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ABSTRACT: As the use of antifungal agents to combat superficial mycoses caused by dermatophytes becomes 

more widespread, there is a rising concern about the increasing incidence of antifungal resistance. This issue 

now parallels the challenges of antibacterial and antiviral resistance in the realm of public health. In this 

context, we explore the growing resistance of fungal pathogens, including Trichophyton species and the 

emergence of multidrug-resistant strains. 
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Introduction:  

Dermatophytes, a primarily pathogenic group of fungi, are accountable for the most prevalent 

fungal infections in humans, recognized as dermatophytosis or tinea. These fungi consist of closely 

related filamentous species with a specific inclination for infecting keratinized tissues, including the 

skin, hair, and nails. Among dermatophytes, Trichophyton rubrum holds the status of the most 

common causative species for these infections. Nevertheless, it's noteworthy that in specific regions 

of the world, there is a rising occurrence of infections attributed to other species, specifically T. 

interdigitale and T. mentagrophytes. (1). Terbinafine is the first-line treatment for Trichophyton 

infections, administered either topically or systemically depending on the severity of the case (2). 

Antifungal resistance is a broad term encompassing the inability of a fungal infection to respond 

positively to antifungal treatment (3). The emergence of resistant dermatophytosis, primarily evident 

in conditions like tinea corporis and cruris, has become a cause for global concern in recent years. In 

countries like India and other parts of Asia, resistance has surfaced as a clonal outbreak of terbinafine-

resistant T. indotineae. (4,5). Consequently, this emergence has renewed research focus on 

dermatophytosis. Given the substantial increase in resistant fungal pathogens, attributed to the 

widespread use of antifungal agents for treating superficial mycoses, it is crucial to highlight the 

significance of antifungal resistance, paralleling the attention given to antibacterial and antiviral 

resistance. (6). 

Table 1. Antifungal drugs used in treatment of dermatophytosis and their target. 

Antifungal Class  Drug Name Specific Target 

Allylamines 
Naftifine 

Squalene epoxidase 
Terbinafine 

Azoles 

Imidazole: clotrimazole, 

miconazole, bifonazole, 

ketoconazole, luliconazole, 

lanoconazole 

. 

Cytochrome P450, 14α- 

Lanosterol Demethylase. 
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Triazole: itraconazole, 

fluconazole, efinaconazole, 

Albaconazole, posaconazole, 

ravuconazole, fosravuconazole, 

isavuconazole 

Tetrazole: Oteseconazole 

Polyenes 

Amphotericin B 

 Membrane barrier function. 

Nystatin 

Morpholines  Amorolfine   Sterol reductase and Isomerase. 

Thiocarbamate  Tolnaftate  Squalene epoxidase 

Others  Griseofulvin Sliding of Microtubules. 

Antifungal resistance mechanisms: 

Various mechanisms play a role in the emergence of antifungal resistance in fungal pathogens. 

Certain fungal species may exhibit an inherent or intrinsic resistance to antifungal drugs, meaning 

they are naturally unaffected by the antifungal agent even when treated with normally effective doses 

(7). As an example, initial resistance to allylamines like terbinafine in dermatophytes was initially 

documented in 2003 (8). Azoles, such as fluconazole, are naturally found to be ineffective against 

infections caused by molds like Aspergillus species. Alternatively, resistance that develops after 

exposure to antifungal drugs is known as secondary or acquired resistance. Azoles have a fungistatic 

effect (i.e., inhibit fungal growth), while allylamines are fungicidal, capable of killing the fungi (9, 10). 

Consequently, the development of acquired azole resistance in dermatophytes is more likely 

compared to allylamines. Furthermore, acquired resistance to fluconazole is frequently observed in 

yeasts, such as Candida albicans (11). Previous studies by our team indicates that treatment failures 

with terbinafine therapy may also be attributed to factors related to the host or the treatment itself, 

known as clinical resistance (12). These factors include an insufficient treatment regimen in terms of 

dosage and duration, as well as poor patient compliance (13). 
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Figure 1. Mechanisms of antifungal resistance. 

Assessment of antifungal resistance: 

Microbial drug resistance occurs when a microorganism, such as a fungus, shows decreased 

sensitivity to an antifungal agent. The European Committee on Antimicrobial Susceptibility Testing 

(EUCAST) and the Clinical and Laboratory Standards Institute (CLSI) have developed a standardized 

in vitro approach to evaluate antifungal susceptibility in yeasts, molds, and dermatophytes. (14). This 

method involves measuring the minimum inhibitory concentration and comparing it to a clinical 

breakpoint (15). While there are established breakpoints for common pathogens that are specific to 

particular drugs and species, there are no such guidelines available for rare yeasts, molds, and 
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dermatophytes (16). In the absence of specific breakpoints for uncommon fungi, epidemiological 

cutoff values(ECVs) are used to define the upper limit of susceptibility within the wild-type 

population (17,18). It's important to note that antifungal susceptibility testing can be challenging due 

to the unreliability of certain drugs (like caspofungin) and the behavior of certain species (such as 

Candida glabrata), making standardized testing less dependable in these cases (19). While the CLSI 

and EUCAST methods for determining minimum inhibitory concentrations may exhibit differences 

that result in distinct breakpoints, both approaches are grounded in the understanding of how 

antifungal drugs interact with fungi in animal models and patients. It is important to emphasize that 

there is no absolute, direct correlation between the in vitro minimum inhibitory concentration and a 

patient's clinical response. To address the challenge of response variability, drug resistance is 

categorized based on the likelihood of treatment success, uncertainty regarding its effectiveness, or 

the likelihood of treatment failure. Antifungal susceptibility testing serves as a valuable tool for 

identifying fungal strains that are prone to result in treatment failure and for monitoring changes in 

susceptibility or the emergence of new drug resistance mechanisms over time. It is worth noting that 

antifungal susceptibility testing is commonly used for assessing yeasts but is not officially 

recommended by the Infectious Diseases Society of America for evaluating Aspergillus species. (20). 

Terbinafine resistance: 

Terbinafine is commonly employed to effectively treat dermatophyte infections like 

onychomycosis. It's renowned for its high efficacy (21). Terbinafine resistance has mainly been linked 

to specific genetic mutations found in the squalene epoxidase (SQLE) gene (22). The primary target 

of terbinafine is the product of this gene. Interestingly, certain dermatophytes, such as T. rubrum and 

T. interdigitale, showcase a distinctive resistance mechanism by enhancing the expression of the 

salicylate 1-monooxygenase (salA) gene, thus increasing their resistance to terbinafine. Moreover, 

molds like Aspergillus fumigatus can acquire terbinafine resistance through the existence of extra-

plasmid copies of the SQLE gene. (23). To uncover these innovative resistance mechanisms in fungal 

pathogens against terbinafine, the application of molecular biology techniques such as real-time 

polymerase chain reaction (RT-PCR), mutation analysis, and gene expression analysis can offer 

valuable insights. In India, a significant shift has been observed in the epidemiology of 

dermatophytosis. The incidence of T. rubrum infections has declined, whereas new strain types within 

the T. mentagrophytes/T. interdigitale complex, particularly T. mentagrophytes infections, have been 

increasing. (24). Furthermore, reports have emerged about a novel pathogen, Trichophyton indotineae, 

which is distinct from T. interdigitale (25). Despite these changes, a concerning trend of recalcitrant 

superficial dermatophytosis, primarily resistant to terbinafine (occurring in the range of 16-77%), has 

been increasingly documented in India (26). Various factors, such as the warm and humid climate, 

overcrowding, misdiagnosis, and improper usage of combined topical steroids and antimicrobial 

creams, could be contributing to the observed rise in terbinafine resistance. (27). The concern 

transcends the borders of India, as Trichophyton strains resistant to terbinafine have been 

documented in various nations, encompassing Japan, China, Denmark, Poland, Belgium, Germany, 

the USA, Canada, and the Middle East. (28). It is crucial to acknowledge that the underreporting of 

terbinafine resistance may occur because routine antifungal susceptibility testing (AFST) is not 

commonly conducted in clinical practice. (29). However, the high level of terbinafine resistance is a 

cause for concern, and addressing this growing problem should be a topic of discussion and action 

in global healthcare forums (30). 

Azole resistance: 

Azoles represent the largest category of antifungal drugs. Presently, three generations of azoles 

are employed in clinical practice to treat dermatophytosis. The first generation of azoles includes an 

imidazole in their ring structure. Predominantly administered topically (except for ketoconazole), 

these compounds have restricted oral bioavailability and demonstrate high toxicity levels when given 

systemically. Conversely, the second and third generations of azoles are characterized by the triazole 

ring structure, distinguishing them from the imidazole composition found in the first generation. 
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(31). The reported rate of azole resistance in dermatophytes is 19%. (32). The mechanisms of azole 

resistance in dermatophytes are not completely comprehended, but experimental studies have 

proposed potential mechanisms, including drug efflux. (33). The key aspect of high-level azole 

resistance in pathogenic fungi revolves around energy-dependent efflux facilitated by membrane-

bound transporters, with a pivotal role played by the ATP Binding Cassette (ABC) transporter 

superfamily. These transporters have the capability to expel undesired substances from cells, and the 

resistance to triazoles in various fungi has been linked to the overexpression of specific ABC 

transporters, particularly those within the ABCG (PDR) family. (34,35). In dermatophytes, the 

existence of ABC transporters was confirmed in experimental studies, with evidence suggesting their 

involvement in pathogenicity, as seen in T. rubrum isolates with resistance to multiple antifungals 

(36). The 14α-lanosterol demethylase, which is essential for drug action, is governed by the Erg11 

gene (37). In yeast, azole resistance is often linked to mechanisms like gene product overexpression 

and mutations in Erg11, but these specific mechanisms have not been observed in dermatophytes 

thus far (38). In response to environmental and drug-induced stress, dermatophytes have 

demonstrated the secretion of diverse proteins as part of their adaptive response. (39,40). Certain 

proteins, including heat shock proteins like hsp70, hsp90, and PacC, contribute significantly to the 

virulence of dermatophytes. (41). While the exact link between these proteins and drug resistance is 

not clearly understood, there is a hypothesis that stress adaptation enables the cell to withstand the 

presence of drugs and may contribute to the gradual development of more resilient resistance 

mechanisms over time. (42). Furthermore, exposure to antifungal and cytotoxic drugs at sub-

inhibitory concentrations induces stress responses, leading to the increased expression of genes 

linked to cellular detoxification, drug efflux, and signaling pathways. This mechanism is likely to 

play a role in drug tolerance. Considering this, exploring the inhibition of heat shock proteins (Hsps) 

could be a potential avenue for future research in the development of antifungal drugs. (43). In light 

of the limited success in managing superficial fungal infections with existing therapies, newer triazole 

antifungal medications were developed with the goal of achieving higher efficacy and addressing 

resistant infections more effectively. There have been documented cases where tinea infections that 

were initially resistant to primary antifungal treatments, such as terbinafine and itraconazole, have 

shown positive responses to posaconazole and voriconazole, next-generation oral triazoles (44, 

45,46,47). Nonetheless, it is crucial to emphasize that resistance to these more recent drugs may 

emerge. Posaconazole has demonstrated fungicidal activity against Candida and Aspergillus species 

in vitro and is sometimes utilized off-label for the treatment of superficial mycoses. However, 

environmental fungi, such as specific Aspergillus species rarely linked to onychomycosis, have been 

reported to exhibit resistance to posaconazole. This resistance is associated with mutations in the 

genes encoding 14 α-sterol demethylases (cyp51A and cyp51B), essential components in fungal sterol 

biosynthesis. (48). The development of resistance to these newer azole antifungals may be associated 

with cross-resistance from other triazoles, such as itraconazole or fluconazole, due to their 

comparable mechanisms of action. To address this concern and maintain the effectiveness of current 

antifungals, there is a requirement for the creation of novel drug targets and enhanced targeting 

strategies. 

Griseofulvin: 

Griseofulvin (GRI), the original systemic antifungal for treating dermatophytosis, rapidly 

accumulates in the stratum corneum (SC) but also experiences a rapid decline in concentration when 

treatment is stopped, as it lacks specific retention mechanisms within the SC. Additionally, 

perspiration can further wash GRI out of the SC. The prolonged treatment periods lasting weeks or 

even months, which are necessary for GRI in dermatophytosis therapy, can be attributed to its 

mechanism of action. This mechanism involves inhibiting microtubule aggregation and requires a 

significant amount of time to make dermatophytes nonviable, given their slow growth characteristics 

(49). Data from various countries have reported cases of Griseofulvin (GRI)-resistant dermatophyte 

isolates (50, 51,52,53). As an example, a recent study conducted in India indicated that GRI (generic 

name) demonstrated limited efficacy, with a mode of minimum inhibitory concentration (MIC) at 4 
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μg/mL. Approximately 98% of isolates in this study exhibited MICs equal to or greater than 2 μg/mL. 
Another study from the same country reported that GRI was the least effective drug in vitro, with a 

modal MIC of 32 μg/mL. In both studies, the predominant species was T. interdigitale. It is noteworthy 

that some researchers have observed that GRI's in vitro activity against T. mentagrophytes appears to 

be lower compared to its activity against T. rubrum. (54,55). While the exact mechanism of action for 

Griseofulvin (GRI) remains unspecified, there is evidence suggesting that when subjected to GRI, 

four Trichophyton species with disrupted MDR2 genes displayed increased levels of MDR4 

transcripts, as observed. (56). Moreover, there has been documented evidence of elevated expression 

of Tru MDR1 in response to Griseofulvin (GRI) exposure. This indicates that efflux pumps may play 

a role in imparting resistance to GRI. (57). 

Development of Resistance to recently approved Triazoles antifungals: 

In the realm of managing superficial fungal infections, a domain marked by a scarcity of truly 

effective therapies, the advent of newer triazole antifungals represents a significant stride forward. 

These innovative antifungal agents have been meticulously crafted to showcase heightened efficacy, 

addressing the limitations of existing treatments, and more effectively combating resistant infections. 

Amidst the medical landscape, instances abound where traditional approaches, such as primary 

antifungal therapies like terbinafine and itraconazole, have faced formidable challenges in the face of 

stubborn tinea infections. However, the emergence of Posaconazole and voriconazole, belonging to 

the newer triazole class, has ushered in a ray of hope. Reports abound detailing instances where these 

advanced antifungals have displayed remarkable effectiveness, providing a therapeutic lifeline for 

cases that previously resisted conventional treatments. This underscores the crucial role that ongoing 

advancements in antifungal research play in enhancing our ability to combat infections that, until 

recently, posed formidable challenges to effective management (6,45,.81,82). While the advent of 

novel antifungal drugs such as Posaconazole has undoubtedly brought about a transformative shift 

in the therapeutic landscape, the specter of resistance looms as a potential challenge. As with any 

new class of medications, there is a need for ongoing vigilance and research to monitor and 

comprehend the emergence of resistance to these promising treatments. Posaconazole, a cutting-edge 

oral triazole that has found application beyond its originally labeled use, particularly in addressing 

superficial mycoses, has shown considerable promise in vitro. Its fungicidal activity, notably against 

Candida and Aspergillus species, has been documented, marking a significant stride in the realm of 

antifungal research. However, it is crucial to acknowledge that the laboratory setting might not 

perfectly mirror the complexities of real-world clinical scenarios, where factors such as patient-

specific variables and microbial adaptation may influence the efficacy of these drugs. As the medical 

community continues to explore and harness the potential of Posaconazole and similar agents, the 

dynamic interplay between drug efficacy and the development of resistance remains an area 

warranting meticulous investigation to ensure the sustained effectiveness of these valuable 

therapeutic tools (48). Despite the strides made in antifungal research, challenges persist in the form 

of environmental fungi, notably Aspergillus species, which have been identified as causative agents 

of onychomycosis. A notable setback arises in the context of Posaconazole, a potent antifungal 

belonging to the next-generation oral triazole class. Reports have surfaced, indicating instances of 

resistance to Posaconazole among environmental fungi, and this phenomenon has been linked to 

mutations in crucial genes encoding 14 alpha-sterol demethylases, specifically cyp51A and cyp51B. 

These demethylases play an indispensable role in the intricate process of fungal sterol biosynthesis. 

The emergence of mutations in these genetic components undermines the efficacy of Posaconazole, 

as alterations in these key genes interfere with the drug's ability to exert its fungicidal effect. This 

revelation not only underscores the adaptability of environmental fungi but also emphasizes the need 

for continuous scrutiny and adaptation of antifungal strategies to address evolving challenges in the 

realm of fungal infections. The pursuit of innovative solutions and a nuanced understanding of the 

genetic underpinnings of resistance remain imperative in the ongoing battle against the complexities 

of onychomycosis and related fungal afflictions (83,84). Moreover, within the spectrum of Candida 

species, including C. albicans, C. glabrata, C. tropicalis, and C. parapsilosis, there exists the potential for 
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resistance to voriconazole, a triazole antifungal agent developed as a synthetic derivative of 

fluconazole. Voriconazole, although FDA-approved in 2002 for the treatment of cutaneous 

candidiasis, extends its utility through off-label applications to address various superficial fungal 

infections. However, the clinical landscape is not devoid of instances where certain Candida strains 

exhibit resistance to this therapeutic option. The intricate dynamics of resistance involve multifaceted 

factors, possibly including genetic variations within the Candida species that impede the drug's 

targeted action. As voriconazole's mechanism relies on inhibiting fungal ergosterol synthesis through 

interference with the cytochrome P450 enzyme system, alterations in these pathways could confer 

resistance. This underscores the imperative for ongoing research to dissect the molecular nuances of 

resistance mechanisms, allowing for the refinement of treatment strategies and the development of 

alternative approaches to effectively counteract Candida species that may elude the beneficial effects 

of voriconazole. In navigating the intricate landscape of antifungal therapy, a comprehensive 

understanding of resistance patterns is essential for optimizing treatment outcomes and ensuring the 

continued efficacy of available therapeutic options (85). The emergence of resistance to these newer 

azoles is a complex phenomenon, often attributed to cross-resistance stemming from the utilization 

of other triazoles like itraconazole or fluconazole. This is primarily because these compounds share 

a comparable mechanism of action, thereby creating a potential vulnerability in the face of evolving 

fungal resistance. In response to this challenge, the imperative arises for the exploration of innovative 

drug targets and the development of refined targeting strategies. This proactive approach is crucial 

to circumvent the pitfalls of cross-resistance and preserve the efficacy of existing antifungals. A 

notable candidate in this quest for enhanced antifungal strategies is ravuconazole, a novel triazole 

antifungal that has exhibited promising in vitro activity against a diverse array of fungal pathogens. 

Ravuconazole's spectrum of effectiveness extends to dermatophytes and various Candida species, 

showcasing its potential as a versatile therapeutic agent. Furthermore, its limited but noteworthy 

activity against non-dermatophyte molds (NDMs) such as S. brevicaulis and Fusarium species 

provides a glimpse into its broader applicability in addressing a spectrum of fungal infections. The 

exploration of such novel compounds not only diversifies the therapeutic arsenal but also holds the 

promise of overcoming existing challenges posed by drug resistance, thus paving the way for more 

effective management of fungal infections in diverse clinical settings (86). As of the current 

understanding, the resilience of clinical strains to ravuconazole or its prodrug fosravuconazole 

remains uncharted territory, with no documented instances of resistance reported to date. This 

absence of documented resistance is particularly noteworthy given the approval of fosravuconazole 

in Japan in 2018 for the treatment of tinea unguium, underscoring the efficacy and reliability of this 

antifungal agent in managing fungal infections. The rarity or nonexistence of resistance thus far 

serves as a positive indicator of the robustness of ravuconazole and its prodrug in clinical 

applications. However, vigilance and continued surveillance are paramount, considering the 

dynamic nature of microbial evolution and the potential for the development of resistance over time. 

The absence of documented resistance to ravuconazole and fosravuconazole opens avenues for their 

continued exploration and utilization in clinical settings, offering a valuable contribution to the 

ongoing efforts to combat fungal infections, especially those resistant to traditional therapies. Regular 

monitoring and research endeavors are essential to stay ahead of potential challenges and ensure the 

sustained effectiveness of ravuconazole in the evolving landscape of antifungal therapeutics (87). 

Resistance to topical antifungal agents: 

Topical antifungals play a pivotal role in the therapeutic landscape for dermatophytosis, offering 

a localized and effective approach to treatment. Noteworthy among these are various formulations 

such as amorolfine (widely utilized in Europe), tavaborole (a prominent choice in the USA), ciclopirox 

(deployed in both the USA and Canada), efinaconazole (utilized in the USA, Canada, and Japan), and 

luliconazole (a staple in Japan). The widespread use of these topicals stems from their inherent 

advantages, including a reduced risk of systemic adverse events and limited potential for drug 

interactions. In the realm of dermatophyte susceptibility to topical antifungals, the emergence of 

natural mutants exhibiting low susceptibility is a rare occurrence. The available literature 
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underscores the scarcity of reports documenting resistance to these topical drugs, further 

highlighting their effectiveness in managing dermatophytosis. This rarity suggests that the topical 

antifungals mentioned have maintained their efficacy against natural dermatophyte strains. 

However, it is essential to acknowledge the dynamic nature of fungal evolution, and one notable 

exception is the documented in vitro resistance to tavaborole. This resistance has been observed in T. 

rubrum, encompassing both reference strains and clinical isolates. This finding emphasizes the need 

for ongoing surveillance and research to monitor potential shifts in susceptibility patterns and to 

guide clinicians in adapting treatment strategies to address emerging challenges in the effective 

management of dermatophytosis (88). 

Antifungals cross resistance: 

Mutants resistant to terbinafine (TRB) display cross-resistance to other squalene epoxidase 

(SQLE) inhibitors, aligning with the mechanism associated with SQLE gene mutations. It is 

noteworthy that amorolfine (AMF) has a restricted inhibitory effect on squalene epoxidase, alongside 

its influence on C-14 reductase and C8 isomerase. (58,59). Research conducted by Ghelardi et al. 

(2014) revealed that successive sub-culturing with subinhibitory drug concentrations resulted in 

notable elevations in minimum inhibitory concentrations (MICs) for terbinafine (TRB), itraconazole 

(ITR), and amorolfine (AMF), with resistance emerging at high frequencies. (60). Nevertheless, there 

were no identified ciclopirox (CPX) resistant mutants. Different resistant mutants exhibited varying 

degrees of cross-resistance, indicating mechanisms beyond target gene modification, possibly 

involving efflux transporters—though the reversal of resistance after nonselective media passages 

challenges this concept. In a separate study, strains cultured with fluconazole (FLU) demonstrated 

elevated minimum inhibitory concentrations (MICs) for both FLU and itraconazole (ITR), while those 

cultured with ITR exhibited higher MICs for both ITR and FLU, suggesting the presence of cross-

resistance. (61) 

Emerging Fungal Pathogens with Multiple Drug Resistance: 

Although infrequent, the detection of outbreaks involving multidrug-resistant Trichophyton 

isolates has been demonstrated through comprehensive whole-genome sequencing and antifungal 

susceptibility testing (AFST) (62,63,64). Isolates of Trichophyton from India, belonging to the 

Trichophyton mentagrophytes/interdigitale complex, have demonstrated resistance to multiple 

antifungal agents. This resistance includes terbinafine, griseofulvin, and azoles such as itraconazole, 

fluconazole, and voriconazole. (65,66). Remarkably, instances of T. mentagrophytes infections 

resistant to terbinafine have been successfully treated with topical ciclopirox olamine and 

miconazole. Recent updates from the Centers for Disease Control and Prevention (CDC) have 

highlighted the rise of multidrug-resistant Candida and Aspergillus species. (67). This includes 

instances of acquired resistance to azoles and echinocandins, both individually and in combination, 

as observed in Candida glabrata (68). Furthermore, Candida auris, an emerging pathogen known for 

its tendency to induce severe invasive bloodstream infections and high mortality rates in over 20 

countries, has exhibited resistance to multiple categories of antifungal agents. (69). In vitro studies 

have shown the potential efficacy of triazoles like ravuconazole for managing drug-resistant 

candidiasis, offering an alternative treatment avenue (70). 

How to overcome antifungal resistance: 

Multiple tactics have been employed to address antifungal resistance, encompassing higher 

antifungal dosages, enhanced drug delivery systems to optimize existing antifungal efficacy, the 

utilization of combined antifungal treatments, surgical intervention for isolated infections, 

immunomodulation, and the exploration of experimental antifungal agents (71). Dose intensity, 

although not formally studied through controlled clinical trials, is supported by clinical evidence that 

suggests high-dose fluconazole as a safe and effective treatment for susceptible dose-dependent 

Candida species. Recent pharmacodynamic investigations further reinforce the logic behind 
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increasing fluconazole dosages for managing such Candida strains. Notably, findings from animal 

infection models, conducted by Andes and colleagues as well as Louie and colleagues, indicate that 

the mycological effectiveness of fluconazole is associated with achieving an area-under-the-curve 

(AUC) to minimum inhibitory concentration (MIC) ratio within the range of 25 to 50 (72,73).  

Due to the challenging and persistent nature of numerous fungal infections, the idea of 

combining multiple antifungal agents has gained traction as a strategy to improve treatment 

effectiveness, mitigate the development of resistance, and potentially lessen adverse effects. It's 

important to note that, except for cryptococcal meningitis, there is currently no clinical evidence 

supporting the superiority of combination antifungal therapy over single-drug treatments for 

refractory fungal infections (74). The scarce data currently available indicate that the combination of 

multiple antifungal agents might hold the potential to hinder the onset of secondary resistance or 

decrease the probability of selecting fungal strains with inherent resistance. Among the few studies 

published, a majority suggest that combinations incorporating amphotericin B and flucytosine have 

proven effective in diminishing the emergence of flucytosine resistance. (75). 

The growing complexities associated with antifungal resistance and the emergence of 

progressively resistant fungal strains have intensified the urgent requirement for the innovation of 

novel antifungal treatments. Presently, several new antifungal compounds are undergoing 

assessments in phase II to III clinical trials. (76,77, 78). Among these, several innovative triazole 

antifungals, such as voriconazole, posaconazole, and potentially ravuconazole, demonstrate 

promising efficacy in both in vitro and in vivo settings against specific yeast and mold species 

resistant to fluconazole and itraconazole. The convenience of these agents being available in oral 

formulations allows for extended outpatient therapy. However, given that all these antifungals share 

the same target site (14α-demethylase) and considering the frequent involvement of broad-substrate 

efflux pumps in azole resistance, there are concerns about the potential for cross-resistance between 

older and newer triazoles. (79). 

Emerging technologies such as lasers, photodynamic therapy, and iontophoresis require 

comprehensive, well-established research to validate their efficacy in treating and managing tinea 

infections. With the risk of overusing antifungal medications contributing to the development of 

antifungal resistance, there is an increasing demand for the implementation of antifungal 

stewardship programs (AFS). (80).  

Conclusion: 

Considerable progress has been made in advancing our understanding of the biology and 

diagnosis of antifungal drug resistance. However, the complex medical situations faced by patients 

dealing with resistant mycoses make it challenging to establish straightforward methods for 

identifying, preventing, and addressing antifungal drug resistance at this time. Ongoing research in 

both preclinical and clinical realms offers the potential to shed light on the significance of routine in-

vitro susceptibility testing in cases of refractory mycoses and to explore innovative clinical 

approaches aimed at combating antifungal drug resistance in pathogenic fungi. 
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