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			Abstract

			Fungi from Candida genus can be found in the human mouth, skin, and gastrointestinal microbiota. These microorganisms are present in more than half of the world population and may act as an opportunistic pathogen. Among this genus, C. albicans is the main causative agent of hospital systemic and bloodstream fungal infections. This species presents pathogenic mechanisms that include biofilm formation that act as barriers against the antifungal drugs. The increased mortality involving Candida-related infections, the higher incidence of opportunistic infections, the emergence of resistant fungi strains and the limited number of antifungal agents, demand the search for new effective antifungals. In that matter, it is important to know the morphology and pathogenicity of C. albicans to design new and better drugs able to penetrate the natural and resistance barriers and act against this pathogen. Therefore, this study aimed to review the literature about morphology, virulence factors, resistance mechanism and clinical features that can be a target for antifungals to help with designing new compounds. Besides that, we described the state of the art of the innovations on antifungals for Candida, through the perspective of the recent patents available in Thomson Reuters Integrity platform which is a very useful database for health science research and drug design.
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			Introduction

			Currently about 600 fungal species are pathogenic for humans [1,2]. The genus Candida are composed of a pathogenic fungus of great relevance on the world. The genus Candida is currently composed of about 200 species, but only approximately 10% are pathogenic. Among them, the species of greatest clinical importance are C. parapsilosis, C. dubliniensis, C. tropicalis, C. glabrata, C. krusei, C. guilliermondii, C. lusitaniae, C. auris and C. albicans which is the most prevalent species, isolated in invasive and superficial infections in several anatomical sites [3,4]. Studies 

report that Candida spp invasive infections have increased over the past two decades. Candidiasis are the high incidence of opportunistic infections mainly in immunocompetent patients with a high mortality rate [5,6].

			Candida is part of oral commensal microbiota of healthy individuals [3,7]. But is also, the leading causes of hospital systemic fungal infections and responsible for candidemia (bloodstream infections), mainly affecting immunocompromised patients [6]. Candida albicans is the most prevalent species in hospital, which occupy different anatomical sites [8-10]. Other Candida species also have great clinical importance as they have been related to bloodstream infections (candidemias) and account for about 50% of non-superficial infections (Candida tropicalis, Candida parapsiloisis, Candida glabrata, Candida krusei, Candida dubliniensis, Candida guilliermondii and Candida lusitaniae) [11].

			Also, Candida auris is an emerging pathogen with high clinical importance as it is a multidrug resistant species, identified from a Japanese patient for the first time in 2009. Outbreaks of infections caused by C. auris have been reported in several countries such as Kuwait, Pakistan, United Kingdom, Spain and Venezuela. This species can cause ventriculitis, osteomyelitis, intra-abdominal infections, pericarditis, vulvovaginitis, pleural effusion, bloodstream infection among others. C. albicans is commensal in various anatomical sites (e.g. oral cavity, gastrointestinal and urogenital tracts) (Table 1).

			Table 1: Types of candidiasis infections.

			
				
					
					
					
				
				
					
							
							Type of candidiasis

						
							
							Characteristics

						
							
							Reference

						
					

					
							
							Disseminated candidiasis

						
							
							Patients with multiple organ infected by Candida spp and may have their clinics aggravated with prolonged stages of neutropenia that result in Hepatosplenic Candida (chronic infection)

						
							
							59-61

						
					

					
							
							Cutaneous candidiasis

						
							
							Occurs in body parts where moisture and temperature conditions favour the fungal growth. 

							It can present intense erythema, edema, purulent exudate, pustules, folliculitis in skin folds such as armpits, groin, submammary fold, intergluteal groove and suprapubic crease. Cutaneous candidiasis occurs mainly in patients with diabetes mellitus, HIV and newborn baby
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							Candidemias

						
							
							Occurs when Candida species were isolated in at least one blood culture. This isolation can be associated with vascular catheter, in the presence or absence of clinical signs of infection

						
							
							63

						
					

					
							
							Mucous membrane infections

						
							
							Occurs when Candida species invade certain tissues (mucous membrane of the oral cavity, vagina, among others). 

							The most common reported clinical manifestations of invasive candidiasis, are oropharyngeal candidiasis and vulvovaginal candidiasis. These invasive infections usually occur primarily in immunocompromised individuals, patients with cancer, or those with long-term treatment of broad-spectrum antibiotics or systemic corticosteroids. This infection can compromise the viscera, the gastrointestinal tract, kidneys, spleen and liver. It can be acquired by endogenous pathway, caused by imbalance in the gastrointestinal mycrobiota or exogenous by contaminated by hands or objects.

						
							
							16, 64, 65

						
					

				
			

			The main common manifestation is the vaginal infections and is generally found causing infections in immunocompromised individuals, mainly patients with Human Immunodeficiency Virus (HIV), neutropenic patients undergoing chemotherapy or transplanted and diabetes mellitus patients. Besides the mucocutaneos infections, this microorganism may cause invasive mycosis in internal organs like kidneys, liver, spleen and brain of these patients [8-10]. Candidiasis present different denominations according to the anatomical site (Table 1) [12,13]. In this work we briefly reviewed the literature, addressing different aspects including morphological and pathogenic characteristics of the Candida albicans, as well the related mechanisms of resistance to antifungals, which may be important to the development of new antifungals.

			Morphogenesis of Candida albicans and relation with infection and control

			Morphology studies show that infections caused by C. albicans generally involve more than one cellular form, in which the filaments (hyphae) are responsible for the penetration of tissues. Interestingly yeast form is important in the early dissemination and less invasive infections. Several virulence factors are present in C. albicans, such as adhesins, transition from the yeast form, to pseudo hyphae or hyphal, biofilm formation and hydrolytic enzymes such as proteases, lipases, and phospholipases, among others [8,14,15]. 

			C. albicans species exhibit polymorphism that varies according to the adaptation to the environment. Pseudo hyphae, chlamydospores and hyphae are important in the invasive process since they are resistant to the action of phagocytes and overcome the epithelial barrier [11]. Yeast cells are well adapted to hematogenic dissemination, allowing them to spread as a systemic infection. Therefore, the polymorphism observed in this species is an important virulence factor [16]. 

			The chemical composition of the cell wall of these fungi is very complex, consisting mainly of polysaccharides, whether or not linked to proteins or lipids, and polyphosphates and inorganic ions forming a matrix. The most frequently components found are Quitins, Glucans, Galactomannans, mannans and proteins, however the quantity of these components varies according to the fungal species. Candida spp cell wall is a complex structure of approximately 100 to 300 nm thick, composed of 5 to 8 distinct layers of carbohydrate (80-90%), besides proteins and lipids. The main constituent of the wall is a highly branched polysaccharide called mannan and this polysacharide is composed of mannose residues linked by alpha-1,6 and alpha-1,2 (alpha-1,3 rarely) and phosphate.

			The glucans are important polymers present in Candida, cell wall, being α-glucans and β-glucans its main representatives. β-glucans are highly immunogenic, and present great importance in therapeutic medicine and also in the production of vaccines, while the α-glucan are less immunogenic structures found in greater quantity in the yeast stage of many dimorphic fungi contributing to evade host’s immune system [1]. The mannans present in the fungal wall are polymers, important for the fungal cell wall architecture and also in the degradation of macromolecules (e.g. enzymatic manoproteins). Chitin is another polymer of the fungal cell wall, present in lesser quantity in yeasts. These structures are recognized by the host’s immune system by the Pathern Recognition Receptors (PRR) of dendritic cells, macrophages, among others. It is worth pointing out that large fragments of chitin are not immunogenic, so an intense production of chitin is an evasion mechanism carried out by fungi. Studies show that Candida albicans increases production of chitin once exposed to antifungals [17,18].

			Antifungal Agents and Mechanisms of Resistance 

			Candida albicans, as other fungi, subsequent to antifungal treatment, can undergo microevolution, leading to drug resistance [17]. The knowledge about these adaptations is very important for directing the treatment and to develop new antifungals. The main antifungal agents used for treating candidiasis are the class of polyenes and azoles. However other classes such as echinocandins and nucleosides analogs are also used to treat these infections. Currently there are few options of antifungal agents on the market and in recent years the isolation of strains resistant to these antifungal agents has increased greatly [18]. A microorganism is resistant when it is not inhibited by the prescribed concentration of the antimicrobial in vitro. The primary resistance is observed when a strain is naturally resistant before exposed to the drug whereas the secondary resistance or acquired is when the resistance is caused by acquisition or modification of genetic material, allowing such microorganisms to survive and reproduce even in the presence of the drug [18]. Besides this, the clinical resistance is observed when antifungal therapy failure. It may occur due to other factors besides the fungal resistance (e.g. the immune status of the host, pharmacokinetics of the antifungal agent) [19]. 

			The emergence of strains resistant to the current drugs has increased recently. Currently, the antifungal used in clinical practice have at least one resistant strain report which, is of great concern. It has been emphasized the need to control the proper use of these agents, and the importance of the discovery of new drugs with antifungal action [18,20].

			Antifungal Therapy

			Polyenes

			The family of polyenes is represented by Amphotericin B and nystatin [21,22]. They are macrolides of great importance, with broad spectrum of activity. The polyenes act in superficial and invasive fungal infections, however, they present high toxicity mainly related to kidney cells [23]. Amphotericin B is the main representative of this family, introduced in clinics in 1958, currently it remains as the first choice in the treatment of systemic fungal infections. amphotericin B can also be found as a lipid complex and in liposomal form, that are both formulations developed to reduce the toxicity, and the doses to be administered, thus increasing the efficacy of this drug. The mechanism of action is triggered by one of the components of the cell membrane, ergosterol, leading to the formation of pores (transmembrane channels), causing a disturbance of the influx of ions mainly potassium, leading to cell death.) [21-25]. There are less reports of resistance for the polyenes in comparison to other antifungals; the mechanism is related to ergosterol binding in fungal membranes. Another mechanism is the increase in the catalase production, reducing oxidative damage promoted by amphotericin B [18-20].

			Azoles

			The drugs belonging to the class of heterocyclic azoles (imidazoles and triazoles) have a broad-spectrum of oral bioavailability and low toxicity. [5,25], The triazoles are more slowly metabolized with less effect on the synthesis of sterols in humans compared to imidazole. The family of imidazoles include ketoconazole, miconazole, econazole, clotrimazole, whereas the triazoles family is composed of fluconazole, itraconazole, voriconazole, posaconazole [5,23].

			These antifungal agents generally exhibit fungistatic action and are the first choice for the treatment of infections related to Candida spp [5,25]. They act by inhibiting lanosterol 14-α demethylase (CYP51), an enzyme of the ergosterol biosynthesis pathway of, the, this inhibition results in modification of the membrane permeability facilitating the efflux of potassium ions for example [5,26]. The resistance to azoles is mainly related to the mutation in the gene ERG11encoding the target of these drugs. It alters the azoles binding domain. It is noteworthy that there are many reports of strains resistant to azole drugs as these are the first-choice treatment for Candida infections. Another mechanism of resistance is the change in expression of the drug efflux pump, CDR1, CDR2, MDR1 [20,27]. These genes code the ATP Binding Cassette (ABC) carrier family of transmembrane proteins Cdr1 and Cdr2, which act as efflux pumps. Once overexpressed, these genes are associated with the azolic resistance observed in some fungal strains [28] (Figure 1).
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			Echinocandins

			Echinocandins are used as the first-choice treatment of C. glabrata infections due to this specie reduced sensitivity to azoles. The class of echinocandins is composed of semi-synthetic lipopeptides caspofungin, micafungin and anidulafungin. Caspofungin was originally obtained from the species Glarea lozoyensis, micafungin from Coleophoma empetri, and anidulafungin from Aspergillus nidulans. The mechanism of action involves inhibition of the enzyme β-1,3-glucan synthase, which participates in the biosynthesis of fungal cell wall glycans, this enzyme prevents the maintenance of the integrity and rigidity of the cell wall, resulting in a cellular lysis [29-33]. Strains resistant to these drugs were reported and they are described as directly related to FKS genes family (FKS1, FKS2, FKS3). These genes codes proteins involved in the biosynthesis of β-1,3-glucan, so, the mutation of these genes leads to the resistance observed against echinocandins. Mutations in the CDC6 and CDC55 genes are also associated with resistance to these drugs [24,28,34].

			Nucleoside Analogues

			Flucytosine or 5-fluorocytosine inhibits fungal metabolism by interfering in the RNA and DNA synthesis. This drug is a fluorinated pyrimidine analogue and acts entering the fungal cell by a cytosine permease. Within the cytoplasm 5-fluorocytosine is converted to 5 fluoruridil and competes with uracil in RNA synthesis resulting in a defective RNA and interfering with protein synthesis. High rates of acquired resistance to these drugs were reported [35-37]. Association of fluconazole or itraconazole with flucytosine have been described to be efficacious in Candidiasis, with synergistic effects and reducing the risk of resistance to these drugs. The acquired or innate resistance to flucytosine occurs due to mutations in the genes FCY 1, FCY 2 that codes cytosine deaminase and FUR 1 that codes uracil phosphoribosyl transferase [38].

			Virulence factors

			Virulence factor are defined as the process or components that participates directly causing infection or damage to the host tissues [39]. When exposed to sub inhibitory concentrations of antifungals, Candida spp promotes the stimulation of virulence factors, such as production of hydrolytic enzymes to improve adherence to tissues and survival. Since fungi are eukaryotic, only limited number of selective targets in relation to humans can be explored for drug design [40,41]. The antifungal drugs actually in the market act by inhibiting fungal growth or killing the fungal cells; in these cases, a selective pressure occurs which leads to the emergence of resistance Targeting virulence factors can be an interesting strategy to avoid resistance and to maintain the microbiome, important for the host. The suppression of C. albicans by antifungals may lead to the growth of other species less susceptible to antifungals (e.g. C. krusei and C. glabrata) [38,42]. Many virulence factors have been described in Candida albicans such as filamentation, biofilm production, adhesins, phospholipases, proteases and toxins and they may be explored as target for the development of new antifungals.

			Polymorphism

			To survive inside the host, C. albicans needs to adapt to changing environments and different stresses condition. The polymorphism of Candida albicans is an important virulence factor [43,44]. Several environmental stimuli such as pH affect the morphology of C. albicans. The pH less than 6 favors the growth of yeasts, while a pH higher than 7 favors the growth of hyphae. Other conditions, such as physiological temperature, the presence of carbon dioxide, the presence of N- acetylglucosamine or serum also favor the formation of hyphae [16,44,45]. Hyphae formation is important for adhesion to epithelial and endothelial cell, besides the invasion and damage. 

			The polymorphism of Candida is also regulated by the Quorum Sensing (QSM). This communication mechanism detects high cell densities (>107 cells per ml) stimulating the growth of yeast whereas low cell density (<107 cells por mL), promotes the hyphae growth. Farnesol, tyrosol and dodecanol are the key molecules related to quorum morphogenesis [16], in particular farnesol, as it decreases the viability of macrophages by induction of reactive oxygen species (ROS), protecting the C. albicans from the oxidative stress [1,13].

			Candida albicans yeast forms are recognized easily by the host immune system and readily phagocytosed [1,44]. Within the macrophage Candida induces the cAMP-dependent protein kinase A and the mitogen-activated protein kinase pathways responsible for the activation of the main yeast transcription factor, EFG 1p and Cph1 respectively. In this way, the yeast-to-hypha transition occurs within the macrophage, causing the death of these cells, outwitting an important mechanism of defense of the host immunological system [16,17,46,47].

			Biofilm formation

			According to the literature, biofilms are microbial community structures coated with a matrix material that adhere surfaces through adhesins and extracellular polymers [2, 47,48]. Some Candida spp. have the ability to form biofilm in host tissues and medical devices. This is regulated by chemical signals among cells, the quorum sensing. More than 50 transcriptional regulators have been described related to the C. albicans biofilms production [48-50]. Studies show that farnesol is the main molecule quorum sensing molecule, it acts as a transcription inhibitor between yeast for hyphae in certain concentrations [3,15,49]. This occurs, due to the Farnesol act keeping the biofilm in the stationary phase, not allowing its maturation because the yeasts do not present good adhesion, so it seems that inhibiting this morphological transition may cause the dispersion of the biofilm. This dispersion can lead to the dissemination and formation of new biofilms [25]. Literature reports that biofilm is associated with increased resistance to antimicrobial. For example, C. albicans biofilm compared to planktonic cells may be 200 times more resistant to antifungal agents [3,25,50-52].

			In contrast to other species of the genus, C. albicans presents a basal layer of blastoconidia with a dense matrix of exopolysaccharides and hyphae [52,53]. Yeast are released when biofilms are mature, thereby spreading infection, while hyphae express many adhesins and are therefore most likely responsible for the biofilm integrity [14,50]. Biofilm formation is an important C albicans virulence factor as this mechanism is associated with antifungal resistance. Biofilm acts as a barrier, avoiding the permeation of the antifungal therapeutic agent. Resistance is commonly observed against azole antifungals, which are the first choice in treating candidiasis [3,15,49,54,55].

			Adhesins

			The adherence of microorganisms to the host tissue is a primary virulence factor, as it allows invasion and subsequent infection. C. albicans presents a set of proteins, commonly known as adhesins that interact with receptors on epithelial cells of the host or abiotic surfaces. The adhesins represent about 6 to 25% of the wall weight, and comprises some manoproteins with molecular mass of 60, 68, 200 and greater than 200 kDa. The cellular wall of Candida yeasts is comprised of about 60-70% of glucan, manoprotein and chitin, which in addition to owning structural property; they begin the process of interaction of microorganism and the environment. These adhesins assist the adherence of the micro-organism to extracellular receptors such as fibronectin, Fibrinogen and laminin, present in the tissues of the host. It is worth pointing out that most of the proteins present on the wall are called glycosylphosphatidylinositol (GPI). These are present on the outside of the wall, also responsible for regulating interactions between the host and the pathogen and are covalently linked to the carbohydrate β-1.6-glucan [16,56].

			Current reports show three main families of genes related to the codification of adhesins in C. albicans, including Aglutinine-Like Sequence (ALS), Hyphal Wall Protein (HWP) and hyphal upregulated protein (IFF/HYR) [16,56]. The ALS forms a family of eight members (ALS1-ALS7 and ALS9). The adhesin ALS3 is important in adhesion regulated positively during vaginal or oral infections Hwp1 and Hwp2 are only expressed in filamentous phase helping biofilm formation, cell-cell aggregation, adhesion proteins, and cell surface coupling [56]. The Hwp1 protein has an important role in epithelial attachment and is linked to GPI [16]. The IFF/HYR family consists of twelve genes with high sequence similarity and they are of great clinical importance. The IFF11 gene, plays an important role in organizing and modificating the cell wall. IFF4 protein increases adhesion to epithelial cells and plastic surface while the Hyr1 gene encodes protein that has a relationship with increased resistance to death by neutrophils-mediated immunity [24,56].

			Enzymes and Toxins

			C. albicans produces enzymes known as proteases (proteinases, peptidases, or proteolytic enzymes) which can degrade IgA present in the saliva, thus reducing the protective effect of these antibodies in the oral mucosa. In addition, protease activity is directly related to degradation, not only of hemoglobin but also albumin, casein, keratin and collagen. Studies show that proteases are related to adhesion, changes in the immune response, tissue damage, hyphal invasion of oral epithelium and epithelial cell apoptosis [16,57,58]. These enzymes are of great importance to the pathogenicity of C. albicans as they facilitate the hydrolysis of the host’s cellular membranes, favoring the adhesion and invasion of the tissue. They can also cause damage to the host’s immune system cells and molecules [16]. The proteinases are classified according to their catalytic mechanism in Serine proteases, cysteines, metalloproteases and aspartil proteases. The proteolytic activity of C. albicans is related to the family of 10 aspartic proteinases (SAP). This family is the best characterized and studied in relation to the expression patterns during the infection by Candida spp. They present variable molecular weight and may be anchored in different locations (SAP 1-8 means extracellular and sap 9-10 are surface proteins) [57,58].

			All Candida species of secreted Saps, however, this expression can vary among the species, and the expression of Saps in Candida species with greater pathogenicity potential is greater. The SAPs are related to the degradation of various proteins present in the host`s mucous, for example Vimentin, collagen, keratin, mucin, fibronectin and laminin. The removal of the barrier of the host enable the adhesion, colonization and penetration in the host tissue and dissemination of the Candida spp to the bloodstream. SAPS are related to several physiological functions, according to each gene, such as phenotypic changes (SAPS 1 and 3), dimorphism (SAPS 4 and 6 in hyphae), biofilm production (SAPS 6 and 9), adhesion (SAPS 1-3), interaction with the host´s immunological system (SAPS 2, 4-6), Invasion (SAPS 1-3 during the invasion of the mucosa and SAPS 4-6 during systemic infection), internalization (SAP 1 in the skin) and nutrient acquisition. Exposure to subinhibitory concentrations of antifungal agents promotes the development of resistant strains with an increased expression of SAP genes [16,57,58].

			The phospholipase enzymes (PL) and lipase (LIP) play accessory functions, on epithelial invasion and nutrients acquisition by Candida spp. Ten genes have been identified that belongs to the family of lipases (LIP1 - LIP10) and seven phospholipase genes (PLA, PLB1, PLB2, PLC1, PLC2, PLC3 and PLD1). The production of both enzymes are related to facilitating the penetration in the host tissue, and they are concentrated on the hyphae tips [16,57,58]. Also, C. albicans produce proteins called canditoxin that present antibiotic effect to other fungi and bacteria. They act on the cytoplasmic membrane leading to increased permeability, inhibition of amino acids active transport, acidification decrease and potassium ions within the cells, resulting in cell death. The, important in competition situations where C. albicans needs to settle in the canditoxin is a protein present in the cytoplasm of the cell, that too involved in releasing histamine from the mast cells. Nitrosamine also is a carcinogen for the oral tissue cells and is produced by some C. albicans biotypes [16].

			Innovations related to antifungals for candida albicans: analysis in the integrity plat form

			[image: ]

			In order to demonstrate the innovations related to Candida albicans, we used the Integrity Clarivate Platform from Thomson Reuters. This platform enable to search for patents related to some theme in a specific period. We used the keywords antifungal and Candida albicans and the search was done in June 2018, regarding the period of 2000 to 2018. We obtained 340 patents, the highest number of patents was in 2013, but it is important to highlight that the search was done in June 2018, and more patents are expected to be deposited in 2018 (Figure 2). China was the country with most patents related to this theme, followed by the United States and Japan. More than fifteen categories were found (Figure 3).
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			The main subject matter was drug substances (with more than a half of the results), followed by natural products. Both subject matter seems to be directly related to antifungals. Despite the search using the keywords antifungal and “Candida albicans” some of the results may not be related to antifungals for C. albicans (Figure 4). We performed a more detailed analysis specifically in the 2017 year for exemplification and found 35 patents produced (Table 2). 
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			Table 2: Patents regarding to the production of 2017, obtained in the Integrity platform.

			
				
					
					
					
					
				
				
					
							
							Title

						
							
							Subject Matter

						
							
							Country

						
							
							Mechanism of action

						
					

					
							
							An anti-microbial peptide, Oxyasin-2 isolated from Oxyachinensis sinuosa and its synthetic composition

						
							
							Natural product / processes

						
							
							Korea

						
							
							Not specified

						
					

					
							
							Novel fused pyrimidinone and triazinone derivatives, their process of preparation and their therapeutic uses as antifungal and/or antiparasitic agents.

						
							
							Drug substances

						
							
							France

						
							
							Not specified

						
					

					
							
							An anti-microbial peptide, Oxyasin-1 isolated from Oxyachinensis sinuosa and its synthetic composition

						
							
							Natural product/ processes

						
							
							Korea

						
							
							Not specified

						
					

					
							
							A fructus psoraleae prolactin Schiff base derivative and application thereof

						
							
							Drug substances

						
							
							China

						
							
							Not specified

						
					

					
							
							Ester ACC inhibitors and uses there of

						
							
							Drug substances

						
							
							United states

						
							
							Not specified

						
					

					
							
							A is a vuconazole derivative and use thereof

						
							
							Drug substances

						
							
							China

						
							
							Not specified

						
					

					
							
							Linezolid fluconazole combined antifungal product and application thereof

						
							
							Combination products

						
							
							China

						
							
							Cytochrome P450 Inhibitors MAO-A Inhibitor

						
					

					
							
							A resisting Candida albicans ball bacteria drug-resistant strain of not oginseng saponin and fluconazole composition and application thereof

						
							
							Dosage forms and composition/ natural product

						
							
							China

						
							
							Cytochrome P450 Inhibitors

						
					

					
							
							A triazole compound and preparation method and use thereof

						
							
							Drug substances

						
							
							China

						
							
							Not specified

						
					

					
							
							Harmine hydrochloride and alkali compositely fluconazole-resistant Candida albicans product and application thereof

						
							
							Combination products

						
							
							China

						
							
							Excitatory Amino Acid Transporter 2 (SLC1A2; EAAT2; GLT1) Activator; CDK2 Inhibitor; CDK5 inhibitor; Cytochrome P450 Inhibitors; Dual-Specificity Tyrosine-(Y)-Phosphorylation Regulated Kinase 1A (DYRK1A) Inhibitor; Signal Transduction Modulator

						
					

					
							
							Tetrahydro berberine nitroimidazole compound and preparation method and application thereof

						
							
							Drug substances

						
							
							China

						
							
							DNA-Intercalating Drug

						
					

					
							
							Tricyclic isoxazole derivatives and preparation method and application thereof

						
							
							Drug substances

						
							
							China

						
							
							Not specified

						
					

					
							
							Mulberry extract or extract in preparing antifungal infection product in the application

						
							
							Herbals/ methods of use/ natural product

						
							
							China

						
							
							Not specified

						
					

					
							
							Bosarconazole derivatives, pharmaceutical compositions and use thereof

						
							
							Drug substances

						
							
							China

						
							
							Lanosterol 14-alpha Demethylase (Fungal) Inhibitor

						
					

					
							
							The use of JNK inhibitor in the manufacture of a medicament

						
							
							Methods of use

						
							
							China

						
							
							Dual specificity protein kinase TTK (MPS1; MPS1L1) Inhibitor Leucine-Rich Repeat Kinase 2 (LRRK2; Dardarin) Inhibitor; Signal Transduction modulator

						
					

					
							
							An anti-microbial peptide, Periplanetasin-3 isolated from Periplaneta americana and its synthetic composition

						
							
							Drug substances/ natural product

						
							
							Korea

						
							
							Not specified

						
					

					
							
							Alicyclic amine metronidazole naphthalimide derivative, preparation method and application thereof

						
							
							Drug substances

						
							
							China

						
							
							Not specified

						
					

					
							
							An application of human Sec5 protein

						
							
							Drug substance/ therapeutic proteins

						
							
							China

						
							
							Not specified

						
					

					
							
							A resisting amphotericin B-resistant Candida albicans antibacterial peptide RF3 and application thereof

						
							
							Drug substances

						
							
							China

						
							
							Not specified

						
					

					
							
							Application of ox resveratrol or oxyresveratrol combined antibiotic in preparing antifungal infection products

						
							
							Methods of use

						
							
							China

						
							
							Antioxidant; Butyryl cholinesterase Inhibitor; Free Radical Scavengers

						
					

					
							
							Triazine-containing or amino guanidine structure preparation method of carbazole derivatives and antibacterial application thereof

						
							
							Drug substances

						
							
							China

						
							
							Not specified

						
					

					
							
							New active compounds against pathogenic microorganisms

						
							
							Drug substances

						
							
							Italy

						
							
							Not specified

						
					

					
							
							Composition for antimicrobial and antifungal comprising Ramaria botrytis extract treated by enzyme as active ingredient

						
							
							Herbals/ methods of use/ natural product

						
							
							Korea

						
							
							Not specified

						
					

					
							
							A new antifungal polypeptide and preparation method thereof

						
							
							Drug substances

						
							
							China

						
							
							Not specified

						
					

					
							
							Novel 1,2,3-triazole compounds, process for preparation and use thereof

						
							
							Drug substances

						
							
							India

						
							
							Not specified

						
					

					
							
							A triazole alcohol derivative and preparation method and application thereof

						
							
							Drug substances

						
							
							China

						
							
							Not specified

						
					

					
							
							Antifungal product of licofelone and fluconazole and application thereof

						
							
							Combination products

						
							
							China

						
							
							Cytochrome P450 Inhibitor; Microsomal Prostaglandin E2 Synthase-1 (mPGES-1) Inhibitors; Signal Transduction Modulator.

						
					

					
							
							A sulphur color ketone derivative and preparation method and application thereof

						
							
							Drug substances

						
							
							China

						
							
							Not specified

						
					

					
							
							Novel Strain of Fusarium solani JS-169 having anti-bacterial and anti-fungal activity, and uses thereof

						
							
							Drug substances

						
							
							Korea

						
							
							Not specified

						
					

					
							
							Roll application thujaplicin compound as synergistic agent of antifungal drugs

						
							
							Combination products

						
							
							China

						
							
							Apoptosis Inhibitor; Antioxidant; Cytochrome P450 Inhibitor; Signal Transduction Modulator;

						
					

					
							
							Isatin derivatives, their preparation method and their application

						
							
							Drug substances

						
							
							China

						
							
							DNA-Intercalating Drug

						
					

				
			

			Most of which are research in the category of drug substances, following a tendency indicated from 2000 to 2018. The country with most patents in 2017 was also China, followed by Korea. The evaluation of the title of the patents in 2017 seems that most of them are really related to antifungals, Natural products and synthetic derivatives were found in the text, besides the drugs already in the market such as azoles. In three of the patents the word resistant appears in the title of the production, highlighting the interest of some researchers for the resistant microorganisms. In main patents, the mechanism of action of the product generated was not specified but in most of those with the mechanism described, it was related to Cytochrome P450 Inhibitors, it is interesting to highlight that the azolic class of antifungals are Cytochrome P450 Inhibitors, which suggests that many products are still under development to target these enzymes, besides other mechanisms described were antioxidant, Signal Transduction Modulator, kinase inhibitor, DNA-intercalating drugs, and others [59-65].

			Conclusion

			Understanding the morphology and pathogenic Candida albicans is essential due to its high prevalence. Considering their virulence factors, the mechanisms of action of the antifungal agents available in the market and resistance mechanism is essential for the development of new drugs with novel mechanism of action. New strategies are being studied as targeting virulence factors and the number of patents related to antifungals for C. albicans has increased in the last years.
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Figure 1: Mechanism of action and resistance to the antifungal fluconazole.
a Structure of fluconazole and the target Lanosterol 14a-demethylase (CYP51) from Candida alicans (PDB code: 5V57).

b.  Etest® of fluconazole in Candida parapsilosis reference strain ATCC 22019 representing a sensitive strain and
. Candida krusei reference strain ATCC 6258 representing a resistance strain
d.  Schematic representation of the most important mechanism of resistance to fluconazole.
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Figure 4: Number of patents related to the antifungals for Candida albicans in each subject matter in the period of 2000-2018 obtained in

the Integrity platafom
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Figure 2: Number of patents by years related to antifungals for Candida albicans in the period of 2000-2018 obtained in the Integrity

platafom.
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Figure 3: Number of patents related to antifungals for Candida albicans by applicant country in the period of 2000-2018 obtained in the

Integrity platafom.
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