniae and C albicans were 64

pg/ml.
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Chapter One

Introduction



1.1 Introduction

The public health can be influenced by several agents present in both indoor and
outdoor environments, including physical, chemical, and biological factors. Problems
of indoor air quality in hospitals is a matter of concern due to the presence of an
extensive variety of infectious airborne microorganisms, which have the potential to
contribute to the occurrence of hospital-acquired infectious diseases (Sudharsanam et
al., 2012). The hospital environment has been identified as a potential habitat for
various airborne diseases such as bacteria and fungi. Fungi are the most common types
of microbes found in hospitals. Because fungi grow slowly, mycoses are often cause
chronic disorders. Mycoses are divided into five categories based on the degree of
tissue involvement and mechanism of entry: superficial, cutaneous, subcutaneous,
systemic, and opportunistic Mycoses. The spread of fungal spores by free-living fungi,
which enter the host via inhalation or injury, results in the development of numerous
serious illnesses. Some fungi secrete mycotoxins, which are fungal toxins that cause

disease (Tortora et al., 2010).

Fungi are quite similar to humans and animals since they are all eukaryotic
organisms, and their structures and metabolism are similar to those of their hosts. As a
result, anti-fungal that damage fungal cells may also affect human and animal cells.
Because of this, fungal infections in both humans and animals are frequently difficult
to treat. The damage caused by these fungi is caused by their poisons and enzymes,

which cause penetration of the tissues and hypersensitivity (Tormo-Molina ef a/., 2012)

Immunocompromised patients are more sensitive to nosocomial infections since
their defensive ability has been reduced, either related to cancer,
hemolymphoproliferative disorders, elderly patients or HIV infection, medical therapy,
or organ transplantation. The most common potential causes of infection in the hospital
air are bioaerosols. Fungi are the most common forms of bioaerosols seen in hospital

environments ( Park et al., 2013)

Filamentous fungi from the Aspergillus spp., Penicillium sp., Mucorales
(Rhizopus sp.), Fusarium spp., Trichophyton spp., Chrysosporium sp., Cladosporium
sp., and Acremonium sp. dominate airborne micro-fungi in indoor hospital
environments. Candida spp., Trichosporon, Rhodotorula, Saccharomyces, and

Cryptococcus yeast isolates have also been discovered. The concentration and



variability of bioaerosols in the hospital can be used to assess the sanitation of these

environments (Martinez-Herrera et al., 2016) .

PCR techniques may identify extremely small amounts of DNA, resulting in
rapid identification of pathogenic fungi and, as a result, earlier initiation of antifungal
therapy, which may enhance survival prospects. These approaches have a high degree
of specificity and sensitivity in detecting the presence of fungus (Alothman, 2012). The
ITS region has been suggested as the universal fungal barcode sequence since it is the
most frequently sequenced DNA region in fungi molecular identification (Peay ef al.,

2008).

Candida yeasts are among the most commonly observed pathogens in
healthcare-associated infections (HAIs). Due to the fact that the clinical isolates of
Candida are becoming more resistant to antifungals (Costa et al., 2016), it was essential
to explore alternative treatments that exhibit strong efficiency against pathogenic
fungus. Notably, nanoparticles have emerged as an excellent choice due to their great

effectiveness in preventing pathogenic fungi (Torabi & Doudi, 2016).

Nanotechnology is an emerging field of study that specifically focuses on
particles within the size range of around 1 to 100 nm. Nanoparticles (NPs) are
extensively employed in the field of nanomedicine for preventing bacterial and fungal
infections, with a low possibility of pathogens acquiring resistance to their effects. NPs
are widely accepted as viable options for facilitating the delivery of therapeutic
medicines to specific target sites (Brandelli, 2012). Many different types of metal and
metal oxide nanoparticles (NPs), including silver (Ag), silver oxide (Ag20), titanium
dioxide (TiO2), zinc oxide (ZnO), gold (Au), iron oxide, calcium oxide (CaO), silica
(S1), copper oxide (CuO), and magnesium oxide (MgO), are currently demonstrated to

be capable of antimicrobial effects.(Dizaj et al., 2015).

The toxicity of zinc oxide nanoparticles (ZnO-NP) was found to be the highest
among other types of metal oxide nanoparticles when evaluated against Candida
species. The disruption of membrane integrity by ZnO is attributed to the generation of
reactive oxygen species, which subsequently induce fungal destruction (Hosseini SS et
al.,2011). Furthermore, the synthesis of hydrogen peroxide by zinc oxide nanoparticles

has been found to play a crucial role in their antifungal action. ZnO nanoparticles



demonstrate selective toxicity towards fungal organisms, while demonstrating minimal

effect on both human and animal cells (Eskandari et al., 2009).

Iron-oxide nanoparticles (IONPs) are widely recognised as highly adaptable and
safe nanomaterials, additionally considered as non-toxic substances. Iron oxide
nanoparticles become widespread use in several applications related to their
biodegradability, minimal cytotoxicity, and the presence of a reactive surface that may
be altered with biocompatible coatings (Abdeen et al., 2013). With the development of
nanotechnology, IONPs have been shown to be effective against many different kinds
of viruses (Kumar et al., 2019) antiparasitic (Shukla et al., 2015), bactericidal (Tran et
al., 2010), antibiofilm (Prodan et al., 2013), antifungal (Prucek et al., 2011) and wound
healing (Tocco ef al., 2012). The antimicrobial efficacy of the IONPs exhibits a strong
association with the oxidative stress induced by reactive oxygen species (ROS).
Reactive oxygen species (ROS), which encompass hydrogen peroxide, superoxide
radicals (O2-), hydroxyl radicals (~OH), and singlet oxygen (102), have the potential
to induce damages to DNA and proteins within pathogenic microorganisms, which

includes bacteria and fungi ( Rudramurthy et al., 2016).

1.2 Objectives of the study:

1- Isolation and identification of airborne fungi from hospitals environment in Koya
city, which will be helpful in future to reduce fungal hospital-acquired infection (HAI)

rates.

2- Molecular diagnosis to characterize isolates of Candida species from hospital

environment.

3- Characterization of ZnONPs, IONPs nanoparticles by scanning electron

microscope (SEM), and X-ray diffraction (XRD).

4- Evaluate the antifungal activity of ZnONPs and IONPs against different Candida
spp. compared with fluconazole (FLU).

5- Determination of the minimum inhibitory concentration of ZnONPs, IONPs and

FLU.
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2.Literature Review

2.1 Airborne Fungi in hospital

Fungi are a type of microorganism that belong to the eukaryotic domain. Fungi
have the ability to manifest as either yeasts, moulds, or a combination of both
morphological forms. Certain types of fungi have the ability to induce various forms of
diseases, including superficial, cutaneous, subcutaneous, systemic, or allergic reactions.
Yeasts are unicellular fungi that undergo a kind of asexual reproduction known as
budding. In contrast, moulds are characterised by the presence of elongated filaments
called hyphae, which exhibit growth through apical extension (McGinnis & Tyring,
1996).

Fungal spores are microscopic particles responsible for the reproduction of
fungi. They typically range in size from 2 to 50 pm in diameter, with most allergenic
spores in the respirable size range of 3 to 10 um ( Filippo et al., 2013). Meteorological
and climate conditions, such as temperature and relative humidity, influence the
concentrations of spores in the air (Ponce-Caballero et al., 2013). For example, dry air
spore fungi can disperse long distances under low relative humidity and high wind
speed. Wet weather spores tend to disperse during and after rainfall (Khattab & Levetin,
2008).

Fungi that disperse via the atmosphere are referred to as airborne fungi, and due
to their opportunistic nature, they have the potential to induce diseases in people.
Airborne fungi have a significant impact on human health, mostly due to their ability
to induce allergic reactions, irritate mucous membranes and skin, and cause fungal
infections in those who are sensitive to their spores and toxic products (Setlhare et al.,

2014).

Within healthcare facilities, the composition of the airborne microbiota
primarily consists of filamentous fungi, with a particular emphasis on species such as
Aspergillus, Cladosporium, Paecilomyces, Penicillium, and Scopulariopsis. Yeasts,
specifically Candida, Rhodotorula, Cryptococcus, and Trichosporon species, have also
been discovered in the airborne environment. However, there is limited knowledge

regarding the mechanisms by which these yeasts maintain their suspension in the air.



All of the genera mentioned before have been identified and documented as
possible infections in humans, especially the Candida genus. Candida is recognised as
the most common causal agent of fungemia in hospitals (Cordeiro et al.,2010). Invasive
candidiasis is a potentially fatal infection attributed to these fungal organisms, primarily
manifesting within Intensive Care Units (ICU) environments (Presente et al., 2023).
Invasive candidiasis is the main factor in mortality and morbidity in low birth weight
and premature neonates in neonatal intensive care units (NICUs) (Caggiano et al.,
2017). Furthermore, the incidence of opportunistic infections caused by Candida
species may be correlated with newborns who require invasive therapies, such as the

insertion of catheters (Ezenwa et al., 2017).

Exposure to airborne microorganisms provides a significant risk factor for
human health. Research has demonstrated that microbes originating from
environmental reservoirs have the ability to disseminate across considerable distances
through the movement of air currents, which leads to their inhalation, ingestion, or
contact with persons who have not been in direct contact with the infectious source
(Fernstrom & Goldblatt, 2013).

The quality of the air inside hospitals is an important part of preventing
nosocomial respiratory diseases. Microorganisms can be found in places like soil,
water, dust, and decaying organic matter, among other places. Once these substances
are brought into a hospital by people, air currents, or building materials, the
microorganisms that live in them can grow and spread in different indoor ecological
areas (Shelton et al., 2002). The inhalation of fungal spores has the potential to give
rise to a range of fungal diseases in individuals who are susceptible to such infections.
The recognition of the significance of environmental data on fungus is growing with
the increase of the populations of elderly patients, cancer patients, solid organ
transplantation patients, premature babies, and hematopoietic stem cell transplantation
(HSCT) recipients (Gangneux et al., 2016). Despite the fact that mortality and
morbidity rates related to invasive fungal diseases are still extremely prevalent, the
number of antifungal treatment medicines that are now available is rather low when

compared to antibacterial agents (Roemer & Krysan, 2014).



Numerous investigations indicate that the quantitative and qualitative
distribution of fungi in the atmosphere exhibits geographical variations and is further
affected by seasonal climate and environmental variables. These factors include
temperature, air humidity, time of day, the direction and speed of the wind, the presence

of human activity, and the type of ventilation used in enclosed spaces (Kim et al., 2010).

While it is uncommon for fungi to induce symptoms in humans, this can be
attributed to the presence of immunity and other effective defence mechanisms, such
as cell-mediated (T-dependent) immunity. However, in cases where the host's immune
system is impaired, it might result in the uncontrolled proliferation of fungus and then
lead to the development of an infection. Approximately 11% of infections observed in
organ transplant patients, specifically in cases such as kidney transplants, can be

attributed to fungal pathogens(Verma et al., 2015).

Aspergillus and Candida species were found to be the cause of infections in
80% of solid organ transplant patients. In the last two decades, the number of weakened
people who get invasive aspergillosis has steadily increased. This is a major problem
that can be fatal. Exposure to fungi is a risk factor not just for people with weakened
immune systems but also for healthy people who may develop a hypersensitivity to the
fungal allergen. This hypersensitivity can lead to lung problems like asthma and allergic
alveolitis. Aspergillus fumigatus, a saprophytic fungus, is commonly seen in diverse
environmental settings and is known to regularly induce allergic reactions, including
bronchopulmonary allergic aspergillosis. Numerous investigations have documented
the potential emergence of respiratory diseases subsequent to hypersensitivity reactions
to diverse fungal species, including Penicillium, Cladosporium, and Rhizopus. Multiple
strains of Aspergillus and Penicillium appear to be significantly implicated in the

development of asthma and allergic alveolitis (Shoham & Marr, 2012).

2.2: Nosocomial fungal infections



Nosocomial infections, which are also called "hospital-acquired infections",
refer to infections that are acquired during a patient's hospital stay and were not present
or in the incubation stage at the time of admission. Nosocomial infections are typically
defined as infections that manifest more than 48 hours following a patient's admission

to a healthcare facility (Sardi et al., 2013).

Nosocomial fungal infections are important causes of mortality in patients who
are admitted to healthcare facilities, particularly in populations with weakened immune
systems. The main types of microorganisms involved are Candida spp., Aspergillus
spp., Mucor sp., and Fusarium sp. Nosocomial fungal diseases will become more
common in the coming decades because of the reasons behind them. The risk factors
are due to the widespread use of invasive treatments like stem cell transplants, organ
transplantation, chemotherapy, and immunosuppressive drugs, which weaken the
immune system, which one of the risk factors. With the suggested infection control
methods, immunocompromised hospital patients can avoid getting candidiasis from a
catheter and also have less exposure to airborne Aspergillus spores. By teaching
medical staff how to use medical equipment, many of these infections can be avoided
without the need for high costs or modern equipment’s. During times of severe
immunosuppression, people who are likely to get invasive fungal illnesses should think

about antifungal prophylaxis (Moazeni et al., 2018).

In both intensive care units and neonatal intensive care units (ICUs) the
predominant cause of fungal infections is attributed to yeasts belonging to the Candida
genus, with Candida albicans being the most commonly seen species, accounting for

approximately 80% of cases (Akeme Yamamoto et al., 2012).

For instance, the rates of HAIs have exhibited considerable variation, with
percentages ranging from 1% in selected regions of Europe and North America to over
40% in specific areas of Asia, Latin America, and Sub-Saharan Africa (Saxena & Mani,

2014).

According to a study done by Napoli et al., (2012), the climate and other factors
of hospitals play a significant role in the biological quality of their indoor air, and the
quality of filtered air conditioning in hospitals is an effective means of reducing

nosocomial infections. It has been reported that the High Efficiency Particulate Air



(HEPA) filtration system prevents invasive pulmonary aspergillosis in

immunocompromised patients in isolation wards.

2.3: Major fungi present in hospital environments

2.3.1: Aspergillus spp.

The genus Aspergillus is classified as a phylum Ascomycota. This varied
phylum was originally recognised by its sexual reproductive spore, the ascospore,
which is found in cup fungi, morels, yeasts, and moulds (Lutzoni et al., 2004).
Aspergillus spp. are highly adaptable organisms that can grow on a wide variety of
carbon and nitrogen sources, are quite thermotolerant (37-50 °C) because they have
ribosomal biogenesis proteins, and are able to tolerate high osmotic pressure (Jacob
Kizhakedathil et al., 2017). Aspergillus species derive nutrition from decaying organic
matter within the environment, and their reproductive process primarily occurs through

asexual means, specifically by means of conidia (Latgé & Chamilos, 2019).

There are more than 24 Aspergillus species that can cause disease in humans,
but 4. fumigatus, followed by A. terreus and A. flavus, are the species that have been
linked to the most infectious diseases (Gibbons & Rokas, 2013). Depending on the
immunological condition of the host, aspergillosis can manifest as a variety of different
symptoms. As a result, the consequences can range from being life-threatening, as
shown in invasive pulmonary aspergillosis and invasive rhinosinusitis observed in
highly immunocompromised individuals, to not being urgent, as seen in the case of

small aspergillomas in immunocompetent individuals (Montone, 2016).
2.3.1.1: Aspergillus fumigatus

Aspergillus fumigatus is the predominant causative agent responsible for a
substantial majority (60 to 90%) of reported infections. Infections induced by
Aspergillus are frequently found in the lower respiratory tract, lungs, sinuses, and skin.
Direct or hematogenous spread might have an impact on both the central nervous
system (CNS) and cardiovascular system. A. fumigatus is the predominant causative
agent of pulmonary aspergillosis (S. M. Rudramurthy et al., 2019). When Toll-like
receptors (TLR), especially TLR2 and TLR6, interact, airway epithelial cells consume
and eliminate conidia with antimicrobial peptides. Alveolar macrophages complete the

microbicidal effect by phagocytosing escaped conidia. Low neutrophil counts increase
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the likelihood of invasive aspergillosis (IA), therefore neutrophils are also necessary

for pathogen clearance (Humphrey et al., 2016; Kaur et al., 2017).
2.3.1.2: Aspergillus flavus

Aspergillus flavus is an opportunistic pathogen causing invasive and non-
invasive aspergillosis in humans, A. flavus is responsible for around 10% of
bronchopulmonary infections, with rhino-cerebral aspergillosis being the predominant
manifestation. In the environment of healthcare facilities, outbreaks of A. flavus have
been linked to infections affecting the skin, mucous membranes, and subcutaneous
tissues (Vonberg & Gastmeier, 2006). A. flavus produces aflatoxin, which can cause
acute hepatitis, hepatocellular carcinoma, and neutropenia in humans. A. flavus grow
well at 37°C and 42°C, thermotolerance is considered key for Aspergillus pathogenicity

in general.

2.3.1.3: Aspergillus Niger

Aspergillus niger is a widespread opportunistic pathogen found in numerous
both indoor and outdoor environments. 4. niger spores can be quickly aerosolized (Li
et al., 2019) and possess the capacity to be deposited within the bronchioles of the
respiratory system of humans (White et al., 2020). Infections attributed to A. niger have
the potential to give rise to allergic bronchopulmonary aspergillosis (ABPA) or invasive
aspergillosis, both of which can result in fatality among susceptible individual patients

(Barac et al., 2018).
2.3.1.4: Aspergillus versicolor

Aspergillus versicolor is a common fungus that has been linked to osteomyelitis,
ocular disease, cutaneous infection, otomycosis, and onychomycosis. It is a common
respiratory tract coloniser with uncommon occurrences of invasive pulmonary
aspergillosis (IPA) (Charles et al., 2011). Several species of Aspergillus have been seen
to create metabolites, including mycotoxins such as (3-nitro propionic acid, aflatoxins,
and ochratoxin). These metabolites have been reported to negatively affect the process

of phagocytosis (Singh et al., 2021).

2.3.1.5: Aspergillus terreus



Aspergillus terreus 1s a widespread soil saprophyte and the only species of the
genus Aspergillus that forms globose, thick-walled hyaline cells termed accessory
conidia or aleurioconidia (Balajee, 2009). The presence of accessory conidia in infected
individuals' tissues strongly suggests 4. terreus infection, According to (Deak et al.,
2009) it has been proposed that accessory conidia might have a function in the
transmission of disease. Furthermore, new evidence has demonstrated that accessory
conidia can lead to increased inflammatory responses in a model of pulmonary
aspergillosis. The pathogen A. terreus is responsible for a spectrum of diseases,
including aspergilloma, allergic bronchopulmonary aspergillosis, superficial infections

, and invasive disease (Steinbach ef al., 2004).
2.3.1.6: Aspergillus nidulans

Aspergillus nidulans is an opportunistic fungal pathogen in patients with
immunocompromised, and it is the most common infectious organism among patients
with chronic granulomatous disease (CGD). Although infection with A. nidulans occurs

in non-CGD patients. (Bastos et al., 2020).

The primary route of infection of A. nidulans is via the inhalation of conidia
(asexual spores). In immunocompetent individuals, inhaled conidia are rapidly cleared
by pulmonary resident and recruited neutrophils and macrophages, together preventing
the onset of infection. However, disturbances to the immune system may render an

individual susceptible to infection by 4. nidulans (Henriet et al., 2012).
2.3.2: Penicillium sp.

The majority of Penicillium species are opportunistic infections. They are
typically seen in people with weakened immune systems, and HIV patients are most
frequently affected by them (Le et al., 2010). The exclusive causative agent
responsible for this disease is a thermally regulated dimorphic fungus known as
talaromyces marneffei. The inhalation of spores from the environment leads to the
infection of human beings (Narayanasamy et al., 2021). The disease has the potential
to affect various anatomical systems, including the respiratory tract, skin, intestinal
tract, bones, and joints, and can also exhibit systemic dissemination throughout the
body. Penicilliosis has the potential to affect the respiratory system. There is a frequent

occurrence of confusion between this condition and tuberculosis (TB) (Qiu ez al., 2019).
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2.3.4: Alternaria sp.

The Alternaria genus encompasses a variety of melanized hyphomycetes
species that are known to induce opportunistic infections in humans. The fungus known
as Alternaria is commonly linked to the development of chronic allergic lung or sinus
disease. However, Alternaria is being recognised more frequently as a causative agent
of cutaneous and subcutaneous diseases, rhinosinusitis, and oculomycosis in
individuals with impaired immune systems. This is particularly notable in individuals
who have undergone solid-organ transplantation or who have haematological

malignancies (NaPier & Redd, 2022).
2.3.5: Chrysosporium sp.

Chrysosporium are common saprobes in soil. A lot of them are keratinophilic
fungi that dissolve shed keratin substrates. People can get infections of the skin and
onychomycosis from Chrysosporium sp. Chrysosporium species have also been found
in systemic infections in people who have had a bone marrow donation or who have a
disease called chronic granulomatous disease (CGD). The high fatality rate associated
with systemic Chrysosporium infections is notable. These fungi are occasionally seen
in the diagnostic laboratory, primarily as contamination in cutaneous or respiratory

specimens (Gopal et al., 2020).
2.3.6: Cladosporium sp.

Cladosporium species are widely distributed, saprophytic, dematiaceous fungi,
which are rarely implicated in opportunistic infections in humans and animals.
Cladosporium is commonly encountered as one of the dominant airborne fungi (Ellis et
al.,2007). In most cases, allergic rhinitis may be linked back to Cladosporium (Sellart-
Altisent et al., 2007) or localized superficial or deep lesions (Sang et al., 2012) but,

rarely, can cause disseminated infections (Lalueza et al., 2011).

2.3.7: Blastomyces dermatitidis
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Blastomyces dermatitidis causes blastomycosis. Spores of the fungus cause a
lung infection that might be asymptomatic or life-threatening, like acute respiratory
distress syndrome (Miceli & Krishnamurthy, 2023). After inhalation, conidia enter the
lower respiratory tract. Some people have asymptomatic infections because
bronchopulmonary mononuclear cells phagocytize and neutrophils and macrophages
destroy conidia. When Blastomyces dermatitidis becomes yeast, its thick wall resists
phagocytosis and destruction, causing symptomatic lung infection. The skin is the most
prevalent site of extrapulmonary diseases in 25% to 30% of individuals after

hematogenous spread from the lungs (Lohrenz ef al., 2018).
2.3.8: Mucor sp.

Mucormycosis, which used to be called zygomycosis, is an uncommon,
invasive, and deadly fungal disease that has become more common in the last few years
(Baldin & Ibrahim, 2017). After candidiasis and aspergillosis, this disease is the third
most prevalent invasive fungal infection in patients of haematological and allogeneic
stem cell transplants. An elderly population, the increased number of patients with
immune deficiencies, and the most recent COVID-19 pandemic all contribute to an
increase in the number of people who are at increased risk for Mucorales infections

(Garcia-Carnero & Mora-Montes, 2022).

Lungs, rhinocerebral spaces, sinuses, soft tissue, skin, gastrointestinal tract, and
circulation are all possible infection sites. While spore inhalation is the most prevalent
mode of transmission. The disease can also be contracted cutaneously or
gastrointestinally. This potentially fatal condition primarily affects immunodeficient,
diabetic, and all other forms of immunocompromised people who have a primary

bacterial or fungal infection (Choi et al., 2019).

2.3.9: Candida spp.
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Candida is derived from the Latin word "candid" which means white. Fungal
diseases, especially candidemia, are becoming more common in hospitals, which raises
the risk of morbidity and mortality (Delavy et al., 2019). The term candidiasis or
candidosis is used to refer to infections caused by Candida spp. Candidiasis includes a
wide range of diseases affecting the skin, mucous membranes, and internal organs,
which are caused by fungi belonging to the Candida genus. The term "invasive
candidiasis" relates to infections in the bloodstream caused by Candida spp., commonly
known as candidemia, as well as deep-seated diseases such intra-abdominal abscesses

and peritonitis (Pappas et al., 2018).

The occurrence of invasive candidiasis has been seen to be on the rise, primarily
due to the advancements in medical equipment within healthcare facilities (McCarty &
Pappas, 2016). Candida albicans, Candida glabrata, Candida tropicalis, Candida
parapsilosis, Candida lusitaniae, and Candida krusei are the most common Candida
spp. that cause human diseases (Kullberg & Arendrup, 2015). In certain parts of the
world, a previously rare organism, Candida auris, has emerged as a major pathogen

(Diekema et al., 2012; Lockhart et al., 2017)

Candida infections can be attributed to a variety of risk factors. These factors
refer to the use of wide spectrum antibiotics, decreased immunity, malignancy,
operation, diabetes, and prolonged periods of hospitalisation. The transmission of
Candida spp. can occur by direct contact between hands, and subsequent survival on
hands may remain for a duration of up to 45 minutes (Seneviratne et al., 2008).
Numerous habitats can support the growth of Candida spp. They are able to persist in

a hospital environment for up to four months (Ha ez al., 2011).

Various virulence features, such as the ability to adherence to both living and
non-living surfaces and the production of hydrolytic enzymes, are contribute to the
pathogenesis of Candida spp. Extracellular hydrolytic enzymes make it easier for the
pathogen to adhere to the host tissue, invade it, and destroy it (Deorukhkar & Saini,
2015). The principal occurrence in Candida colonization and infection involves the

process of adhesion to host cells (Silva et al., 2012).

Approximately 50% of nosocomial infections can be attributed to the use of
medical devices (Kojic & Darouiche, 2004). Candida spp. have the ability to develop

biofilm on a wide range of medical equipment, including shunts, implants, stents,

13



catheters, endotracheal tubes, and pacemakers. The capacity to produce biofilms is a
significant virulence determinant in the context of candidiasis (Deorukhkar & Saini,
2013). The creation of biofilms serves as a means of protection against host defence
systems and is also associated with the development of resistance to drugs (Sardi et al.,

2013).

The yeast microorganism C. albicans is the predominant Candida spp. that
commonly causes pathogenic infections in humans. C. albicans is the predominant
species associated with onychomycosis, vulvovaginitis, and oral lesions. C. krusei is a
prominent fungal pathogen known for its ability to induce invasive candidiasis,

predominantly because to its inherent resistance to fluconazole (Gong et al., 2018).

Candida lusitaniae i1s a major opportunistic pathogen commonly found in
individuals with impaired immune systems in healthcare settings. It is mainly obtained

through the respiratory tract, urine, and blood (Deorukhkar & Saini, 2016).

C. parapsilosis is considered one of the most widespread species responsible
for candidemia worldwide. Infections predominantly manifest in individuals who have
been hospitalised in intensive care units (Lockhart et al., 2008), and particularly in
certain populations such as infants, transplant recipients, those with COVID-19, and

cancer patients (Thomaz et al., 2021).
2.3.10: Naganishia albida (Cryptococcus albidus)

Cryptococcus species, belonging to the basidiomycetous yeasts, are recognised
as causative agents for many different types of diseases. Notably, C. neoformans and
C. gattii are known as the predominant pathogenic species within this group (Hagen et
al., 2017). Infections caused by non-neoformans cryptococcal species such as
Papiliotrema laurentii (also known as C. laurentii) and Naganishia albida have lately
increased (Burnik et al., 2007). Naganishia albida is a type of yeast that is sometimes
found on the human skin, in soil, and in the air (Kano et al., 2008). Several cases of
Naganishia albida caused infections, including encephalitis, pneumonia, keratitis, and
cutaneous and disseminated cryptococcosis, have been documented (Huang et al.,

2015).

Cryptococcus sp. pathogenicity factors include capsule formation against

phagocytosis, laccase enzyme expression, and melanin synthesis. Cryptococci change

14



their cell wall integrity, avoid the immune system, and are less likely to respond to
antifungal treatment when melanin produces up on their surfaces (Khawcharoenporn et

al., 2007).

2.3.11: Rhodotorula sp.

Rhodotorula is a prevalent yeast species that is widely distributed in several
environmental habitats, including the atmosphere, soil, freshwater bodies, ocean, dairy
products, and fruit juices. Rhodotorula species, belonging to the phylum
Basidiomycota, have the ability to establish colonies in various organisms, including
plants, humans, and other mammals. Rhodotorula is a genus that contains eight
different species, three of which have been identified to be responsible for disease in

humans: R. mucilaginosa, R. glutinis, and R. minuta (Wirth & Goldani, 2012) .

In the past, Rhodotorula species were regarded as non-pathogenic; however,
they have now been recognised as opportunistic pathogens capable of colonising and
causing infections in individuals who are susceptible (Lunardi et al., 2006). The
majority of incidents of Rhodotorula fungemia infection are linked to the presence of
central catheters in individuals diagnosed with hematologic malignancies (Garcia-
Sudrez et al., 2011). Localised infections in both immunocompetent and
immunodeficient individuals have been documented, including prosthetic joint
infections, meningitis, onychomycosis, endophthalmitis and peritonitis (Wirth &

Goldani, 2012).

2.3.12: Exophiala dermatitidis

Exophiala is a taxonomic classification encompassing a variety of opportunistic
black yeasts. This genus belongs to the category of Ascomycota and is characterised by
its melanized, thermophilic, dimorphic, dematiaceous, and hyphal growth fungus

(Babic et al., 2018).

Infections caused by Exophiala are often long-lasting and difficult to get
eliminate, and the number of cases keeps going up in both people with weak immune
systems and people with strong immune systems. The most common symptoms of an

Exophiala infection are skin infections, and the most common type of deep infection is
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pulmonary infection caused by inhalation. The invasive disease can start with a skin or

subcutaneous infection and spread to internal organs (Usuda et al., 2021).
2.4 Molecular assay

In the past few years, there has been an increase of DNA-based methodologies
aimed at enhancing the diagnostic capabilities for mycotic infections and the detection
of pathogenic fungi. Molecular diagnostic methods for fungi encompass various
techniques that detect and identify fungal species based on their genetic material. Some
prominent methods include: Polymerase Chain Reaction (PCR), DNA
Sequencing, DNA microarray and microarray, fluorescence in situ hybridization, loop-
mediated  isothermal  amplification (LAMP) and  Matrix-Assisted  Laser
Desorption/Ionization Time-of-Flight Mass Spectrometry (MALDI-TOF MS). These
methods offer rapid, sensitive, and accurate means of identifying fungal pathogens,
aiding in clinical diagnosis, epidemiological studies, and environmental monitoring in
healthcare settings(Aslam et al., 2017).

The polymerase chain reaction (PCR) amplifies single copies of fungal DNA
millions of times over and allows for the detection of small amounts of target DNA in
clinical specimens. The methods of polymerase chain reaction (PCR) exhibit
considerable promise due to their basic simplicity, specificity, and sensitivity. PCR-
based methodologies have made significant contributions to the identification of fungal
species derived from clinical specimens. PCR technology includes multiplex PCR,
nested PCR, real-time PCR and reverse transcriptase (RT)-PCR and Digital PCR each
of these PCR techniques has its strengths and specific applications in fungal diagnostics

(Alothman, 2012).

PCR has the ability to make a quick diagnosis, which could lead to an earlier
diagnosis and a quicker start of antifungal therapy, if needed. Internal Transcribe Spacer
(ITS) 1s the most frequently sequenced DNA region in fungal molecular ecology (Peay
et al., 2008) and has been recommended as the universal fungal barcode sequence. It

has typically been most useful for molecular systematics at the species level, and even
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within species (e.g., to identify geographic races). Because of its higher degree of
variation than other genetic regions of rDNA (for small- and large-subunit rRNA),
variation among individual rDNA repeats can sometimes be observed within both the
internal transcribed spacer (ITS) and intergenic spacer (IGS) regions (Schoch et al.,

2012).

PCR primers are short pieces of single-stranded DNA, usually
around 20 nucleotides in length. Two primers are used in each PCR reaction, and they
are designed so that they flank the target region (region that should be copied). The
PCR primers "ITS1" and "ITS4" were the first to be widely used for studying fungal
Internal Transcribe Spacer (ITS). These primers target the ITS1 and ITS2 sequences,
which are highly variable and located between the Small Subunit-coding sequence
(SSU) and the Large Subunit-coding sequence (LSU) of the ribosomal operon. The
primers employed in this study exhibit a broad amplification capacity for several fungal
targets, proving to be effective in the analysis of DNA extracted from individual

organisms (Martin & Rygiewicz, 2005).

In general, for Candida spp. identification, a single-step polymerase chain
reaction (PCR) methodology is employed, utilising a set of universal primers that
specifically target the conserved areas of 18S, 5.8S, and 28S rRNA. The resulting PCR
fragments are further analysed using agarose gel electrophoresis to estimate their
lengths, and the accuracy of these fragment lengths is further verified through DNA
sequencing. The ITS1-1TS4 primer pair was used to amplify the intervening 5.8S rDNA
and also the adjacent ITS1 and ITS2 regions, while the ITS3-1TS4 primer pair was used
to amplify a large portion of the 5.8S rDNA and the adjacent ITS2 region (Barbedo et
al., 2016). The exact identification of Candida spp. has important due to the varying
antifungal susceptibility patterns observed towards these species. Additionally, an
accurate identification aids in the appropriate selection of antifungal medications for

both preventive and therapeutic purposes (Nejad et al., 2020).
2.5: Antifungal agents

In comparison to antibacterial medications, there are fewer antifungal agents
available for clinical use. They result from the high number of drug targets in fungi and
the similarity of their eukaryotic cells to those of humans. In the genomic era, however,

the search for novel cell targets has increased significantly. Patients undergoing long-
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term antifungal prophylaxis or treatment exhibit favourable circumstances for
antifungal resistance (Brion et al., 2007). The most common antifungals used to treat

candidiasis, and how they work, are outlined here.
2.5.1: Polyenes

Polyenes are a category of naturally occurring chemicals characterised by the
presence of a heterocyclic amphipathic molecule, which exhibits both hydrophilic
charged properties on one side and hydrophobic uncharged properties on the other side.
The mechanism of action involves the specific targeting of ergosterol within the fungal
membrane. This is achieved through the insertion of the substance into the lipid
bilayers, thereby generating pores which affect the integrity of the plasma membrane.
Consequently, this disruption facilitates the diffusion of small molecules across the
membrane, ultimately leading to the death of the fungal cell (Peman et al., 2009). This
class includes nystatin and amphotericin B. Nystatin is most commonly used topically
and serves a significant role in the prevention of oral and systemic candidiasis in full-
term and preterm neonates, infants, and immunocompromised patients (Howell et al.,
2009). Amphotericin B is still thought to be the most effective medication to treat most

fungal diseases, mainly severe invasive infections (Lacerda & Oliveira, 2013).
2.5.2: Echinocandins

Echinocandins are currently the first choice treatment for invasive Candida
diseases (Pappas et al., 2016). These chemicals have been shown to be fungicidal
against the yeasts. Caspofungin, micafungin, and anidulafungin are the three
medications that are now accessible for usage in clinical. Echinocandins inhibit 1,3--
glucan synthase, which causes disruption in the process of cell wall production (Cannon
et al., 2009). The enzyme under consideration is accountable for the synthesis of 1,3-
B-glucan, an important component that enhances the structural integrity of the cell wall
in both C. albicans and S. cerevisiae. The absence of the glucan components within the
cellular wall leads to osmotic instability, eventually resulting in the lysis of the cell

(Ripeau et al., 2002).

2.5.3: Allylamines

Two of the most common allylamines used to treat fungal infections are

terbinafine and naftifine. This group of antifungal chemicals is fungicidal (effective
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against dermatophytes) and fungistatic (effective against Candida albicans) (Cannon
et al., 2009). Allylamines exert their inhibitory effects on the formation of ergosterol
through a mechanism that is independent on cytochrome P-450 enzymes. This
inhibition occurs by through the process of binding to squalene epoxidase (Erglp),
leading to the intracellular accumulation of squalene in large quantities. Because of
this process results in heightened membrane permeability, disruption of cellular

structure, and finally leads cellular death (Minnebruggen et al., 2010).
2.5.4: Azole

Azole antifungal drugs exhibit fungistatic properties against Candida species
(Robbins et al., 2011). Various drugs belonging to this particular class, such as
fluconazole (FLU), itraconazole (ITR), voriconazole (VRC), and posaconazole (POS),
are frequently used for the treatment of mycoses. Heterocyclic synthetic chemicals have
been identified as inhibitors of the fungal cytochrome P450 14a-lanosterol
demethylase, which is encoded by the ERG11 gene (CYP51). This enzyme plays a
crucial role in the final stage of ergosterol production. The inhibition of this particular
enzyme leads to a reduction in the ergosterol content inside the cell membrane, as well
as an accumulation of toxic methylation compounds. As a result, the normal functioning
of the fungal cell membrane is disrupted, resulting in the suppression of growth and, in

certain cases, cell death (Xiao et al., 2004).
2.5.5: Fluorinated pyrimidine analogues

Flucytosine, also known as (5-fluorocytosine or 5-FC), is a pyrimidine cytosine
derivative that is fluorinated. It is frequently used in the treatment of candidiasis (Barker
& Rogers, 2006). The mechanism of action involves the enzymatic conversion of
cytosine to 5-fluorouracil by cytosine deaminase. This converted compound is then
integrated into both DNA and RNA, leading to the inhibition of cellular activity and
division (Peman et al., 2009).

2.6: Nanotechnology

Nanotechnology has revolutionised practically in every part of human life, and
its potential uses in agriculture, health, cosmetics, electronics, and textiles have recently
gained momentum. Because of their high surface-to-volume ratio, their surface

reactivity is substantially enhanced, which causes outstanding antibacterial, antifungal,
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catalytic, and wound healing characteristics not found in their bulk equivalent

(Marimuthu et al., 2020).

Nanotechnology has been effectively employed to design new methods for
delivering drugs using nanoparticles (NPs), which have contributed to precision
medicine currently. Advancements in nanoparticle design have assured that NPs can
overcome heterogeneous delivery barriers and intelligently enhance efficacy (Mitchell
et al., 2021). Nanoparticles (NPs) are categorised according to their morphology,
dimensions, and characteristics. The primary classifications include metallic, ceramic,
polymeric, and fullerene NPs, with sizes including from 1 to 100 nm (Khan et al.,

2019).

NPs have similarities in size to macromolecules found inside the human body
and use existing cellular machinery to carry out their intended function. Due to high
effectiveness delivery that provides therapeutic potential in minimal dosage, supports
prolonged drug release, and modifies drug distribution and clearance, NPs have also
successfully aided in minimising drug toxicity and side effects. Although the precise
method of action of nanoparticles is unknown, it may be reliant on the following factors:
composition, surface modifications, inherent nanoparticle characteristics, nanoparticle

concentration, and the fungal genus (Bamrungsap et al., 2012).
2.6.1: Zinc Oxide Nanoparticles

Zinc, recognised as a crucial trace element, is widely distributed across many
bodily tissues, which includes the brain, muscles, bones, skin, and other organs. Zinc,
being a fundamental constituent of numerous enzyme systems, actively participates in
the metabolic processes of the human body. It assumes vital functions in the formation
of proteins and nucleic acids, as well as in hematopoiesis and neurogenesis

(Kotodziejczak-Radzimska & Jesionowski, 2014).

The small size of nano-ZnO particles makes it easier for the body to take in zinc.
nano-ZnO is often added to food to make it taste better. Also, the US Food and Drug
Administration (FDA) says that ZnO is "GRAS" (generally recognised as safe)
(Rasmussen et al., 2010).

Due to their unique characteristics, zinc oxide nanoparticles (ZnO NPs) have

garnered increased interest in the field of biological applications. In contrast to other
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metal oxide nanoparticles, zinc oxide nanoparticles (ZnO NPs) possess advantageous
biomedical properties due to their relatively low cost and reduced toxicity.
Consequently, they have demonstrated remarkable potential in several biomedical
applications, including anticancer therapies, drug delivery systems, antimicrobial
agents, diabetic treatment, anti-inflammatory actions, wound healing, and bioimaging

techniques (Zhang & Xiong, 2015).

The toxicity mechanisms exhibited by ZnO nanoparticles (NPs) against fungus
are primarily influenced by factors such as the size, shape, and concentration of the
ZnO NPs, as well as the specific type of media used. In general, it can be observed that
a reduction in particle size is associated with an increase in the ratio of surface area to

volume. This phenomenon, in turn, results in increasing antifungal efficacy(Reddy et

al., 2007).

The physical interaction between zinc oxide nanoparticles (ZnO NPs) and the
fungal cell wall results in the disruption of the cell wall's structural integrity. This
disruption triggers an excessive generation of reactive oxygen species (ROS) within the
fungal cells, including hydroxyl groups, superoxide anion radicals, and hydrogen
peroxide. The accumulation of these ROS can ultimately induce cell death. The
formation of reactive oxygen species (ROS) exhibits a direct correlation with the extent
of surface area of the organism that is exposed to zinc oxide nanoparticles (ZnO NPs).
Furthermore, numerous studies have also demonstrated that the antimicrobial activity
of ZnO nanoparticles (NPs) operates in a dose-dependent manner. This implies that as
the concentration of ZnO NPs increases, the antimicrobial effectiveness also increases

(Djearamane et al., 2020; Karimiyan ef al., 2015).
2.6.2: Iron-oxide Nanoparticle

Iron is an essential microelement that is required for the proper functioning of a
variety of different systems found in biological processes. The prevalence of iron and
the physiological roles it plays raise questions about the capacity of iron compounds in
the same quantities to suppress the growth of microorganisms while simultaneously
having a beneficial effect on mammalian cells (Gudkov et al., 2021). Nanoparticle
(NP)-based drug delivery systems have been shown to enhance absorption of drugs in

patients, facilitate drug accumulation at the target location, promote rapidly drug
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distribution, and ultimately improve therapeutic efficacy while reducing the toxic

effects of drugs (Gontero et al., 2017).

Iron-oxide nanoparticles (IONPs) are well recognised as highly adaptable and
safe nanomaterials, so determining as non-toxic agents (Dissanayake ef al., 2015). Iron
oxide nanoparticles (IONPs) are composed of maghemite (y-Fe203) and/or magnetite
(Fe304) particles. The diameter of these nanoparticles varies between 1 and 100 nm.
Iron oxide nanoparticles (IONPs) are extensively utilised in many medical applications
according to their magnetic and biological characteristics, as well as their low cost. The
significant uses of iron oxide nanoparticles (IONPs) includes diagnostic magnetic
resonance imaging (MRI), medication delivery, gene therapy, biosensing, protein
separation, thermal therapy (Wu et al., 2015). The fungicidal effects of iron oxide
nanoparticles are attributed to their ability to generate reactive oxygen species (ROS).
The efficacy of these substances stems from their chemical composition and subsequent

release of metal ions (Ezealigo et al., 2021).
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Materials & Methods



3. MATERIALS AND METHODS
3.1: Materials
3.1.1: Equipment and Laboratory Instruments

(Table 3-1) Lists of all tools and devices that have been used in the study.

Instruments and Manufacturer Country
Equipment’s

Incubator Memmert Germany
Refrigerator Vestel USA
centrifuge Hettieh zentrfugen Germany
Sensitive electronic balance | AND Japan
Light microscope Leica China
Vortex mixer Vortex 2 Genic USA
Autoclave HICLAVG Japan
Distiller GFL Germany
Thermocycler (PCR) BIO-RAD USA
Nanodrop spectrophotometer | Nanovue Plus UK
Electrophoresis Consort Bel Glum
Disposable petri dishes Biozek China
Micro piptte (0.5-10) Eppendroph Germany
Plate 96 well Sorfa China
Eppendorf tubes Kirgen China
Loop Himedia India
Slide and covers Superstar India
Ultrasonic G.heinemann Germany
Water bath GFL Germany
Flask ISOLAB Germany
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Sterile cotton swabs Biozek Netherlands
Gloves Top Glove Sdn. Bhd. Malaysia
UV - Transilluminator CYNGENE UK

Screw cap bottles Sorfa China
Parafilm BEMIS USA
X-Ray diffraction Panalytical UK

SEM QUANTA 450 USA

3.1.2: Chemical substances

Table (3-2) Chemical substances used in the study and their origin

Material Company Country
Glycerol Biosolve France
Agarose Gene Direx USA
McFarland standard BioM¢érieux France
Ethanol 99% Scharlab S.L. Spain
Dimethyl sulphoxide DMSO | Sigma USA
Chloramephincol Wave pharmaceuticals Ltd. | India
Ethidium bromide Sinnagen Iran
Lactophenol Cotton blue Chem-Lab NV Belgium
stain

Alcohol Cedrah beaty Jordan
TBE buffer 5 X ADDBIO Korea
Ladder 100 bp Gene Direx USA
Nuclease free water Inn-otrain-diagnotik Germany
Fluconazole Sigma USA
Taq master mix ADDBIO Korea
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3.1.3: Media

Table (3-3) The culture media used in the study and their origin

Media Name Company Country
Sabouraud Dextrouse Agar Himedia India
Sabouraud Dextrose Broth Himedia India
Potato Dextrouse Agar Himedia India
Potato Dextrouse Broth Himedia India

3.1.4: Diagnostic Kit

Table (3-4) Diagnostic Kit used in the study and their origin
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Kit Company Country

Vitek2 Compact System ID-yst Kit Biommerieux (U.S.A)

3.2: Methods
3.2.1: Sterilization

3.2.1.1: moist heat sterilization

The sterilization process is the most commonly used procedure for sterilizing
solutions, equipment, and media using a (autoclave) sterilizer at 121°C and 15 Ib/in2

pressure during 15 minutes (Rashed et al., 2020).

3.2.1.2: Dry heat sterilization

In this way of sterilization, glassware and materials that couldn't get wet were
sterilized using dry heat. Dry heat sterilization required higher temperatures in an
electric oven, typically at a temperature of 160°C, and longer exposure times, usually

for 1 hour or more (Rogers, 2012).

3.2.1.3: Sterilization by filtration

The liquid and heat-affected solutions were sterilized using microfilters with a
diameter of 0.22 pum. This filtration method ensured the removal of microorganisms,

guaranteeing the sterility of the liquids and solutions (Rajniak et al., 2008).
3.2.2 Preparation of culture media

Several culture media were used for isolation, identification and preservation of

fungi. They were prepared according to the manufacturer's instructions.

3.2.2.1: Sabouraud Dextrose Agar (SDA)

26



This medium was used for the cultivation of fungi. It was prepared by dissolving
65 g of the powder of medium in 1000 ml of distilled water, then shake to mix
completely and to make sure that the powder mixes with the distilled water and put it
on the water bath for one minute. Then sterilize in an autoclave at a temperature of 121
°C and under a pressure of 15 pounds / inch? for 15 minutes and left to it cool down a
before pouring it into the dishes, the temperature was approximately 45°C, then the
antibiotic Chloramphenicol was added at a rate of 0.5 g per liter to prevent the growth
of bacteria. The mixture was shaking a slightly to mix with the solution. Then it is

poured into dishes and let to solidify.
3.2.2.2: Sabouraud Dextrose Broth (SDB)

This medium was prepared by dissolving 30 g of the powdered medium in a
quantity of distilled water by shaking well, then the volume become 1000 ml and then
placed it in an autoclave for 15 minutes at 121 °C and under a pressure of 15 pounds /

inch?. The prepared medium was poured in to tubes.

3.2.2.3: Potato Dextrose Agar (PDA)

The medium was prepared according to the producing company's instructions
by dissolving 39 g of the medium powder in 1000 ml of distilled water. It was stirred
well to mix thoroughly and then sterilized in an autoclave at a temperature of 121°C,
under a pressure of 15 pounds/inch? for 15 minutes. Afterward, it was allowed to cool
down a bit, and before pouring it into the dishes, its temperature was ensured to be
approximately 45°C. Additionally, Chloramphenicol, at an amount of 0.5 g per liter,
was added to prevent the growth of contaminants. The medium was left for 28 hours to

ensure that there were no contaminants before being used for growing mycelium.
3.2.2.4: Potato Dextrose Broth (PDB)
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The medium was prepared by dissolving 24 g of the powdered medium in a
quantity of distilled water and shaking it well. Then, the volume was adjusted to 1000
ml and placed in the autoclave for 15 minutes at a temperature of 121°C and under a
pressure of 15 pounds/inch2. Afterward, it was implanted into a tube.

3.2.3: Isolation and Identification of Fungi
3.2.3.1: Air Sampling

The current study was conducted in the Koya hospitals for a period of
November 2021 to March 2022. Five different hospitals and healthcare facilities in
Koya city were chosen for this study, these included: Shahid Doctor Khalid Hospital,
Shahid Handren Health Center, Haji Qadr Healh Center, Bawaji Health Center and
Shahid Doctor Kawa and Dental Center. A total of 225 air samples were taken from
different wards of these hospitals by open plate method (passive sampling method).
Two different types of media were used to cultivate fungi which are: Sabouraud
dextrose agar (SDA) media and Potato dextrose agar with 0.5g/L of Chloramphenicol
to suppress growth of bacteria. These petri dishes containing media were placed at the
height of about 1.5 m above the ground then left it open in the morning after cleaning
and disinfecting for 20 minutes to collect fungal particles according to Souza et al.,
(2019). All the plates were kept on nearly clean areas on top of tables to capture the air-
borne microorganisms in breathing zone. After plate collection, they were sealed and
labeled properly then sent to a laboratory for examination. The plates were incubated
at a temperature of 37°C for 24 hours to check and record the growth of yeast, and the
incubation continued for 7 days to monitor the growth of mold. Different colonies were
sub-cultured on SDA medium until a pure colony was obtained (Sivagnanasundaram et
al., 2019). Fungal colonies were counted and distinguished from each other on the basis
of morphology and microscopic features.
3.2.3.2: Morphological examination of fungal colonies

After the appearance of growth on SDA, morphology of each colony was noted
in color, size, margin, shape, and elevation on the culture medium (Kidd et al., 2022).
3.2.3.3: Microscopical examination

The examination was done by taking a portion of the growing colony on a clean
glass slide with a drop of lactophenol stain and lactophenol blue was fixed by heat and
covered with the cover slip of the slide, then it was placed under the light microscope

and examined at 40x magnification to observe the shape of cells for yeasts and the
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shape of threads and present of conidia with their size, shape and structure (Chopra et
al., 2020a). Additionally, the yeast isolates were tested with Gram staining in order to
observe their response to staining, as well as their morphology and budding
characteristics.

3.2.4: Biochemical test for Yeast:
3.2.4.1: Germ tube test

Germ tube is a screening test, which is used to differentiate C. albicans from
other yeasts (Matare et al., 2017). The test was done as follow: 0.5 mL of human serum
was transferred in a small tube. After that, using a bacteriological loop, 2-3 colonies of
each yeast isolate were gently picked up and emulsified in the serum, and incubated at
37°C for 2-3 hours. After that a drop of the serum transfer to a slide covered with
coverslip, then it was examined microscopically under low (40x) and at high (100x)
power objectives. Yeast cells produced tube like extensions were considered positive.

3.2.4.2: Diagnostic testing with the Vitek2 Compact System

Fungal isolates were subjected to identification by VITEK 2 compact system.
According to the instruction that were provided by the company, a sufficient amount of
suspected C. albicans colonies were transferred to a glass tube containing 3 milliliters
of sterile saline (sodium chloride inhalation solution 0.45%) to measure and adjust
turbidity that represent fungal cells number per-milliliter which must be equal to (1.8-
2.2) in MacFarland tube. Then measurable samples were entered to VITEK 2 compact
system machine and this is done by transferring fungal suspension with (1.8-2.2)
McFarland (Densi CHEK plus) to cassette by negative pressure. Then cassette was
incubated to complete biochemical reaction within 18 hours. Interpretation of results
were performed according to VITEK 2 compact system special software to identify

fungal species and strains.

3.2.5: Maintenance of Isolates

3.2.5.1: Short term preservation
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The isolates were preserved by growing them on special screw cap tube contain
20 ml of SDA for 2-7 days at 37°C. The isolates were kept in the refrigerator for two
months. The cultures were renewed every two months (Gudlaugsson et al., 2003;
Nakasone et al., 2004).

3.2.5.2: Long term preservation

To preserve the isolates for a long time, the fungi were grown in a SDB and
PDB at 37°C for 2-7 days, then 1 ml of the culture was transferred to a sterile tube
mixed well with 1 ml of sterile glycerol at a concentration of 15%, then kept at -20 °C
for 12 to 18 months (Gudlaugsson et al., 2003).

3.2.6: Molecular identification
3.2.6.1: Fungal DNA Extraction

The extraction of fungal genomic DNA from fungal isolates was performed
using the colony PCR method. Colony PCR for fungal genomic DNA extraction
involves directly using fungal colonies as the DNA template for PCR amplification,
bypassing the traditional genomic DNA extraction process. 2-3 fresh candida spp.
colonies grown on SDA agar plates are chosen. The selected colonies are transferred
into 40 ul of double-distilled water. This step aims to suspend the fungal material in the
water, allowing for the release of cellular components, including DNA.

The suspension containing the fungal colonies and water is then placed in
incubation at high temperature 95°C for 20 minutes. This step is crucial as it helps in
breaking down the fungal cell walls and membranes, releasing the genomic DNA into
the solution. After the incubation, the suspension is centrifuged at a speed of 12,000
rpm for 2 minutes. Centrifugation helps to separate the cellular debris and any insoluble
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material from the DNA-containing supernatant, which should be used as the template.
A small volume 3l of the supernatant, which contains released DNA, is directly used
as the template for the PCR reaction according (Shekhany, 2021).

Advantages of colony PCR for fungal genomic DNA extraction include: time-
saving, requires minimal material for PCR, simplifies the process by eliminating

DNA extraction steps.
3.2.6.2: Estimation of extracted DNA

In order to identify the DNA that was obtained from fungal samples, a device
called a Nanodrop spectrophotometer (NanoVue plus, UK) was used. This device
detects and quantifies the concentration of nuclear DNA and RNA (ng/L), and it
evaluated the purity of the DNA at absorbance of 260/280 nm as following steps:

1- After operating the device, then opening up the Nanodrop software, the

application (Nucleic acid, DNA) was chosen.

2- The measurement pedestals was cleaned by a dry wipe for several times. Then
carefully pipetted 1ul of ddH20O and placed onto the surface pedestals for blank the
system and then the ddH20O was cleaned from the surface for measuring samples.

3- The Nanodrop sampling arm was lowered pressed ok after placing 1ul DNA sample,
and then the instrument pedestals cleaned again to measure the next samples.

4- The purity of the samples was determined; the extracted DNA is considered pure

when the absorbance ratio is (1.8).
3.2.6.3: PCR Reaction mixture

The ITS region was amplified by performing a PCR amplification reaction in
a final quantity of 40 ul. The reaction component listed in the table (3-5).

Table (3-5) PCR reaction mixture of 40 ul

Component Volume/ ul
Taq Master (2x conc.) 20 ul
Forward primer(10pmol) 2ul
Reverse primer (10pmol) 2ul
nuclease-free water 12 ul

DNA template 4 ul

Total volume 40 ul
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After that PCR reaction mix components mentioned in the above table were
put into 0.2 ml PCR tube, then all the tubes were transferred in to Exispin centrifuge

vortex at 3000 rpm for three minutes and then placed in PCR Thermocycler.

3.2.6.4: PCR Thermocycler Conditions

PCR thermocycler conditions can vary depending on the specific requirements
of the amplification reaction, the target DNA, primers, and the DNA polymerase used.
The PCR thermocycler conditions with typical temperature ranges and times for each
step was shown in table (3-6).
Table (3-6) Conditions PCR Thermocycler.

PCR Step Temperature | Time Repeat cycle
Initial denaturation | 95°C 5 min. 1
Denaturation 95°C 30 sec.

Annealing 57°C 30 sec. 35

Extension 72°C 40 sec.

Final extension 72°C 5 min. 1

Hold 4°C Forever

3.2.6.5: DNA primers
The primer sets of 18S rRNA genes and Internal Transcribed Spacer (ITS)

regions are universal primers for amplicon sequencing fungal diversity studies. In the
present study, the ITS1 and ITS4 primers were used to amplify the 5.8S rDNA gene
was shown in table (3-7).

Table (3-7) Primer sequences used for molecular identification

Name of the | Sequence References

primer

ITS1(F) TCCGTAGGTGAACCTGCGG (White et al., 1990)
ITS4 (R) TCCTCCGCTTATTGATATGC (White et al., 1990)

3.2.6.6: PCR product analysis
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The PCR products were analyzed by agarose gel electrophoresis method as following:
1-To prepare agarose gel, 1 gm of agarose powder was added with 100 ml of 1XTBE
buffer. The mixture was heated in a microwave until the solution became transparent
and free of any visible particles. Following that, the solution was allowed to cool down
to 50 to 60 °C.

2-Then 3 ul of ethidium bromide stain was added into agarose solution

3- The agarose solution was poured into the tray after fixing the comb to generate wells
and allowed to solidify at room temperature; after that, the comb was removed gently
from the gel.

4- The gel tray was properly positioned into the electrophoresis tank, and a sufficient
amount of 1XTBE buffer was poured to completely fill the tank and cover the gel.

5- 3ul of DNA marker (ladder) was put in the first well, followed by 3ul of PCR
products in each well, and then an electric current of 80 V was run for 1h.

6- The results were visualized by using UV -Trans illuminator.

3.2.6.7: Fragment sizes of ITS1-1TS4 PCR products for Candida spp.

The size of different bands of PCR product was shown in table (3-8).
Table (3-8) Expected fragment length of amplification the ITS region.

Species Fragment size found by PCR with ITS1-1TS4 primers
C. albicans 535bp
C. parapsilosis 520 bp
C. krusei 510 bp
C. glabrata 871 bp
C.lusitaniae 375 bp

3.2.6.8: Sequencing of PCR amplicons

33



Nucleic acids Sequencing of PCR amplicons and the resolved PCR amplicons
were commercially sequenced from forward directions, following to instruction
manuals of the sequencing company (Macrogen Inc. Geumchen, Seoul, South Korea).

The NCBI BLAST analysis is used to identify homologous sequences and look
for mutations. Eventually, the fungal isolates were deposited in the NCBI-Genbank

database to get Genbank accession numbers.

3.2.7: Preparation and determination of Characterization of ZnO-NPs
and IONPs.

ZnO-NPs and IONPs powders were purchased from US Research
Nanomaterials, Inc (Houston, TX USA). The development of fluconazole powder was
carried out by Pfizer, which afterwards purchased it from Sigma-Aldrich. The
characterization of ZnO-NPs and IONPs was conducted using scanning electron
microscopy (SEM) and X-ray diffraction (XRD) techniques. The scanning electron
microscopy (SEM) images provided visual evidence of the shapes and size of the zinc
oxide nanoparticles (ZnO-NPs) and iron oxide nanoparticles (IONPs). X-ray diffraction
(XRD) was employed to determine the crystalline structure of the nanoparticles. A
stock solution of nanoparticles is prepared by mixing 100 mg of the nanoparticles with

10 ml of deionized water, resulting in a concentration of 10 mg/ml. This mixture is then
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exposed to ultrasonic bath and further homogenized using a vortex mixer.
Subsequently, the stock solution is diluted to various concentrations (1000, 500, 250,
125, and 62.5 pg/ml) using the dilution equation (N1V1 = N2V2).

3.2.7.1: X-ray diffraction

The crystalline size and purity of ecofriendly produced Iron and Zinc oxide
nanoparticles were determined employing an X-ray diffractometer and Cu-Ka radiation
with a wavelength of A=1.541 A°. Scherrer's calculation was used to determine the
crystalline size of the produced nanoparticles as follows D = 0.91 =+ 8 cos 8 Where D
denotes the crystal size, A denotes the X-ray wavelength, 0 is the Bragg angle in radians,
and f is the peak’s full width at half maximum in radians (Wasly, 2018).

3.2.7.2: Field emission scanning electron microscopy (FESEM)

Field emission scanning electron microscopy was used to study the morphology
of produced Iron and Zinc oxide nanoparticles utilizing a TM-1000, Hitachi, Japan. A
thin film of the sample was formed by merely dropping a very small amount onto a
carbon-coated copper grid. The film on the SEM grid was then allowed to dry for 5
minutes by placing it under a mercury lamp. The prepared sample is mounted onto a
sample holder and inserted into the SEM chamber. Signals are collected by detectors
and translated into an image displayed on a monitor, showing surface morphology,

topography, and compositional information.
3.2.7.3: Susceptibility Tests

The assessment of antifungal activity was conducted using two methods: the
agar well diffusion method, which measured inhibition diameters, and the microbroth

dilution method, which determined the minimum inhibitory concentrations (MICs).
3.2.7.4: Agar well diffusion method

The determination of the antifungal activity of zinc oxide and iron oxide
nanoparticles was conducted using the agar well diffusion method described in the
study of (Arséne et al., 2023). The present study aimed to assess the inhibitory effects
of different concentrations of Zinc Oxide Nanoparticles (ZnONPs), Iron Oxide
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Nanoparticles (IONPs), and Fluconazole (FLU) on Candida species. The
concentrations examined included 1000, 500, 250, 125 and 62.5 pg/ml. The SDA was
used as a growth medium for fungi. 20 ml of medium was carefully transferred onto
sterile Petri plates and thereafter left for 30 minutes to allow for solidification. A
suspension with a concentration of 1.5 x 108 colony-forming units per-millilitre
(CFU/mI) of each of the five Candida spp. was cultivated on a Sabouraud dextrose agar
medium, with a turbidity equal to a 0.5 McFarland standard. A sample of the Candida
species which was found in isolation, was collected using a cotton swab and afterwards
spread onto the culture medium. Subsequently, a corkborer was used to produce 5mm
wells within the Sabouraud dextrose agar medium. Different concentration of zinc
oxide (ZnONPs), iron oxide (IONPs) nanoparticles, and fluconazole (FLU) were
introduced into the wells. The addition of a well deionized water (DW) was added as a
negative control. The plates were incubated at 37°C for 24 hours. Following the
incubation period, the measurements of the zones of inhibition for ZnONPs, IONPs,
and FLU against each Candida species were recorded. The experiments were performed
in triplicates for accuracy, during which the average widths of the zones of inhibition
for ZnONPs, IONPs, and FLU were measured and recorded. The antifungal activity

was assessed by quantifying the zone of inhibition using a standardized scale.

3.2.7.5: Microdilution Method for MIC determination

The minimum inhibitory concentration (MIC) refers to the lowest concentration of an
antifungal drug that effectively prevents the growth of fungi. The MICs of ZnONPs,
IONPs, and FLC were found using the microbroth dilution method in sterile 96-well
flat-bottom microplates. This method was described by Arséne et al.,(2023) without
any alterations. In this study, a serial 2-fold dilution of ZNONPs, IONPs and FLU was
conducted in sterile 96-well microplates using Sabouraud Dextrose Broth (SDB). A
volume of 100 pL of broth was introduced into all the wells of the plates, followed by
the addition of 100 pL of each ZnONP, IONP, and FLC (1,024 ng/mL) to the first well.
Serial dilutions were conducted by transferring a volume of 100 pL of the solution. In
each well of the test plate, a volume of 10 pL of fungal suspension was added, with the
turbidity level of the suspension being similar to a 0.5 McFarland scale. Two wells were
employed as the positive and negative controls. The positive control consisted of a

medium containing 10 pL of fungal suspension, while the negative control consisted of
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a medium containing an antifungal agent that showed no growth. Subsequently, the
plates were properly sealed and incubated at 37°C for 24 hours. After incubation, the
fungal growth was measured using a spectrophotometer at 630 nm. The minimum
inhibitory concentration (MIC) was defined as the lowest concentration of the tested

substance that effectively suppressed the observable growth of the fungus.

3.2.8: Data analysis

The statistical analysis software program (Special Package for Statistical Science
SPSS version 26) was applied for processing of the data, percentage and frequency analysis of

the data was performed.
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4. Results and Discussion

4.1: Isolation of airborne fungi

During the investigation time from November 2021 to March 2022, a total of 225
collected plates exposed in to five wards of each hospital environment, where 198 plates
(88%) showed growth of 582 filamentous and yeast fungi colonies, while 27 plates
(12%) were giving negative results. The fungal isolates belonged to 16 genera (Table
4-1). Filamentous fungi were found to be 352 (60.5%) colonies, where 230(39.5%) was
yeast colonies. Among the recovered fungi, Candida spp. was the most dominant
species with a total of 165 isolates (28.35 %) in air samples collected from the wards
of hospitals. Aspergillus spp. also exhibited a high number of isolates in the indoor air
samples represented by 147 isolates (25.26 %) followed by Pencillium sp. (48 isolates
with 8.25% These airborne fungal species had been reported in several studies that used
different isolation and identification procedures.

The distribution of fungal species in our study exhibited similarities to previous
research. For instance, Saleem et al., (2017) demonstrated that the greatest fungal
isolates in Azadi Teaching and Hevi Pediatric Hospitals were Aspergillus spp.,
indicating environmental contaminations. Additionally, Candida spp. was identified as
the predominant yeast isolate.

According to our findings of the study, Penicillium sp. (which causes
penicillioses) was the prevalent fungal genera with moderate percentage of 8.25% when
compared to the remaining fungal genera. Our data align with those of Chopra et al.,
(2020b) who reported the presence of Penicillium sp. (8.95%) in the air of a tertiary
care hospital. Fungi of the genus Penicillium are common in most terrestrial habitats.
Fungal infections developed by this fungi have become more common in recent years
( Bassam Aboul-Nasr et al., 2014). According to Abbasi & Samaei (2019), a wide range
of clinical entities have been explained with allergic disorders and superficial mycoses
becoming the most frequent. The role of Penicillium as a fungus that generates allergies
and its prevalence in indoor air environments received considerable research attention
nowadays. The study conducted by Sharpe et al., (2015) highlights the correlation
between the inhalation of fungal allergens produced by certain species in indoor air

environments and the incidence of asthma.
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According to the findings of our study, Cladosporium sp. with a percent of 2.23%
found when compared to the remaining fungal isolates. Viegas et al., (2011) and in line
with what stated by Okten & Asan (2012) they found that Cladosporium sp. were the
prevalent fungal genera with percentage 28,4% and 33.58% respectively.
Cladosporium diseases include brain and skin lesions, brain abscesses associated with
or without meningitis, as well as chromomyecosis (Calumby et al., 2019). While (Kiasat
etal., 2017) disagreed with our results who reported that was one of the most common
type of mold. was Cladosporium sp. with a frequency of (35.3%).

The fungus known as Alternaria is widely distributed throughout the atmospheric
air. The current study found that Alternaria sp. identified during the study, with a 3.44%
frequency. In our study, Alternaria sp. had a lower concentrations of the spores than
the study of (Chopra et al., 2020b). Our result about the diagnosed Alternaria sp. is in
similarity to what found by Demirel et al., (2017) that detected Alternaria sp. with

6.22% in the air of hospital newborn units from Turkey.

In this study, we observed Trichophyton Verrucosum with the percentage of
1.03%. The results of this study, however, disagreed with those of Golah et al., (2017)
who found Trichophyton sp. (6%) isolated and identified the airborne pathogenic fungi
from the hospitals environment at Dhamar governorate, Yemen. According to our
findings, Blastomyces dermatitidis (which causes Blastomycosis) with percentage
3.61%. The fungus lives in the environment, Blastomycosis can be acquired through
inhalation of airborne tiny fungus spores by individuals.

With regard to other genera of filamentous fungi Curvularia sp. presence with
percentage of 6.19%. Similar to our results Kumar et al., (2020)& Venceslau et al.,
(2012) recorded that Curvularia sp. was isolated in low percentage of 12.5% and 5%
in hospital environments. While the percentage of Chrysosporium sp. was 1.89%. The
results are in agreement with that of (Golah et al., 2017) who found Chrysosporium sp.
with a percentage of 3%.
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Table (4-1) Fungal genera isolated from the air of hospitals

147 25.26
48 8.25
20 3.44
13 2.23
21 3.61
6 1.03
25 43
11 1.89
36 6.19
9 1.55
7 1.20
9 1.55
165 28.35
21 3.61
40 6.87
4 0.69
582 100

4.1.1: Isolated Yeasts from the air of hospitals
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In this study the results figure (4-2) has revealed that from 582 colonies of
fungal isolate isolated 230 (39.52%) were colonies of yeast, 165 (71.74%) of them was
Candida spp., Rhodotorula sp. 21(9.13%), Cryptococcus sp. 40 (17.39%) and
Exophiala dermatitidis 4(1.74%). The confirmation of all isolates was conducted
through using the methods of gram staining and germ tube test. Then, the identification
process was carried out using the VITEK 2 Compact system (BiomeRieux, France)
with the (ID-YST cards) which are specifically designed for the identification of yeast
and yeast-like organisms.

According to our findings of Rhodotorula sp., the results of VITEK 2 Compact
was R. mucilaginosa with a percentage of 9.13% when compared to the remaining

yeasts isolated that were diagnosed from the air environment of hospitals.

This is in consistent with the results of Al-Bader et al., (2018) who found
frequency of isolated Rhodotorula sp. was 4.15% from five hospitals in Erbil city.
According to the study by Lobato et al., (2009) who found that isolating Rhodotorula
sp. in about 32.69% of the ICU indoor air samples. While Viegas et al., (2011) was
found that regarding yeasts, Rhodotorula sp. was 45,2% identified in air of one

Portuguese maternity hospitals.

According to our findings of Cryptococcus sp., the results of VITEK 2 Compact
was Cryptococcus albidus, synonymous with Naganishia albida with a percentage of
17.39% when compared to the remaining yeasts. This pattern of results is consistent
with the finding of Maldonado-Vega et al., (2014) that Cryptococcus albidus account
for 14% from air samples. However Viegas et al., (2011) disagreed with our results and

demonstrated Cryptococcus neoformans (3.2%) during the study.

According to our findings of black yeast Exophiala sp., showed the results of
VITEK 2 Compact was Exophiala dermatitidis with low percentage of 1.74 % when

compared to the remaining yeasts.

Table (4-2) Yeast species isolated from the air of hospitals
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Yeast genera N. of | Percentage to yeast | Percentage to fungal
colony Isolated isolated

Candida spp. 165 71.74 28.35

Rhodotorula sp. 21 9.13 3.61

Cryptococcus sp. 40 17.39 6.87

Exophiala sp. 4 1.74 0.69

Total 230 100 39.52

4.1.2: Isolation of Aspergillus spp. from the air of hospitals

The current investigation revealed that Aspergillus spp. were the second most
prevalent fungal isolates, accounting for a frequency of 25.26%. According to the data
presented in Table (4-3), it is evident that among the several Aspergillus spp., A.
Fumigatus exhibited the highest prevalence rate of 30.61% compared to the other
isolated Aspergillus spp. (A. flavus 26.53%, A. niger 22.45 %, A. terreus 8.84%, A.
nidulantes 6.80% and A. versicolor 4.76 %.).

Table (4-3) Colony number and percentage of Aspergillus spp. isolated from air of
hospitals in koya.

Aspergillus spp. N. of Percentage to Percentage to
colony Aspergillus spp. isolated | fungal isolated

A. fumigatus 45 30.61 7.73

A. flavus 39 26.53 6.70

A. niger 33 22.45 5.67

A. terreus 13 8.84 2.23

A. nidulantes 10 6.80 1.2

A. versicolor 7 4.76 1.20

Total 147 100 25.26
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Based on the previous information about the distribution of Aspergillus isolates,
it is demonstrated that A. fumigatus exhibited the highest prevalence among the
identified species. A. fumigatus is a recognized pathogenic microorganism that has been
associated with various health conditions, including allergic alveolitis, pulmonary
aspergillosis, asthma and mycotoxicosis. In a study conducted by Tong et al., (2017)
an investigation was carried out to examine the distribution features of fungi within
four different departments: the Respiratory Intensive Care Unit, Intensive Care Unit,
Emergency Room, and Outpatient Department. At the species level, the frequency of
Aspergillus fungi was found to be the highest, ranging from around 17% to 61%.
Among the Aspergillus species, the prevalence of A. fumigatus was found to range from
34% to 50% throughout four departments.

The percentage of Aspergillus observed in our study was found to be higher in
comparison with previous studies conducted by Kiasat et al., (2017) in Iran, Gongalves
et al., (2018) in Brazil, and Viegas et al., (2011) in Portugal. These studies reported
incidence rates of 15.1%, 13.92%, and 9.1%, respectively. In contrast, our findings
demonstrated a lower prevalence compared to the studies conducted by Qudiesat et al.,
(2009) in Jordan and Caggiano et al., (2014) in Italy, which reported rates of 50.8% and
91.8%, respectively for A. fumigatus. Additionally, Jacob et al., (2016) from Jordan
recorded a prevalence of 20% for A. niger, indicating that it has a higher rate of
isolation compared to other species of Aspergillus. The previously mentioned
investigations demonstrate a diverse occurrence and provide further evidence of the
variation in the predominance of Aspergillus spp. as the causative agent of Aspergillosis

between various geographical areas.
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4.1.3: Isolation of Candida spp. from the air of hospitals

The current study found that Candida is the most prevalent fungi identified in
the hospital air, with a 28.35 % frequency. As seen in the table (4-4), among Candida
spp. Candida albicans was the most common (37.58%) than the other isolated Candida
species (C.glabrata 22.42%, C.parapsilosis 18.18%, C.krusie 12.73% and C. lusitaniae
with 9.09% ).

Table (4-4) Colony number and percentage of Candida spp. of airborne fungi in the
hospitals

Candida spp. | N. of colony Percentage to Candida | Percentage to
spp. Isolated fungal isolated

C. albicans 62 37.58 10.65

C. glabrata 37 2242 6.36

C. parapsilosis | 30 18.18 5.15

C. krusei 21 12.73 3.61

C. lusitaniae 15 9.09 2.58

Total 165 100 28.35

Different distributions have been reported throughout the world. The study of
Nnadi et al., (2020a) found that C. parapsilosis as the most widespread Candida species
in hospital environment, with an identification percentage of 31.25%. This was
followed by C. glabrata and C. krusei, which had a prevalence of 28.13%. According
to Nascimento et al., (2023), C. parapsilosis exhibited the highest frequency of
detection followed by other Candida species such as C. glabrata.

The results of current study agree with the results of Savastano et al., (2016) in
Brazil, in their study, they found a high occurrence of C. albicans followed by C.
glabrata and C. parapsilosis. The high prevalence of C. parapsilosis is consistent with
most studies that have shown a high occurrence of this species in hospital environment

and in association with Catheter tips (Cordeiro et al., 2010).
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C. parapsilosis is a major cause of nosocomial infections that are becoming
more common in hospital settings (Storti et al., 2012). The formation of biofilms on
prosthetic materials has been correlated to an increased virulence of C. parapsilosis
(Branchini et al., 1994). All Candida isolated and identified in this study were found to
exhibit the ability to form biofilms.

4.1.4: Distribution of airborne fungi in each hospital

A total of 582 fungal colonies of opportunistic and pathogenic fungi were
isolated from five hospitals and health care sector in Koya city. As depicted in Figure
(4-1) these fungal isolates are distributed as: Shahid Doctor Khalid Hospital, Shahid
Handren Health Center, Haji Qadr Healh Center, Bawaji Health Center and Shahid
Doctor Kawa &Dental Center represent with 186 (31.96%), 101 (17.35%), 90
(15.46%), 70 (12.03%) and 135(23.20%), respectively. The data generated from this
study revealed that the highest fungal contamination 186 (31.96%) was founded from
Shahid Doctor Khalid Hospital; whereas the lower fungal contamination 70 (12.03%)

from Bawaji Health Center.

% Fungi isolates

35.00

31.96
30.00
25.00 23.20
20.00 1735
15.46

15.00 12.03
10.00

5.00

0.00

Dr .Khalid Handren Haji Qadir Bawaji Dr.kawa & Dental

Center

Figure (4-1) Distribution of air-borne fungi in five koya hospitals
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4.3: Germ tube formation

A confirmation test for the presence of Candida albicans is the germ tube test.
The germ tube test is a diagnostic test used in microbiology, specifically in the
identification of Candida albicans, a yeast species. It's a simple and rapid test that helps
differentiate Candida albicans from other non-albicans Candida species (Matare et al.,
2017).

Reynolds and Braude in 1956 were the first to describe germ tube formation;
therefore, the germ tube test is referred to as the Reynolds-Braude Phenomenon. This
IS a quick way to distinguishing C. albicans from different Candida species. When
Candida cells are incubated in serum at 37°C for 2-3 hours, Candida albicans generates
germ tubes, which are short, slender, tube-like structures. The formation of germ tubes
relates with greater production of proteins and ribonucleic acid production ( Park &
Lee, 2008).

Positive test: If germ tubes are observed, the test is positive, indicating the
presence of Candida albicans. Negative test: The absence of germ tubes suggests the

tested Candida isolate is likely a non-albicans species.

F

Figure (4-2) Germ tube of C. albicans grown on human serum at 37°C after 2hrs and
half of incubation (40 X).
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4.2: ldentification of airborne fungi
4.2.1: Aspergillus spp.

4.2.1.1: Cultural and Microscopic Characteristics:

After a period of three to five days, the petri dishes containing Potato Dextrose
Agar (PDA) and Sabouraud Dextrose Agar (SDA) exhibited visible colonies. These
colonies displayed a cottony fluffy to velvety white mycelium growth, which was
promptly covered with a substantial quantity of spores. These spores rapidly
transitioned into various colors such as black, brown, orange, green, or yellow. Size
and growth rate, generally fast-growing fungi, covering a significant area on agar plates.
The colour on the reverse side of the colony can be different from the top surface and

may provide additional diagnostic information.

A lactophenol cotton blue stain was used to look at the fungus isolate under a
microscope and figure out what kind of fungus it was. Aspergillus species typically
produce conidiophores (stalk-like structures) that bear conidia (asexual spores).
Conidia are typically spherical, oval, or flask-shaped. The conidial heads, stipes, color,
and length, the shape of the vesicles, and the size, shape, and roughness of the conidia
were used to identify the fungus under a microscope. Aspergillus species exhibit septate

hyphae (having cross-walls or septa) under microscopic examination.

The measurement of the colony after 7 days, the color of the spores, mycelia,
exudates, and the reverse position, and the shape and texture of the colony were also
used to identify the fungus (Diba et al., 2007). A reference guide (Carmen, 2017; Kidd
et al., 2022) was to evaluate their morphological characteristics which include those
(macroscopic and microscopic). For the purpose of being able to make the most

accurate estimate as to their species, we identified each of the following:
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4.2.1.2: Aspergillus Niger

The macroscopic examination of Aspergillus niger indicates that its growth
initially appears white, but undergoes a transition to a black coloration after a few days,
due to the production of dark pigments, turning green to black (olive-black or dark
brown) in appearance, followed by the production of conidial spores. The colony

surface is usually powdery or velvety in texture.

Aspergillus niger's mycelial, or thread-like, hyphae are clear and separated by a
septum when seen under a microscope. Heads were biseriate and the phialides are born
on brown metulae that often have septate. Conidia are spherical or oval-shaped spores
produced on the phialides in chains and consist of rough walls. Conidia are typically
dark-colored, giving rise to the characteristic dark appearance of A. niger colonies
(Figure 4-3).

Figure (4-3) (A) A. niger Culture on SDA at 37°C for 5 days, and (B) microscopic
morphology of conidiophores and conidia of A. niger colony mounted with LPCB stain

magnify at 40x.

47



4.2.1.3: Aspergillus flavus

On culture media, Initially, colonies are usually white or yellow in color,
becoming more yellow-green or olive-green with age. The colony surface is typically
velvety or powdery in texture. The growth pattern may vary from initially circular to
becoming more irregular with time.

The microscopic features of A. flavus showed the conidiophores are long,
slender, and terminate in a vesicle. The conidiophores were rough and had thick walls
that were not colored and didn't have any branches. Phialides produce conidia, forming
chains or heads of spores.

The conidia were spherical to sub globose spores produced on the phialides in
chains, they had thin walls and a rough surface. Conidia are typically greenish-yellow
to yellow in color. Conidia and vesicles often display characteristic greenish-yellow to

yellow pigmentation, contributing to colony coloration and aiding in species

identification (Figure 4-4).

Figure (4-4) (A) A. flavus culture on SDA at 37°C for 5 days, and (B) microscopic
morphology of conidiophores and conidia of A. flavus colony mounted with LPCB stain
magnify at 40x.
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4.2.1.4: Aspergillus fumigatus

The colonies feature of A. fumigatus on culture media are initially white, turning
to shades of blue-green, gray-green, or olive-green with age. The colony surface is
typically powdery or wooly in texture.

The microscopic characteristics observed in the sample consisted of
conidiophores are typically long, slender, and terminate in a vesicle. Spherical to sub
globose spores produced on the phialides in chains, flask-shaped vesicles with phialides
covering approximately 50% to 75% of the vesicle.

Conidia and conidiophores are typically hyaline (colorless), visible in cluster

and globose conidia exhibiting a finely rough texture and a simple green color (Figure

Figure (4-5) (A) A. fumigatus culture on SDA at 37°C for 5 days, and (B) microscopic
morphology of conidiophores and conidia of A. fumigatus colony mounted with LPCB
stain magnify at 40x.
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4.2.1.5: Aspergillus terreus

The growth of A. terreus on culture media results in the formation of a colony
start as white or yellowish, eventually turning to shades of yellow, brown, or tan,
characterized by a surface coloration similar cinnamon brown. The colony surface is

often wooly, velvety, or granular in texture.

Conidiophores are typically long, slender, and terminate in a vesicle. Septate
hyphae characterized by cross-walls or septa dividing the hyphae into compartments.
Conidia are spherical to elliptical spores produced on the phialides in chains. Biseriate

phialides are shown to develop on the superior portion of vesicles, exhibiting chains of

spherical conidia (Figure 4-6).

Figure (4-6) (A) A. terreus culture on SDA at 37°C for 5 days, and (B) microscopic
morphology of conidiophores and conidia of A. terreus colony mounted with LPCB
stain magnify at 40x.
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4.2.1.6: Aspergillus nidulans

The initial appearance of A. nidulans on culture media typically start as white
or cream-colored, eventually turning shades of blue-green, gray-green, or brown.
ultimately turned entirely brown in matured cultures. Growth rate is slow to moderate

in comparison with other clinically Aspergillus species.

Conidia are globose and rough. A. nidulans is a homothallic organism with the
ability to generate the teleomorph, which represents its sexual stage. The ascomycetous
teleomorph, Emericella nidulans, is known to generate globose cleistothecia with
shades ranging from brown to black. These cleistothecia are surrounded by globose
Halle cells (Figure 4-7).

Figure (4-7) (A) A. nidulans culture on SDA at 37°C for 5 days, and (B) microscopic

morphology of Huille cells of A. nidulans colony mounted with LPCB stain magnify at
40x.

51



4.2.1.7: Aspergillus versicolor

A. versicolor on culture media the color of a colony typically starts as white or
cream-colored, eventually turning shades of green, yellow, or olive-brown. Colonies
are moderately fast-growing. The growth pattern may be initially circular but can

become more irregular with time.

Hyphae have hyaline and septate parts that can be seen under a microscope. The
conidiophores are long and hyaline to pale brown, smooth-walled and brittle. Biseriate
phialides cover between half and all of vesicle and present round conidia in chains.
Conidia are globose, and may be fine to distinctly roughened (Figure 4-8).

Figure (4-8) (A) A. versicolor culture on SDA at 37°C for 5 days, and (B) microscopic
morphology of conidiophores and conidia of A. versicolor colony mounted with LPCB

stain magnify at 40x.
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4.2.2: Alternaria sp.

Alternaria species grow well on Potato Dextrose Agar (PDA). On culture
media, colonies grow quickly and look like suede. Colonies typically exhibit various
colors ranging from olive-green, brown, gray, to black. The colony surface is usually

wooly, and suede-like in texture.

Under a microscope, conidiophores are tiny structures that can grow alone or
in pairs and can be long or short. Conidia are darkly pigmented, multicellular, and
multicelled spores produced on conidiophores.

Conidia are typically elongated, spindle-shaped, or oblong, with transverse and
longitudinal septa, often with a short conical or cylindrical beak, pale brown, and have
smooth walls. Conidia are usually dark-colored, ranging from brown, olive, to black,

which contributes to the dark appearance of colonies (Figure 4-9).

Figure (4-9) (A) Alternaria spp. culture on PDA at 37°C for 7 days, and (B)
microscopic morphology of conidiophores and conidia of Alternaria spp. colony
mounted with LPCB stain magnify at 40x.
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4.2.3: Mucor sp.

The colonies on SDA and PDA were white or light-colored at first, but as
sporangia developed, they turned brownish-grey to black. The colony surface is
typically cottony, fluffy, or wooly in texture. Colonies are fast-growing and can cover
a considerable area on agar plates.

Mucor species have broad, non-septate (aseptate), and ribbon-like hyphae,
which are relatively wide compared to some other fungal species. Mucor species
produce spores in structures called sporangia.

Sporangia are typically spherical or oval and dark brown to greyish black, have
a raised base, can be seen protruding from hyphae. Sporangia release spores called

sporangiospores when mature to facilitate reproduction and dispersal (Figure 4-10).

Figure (4-10) (A) Mucor spp. culture on PDA at 37°C for 5 days, and (B) microscopic
morphology of Mucor spp. sporangiophores of Mucor spp. colony mounted with
lactophenol cotton blue stain magnify at 40x.

4.2.4: Trichophyton verrucosum
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Trichophyton verrucosum colonies was growing slowly. Colonies typically
appear initially white, cream, or pale-colored, later becoming yellowish to tan. The
colony surface can be cottony, fluffy colonies with a firm texture had formed. The
growth pattern may be initially circular.

Trichophyton verrucosum produces both microconidia (smaller asexual spores)
and macroconidia (larger asexual spores), both of them spherical to oval in shape.
Microscopic examination allows the observation of the arrangement of conidia
(microconidia and macroconidia) on hyphae, which grow together with the mycelium

to produce hypha which appear like antlers (Guo et al., 2020) (Figure 4-11).

Figure (4-11) (A) Trichophyton verrucosum culture on SDA at 37°C for 10 days, and
(B) microscopic morphology of macroconidia and microconidia of Trichophyton
verrucosum colony mounted with LPCB stain magnify at 40x.

4.2.5: Pencillium sp.
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Pencillium colonies are typically quickly developing, green or blue-green in
color. The colony surface can range from velvety, powdery, or wooly in texture. The

reverse side (underside) of the colony often shares the same color.

Penicillium species produce conidia (asexual spores) on structures called
conidiophores. Conidia are typically spherical or oval and are produced in chains
(forming a brush-like appearance). Phialides, which have a brush-like appearance, can
be formed singularly, in clusters, or from branched metulae in penicillium. Both

branches and metulae may be seen in the penicillium.

Conidia are usually hyaline (colorless) or can exhibit various colors, such as
green, blue, or yellow-green, depending on the species and maturity (Figure 4-12).

Figure (4-12) (A) Penicllium sp. culture on PDA at 37°C for 7days, and (B)
microscopic morphology of conidiophores and conidia of Penicllium sp. colony
mounted with LPCB stain magnify at 40x.

4.2.6: Curvularia sp.
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Colonies on PDA when they are young, they are white or light grey, when they
become older, they are brown or have different shades of grey, mostly dark olivaceous

grey, and have a cottony, raised or convex surface with papillate ridges.

You can see the septate, brown hyphae, brown conidiophores, and conidia.
Curvularia species produce curved, cylindrical, or fusiform-shaped conidia, conidia are
often septate (divided by septa) and are borne on conidiophores. Conidia are typically

dark in color, ranging from brown, olive-green, to black.

Conidia and hyphae often show septations, with cross-walls or septa dividing

them into compartments (Figure 4-13).

Figure (4-13) (A) Curvularia sp. culture on PDA at 37°C for 8days, and (B)
microscopic morphology of conidiophores of Curvularia sp. colony mounted with
LPCB stain magnify at 40x.

4.2.7: Blastomyces dermatitidis
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On SDA medium, B. dermatitidis typically begins to grow after 5 to 10 days.
Colonies initially have a white to off-white appearance, but when aerial hyphae mature
with time, they take on a grey or brown look. The colony surface was cottony, fluffy,
or suede-like in texture.

The mold form of B. dermatitidis can be identified through microscopy by
fragile, septate hyphae, more importantly for diagnosis, by oval or pyriform single-
celled conidia and found individually at the tips of short or long conidiophores that

resemble lollipops. Conidia might be observed as clusters or chains on conidiophores
(Figure 4-14).
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Figure (4-14) (A) B. dermatitidis culture on SDA at 37°C for 10 days, and (B)
microscopic morphology of conidia of B. dermatitidis colony mounted with LPCB stain
magnify at 40x.
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4.2 .8: Chaetomium

The colonies of Chaetomium have a quick growth rate and possess an initial
appearance that is characterized by a cottony texture and a white coloration. As colonies
reach maturity, they undergo a color transformation to a dark green, olive, or black

coloration. The colony surface was cottony, wooly, or suede-like in texture

Under microscopic examination, the presence of septate hyphae, perithecia can
be observed. Chaetomium species may produce distinctive perithecia (fruiting bodies)
in culture, which are flask-shaped structures containing the asci (sac-like structures)
that produce ascospores. The perithecia exhibit a large size, ranging from dark brown
to black in color, their surface is covered with filamentous, hair-like appendages, which

display a brown to black color. Ascospores are produced within the asci and are released

for reproduction (Figure 4-15).

Figure (4-15) (A) Chaetomium culture on PDA at 37°C for 6 days, and (B) microscopic
morphology of perithecia of Chaetomium colony mounted with LPCB stain magnify at
40x.
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4.2.9: Trichoderma

Trichoderma colonies grow quickly and mature in 5 days. The colonies are
fluffy and get compact over time. The color is white, and as the conidia form, it turns

to blue-green or yellow-green.

Trichoderma isolates showed thick conidia, branched conidiophores, ampliform
phialides, and slightly globose conidia under a microscope. Conidiophores can be
observed as erect structures supporting conidia. Conidia are usually single-celled,
smooth-walled. Phialides are structures that produce conidia and are often found at the
tips of conidiophores (Figure 4-16).

Figure (4-16) (A) Trichoderma culture on PDA at 37°C for 5 days, and (B) microscopic
morphology of conidiophores and conidia of Trichoderma colony mounted with LPCB
stain magnify at 40x.
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4.2.10: Chrysosporium

Chrysosporium colonies grow at a modest rate. They can look grainy, woolly,
cottony, or cottony and flat, or they can look raised and folded.

When you look at Chrysosporium. under a microscope, you can see that it makes
hyphae, conidia (aleuriconidia), and arthroconidia. These conidia are wider than the
vegetative hyphae and grow at the end of pedicels, along the sides of hyphae, or in
spaces between hyphae. Conidia can be unicellular or multicellular, spherical, oval.

Chrysosporium may have conidiophores, structures that bear conidia (Figure 4-17).

Figure (4-17) (A) Chrysosporium culture on PDA at 37°C for 8 days, and (B)
microscopic morphology of hyphae and conidia of Chrysosporium colony mounted
with LPCB stain magnify at 40x.

4.2.11: Aureobasidium sp.
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Colonies grow quickly and soon become covered in slimy clumps of conidia.
Colonies commonly appear dark-colored, ranging from shades of black, brown, olive-

green, to dark gray. The colony surfaces are slightly rough.

Hyphae are hyaline and have holes in them. As they age, they often turn dark
brown and form chains of one- to two-celled, thick-walled, darkly colored
arthroconidia. These arthroconidia are actually the Scytalidium anamorph of
Aureobasidium, but they are not the most important way to tell which species belong to
this genus. Structures that bear conidia, observed as elongated structures supporting or
carrying the conidia (Figure 4-18).

Figure (4-18) (A) Aureobasidium sp. culture on PDA at 37°C for 7 days, and (B)
microscopic morphology of arthroconidia of Aureobasidium sp. colony mounted with
LPCB stain magnify at 40x.

4.2.12: Cladosporium
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The colonies grow slowly and colonies may vary in color, commonly appearing
olive-green, dark green, brown, black, or grayish-green. the colony surface is velvety,
powdery and wooly in texture.

Microscopy showed that Conidiophores are also darkly colored and may have
branches like a tree. Conidia can be smooth, rough or spiky. They are often septate,
with multiple cells, and may have distinctive shapes (e.g., cylindrical, ovoid, or curved).
They have one to four cells and a dark spot in the middle called the hilum (Figure 4-
19).

Figure (4-19) (A) Cladosporium culture on PDA at 37°C for 10 days, and (B)
microscopic morphology of conidiophores and conidia of Cladosporium colony
mounted with LPCB stain magnify at 40x.

4.2.13: Candida spp.
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The colonies on Sabouraud Dextrose Agar (SDA) were white to creamy,
smooth, and round. Different species shown in (Figure 4-20) (Figure 4-21) (Figure 4-
22) (Figure 4-23) (Figure 4-24). SDA is incubated aerobically at 37°C for 24-48 hours.
According to a study conducted by Hadi & Alsultany (2020) found that Candida
colonies growing on SDA among different species have such morphological features,
which aligns with the findings mentioned by Raju & Rajappa (2011) regarding the
appearance of colonies are creamy, shiny, smooth, circular, and species differentiation
is difficult.

When the yeast cells were stained with gram stain, they became darker and more
oval-shaped. This is different from C. albicans cells, which are usually bright and
round, as shown in (Figure 4-20). This result is in consistent with that of (Kemoi, 2012)

findings.

After about 15 hours of growth, the VITEK 2 device automatically identified
the species of yeast. The VITEK 2 method was able to identify the species of C.
albicans, C. parapsilosis, C. glabrata, C. krusei, and C. lusitaniae.

Figure (4-20) (A) C.albicans growth on SDA at 37°C for 24-48 hours h and( B)
microscopic characteristic of colony mounted with Gram stain observed in a 40x
magnification.




Figure (4-21) (A) C.glabrata growth on SDA at 37°C for 24-48 hours h and( B)
microscopic characteristic of colony mounted with Gram stain observed in a 40x
magnification.

Figure (4-22) (A) C.parapsilosis growth on SDA at 37°C for 24-48 hours h and( B)
microscopic characteristic of colony mounted with Gram stain observed in a 40x
magnification.
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Figure (4-23) (A) C.krusei growth on SDA at 37°C for 24-48 hours h and( B)
microscopic characteristic of colony mounted with Gram stain observed in a 40x
magnification.

Figure (4-24) (A) C. lusitania growth on SDA at 37°C for 24-48 hours and(B)
microscopic characteristic of colony mounted with Gram stain observed in a 40x
magnification.
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4.2.14: Rhodotorula mucilaginosa

Colonies are usually moderately fast-growing on SDA at 37°C. The colonies
are often pink, crimson, or reddish-orange in color. Due to capsules are available,

colonies produce a mucoid substance.

Rhodotorula mucilaginosa appears as spherical to ellipsoidal yeast cells under
the microscope. The cells can be seen as single cells or in budding forms where daughter
cells remain attached to the parent cell.

These fundamental findings are consistent with prior study by eifi et al., (2013)
and Garcia-Gutiérrez et al., (2021) that shown that colonies of R. mucilaginosa are
mucoid cells that appear orange on SDA (Figure 4-25). Under the microscope, they

appear to be ovoid or spherical.

Figure (4-25) (A) Rhodotorula mucilaginosa growth on SDA medium at 37°C for
3days and (B) microscopic characteristic of blastoconidia mounted with Gram stain
observed in a 40x magnification.
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4.2.15: Cryptococcus albidus (Naganishia albida)

The colony morphology on SDA was determined by isolating yeast colonies
exhibiting whitish, cream-colored, or slightly off-white, mucoid characteristics, which

varied in relation to the thickness of the capsule.

This was achieved through the growth on fungal media for a period of 72 hours.
The morphology of the yeast cells was observed using microscopy. The cells were
found to be spherical-to-oval in shape and were enveloped by a mucopolysaccharide
capsule. These cells may show budding forms or occur as individual yeast cells (Figure

4-26).

Figure (4-26) (A) Cryptococcus albidus growth on SDA medium at 37°C for 3 days
and (B) microscopic characteristic of blastoconidia mounted with Gram stain observed
in a 40x magnification.
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4.2.16: Exophiala dermatitidis

Colonies grow slowly; and at first, they look like black yeast and feel like suede.
Colonies are black to olive-black, and greyish or brownish colours often show through,
particularly visible at the margins, where the formation is younger.

Exophiala dermatitidis typically appears as yeast-like cells under the
microscope. The yeast cells are usually round to oval in shape. The conidia are one-
celled, white to pale brown, and round to obovoid. Depending on the staining method

and the presence of melanin, Exophiala dermatitidis structures may exhibit varying

degrees of pigmentation (Figure 4-27).

Figure (4-27) (A) Exophiala dermatitidis growth on SDA medium at 37°C for 10 days
and (B) microscopic characteristic of conidia of Exophiala dermatitidis colony
mounted with LPCB stain observed in a 40x magnification.
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4.3. Molecular identification

4.3.1: Polymerase Chain Reaction

In this study, we apply automatic method Vitek 2 system for identification of
the medically important Candida spp. Finally, definite identification of Candida spp.
was confirmed by Polymerase Chain Reaction. Used universal primers ITS1 and ITS4
successfully to amplify ITS region of Candida spp. The expected 375-871 bp amplified
ITS DNA product was detected in Candida spp. except in negative control, which
confirms that all isolates belong to the Candida genus; (Figure 4-28) represents the
electrophoretic profile of the ITS region of Candida spp. isolates. To ensure the
Candida species identified by morphological characteristics and automatic method
Vitek 2 system, the PCR fragments of amplified ITS regions were sequenced, then
aligned and registered in NCBI GenBank with the following accession numbers, C.
albicans (PP033710), C. parapsilosis (PP033709), C. krusei (PP068836), C. lusitaniae
(PP068837) and C. glabrata (PP068838) as shown in (Table 4-5).

LlLadder 12-NC 13

Figure (4-28) The agarose gel electrophoresis technique was used to visualize the ITS-
PCR products of Candida isolates, which showed distinct bands. Lane 1: Ladder 100
bp (Genedirex), Lane 2: negative control (NC), Lane 3: C. albicans (535bp), Lane 4:
C. glabrata (871bp), Lane 5: C. lusitaniae(375bp), Lane 6: C. albicans (535bp), Lane
7: C. krusei (510bp), Lane 8: C. parapsilosis (520bp) respectively by using 1X TBE
buffer/ Agarose gel 1.14%.

70



In the study performed by Nnadi et al., (2020) a molecular technique was used
to investigate the occurrence of Candida in hospital environments within Nigeria. The
present investigation revealed that Candida parapsilosis was the highest prevalence
31.25%, then followed by Candida (Nakaseomyces) glabrata and Candida krusei, both
with a prevalence of 28.13%.

In addition, Nascimento et al., (2023) conducted a study to assess indoor
airborne contaminants in hospital environments, with a particular focus on the detection
of potentially pathogenic yeasts. Indoor air samples were collected from twelve
different healthcare facilities (hospitals and medical clinics). The subsequent
identification of the isolates was carried out by the use of polymerase chain reaction.
The findings of this study indicate that C. Parapsilosis was the highest prevalence

among the species examined.
4.3.2: Sequencing Analysis

Sequence analysis confirmed the identification of the isolates due to
the characteristics of the culture and Vitek identification. For 5 isolates, the chromas
software program used DNA sequencing alignment, and then using NCBI BLAST,
homology searches were done between the references sequence and our sequenced
isolates, NCBI-Genbank accession numbers were obtained for all sequenced isolates
placed in a list in (Table 4-5) and (Figure 4-29) examples of the sequenced data for each
different Candida spp.

Table (4-5) Candida spp. isolates obtained from airborne of hospitals in koya city and
accession numbers of DNA sequenced of isolates registered in NCBI and Examples of

GenBank accession numbers matching to our result.

Species name GenBank sequence | Blast accession
accession numbers numbers

C. albicans PP033710 KP675532.1

C. parapsilosis PP033709 OP618190.1

C. glabrata PP068838 LC389225.1

C.lusitaniae (Clavispora lusitaniae) | PPO68837 KP764965.1

C. krusei (Pichia kudriavzevii) PP068836 KP878240.1
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https://www.ncbi.nlm.nih.gov/nuccore/PP033710
https://www.ncbi.nlm.nih.gov/nucleotide/KP675532.1?report=genbank&log$=nucltop&blast_rank=1&RID=D7301FSF016
https://www.ncbi.nlm.nih.gov/nuccore/PP033709
https://www.ncbi.nlm.nih.gov/nucleotide/OP618190.1?report=genbank&log$=nucltop&blast_rank=1&RID=D71FTPSM01N
https://www.ncbi.nlm.nih.gov/nuccore/PP068836
https://www.ncbi.nlm.nih.gov/nucleotide/LC389225.1?report=genbank&log$=nuclalign&blast_rank=3&RID=D70T1ER0016
https://www.ncbi.nlm.nih.gov/nuccore/PP068836
https://www.ncbi.nlm.nih.gov/nucleotide/KP764965.1?report=genbank&log$=nucltop&blast_rank=1&RID=D720WMYD016
https://www.ncbi.nlm.nih.gov/nuccore/PP068836
https://www.ncbi.nlm.nih.gov/nucleotide/KP878240.1?report=genbank&log$=nuclalign&blast_rank=1&RID=D727RTUP013
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Figure (4-29) Examples of Chromatograms of the Sequenced Data. A) C.
albicans, B) C. parapsilosis, C) C.lusitaniae, D) C. krusei, E) C. glabrata.
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4.4: Properties of Nanoparticles

4.4.1: XRD crystallography analysis and thermal stability

X-ray powder crystallography is an essential methodology for identifying the
crystalline phase of a substance. The diffraction peaks and their relative planes outlined
for zinc oxide nanoparticles at positions °20. = 31.7512° (010), 34.3769° (002),
36.2408° (011), 47.4743° (012), 56.5420° (110), 62.8302° (013), 66.3786° (020),
67.8857° (112) and 68.9678° (021) (Figure 4-30), provide evidence that iron oxide
nanoparticles exist in a crystalline state. The prominent peak at °26. = 36.2408° (010),
which illustrated that significant orientation took place to the assessed facet and

demonstrated the high purity of iron oxide nanoparticles after preparation.

However, the diffraction peaks and their relative planes outlined for iron oxide
nanoparticles at positions °20. = 30.0763° (100), 35.4283° (110), 43.2027° (120),
44.5183° (120), 57.1706° (110) and 62.7220° (130) (Figure (4-31), provide evidence
that iron oxide nanoparticles exist in a crystalline state. The prominent peak at 26 =
35.4283° (110), which illustrated that significant orientation took place to the assessed

facet and demonstrated the high purity of iron oxide nanoparticles after preparation.
The Debye-Scherer formula provides a theoretical method for calculating the

average crystallite size, which is as follows:

D KA
" BcosH

Since K is the Scherer constant (0.9), is the wavelength of the X-ray, B is the
total width at half point of the XRD peak, and 0 is the Bragg angle, these four variables
are used to determine the XRD peak. Therefore, the measured size of the crystallite
particles is approximately 15-20 nm and 18 nm for iron and zinc oxide nanoparticles,

respectively (Figure 4-30) and (Figure 4-31).
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Figure (4-30) X-ray diffraction pattern of the zinc oxide nanoparticles.
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Figure (4-31) X-ray diffraction pattern of the iron oxide nanoparticles.

The presence and structure of synthesized iron oxide nanoparticles were confirmed and
analyzed using a Cu-Ko X-ray diffractometer. The peaks corresponding to iron oxide
nanoparticles. Figures (4-30) was near to the findings were observed at angles of
31.77°,34.44°,36.28°, 47.60°, 56.52°, 62.88°, and 67.96° in the analysis conducted by
Rajendran and Sengodan (2017). These peak values are in accordance with the findings
reported in the literature Kumar & Rani, (2013)and Devi & Gayathri, (2014) are also
consistent with the JCPDS file card number 01-075-0576. This indicates that the
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synthesized nanoparticles possess the same characteristics as the hexagonal phase of
zinc oxide. (Figure 4-31) depicted the X-ray diffraction pattern of iron oxide
nanoparticles in a similar manner. The diffractogram revealed the presence of peaks at
specific angles, namely 18.44°, 19.60°, 23.84°, 33.20°, 35.64°, 40.96°, 49.44°, 54°, and
62.60°(Rajendran & Sengodan, 2017). These peaks suggest that the synthesized iron
oxide nanoparticles possess a crystalline phase. Furthermore, the obtained results
closely align with the JCPDS card number 19-0629. Previous studies have shown
comparable findings in the process of synthesizing magnetite nanoparticles by green
methods (Awwad & Salem, 2012). Lail et al., (2023)was applied the X-ray diffraction
(XRD) analysis revealed distinct peaks at 20 values 0of 31.9°, 35.1°, 36.4°, 47.6°, 56.6°,
and 63°, which correspond to the crystallographic planes (100), (002), (101), (102),
(110), and (103) respectively. These findings indicate the presence of hexagonal
wurtzite crystalline zinc oxide nanoparticles (ZnONPs), as determined by the Joint

Committee on Powder Diffraction Standards (JCPDS) database.

The diffraction patterns of the synthesized iron and zinc oxide nanoparticles were
measured by Kamal et a/ (2023) within the angular range of 10° to 70°. The synthesized
nanoparticle exhibits diffraction peaks that conform to a standard structure, displaying
many peaks corresponding to iron at 20 values of 30.26°, 32.33°, 34.67°, 36.06°,
43.47°, and 46.36°. The observed peaks exhibited a high degree of agreement with the
reference to JCPDS card No.76-0958. Measurements were conducted to determine the
Full Width at Half Maximum (FWHM) for the planes of reflection (220), (100), (320),
(311), (400), and (211). The hexagonal crystalline structure of zinc oxide nanoparticles
(NPs) was verified by seeing peaks at 20 values of 32.9°, 34.99°, 58.65°, and 67.8°,
which correspond to the (100), (101), (110), and (200) crystalline planes, respectively.
The iron nanoparticles had an average crystalline size of 16.8 nm, whereas the zinc
nanoparticles had an average crystalline size of 18.53 nm. These values were derived
by analyzing the XRD patterns using Debye-Scherer's formula (Padmavathy &
Vijayaraghavan, 2008)

4.4.2: SEM analysis of nanoparticles
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SEM assessment was utilized so that the morphological characteristics of the iron
and zinc oxide nanoparticles that were manufactured could be examined. When viewed
under varying degrees of magnification, zinc oxide and iron oxide nanoparticles most
often take the form of spherical particles (Figure 32 and 4-33, respectively). Iron and
zinc oxide nanoparticles were predominantly spherical in shape as depicted by SEM
pictures. The SEM picture at two various magnifications reveals that iron and zinc oxide
nanoparticles were composed of spherical forms with a restricted size range of 15-20
nm. In addition, the reduction and nucleation development of the reduced atoms
agglomerate the grains. More bioavailable metal ions participate in fewer nucleation

events, resulting in metal aggregation.
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Figure (4-32) SEM photomicrograph of zinc oxide nanoparticles at magnifications of
10 um (A), 5 um (B), 4 um (C), and 3 um (D).
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Figure (4-33) SEM photomicrograph of iron oxide nanoparticles at magnifications of
10 um (A), 5 um (B), 3 um (C), and 3 um (D).

The micrographs presented in figures (4-32 and 4-33) demonstrate the
occurrence of network development at the zinc oxide and iron oxide nanoparticles.
There was clear indication that the process of agglomeration had occurred. The analysis
of the images provided, confirmed that the synthesized zinc oxide and iron oxide
nanoparticles exhibited a high degree of agreement with the results obtained from X-
ray diffraction (XRD). Furthermore, the zinc oxide nanoparticles that were synthesized
had a spherical morphology. In the investigation that performed by Lail et al., (2023)
on the characterization of zinc oxide nanoparticles and use the scanning electron
microscopy to determine the size of nanoparticles and revealed the presence of
nanoparticles with a spherical morphology, exhibiting an average size distribution

within the range of 50 to 100 nm.
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On the other hand, based on the examination of the scanning electron
microscopy (SEM) micrographs, Kamal et al., (2023)was predicted that the iron and
zinc nanoparticles synthesized would exhibit irregular shapes. The SEM images reveal
that particle agglomeration occurred due to the presence of inter-particle attraction
forces. The utilization of scanning electron microscopy (SEM) is crucial in the
examination of the dimensions and surface characteristics of the synthesized
nanoparticles, since the biological performance of these nanoparticles is heavily

influenced by their size and morphology (Sharmila et al., 2017).

4.4.3: MICs Determination of ZnO-NPs, IONPs compared to FLC

against different Candida species

The susceptibility was examined of different Candida species was examined
towards ZnONPs and IONPs, and their comparison with Fluconazole. The antifungal
activity of ZnO-NPs, IONPs, and FLU were assessed on Candida spp. using BMD
methods (figures 4-34). The findings of the study indicate that both ZnO-NPs and
IONPs exhibit antifungal properties against pathogenic Candida spp., effectively
inhibiting the growth of all the Candida spp. that were examined. The MICs of ZnO-
NPs and IONPs against Candida species were found to range from 64 to 512 pg/ml
and16-128 pg/ml. Additionally, the MICs for fluconazole (FLU) were observed to
be 64-512 pg/ml.

As shown in figure (4-34), the lowest MIC of IONPs in C. glabrata and C.
lusitaniae was 16 ug/ml, C. albicans was32ug/ml and C. krusei was 64 ug/ml. But the
highest MIC of IONPs in C. parapsilosis was 128 pg/mL. The minimum number of
ZnO-NPs required for the growth inhibition of C albicans and C. lusitaniae were 64
pg/mL but for C. glabrata was 128 pg/ml, for C. krusei was 256 pg/ml and for C.
parapsilosis was 512 pug/ml. The lowest MIC of ZnO-NPs was observed for C.
lusitaniae, C. albicans and C glabrata. The highest MIC values were obtained for C.

parapsilosis and C. krusei.

78



FLU exhibited the lowest MIC against C. parapsilosis, with MIC of 64 ug/ml.
C. glabrata and C. lusitaniae growth was inhibited at MICs of 128 g/ml. C. albicans
and C. krusei were less sensitive than the other Candida spp. examined, with MIC
values of the FLU reaching 512ug/ml and 256 g/ml, respectively. The FLU
susceptibility ordering was C. parapsilosis > C. glabrata and C. lusitaniae > C. krusei

> C. albicans.

The antifungal activity against Candida parapsilosis exhibited by (ZnO-NPs)
was substantially different when compared to that of fluconazole (FLU). In terms of the
antifungal efficacy against Candida glabrata and Candida krusei, the same MIC were
observed between fluconazole (FLC) and zinc oxide nanoparticles (ZnO-NPs). The
susceptibility of C. albicans and C. lusitaniae to ZnO-NPs was shown more

sensitive compared to FLU.

There was a significant difference between the MIC of fluconazole compare to
IONPs. According to our results the sensitivity of IONPs against candida spp. was
higher than FLU. In contrast, the research conducted by Abdulrasool et al., (2022) for
the purpose of antifungal effectiveness Fe3 O4 NPs and FLU against Candida spp., the
minimum inhibitory concentration (MIC) values were determined. The MIC of FLU
ranged from 15-122 pg/ml, whereas for Fe3 O4 NPs, it ranged from 59-475 pg/ml. The
antifungal activity against Candida krusei, Candida parapsilosis, Candida lusitaniae,
and Candida albicans species was significantly reduced for Fe3 O4 nanoparticles in

comparison to that of fluconazole (FLU).

These findings are in link with the findings of (Seddighi et al., 2017) which
evaluate the antifungal activity of IONPs against different Candida spp. in comparison
to fluconazole (FLU). The iron oxide nanoparticles (IONPs) exhibited a spherical
morphology, with a diameter ranging from 30 to 40 nm. The findings of the study by
Seddighi ef al., (2017) which are consistent with our findings, indicate that the growth
inhibition value for Candida albicans and Candida glabrata were most susceptible to
IONPs. while MIC for C. lusitaniae was 250 pg/ml, which is a higher value than what

we found.
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MICs for ZnO-NPs against Candida albicans was 64 pg/ml which is different
from the findings of Metwally et al., (2022) that MICs was 250 pg/ml. This difference
refers to the shape of nanoparticles have rod shape with sizes of 13.58 - 30.70 nm.
(Cheon et al., 2019) found that the difference in the antimicrobial activity of NPs was
closely linked to the difference in the rate at which NPs ions were released. This was

because the surface area of the NPs was different.
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Figure (4-34) Minimum inhibitory concentration (MIC) of ZnO-NPs, IONPs and
FLU against different Candida species (pug/ml)



4.4.4: Inhibitory effect of IONPs against Candida species by agar plate

well diffusion assay

The present study used the agar well diffusion method to evaluate the efficacy
of antimicrobial agents. The current investigation demonstrates a positive relationship
between the concentration of iron oxide nanoparticles and the diameter of the growth
inhibition zone exhibited by the fungal isolates (Table 4-6). In 1000pug/ml concentration
of IONPs the high inhibition effect of IONPs which presented in C. parapsilosis and C.
glabrata with inhibition zone of (33.5 mm) and (32 mm) respectively, followed by C.
albicans, C. lusitaniae and C. krusei with inhibition zone of (27 mm) (26 mm) and (24
mm). While in 500pg/ml concentration the high inhibition effect of IONPs which
presented in C. glabrata and C. parapsilosis followed by C. albicans with inhibition
zone of (25 mm) (23mm) and (23mm) respectively, while low effect were on C. krusei
and C. lusitaniae with inhibition zone of (19mm) and (17mm). But in 250 pg/ml the
high inhibition effect of IONPs which presented in C. glabrata and C. parapsilosis and
C. albicans with inhibition zone of (18 mm) (16mm) and (16mm) respectively. While

the low effect in C. lusitaniae and C. krusei with growth rate (§mm) and (11mm).

In 125pg/ml concentration found the high inhibition effect IONPs which
presented in C. albicans and C. parapsilosis with inhibition zone of (10mm), followed
by C. glabrata with inhibition zone of (9 mm). While not found any effect of IONPs
was on C. Lusitania and C. krusei with inhibition zone of (0 mm) and (6bmm). In 62.5

pg/ml concentration found Candida spp. are resistance effect to [ONPs.

The findings shown in this study agree with the studies by AL-Husseini & Al-
araji, (2021) in which they tested the antifungal properties of Fe2O3 nanoparticles on
two pathogenic Candida species, including (C. albicans and C. glabrate) using the well
diffusion method. The diameter of the growth inhibition zone of the fungal isolates
exhibited a positive correlation with the concentration of iron oxide nanoparticles.
Specifically, the growth inhibition zone of C. albicans displayed measurements of 30.1
mm, 24.2 mm, 20.2 mm, 18 mm, and 14 mm for concentrations of 20 mg/ml, 10 mg/ml,
4 mg/ml, 2 mg/ml, and 1 mg/ml, respectively. In addition, observed that the inhibitory
zones of C. glabrate exhibited diameters of 37mm, 35.2 mm, 28 mm, 23.7 mm, and

17.9 mm when exposed to Fe203 NPs.
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The study conducted by Sidkey et al., (2020) demonstrated the successful
extracellular creation of iron oxide nanoparticles by the utilisation of Aspergillus flavus.
The antifungal efficacy results of the IONPs demonstrated a maximum inhibition zone

of 10 mm against C. albicans at a concentration of 10 mg/ml.

The findings of Seddighi et al., (2017) indicated that the diameters of the zones
of inhibition of the IONPs were measured to be 51.2 mm and 38 mm against C. glabrata
and C. albicans species, respectively, at a concentration of 1000 pg/ml. In contrast,
smaller values of 35 mm, 27.2 mm, and 24.6 mm were observed against C. krusei, C.
parapsilosis, and C. lusitaniae, respectively. The observed widths of zones of inhibition

against Candida spp. in our investigation were found to be lower compared to the

findings reported by (Seddighi et al., 2017) .

These findings are partially consistent with the findings reported by Abdulrasool
et al., (2022), where the diameters of the zones of inhibition against C. albicans and C.
glabrata species were measured as 36.1 mm and 48.6 mm, respectively, at a
concentration of 950 pg/ml for Fe3 O4 NPs. Comparatively smaller measurements of
23.4,25.8, and 33.3 mm were acquired in relation to C. lusitaniae, C. parapsilosis, and

C. krusei, respectively.

Table (4-6) Zone of inhibition of IONPs at various concentrations against different
Candida species (mm)

Candida species Concentration of IONPs (pg/ml)
1000 500 250 125 62.5

C. albicans 27 21 16 10 5.2
C. glabrata 32 25 18 9 4

C. parapsilosis 33.5 23 16 10 5

C. krusei 24 17 11 6 3

C. lusitaniae 26 19 8 0 0

A
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Figure (4-35) Zone of inhibition of IONPs at various concentrations against different
Candida species. A- C. albicans, B- C. parapsilosis, C- C. krusei, D- C. lusitaniae,

E- C. glabrata.
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4.4.5: Inhibitory effect of ZnO-NPs against Candida species by agar

plate well diffusion assay

Different study using Nano-ZnO as a biological agent and become increasingly
common. In Table (4-7) shows the effect of ZnONPs on different species of Candida.
The results showed that some Candida spp. isolate were susceptible to ZnONPs and the

inhibition rate increases with the increase of concentration.

ZnONPs at 1000ug/ml showed high inhibition effect presented against C.
lusitaniae and C. glabrata with inhibition zone of (39 mm) and (30 mm) respectively,
followed by, C. krusei, C. albicans and C. parapsilosis with inhibition zone of (29 mm)
(25 mm) and (21 mm). While in 500pg/ml concentration the high inhibition effect of
ZnONPs which presented in C. lusitaniae with inhibition zone of (31 mm) C. glabrata
and C. krusei with inhibition zone of (22mm), while low effect was on C. albicans and

C. parapsilosis with inhibition zone of (20mm) and (18mm).

But at 250 pg/ml, the high inhibition effect of ZnONPs which presented in C.
lusitaniae and C. glabrata with inhibition zone of (25 mm) and (20mm) respectively.

While the low eftect in C. albicans, C. krusei and C. parapsilosis with growth rate

(17mm) (15mm) and (14mm).

At 125pg/ml ZnONPs showed high inhibition effect against C. lusitaniae, with
inhibition zone of (21mm). followed by C.albicans and C. glabrata with inhibition zone
(15 mm). While found low effect of ZnONPs was on C. parapsilosis and C. krusei with
inhibition zone of (11 mm) and (10mm). In 62.5 pg/ml concentration found the high
inhibition effect of ZnONPs which presented in C. lusitaniae, with inhibition zone of

(16mm). C. parapsilosis and C. krusei are resistance effect to ZnONPs.
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The sensitivity of C.albicans was sensitive to ZnONPs in our study, which is
similar to the results of (Jalal et a/., 2018) a maximum zone of inhibition (23 mm) was
recorded for C. albicans at highest concentration (1000 ug/ml). The findings correlate
with the study conducted by Abd & Ali (2015) which demonstrated that Candida
albicans exhibited sensitivity to various concentrations of zinc oxide nanoparticles.
Specifically, Candida albicans displayed sensitivity to all concentrations (0.01, 0.05,
0.1, 0.5, 1, 3, and 5.8 mg/ml) of the zinc oxide nanoparticles solution. However, it is
important to highlight that at a concentration of 1 mg/ml, the inhibition zones measured
14 mm in their study, whereas our results indicated larger diameters for the inhibition

zone at the same concentration.

The study conducted by Yousef & Danial (2013) investigated the antimicrobial
efficacy of zinc oxide (ZnO) nanoparticles against Candida albicans. The researchers
demonstrated that ZnO nanoparticles exhibited an inhibitory zone measuring 18 mm.
In the present investigation, the average diameters of the inhibitory zone resulting from

the application of zinc nanoparticles were measured to be 25 mm.

Similar anticandidal activity of green synthesized zinc oxide nanoparticles
(ZnO NPS) from zinc acetate solution by using lemon peels aqueous extract has also
been reported by Metwally et al.,( 2022) the highest zone of inhibition (24.5 mm) was
observed for C. glabrata, followed by C. albicans (19.5 mm), while the lowest zone of
inhibition (16.0 mm) was reported for C. krusei at a concentration of 0.5 mg/ml. In a
study by Ahmadpour Kermani et al., (2021) disagreed with our findings by reporting
no growth inhibition was detected when concentrations of 1024 pg/mL of ZnO-NPs

were used for C. parapsilosis, C. lusitaniae, C. albicans, and C. krusei.

Table (4-7) Zone of inhibition of ZnO-NPs at various concentrations against different
Candida species (mm).

Candida species Concentration of ZnONPs (ng/ml)

1000 500 250 125 62.5
C. albicans 25 20 17 15 12
C. glabrata 30 22 20 15 13
C. parapsilosis 21 18 14 11 6
C. krusei 29 22 15 10 5
C. lusitaniae 39 31 25 21 16
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Figure (4-36) Zone of inhibition of ZnO-NPs at various concentrations against different
Candida species. A- C. albicans, B- C. parapsilosis, C- C. krusei, D- C. lusitaniae,

E- C. glabrata.
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4.4.6: Inhibitory effect of FLU against Candida species by agar plate
well diffusion assay

The susceptibility testing of Fluconazole, in accordance with the Clinical and
Laboratory Standards Institute (CLSI) standard, categorises antifungal medications as
susceptible (S) if the zone diameter is greater than or equal to 19 mm, intermediate if
the zone diameter ranges from 15 to 18 mm, and resistant (R) if the zone diameter is
less than or equal to 14 mm. The investigation focused on determining the resistance or
sensitivity of the isolated Candida spp. to fluconazole. The findings indicated that the
previously mentioned strains exhibited resistance to the antifungal compounds, while
some strains shown semi-sensitivity and sensitivity. At 1000 pg/ml the highest
inhibitory effect of FLU was against C. parapsilosis, C. glabrata, C. lusitaniae, and C.
krusei respectively, while the C. albicans was intermediate sensitive to FLU. FLU
compare to ZnONPs and IONPs the diameter of the growth inhibition zone of C.
parapsilosis higher than nanoparticles. While in 500 pg/ml concentration C.
parapsilosis, C. glabrata, C. lusitaniae, and C. krusei were sensitive just C. albicans
was resistant. But in 250 pg/ml concentration C. parapsilosis and C. glabrata were
sensitive. But C. lusitaniae, and C. krusei were intermediate sensitive to FLU and C.
albicans was resistant. In125 pg/ml concentration just C. parapsilosis was sensitive,
but found the other Candida spp. become resistant to FLU. While in 62.5 pg/ml

concentration of FLU found the five Candida spp. were resistance.

Table (4-8) Zone of inhibition of FLU at various concentrations against different
Candida species (mm)

Candida species Concentration of FLU(png/ml)

1000 500 250 125 62.5
C. albicans 15 11 3 0 0
C. glabrata 31 24 19 14 12
C. parapsilosis 40.5 34 29 20 13
C. krusei 23 20.5 16 12 6.5
C. lusitaniae 25 21 17 14 9
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Figure (4-37) Zone of inhibition of FLU at various concentrations against different
Candida species. A- C. albicans, B- C. parapsilosis, C- C. krusei, D- C. lusitaniae, E-
C. glabrata.
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Chapter Five

Conclusions
&

Recommendations



5.1. Conclusions

1- This investigation indicated that the air within the hospital exhibited a general state

of contamination.

2-Different types of fungi can cause different pathogenicity, and the body's mechanisms
for defence is the key to avoiding fungal infections. Various types of fungi, including
filamentous fungi and yeasts were found to contaminate all of the wards. Candida is
the most common species isolated, followed by Aspergillus as the second most

common.

3- Sequencing of the internal transcribed spacer (ITS) enables rapid and accurate

identification of fungal Candida spp. Strains of fungi can be distinguished based on

their genetic variation within the ITS region.

4-With the use of XRD pattern for zinc oxide nanoparticles, the prominent peak was
36.24°demonstrated the high purity of zinc oxide nanoparticles. While the XRD pattern
for iron oxide nanoparticles the prominent peak was 35.42° demonstrated the high

purity of zinc oxide nanoparticles.

5-SEM showed aggregation surface morphology for ZnO-NPs and IONPs which has

spherical surface morphology.

6- Candida spp. isolates were susceptible to ZnO-NPs and IONPs and the inhibition
rate increases with the increase of concentration, while there is resistance of Candida

albicans to the fluconazole antifungal.
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5.2. Recommendations

1-To prevent nosocomial infections, there is a need for more proper hygiene and
ongoing nosocomial pathogen monitoring through investing in good ventilation
systems, disinfecting the floors regularly, restoration of the buildings, checking the air

and ventilation mechanisms regularly, and reduction in visitors.
2- Study of nanoparticles activity against different fungal infection.
3- Study the effects of ZnONPs and IONPs on virulence factor of pathogenic fungi.

4- There is a need for further studies on natural target cells, such as in vivo studies on
mouse models to clarify whether nanoparticles could be applicable as an alternative
antifungal.

5- Study the ZnONPs and IONPs effected on production of cytokines.
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