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Abstract 

Growing rates of immunodeficiency diseases, immunosuppression after transplantation, cancer, and cancer therapy are 
all contributing to the rise in fungal infections. They are widespread and may produce minor infections or more serious, 
deeply ingrained diseases that are fatal. Numerous virulence factors that support the survival and duration of the fungal 
infection cause tissue damage and illness within the host, these virulence factors are covered in this review. These 
elements include the capacity to cling to the tissues of hosts, the generation of tissue-damaging enzymes, and the direct 
disruption of host defense mechanisms. Mannitol and catalases are two substances produced by pathogenic fungi that 
offer protection against reactive oxygen species (ROS). Certain fungi such as Candida. albicans and dimorphic fungi are 
capable of changing their morphology. In a mammalian host, thermotolerance of at least 37°C is essential for life and 
aids in spread. Several pathogenic fungi synthesize melanin, which protects from extreme elements including UV rays, 
high temperatures, and ROS, another virulence determinant is the capacity of the host to access iron (Fe) in the storage 
or transport forms, and calcineurin functions as a pathogenic fungal sensor. 
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1. Introduction

The frequency of fungal infections has increased, and this has led to a rise in both morbidity and death, the rise in 
immunodeficiency illnesses, including AIDS, cancer and its treatment, and immunosuppressive medication after 
transplantation, is particularly concerning for invasive fungal infections that pose a serious risk to life [1]. Because fungi 
are so common, infections can result via inhaling their spores (as in the case of Aspergillus fumigatus), from direct skin 
contact or implantation (as in the case of Trichophyton rubrum), or commensals (as in the case of Candida albicans) 
when the host's natural flora is altered, and the majority of immunocompetent people can, however, control and limit 
these fungal infections thanks to immunological systems [2, 3]. Fungi can cause a variety of diseases, including the 
common surface infections brought on by dermatophytes, invasive infections brought on by C. neoformans or C. immitis, 
additionally, A. fumigatus causes allergy diseases in atopic hosts, whereas invasive opportunistic infections happen in 
immunocompromised people, although mucocutaneous infections can occur in immunocompetent people  [4, 5]. The 
fungal persistence and survival within the host are caused by specific virulence factors, causing tissue damage and 
illness, and the fungal capacity to induce disease [6]. These elements include the capacity to stick to the tissues of hosts, 
the synthesis of tissue-damaging enzymes, and the direct disruption of host defense mechanisms [7]. Certain fungus 
may change their shape; dimorphic fungi and C. albicans are two examples of this [8]. For a mammalian host to survive 
and aid in dispersal, thermotolerance, at least to 37°C, is essential [9]. So we try in this review article to understand 
these virulence characteristics is crucial as efforts to create medications and vaccines that are efficient in treating and 
preventing fungal infections continue. 
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2. Medically Important Pathogenic Fungi 

Most fungi are classified as eukaryotes, that spread through the spore-producing process they are widely found in the 
environment and it is capable of both sexual and asexual reproduction, the majority of human pathogenic fungi are 
classified into three major phyla: Ascomycota, Basidiomycota, and Zygomycota [10]. 

2.1. Ascomycota 

Due to their usage of ascospores for sexual reproduction, the fungus in this category are referred to as sac fungi (ascus), 
hyphae fuse to generate new cells during sexual reproduction, and these new cells divide to produce ascospores inside 
the ascus [11]. Additionally, they procreate asexually by the budding of their asexual spores, called conidia, and under 
favorable circumstances, asexual reproduction takes place in this phylum, dermatophytes, dimorphic fungi (H. 
capsulatum, B. dermatitidis, P. brasiliensis, C. immitis and Candida spp.), and septate filamentous fungus (Aspergillus spp.) 
are a few examples of harmful fungi [12]. 

2.2. Zygomycota 

Rhizopus oryzae, Mucor spp., and Rhizomucor spp. are examples of fungi in this group that can cause invasive diseases, 
asexual reproduction occurs when zygomycetes produce sporangiospores, while sexual reproduction occurs when they 
create large, septate hyphae that spread quickly into colonies [13]. 

2.3. Basidiomycota 

This group of fungi is recognized as "club fungi" as they generate spores that are sexual and have a structure resembling 
a club, these spores are called basidiospores, and they procreate asexually as well as sexually, they can be created in 
both terrestrial and aquatic habitats [14]. They are also capable of forming ballistospores, which are vehemently 
released into the air, such as Trichosporon spp., Malassezia spp., and Cryptococcus spp [15]. 

3. Pathogenetic Fungal Virulence Factors 

Though there may be as many as 1.5 million fungal species on the planet, only approximately 600 are known to be 
harmful to humans, with about 30 of them being often linked to illness in humans  [16]. The term "mycoses" refers to 
fungi that cause disease. Their virulence characteristics and capacity to cause illness stem from their ability to adapt to 
and endure in the hostile environment of their hosts [17]. Immunocompromised people are susceptible to infection by 
opportunistic pathogens, like C. albicans, A. fumigatus, and C. neoformans, primary pathogens are widely distributed and 
cause disease in immunocompetent hosts when inhaled in large doses, such as H. capsulatum, C. immitis, B. dermatitidis, 
and P. brasiliensis [18]. However, this distinction is not evident, as main pathogens like C. immitis can occasionally 
produce illness in immunocompetent people, while when a person's immune system is impaired, C. neoformans can 
cause serious illness [19]. 

3.1. Adhesins 

Numerous virulence features, such as characteristics that enable them to adhere to tissues and withstand removal or 
carried away by ciliary activity or mucous, are what allow pathogenic fungi to cause illness  [20]. For instance, C. albicans 
is known to possess a variety of adhesion molecules and may attach to medical equipment to build a biofilm, which 
increases the pathogenicity of the organism [21]. Hwp1p, Eap1p, Cshlp, Als proteins, and other molecules are examples 
of adhesion molecules, eight genes encode Als proteins, which are involved in cell-to-cell aggregation, and adhesion to 
collagen, laminin, endothelial cells, and epithelial cells [22]. The creation of vaccination to prevent invasive candidiasis 
is predicated on the abrogation of Als3, which mediates adhesion to platelets whereas Hwp1p facilitates binding to 
epithelium [23]. The hydrophobic protein rodlets that coat A. fumigatus conidia, and are encoded by the RODA and 
RODB genes facilitate the hyphae of A. fumigatus surface where the conidia are attached to albumin and collagen, the 
galactomannan, and chitin promote the binding of immunoglobulin and complement fibrinogen, and surfactants A and 
D [24, 25]. By binding to CR3 and CD14 on phagocytes and modifying host immune responses, BAD 1 helps Blastomyces 
sp. attach to host cells [26]. HSP60 is used by H. capsulatum, glyceraldehydes, and polypeptides are used by P. 
brasiliensis, and the spherule outer wall of Coccidioides sp. is used for attachment [27, 28]. 

3.2. Thermotolerance and Dimorphism  

Morphogenesis is another way that pathogenic fungi acquire pathogenicity, the majority of pathogenic fungi display 
dimorphism, or the capacity to transform between a pathogenic and a non-pathogenic form since they are a part of their 
surroundings or as commensals, they take on a different morphotype when they infect others  [29]. They can live as 
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molds or yeasts, the latter of which are ovoid or circular unicellular creatures through binary fission they generate a 
distinct, autonomous daughter cell during reproduction [30]. In contrast, molds are filamentous; they develop by 
extending apically to produce cellular units with septa dividing them but remain joined to the mold, these parts of the 
cell that branch out are referred to as mycelium or hyphae [31]. Certain fungi can have several morphotypes, for 
instance, C. immitis can produce big endosporulating spherules, and pseudohyphae are examples of intermediate forms 
that can exist, as demonstrated by C. albicans [32]. Additional virulence characteristic is the capability to grow in height 
temperatures, systemic infection-causing fungus may thrive at body temperature, as well as at 38-42°C, which is 
considered a febrile temperature because A. fumigatus is very thermophilic, it can tolerate temperatures between 55 to 
77°C [33]. The majority of fungi live as a mold at room temperature, however pathogenic fungi convert into yeast at 
mammalian temperatures, and pathogenic fungi may also take on diverse forms at different temperatures  [34]. Despite 
being virulent, H. capsulatum growth persisted at 37°C when the change from mycelia to yeast was inhibited [35]. Both 
forms of C. albicans are harmful, and they adapt to changes in their surroundings by becoming unicellular yeast at lower 
temperatures and an acidic pH that spreads throughout the environment, tissue invasion employs the hyphal form [36]. 

3.3. Capsules 

Fungi that are capsules are often harmful, to fend against phagocytosis, C. neoformans covers itself in 
glucuronoxylomannan capsules, a capsular strain of C. neoformans is not virulent because it is easily phagocytosed; in 
contrast, environmental strains are weakly encapsulated, the capsules made of polysaccharides frequently predominant 
in isolates that cause infections [37]. Apart from the complement's depletion and the cytokine network's disruption, the 
encapsulation-causing genes include CAP 59 and CAP 64, furthermore preventing leucocytes from migrating to the 
infection site in the capsule [38, 39]. 

3.4. Enzyme production 

Pathogenic fungi emit degradative enzymes that damage host tissue and impair the host's immune system, making it 
easier for disease to form and spread, extracellular phospholipases, lipases, and proteases are secreted by C. albicans, 
compared to commensal strains of Candida spp., pathogenic strains emit significantly more phospholipase, 
phospholipases A, B, C, and D break ester bonds and are essential for iron absorption and food consumption  [40, 41]. 
Furthermore, aspartyl proteinases secreted by C. albicans hydrolyze complements, glycoproteins, immunoglobulin A, 
mucin, and lactoferrin, in addition to factor X, coagulation factors, and extracellular matrix proteins [42]. Lung tissue 
elastin is hydrolyzed by metalloprotease, phospholipases, and aspartic and serine proteases released by A. fumigatus, 
whereas serine proteases break down collagen, fibrin, and fibrinogen [43]. In addition, C. neoformans is known to attack 
the central nervous system by making urease, which is also used by Coccidioides spp., proteases, and phospholipases, 
such as lysophospholipase and lysophospholipase-transacylase, are also secreted by the fungus, the alkalinity of the 
infection sites is increased by these enzymes, which also degrade lung surfactant and promote adherence, variants that 
lack urease are unable to propagate [44]. 

3.5. Toxins 

 Aflatoxin and gliotoxin are just two of the toxins secreted by A. fumigatus, aflatoxin is hepatotoxic and carcinogenic, and 
it has no effect on the pathogenicity of A. fumigatus, due to its immune-suppressive properties, gliotoxin prevents T-cell 
activation and macrophage phagocytosis [45]. Additionally, it damages the epithelium and reduces ciliary action, which 
makes it much more difficult for the fungus cells to be removed [46]. Most other fungi produce a range of secondary 
metabolites, some of which are likely crucial in pathogenicity and have a wide range of cellular functions [47]. 

3.6. Melanin 

Numerous pathogenic fungi produce melanin, which is hydrophobic and provides protection against extreme 
temperatures and UV radiation. It also protects reactive oxygen species [48]. Melanin has been demonstrated to avoid 
antifungal damage in C. neoformans and to impede antibody-mediated phagocytosis [49]. A. fumigatus similarly uses a 
six-gene route to generate melanin from acetate; other pathogenic fungus that also makes melanin includes Blastomyces 
spp., P. brasiliensis, and H. capsulatum [50, 51]. 

3.7. Protection from harmful nitrogen and oxygen molecules 

By causing lipid peroxidation and nucleic acid breakage, neutrophils and macrophages inflict harm on fungus through 
oxidative processes, fungi that cause disease generate enzymes that shield them from the damaging effects of oxidation, 
to fend off ROS, and they generate catalases [52]. C. neoformans produces copper zinc, and peroxidase to withstand 
oxidation, but to protect itself against ROS, C. albicans uses HSP and superoxide dismutase [53, 54]. Along with 
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producing superoxide dismutase to shield it from oxidative damage, A. fumigatus also generates three catalases: Cat 1p, 
Cat 2p, and Cat-A associated with hyphae and conidia, respectively [55]. 

3.8. Acquisition of iron and the function of Mannitol and Calcineurin 

The fungi require iron for development, respiration, and other metabolic functions; however, the host does not contain 
free iron, therefore, a virulence factor is the capacity to collect Fe from the host's storage or transit forms [56]. Three 
different modes of iron absorption are used by A. fumigatus: ferrous Fe uptake, mediated by siderophores Fe uptake, 
and reductase Fe uptake [57]. Iron is obtained by C. albicans by a variety of methods, including the usage of 
siderophores, and direct absorption from red blood cells' heme via hemoglobin surface-based receptors [58]. 

 Particularly for CNS infections, mannitol is used by C. neoformans, where it shields the fungus from the damage caused 
by oxidation, and it may exacerbate cerebral oedema due to its high production [59]. Calcineurin detects the presence 
of harmful fungus there are various virulence factors whose expression is claimed to be influenced by it [60]. The growth 
of A. fumigatus depends on the calcineurin CNAA gene, which also facilitates tissue invasion [61]. 

4. Conclusion 

It is essential to comprehend the processes of virulence due to the frequent and quick appearance of "new" fungal 
diseases as well as the re-emergence of "old" pathogens. As previously mentioned, fungi-related illnesses primarily 
impact individuals who are immunosuppressed or immunocompetent and are significant global sources of morbidity 
and mortality. Improvements in cancer treatments have led to a rise in the occurrences and related fatalities of invasive 
fungal infections. A variety of virulence factors that aid in fungal survival and persistence in the host, leading to tissue 
damage and disease, are responsible for some fungal species' capacity to cause disease. Understanding these virulence 
characteristics is crucial as efforts to create medications and vaccines that are efficient in treating and preventing fungal 
infections continue. 
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