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Abstract
Fungal infections pose a significant risk to public health since they are linked 
to high rates of illness and death, particularly in immunocompromised indi-
viduals. Therapy is difficult because there are few antifungal drugs available 
and many of them are harmful. Fungi have also evolved defence mecha-
nisms to fight these drugs. This article overlooks at antifungal drugs that are 
currently on the market, discusses resistance mechanisms and investigates 
new treatment-enhancing strategies. Combinations of antifungal drugs can 
increase effectiveness and reduce toxicity. New drug formulations, includ-
ing nanoparticles are being studied to improve dispersion and reduce ad-
verse effects. Furthermore, commercially marketed prescriptions may be-
come more effective if their chemical makeup is changed. Additionally, novel 
drugs are being tested more rapidly and precisely using mini-host animal 
models. These creative methods could expedite the process and enhance 
patient outcomes. This study notes multiple challenges, such as patient 
peculiarities, intricate drug interactions and pathogen diversity, while also 
emphasising the advancements in antifungal therapy. Enhancing efficacy 
and reducing toxicity requires advancements in diagnosis, treatment and 
medicine. More studies on emerging fungal infections and antibiotic resis-
tance are needed.

Key words: Drug resistance, fungal; Antifungal agents; Testing; Diagnosis; 
Mycoses.

Simran,1 Punam Gaba,1 Neelam Sharma,1 Jeewanjot Singh1

Aggressive fungal infections are a global issue 
that result approximately 1.7 million fatalities 
annually.1 They are prevalent in immunocom-
promised patients, as evidenced by their organ 
transplantation, chemotherapy and/or acquired 
immune deficiency syndrome.2 Bearing into con-
sideration Indian data estimations, the annual 
incidence of mucormycosis may surpass 900,000 
cases.3

The typical antifungal medications eventually re-
turn to the market. In the early 1990s, fluconazole 

Introduction

and itraconazole were the first triazole-mediated 
antifungal medications to be put on the market. 
Lipid amphotericin B (AMB) formulations were 
first made commercially available in the middle 
of the 1990s. In the past, antifungal medications 
have either made the fungus more resistant or 
less susceptible.4 The excessive use of antifungal 
drugs increases susceptibility to opportunistic 
infections.5 Invasive and superficial approach-
es are available for treating fungal infections 
affecting the skin or mucous membranes, with 
dermatophytes and yeasts responsible for most 
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superficial infections that can occur in the general 
population and in hospitalised patients (Figure 1). 
In addition to studying the main approved and 
carefully chosen experimental antifungal drugs 
in this study, the article lists the medical appli-
cations of both new and older antifungal medica-
tions. Those who have indwelling medical equip-
ment, are immunocompromised, or are really ill 
may become fatally ill from invasive fungal infec-
tions (IFIs).6, 7 Classification of infection is based 
on level of tissue initially infected as shown in 
Figure 2.

Figure 1: Various types of fungi

Figure 2: Classification of fungal infection

Challenges for treatment of 
fungal infections

Since they have their eukaryotic nature, fungi 
do not belong to many pharmacological targets 
that can be appropriately addressed for drug de-
velopment without running the risk of toxicity 
spanning receptors. Currently available antifun-
gal drugs approved for the treatment of invasive 
infections fall into only three groups and target a 
limited number of cellular pathways.

The majority of antifungal drugs either target the 
body's manufacture of (1,3)-β-D-glucan, an es-
sential component of the fungal cell wall, or the 
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Development of resistance to 
antifungals

Development of novel antifungal

IFIs are much more common now than they were 
a few decades ago. The primary causes were iden-
tified as the rise in immunocompromised patients 
brought on by autoimmune disorders, cancer, 
organ transplants, includes the use of prosthet-
ic devices and indwelling catheters.23-27 In these 
cases, having potent antifungal medications on 
hand is crucial. However, some of the limitations 
of the available antifungal medications that limit 
the effectiveness of treatment include the devel-
opment of antifungal resistance, the occurrence 
of side effects related to the required dosage, the 
duration of treatment, or the similarity between 
fungal and mammalian cells.28, 29 In considering 
these restrictions, the Infectious Diseases Soci-
ety of America (IDSA) and the European Society 
of Clinical Microbiology and Infectious Diseases 
(ESCMID) suggested voriconazole as a first-line 
empirical treatment for invasive aspergillosis 
and echinocandins as a primary therapy and 
first-line empirical treatment for suspected inva-
sive candidiasis.30-32

Because antifungal drugs are difficult to find and 
resistance arises, particularly in patients with 
IFIs who have not responded to antifungal mono-
therapy, numerous attempts have been made to 

A type of Candida is deemed resistant if its min-
imum inhibitory concentration (MIC) for a par-
ticular antifungal drug is higher than the thera-
peutic breakpoint. Examples of organisms that 
show intrinsic resistance to antifungals include 
the majority of isolates of Candida auris, Aspergil-
lus sp and Candida krusei fluconazole resistance 
is intrinsic. This resistance could be due to either 
better antifungal extrusion or inefficient drug 
binding.9-12 However, the potential for resistance 
to emerge is a major problem when treating 
fungal infection. Recent studies have shown an 
increase in the percentage of resistant fungus. 
Resistance is seldom brought on by AMB since it 
does not interact with ergosterol through an en-
zyme. But occasionally, studies have connected it 
to species of Aspergillus and Candida. The resis-
tance of Candida auris to AMB has been brought 
on by point mutations in the genes that regu-
late the processes that produce ergosterol.13-15 
The gene fluconazole resistance 8 (FLO8), which 
codes for an unidentified membrane transporter, 
has also been linked to single nucleotide poly-
morphisms that cause Candida auris AMB resis-
tance.2, 16, 17 In contrast to other Aspergilli, isolates 
of Aspergillus terreus and Aspergillus flavus have 
an inherent resistance mechanism in addition to 
the alterations shown in the Candida species. An 
increase in catalase levels appears to be linked 
to this mechanism, which diminishes the oxida-
tive damage caused by AMB.18, 19 Mutations in the 
uracil phosphoribosyl transferase (FUR1) and 
cytosine deaminase (FCY1) genes are linked to 
flucytosine-related resistance mechanisms. Re-
duced conversion of flucytosine into the active 
metabolite 5FU is linked to mutations in these 
genes. Additionally, current research show that 
impairments in repairing DNA mismatches ma-
chinery of the fungal cell enhance the likelihood 
that mutations and, consequently, the emergence 
of flucytosine resistance in Cryptococcus species. 

biogenesis of ergosterol, the functional fungal 
analogue of cholesterol. If a mycosis infection is 
resistant to all medications that target the same 
issue, controlling the infection may become more 
difficult. According to the medical profession, re-
sistance to all commonly used antifungals is in-
creasing in both clinical and lab settings.8, 9

Because of the long duration of treatment needed, 
the serious toxic side effects and the possibility of 
resistance developing quickly, flucytosine is not 
recommended as a monotherapy for Cryptococ-
cus infections. Another option is AMB, which can 
permeabilise the membrane and let flucytosine 
through even at low concentrations. Triazoles and 
flucytosine have recently been used to treat in-
fections that are difficult to cure and are brought 
on by species of Candida and Cryptococcus.20-22 
Overexpression of the efflux pump is linked to a 
second resistance mechanism. The active efflux 
of azole medications is made possible by two 
drug efflux pathways: the major facilitator super-
family (MFS) and the ATP-binding cassette (ABC) 
families. Protection to antifungals is a result of 
these pathways. According to earlier research, 
Aspergillus fumigatus responds to voriconazole 
exposure by upregulating the CDR1B gene, which 
codes for the transporter ABC11. This leads to 
the development of azole resistance. The Candida 
species also showed similar changes.
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use a combination of treatments.28, 33-35 The safety 
and effectiveness of the drug may be improved 
by specific combinations.36, 37 An assortment of 
combinations may have a synergistic or additive 
impact, including caspofungin and flucytosine 
and AMB, caspofungin and voriconazole and 
caspofungin and AMB.38, 39 It actually was recom-
mended to use intravenous AMB in combination 
with oral flucytosine to prevent and treat oppor-
tunistic infections in adults and adolescents with 
HIV.19, 34 Many attempts have been made in the 
last few years to create new antifungal medica-
tions.40 Recently, rezafungin was authorised.41

1.	 Rezafungin was newly granted authorisa-
tion. Echinocandin, was initially approved by 
the Food and Drug Administration (FDA) on 
22 March 2023. It is advised for use by people 
who are at least eighteen years old and have 
few or no alternative options for treating in-
vasive candidiasis and candidemia.36, 42, 43

2.	 Adults and postmenarchal women with 
vulvovaginal candidiasis are treated with 
ibrexafungerp, another innovative oral echi-
nocandin. It functions well against the major-
ity of Candida species, including Candida auris 
and Candida krusei, according to in vitro tests. 
In individuals with recurrent vulvovaginal 
candidiasis, ibrexafungerp does not result in 
resistance and is still effective against most 
fluconazole-resistant Candida species, even 
when administered monthly.42, 44

3.	 The fungicide pharmaceutical “olofim” (for-
merly known as F901318) inhibits the produc-
tion of uridine diphosphate sugars (UDP-sug-
ars) and 1,3-β-D-glucan synthase substrates 
by targeting the enzyme dihydroorotate de-
hydrogenase. Patients with azole-resistant, 
invasive, difficult-to-treat aspergillosis, sce-
dosporiosis and lomentosporiosis for which 
there are few other treatment options are 
being investigated for olorofim in a phase 
2b open-label study. For the treatment of in-
vasive scedosporiosis, invasive aspergillosis, 
invasive scopulariopsis and cocidioidomyco-
sis, the FDA and European Medicines Agency 
(EMA) recognised the antifungal drug as an 
orphan medication.8, 41, 45, 46

4.	 Opelconazole (PC945) is an inhalation tri-
azole that works similarly to other azoles. 

The lungs are the primary target during in-
halation. However, because of formulation 
changes, opelconazole appears to produce 
low plasma concentrations, in those who 
have recurrent vulvovaginal candidiasis, 
ibrexafungerp does not induce resistance 
and is effective against most fluconazole-re-
sistant Candida species even when adminis-
tered monthly. Opelconazole was approved 
by the European Union as an orphan medica-
tion to treat invasive aspergillosis on 13 Jan-
uary 2023.8, 47-50

5.	 The FDA authorised the oral tetrazole otesec-
onazole (VT-1161) on 26 April 2022. It was 
created with an enhanced safety and efficacy 
profile in mind and it targets CYP51. In vitro, 
it regularly and successfully combats Candi-
da glabrata, fluconazole-resistant Candida al-
bicans and Candida albicans that cause vulvo-
vaginal candidiasis. According to the CL-011 
and CL-012 studies, oteseconazole treated 
recurrent vulvovaginal candidiasis and pre-
vented acute vulvovaginal candidiasis recur-
rence with fewer side effects.51-53

6.	 An oral tetrazole called quilseconazole (VT-
1129) has shown efficacy against Cryptococ-
cus species in vitro. Additionally, it was in-
tended to have a higher profile of efficacy and 
safety. The FDA designated quilseconazole as 
a qualified infectious disease product and 
as an orphan drug to treat potentially lethal 
Cryptococcus infections.54-57

The FDA has designated Tetrazole VT-1598 as a 
qualified infectious disease product, granted it 
orphan drug status and granted it fast-track clas-
sification with the goal to efficiently treat coccid-
ioidomycosis. Additionally, VT-1598 exhibits ac-
tion against Rhisopus arrhisus, Candida auris and 
Aspergillus.

Classification of antifungal 
agents for clinical purposes

Antifungal agents for clinical purposes are cat-
egorised as polyenes, pyrimidines, azoles and 
echinocandins, as seen in Table 1. 

Simran et al. Scr Med. 2026 Mar-Apr;57(2):421-32.
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Table 1: Classification of antifungal agents for clinical purposes

Polyenes

Pyrimidines

Azoles

Amphotericin B 
(ABM)

Flucytosine

(5-fluorocytosine)

Fluconazole

Itraconazole

Posaconazole

Voriconazole

Isavuconazole

Category Pharmacological pathway Examples

Simran et al. Scr Med. 2026 Mar-Apr;57(2):421-32.
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Echinocandins

Caspofungin

Micafungin,

Anidulafungin

Discussion of case study
findings

The case examples illustrate the wide diversity of 
fungal infections that are seen in clinical settings, 
the range of antifungal medications that are used 
and the range of treatment outcomes and related 
difficulties (Table 2). 

1.	 The example of providing enteral isavuco-
nazole to a paediatric patient is done as a 
case study due to the level antifungal ther-
apy need in an immunocompromised child. 
It necessitates careful consideration of the 
dosage, route of administration and possible 
drug interactions. The achievement of the 
outcome, despite the observed trough con-
centrations being lower than what was an-
ticipated, signals the effectiveness of enteral 
administration, but more work is needed to 
identify the appropriate dose for this group 
of patients.58

2.	 The case of persistent endogenous fungal 
endophthalmitis serves as an example of the 
difficulties in managing profound fungal in-
fections and the significance of modifying 
therapy in response to clinical response. 
AMB and voriconazole improved the initial 
poor response to fluconazole, highlighting 

the necessity for flexibility in antifungal se-
lection and the possible advantages of com-
bination therapy. The emergence of neovas-
cular glaucoma emphasises the possibility of 
chronic issues.59

3.	 The limits of depending exclusively on in vi-
tro susceptibility data for formulating treat-
ment strategies are highlighted by the study 
investigating the predictive usefulness of 
antifungal susceptibility tests in Cryptococ-
cus neoformans var grubii fungemia. The 
significance of taking into account addition-
al factors, such as the severity of the dis-
ease, comorbidities and treatment duration, 
is highlighted by the lack of association be-
tween the results of susceptibility testing 
and clinical outcomes.60

4.	 Phaeohyphomycosis caused by Alternaria 
infectoria and Colletotrichum gloeosporioides 
is an example of a fungal disease that is dif-
ficult to cure since it is resistant to multiple 
therapies. The necessity for alternate treat-
ment strategies, like surgery, is highlighted 
by resistance of Alternaria infectoria to all 
five tested antifungal medications.6

Simran et al. Scr Med. 2026 Mar-Apr;57(2):421-32.
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Table 2: Case studies

Table 3: Completed clinical trials

N Fungal
infection

Study title

Drug

Conditions Age

Outcomes

Phases

Challenges RefDosage and
administration

Mechanism 
of actionTitle

NCT No

Isavuconazole 
is administered 
by enteral tube 
to a child.

Chronic endog-
enous fungal 
endophthal-
mitis

The clinical 
prognosis of 
Cryptococcus 
neoformans 
var grubii. 
Fungemia has 
never been 
predicted by 
YeastONE 
antifungal 
susceptibility 
testing.

Feohifom-
icosis in a 
renal transplant 
patient caused 
by Alternaria 
infectoria and 
Colletotrichum 
gloeosporioides.

NCT01307930

NCT00300677

Obesity and/or weight's impact on anidulafungin drug 
concentrations

To calculate the amount of voriconazole in the brain 
following two loading doses and three maintenance 
doses spaced out over three days

Obesity, mycoses

Fungal

Adult, older adult

Adult

Aspergillus 
ustus, Aspergil-
lus fumigatus, 
Mycobacterium 
avium complex 
and a condition 
known as 

Endogenous 
fungal endoph-
thalmitis caused 
by Candida 
albicans

Cryptococcus 
neoformans var 
grubii fungemia

Phaeohyphomy-
cosi and Alter-
naria infectoria

This wide-spec-
trum azole 
antifungal 
interferes with 
the formation 
of ergosterol by 
blocking lanos-
terol 14α-de-
methylase.

Fluconazole and 
voriconazole: 
inhibit lanosterol 
14α-demethy-
lase, interfering 
with ergosterol 
biosynthesis. 
Amphotericin B: 
binds to ergos-
terol in fungal 
membranes.

AMB: binds to 
ergosterol. Re-
maining drugs: 
inhibit lanosterol 
14α-demeth-
ylase. Flucy-
tosine: inhibits 
DNA synthesis.

AMB: binds 
to ergosterol. 
itraconazole, 
fluconazole, 
voriconazole: 
inhibit lanosterol 
14α-demeth-
ylase. Flucy-
tosine: inhibits 
DNA synthesis.

200 mg intra-
venously (IV) 
every 8 hours 
for six doses, 
then 200 mg IV 
every day; 200 
mg gastrostomy 
tube (G-tube) 
capsules were 
thereafter used 
every day.

IV fluconazole 
initially, then 
intravitreal (IVT) 
AMB; continued 
fluconazole; 
switched to 
IVT and topical 
voriconazole.

AMB with 
or without 
fluconazole or 
flucytosine for 
induction; IV or 
oral fluconazole 
for mainte-
nance.

Unspecified 
dosage; suscep-
tibility testing 
performed, not 
treatment.

Successful 
treatment of 
IFI; trough 
concentrations 
lower than 
adult literature 
suggests.

Initial poor 
response to 
intravenous 
fluconazole; 
improved with 
IVT amphotericin 
B and topical 
voriconazole; 
persistent panu-
veitis; developed 
neovascular 
glaucoma.

Antifungal 
susceptibility 
testing did not 
predict clinical 
outcomes; 
mortality 
associated with 
disease severity, 
comorbidities 
and inadequate 
treatment.

Lesions removed 
surgically; no 
relapse.

There is no 
FDA-approved 
paediatric ISA 
dosage and 
there may be 
a chance that 
graft-versus-
host disease 
(GvHD) will 
reduce absorp-
tion.

Poor initial 
response to 
fluconazole; 
persistent 
inflammation; 
development 
of neovascular 
glaucoma re-
quiring multiple 
topical antiglau-
coma agents.

High death rates 
despite treat-
ment; antifungal 
susceptibility 
testing not 
predictive of 
outcome.

Only 
voriconazole and 
amphotericin 
B can affect C 
gloeosporioides, 
but Alternaria 
infectoria is 
resistant to all 
five drugs.

Isavuconazole 
(ISA)

Fluconazole, 
amphotericin 
B (AMB), 
voriconazole

The clinical 
course of 
Cryptococcus 
neoformans var 
grubii fungemia 
has never 
been predicted 
by YeastONE 
antifungal 
susceptibility 
testing.

AMB, 
itraconazole, 
flucytosine, 
fluconazole, 
voriconazole

1

2

3

4

4

4

1

[58]

[59]

[60]

[61]

Simran et al. Scr Med. 2026 Mar-Apr;57(2):421-32.



428

NCT04035187

NCT04532164

NCT01062165

NCT02631954

NCT04432376

NCT02142153

NCT01090141

NCT00940017

NCT01851590

NCT03098615

NCT03110029

NCT04229303

NCT01039584

NCT00830388

Itraconazole oral absorption

Study to determine whether healthy participants' skin 
reacts allergically to sunlight when using cream V61-
044 to treat fungal infections

Impact of obesity and/or weight on caspofungin drug 
levels

Phase I clinical study to compare the pharmacokinetic 
properties of Vfendâ® IV 200 mg with Vorico injection 
200 mg (voriconazole) for single dose crossover 
intravenous infusion in healthy participants

Safety and effectiveness trial of miconazole oil vs 
vehicle for ear canal fungal infection (otomycosis)

F901318 study of single ascending doses in healthy 
male volunteers

Micafungin drug concentration analysis in volunteers 
who were overweight, obese and extremely obese

A study to determine the lung concentration with 
voriconazole and anidulafungin following intravenous 
administration in healthy subjects

Resin vs amorolfine vs terbinafine treatment in 
onychomycosis

Study evaluating the effect of Jublia on dermatophytomas

Efinaconazole 10 % solution (Jublia): a comparison of
patients wearing and not wearing toenail polish to
determine its effectiveness and compatibility for treating 
toenail onychomycosis

Phase 1: three-part ZP-059 study on sad, mad and 
cross-over in participants with and without asthma

A randomised investigation assessing the therapeutic 
equivalence of two formulations of butoconazole nitrate 
vaginal cream, 2 %

Ketoconazole foam 2 % for the treatment of versicolor

Fungal

Dermatitis, photoallergic

Obesity, fungal

Aspergillus infections, 
Candida infections, 

fungal

Otomycosis

Invasive aspergillosis

Obesity, nutrition
disorders, overweight

Aspergillosis, candidemia

Onychomycosis

Onychomycosis,
dermatophytosis

Onychomycosis of toenail

Allergic bronchopulmonary 
aspergillosis

Vulvovaginal candidiasis

Tinea versicolor

Adult, older adult

Adult

Adult, older adult

Adult

Child,
Adult, older adult

Adult

Adult, older adult

Adult

Adult, older adult

Adult, older adult

Adult, older adult

Adult

Adult, older adult

Adult, older

4

3

4

1

2
3

1

4

4

4

4

4

1

NA

4

SAD: single ascending dose; MAD: multiple ascending dose; 

An overview of clinical
research on the evaluation of 
drugs and antifungal
treatments
Table 3 includes sixteen research studies on fun-
gal infections and associated treatments. Each 
study examines several antifungal drugs or ther-
apies in relation to various fungal disorders, in-
cluding obesity, mycoses, onychomycosis and 
others. Safety, effectiveness, absorption and drug 
concentrations are the primary research top-
ics. The study includes a number of drug studies 

for medications like miconazole, anidulafungin, 
voriconazole, itraconazole and micafungin. Test-
ing therapeutic efficacy, figuring out drug con-
centrations and analysing absorption under dif-
ferent body states (such obesity) are just a few 
of the numerous goals of these trials. In this re-
gard, some research examines how fat influences 
drug concentrations, while others concentrate 
on particular therapies for fungal infections of 
the skin, nails or ear canal. The research is con-
ducted in one, two, three, or four phases and in-
volves a wide range of age groups, including chil-
dren, adults and senior persons. While Phase 2 
and 3 trials evaluate the treatment’s safety and 
effectiveness in patients, Phase 1 trials usually 

Simran et al. Scr Med. 2026 Mar-Apr;57(2):421-32.
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Emerging trends and future 
directions

Many emerging factors are influencing the direc-
tion of antifungal therapy. The increasing occur-
rence of drug-resistant fungal species is driving 
the demand for novel antifungal medications 
with distinct mechanisms of action. The range of 
possible treatments has increased with the cre-
ation of new antifungal classes, such echinocan-
dins and enhanced forms of already-approved 
medications, like liposomal AMB. To improve 
efficacy and lower the risk of drug resistance, 
combination therapy is being utilised more and 
more. Research is also being done on targeted 
treatments, such as those that target particular 
fungal virulence factors. Natural materials like 
eugenol are being investigated for their potential 
as sources of new antifungal medications. For 
fungal infections to be identified earlier and with 
greater accuracy, better diagnostic technologies 
are required. Additionally, more study is required 
to improve treatment plans for particular patient 
groups, such as newborns and immunocompro-
mised people. The upsurge in fungal infections 
linked to COVID-19 emphasises how crucial it is to 
comprehend how viral and fungal illnesses inter-
act and create effective management plans. 65, 66

involve healthy volunteers. Additionally, some 
studies compare various treatments for the same 
ailment, including tinea versicolor or onychomy-
cosis. This thorough approach to fungal therapy 
research reveals the most effective treatment for 
fungal infections (Figure 3).62-64

Figure 3: An overview of clinical research on the evaluation of drugs and antifungal treatments

Antifungal drugs are critical to the treatment 
of  fungal diseases, which are becoming more 
common. Novel antifungal drugs and strat-
egies are needed to address the  increasing 
problem of drug resistance and to improve pa-
tient outcomes. Ongoing study of drug effica-
cy, side effects and resistance patterns will be 
important to ensure the full effectiveness of 
antifungal treatments. Clinical practice relies 
heavily upon antifungal medicines because 
fungus infections are one of the fastest-grow-
ing types of infectious disease worldwide, of-
ten linked to older populations, immune-chal-
lenged individuals and emerging and/or 
re-emerging fungi. As the  landscape of fungal 
diseases evolves, it’s critical to maintain a bal-
ance between restricting the risk of developing 
resistance and delivering effective treatment. 
Despite these improvements in  antifungal 
treatment, problems remain. Furthermore, 
the limited number of antifungal classes and 
the toxicities they are associated with neces-
sitate careful selection and monitoring. New 
drug classes and other therapeutic approach-
es, like combination therapy and the develop-
ment of new biological targets, hold promise 
for getting around these limitations. Addition-
ally, exploring the potential of precision med-
icine—where antifungal drugs are tailored to 
a patient's particular infection—may improve 
treatment outcomes. Ultimately, in order to 
solve the issue of antifungal resistance and 
enhance patient care, a multimodal approach 
involving researchers, medical practitioners 
and public health officials is required. Sus-
tained efforts to improve antifungal manage-
ment and a commitment to developing inno-
vative treatment options will be necessary for 
future success in treating fungal diseases. In 

Conclusion

Simran et al. Scr Med. 2026 Mar-Apr;57(2):421-32.
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order to treat fungal infections and improve 
quality of life, it is imperative to refine exist-
ing chemicals, develop new formulations and 
employ alternative therapies for both preven-
tion and therapy. In addition to describing ad-
vancements in antifungal therapy, this page 
discusses a variety of diseases, complicated 
medications and patient features. For efficacy 
and reduced adverse effects, new medications, 
better techniques and enhanced diagnostics 
are required. Treatment resistance and other 
fungal risks require more investigation.

None.

Acknowledgement

This study was a secondary analysis based on the 
currently existing data and did not directly involve 
with human participants or experimental animals. 
Therefore, the ethics approval was not required in 
this paper. 

Ethics

Conflicts of interest

The authors declare that there is no conflict of 
interest.

This research received no specific grant from any 
funding agency in the public, commercial, or not-
for-profit sectors. 

Funding

The data that support the findings of this study 
are available from the corresponding author 
upon reasonable individual request.

Data access

Simran (S):
0009-0004-8319-218X
Punam Gaba (PG):
0000-0003-4528-0440
Neelam Sharma (NS):
0000-0003-1198-7085
Jeewanjot Singh (JS):
0009-0000-6290-9250

Author ORCID numbers

References

1.	 Patil A, Majumdar S. Echinocandins in antifungal phar-
macotherapy. J Pharm Pharmacol. 2017;69:1635–60. 
doi: 10.1111/jphp.12780.

2.	 Revie NM, Iyer KR, Robbins N, Cowen LE. Antifungal 
drug resistance: evolution, mechanisms and impact. 
Curr Opin Microbiol. 2018;45:70–6. doi: 10.1016/j.
mib.2018.02.005.

3.	 Ahmad S, Bhattacharya D, Kar S, Ranganathan A, Van 
Kaer L, Das G. Curcumin Nanoparticles Enhance Myco-
bacterium bovis BCG Vaccine Efficacy by Modulating 
Host Immune Responses. Infect Immun. 2019;87. doi: 
10.1128/IAI.00291-19.

4.	 Sheehan DJ, Hitchcock CA, Sibley CM. Current and 
emerging azole antifungal agents. Clin Microbiol Rev. 
1999;12:40–79. doi: 10.1128/CMR.12.1.40.

5.	 Pfaller MA, Diekema DJ. Rare and emerging oppor-
tunistic fungal pathogens: concern for resistance 
beyond Candida albicans and Aspergillus fumiga-
tus. J Clin Microbiol. 2004;42:4419–31. doi: 10.1128/
JCM.42.10.4419-4431.2004.

6.	 Ullmann AJ, Cornely OA. Antifungal prophylax-
is for invasive mycoses in high risk patients. Curr 
Opin Infect Dis. 2006;19:571–6. doi: 10.1097/
QCO.0b013e3280108e45.

7.	 Sprute R, Nacov JA, Neofytos D, Oliverio M, Prattes J, 
Reinhold I, et al. Antifungal prophylaxis and pre-emp-
tive therapy: When and how? Mol Aspects Med. 
2023;92:101190. doi: 10.1016/j.mam.2023.101190.

8.	 Kriegl L, Egger M, Boyer J, Hoenigl M, Krause R. New 
treatment options for critically important WHO 
fungal priority pathogen. Clin Microbiol Infect. 
2025;31(6):922–30. doi: 10.1016/j.cmi.2024.03.006.

Conceptualisation: S
Formal analysis: S
Investigation: S
Data curation: S
Writing - original draft: S, PG 
Writing - review and editing: PG, NS, JS
Supervision: PG, NS.

Author contributions

Simran et al. Scr Med. 2026 Mar-Apr;57(2):421-32.



431

9.	 Shapiro RS, Robbins N, Cowen LE. Regulatory circuitry 
governing fungal development, drug resistance, and 
disease. Microbiol Mol Biol Rev. 2011;75:213–67. doi: 
10.1128/MMBR.00045-10.

10.	 Lestrade PPA, Meis JF, Melchers WJG, Verweij PE. Tri-
azole resistance in Aspergillus fumigatus: recent in-
sights and challenges for patient management. Clin 
Microbiol Infect. 2019;25(7):799–806. doi: 10.1016/j.
cmi.2018.11.027.

11.	 Fisher MC, Alastruey-Isquierdo A, Berman J, Bicanic 
T, Bignell EM, Bowyer P, et al. Tackling the emerging 
threat of antifungal resistance to human health. Nat 
Rev Microbiol. 2022;20:557–71. doi: 10.1038/s41579-
022-00720-1.

12.	 Hossain CM, Ryan LK, Gera M, Choudhuri S, Lyle N, 
Ali KA, et al. Antifungals and Drug Resistance. Ency-
clopedia. 2022;2:1722–37. doi: 10.3390/encyclope-
dia2040118.

13.	 Poissy J, Rouzé A, Cornu M, Nseir S, Sendid B. The 
changing landscape of invasive fungal infections in 
ICUs: a need for risk stratification to better target anti-
fungal drugs and the threat of resistance. J Fungi (Ba-
sel). 2022;8(9):946. doi: 10.3390/jof8090946.

14.	 Lee Y, Puumala E, Robbins N, Cowen LE. Antifungal 
drug resistance: molecular mechanisms in Candida al-
bicans and beyond. Chem Rev. 2021;121:3390–411. doi: 
10.1021/acs.chemrev.0c00199.

15.	 Kolwijck E, van der Hoeven H, de Sévaux RGL, Ten 
Oever J, Rijstenberg LL, van der Lee HAL, et al. 
Voriconazole-susceptible and voriconazole-resis-
tant Aspergillus fumigatus coinfection. Am J Respir 
Crit Care Med. 2016;193:927–9. doi: 10.1164/rc-
cm.201510-2104LE.

16.	 Arthington-Skaggs BA, Jradi H, Desai T, Morrison CJ. 
Quantitation of ergosterol content: novel method for 
determination of fluconazole susceptibility of Can-
dida albicans. J Clin Microbiol. 1999;37:3332–7. doi: 
10.1128/JCM.37.10.3332-3337.1999.

17.	 Posch W, Blatzer M, Wilflingseder D, Lass-Flörl C. As-
pergillus terreus: novel lessons learned on amphoteri-
cin B resistance. Med Mycol. 2018;56(Suppl 1):S73–82. 
doi: 10.1093/mmy/myx119.

18.	 Rybak JM, Fortwendel JR, Rogers PD. Emerging threat 
of triazole-resistant Aspergillus fumigatus. J Antimi-
crob Chemother. 2018;74:835–47. doi: 10.1093/jac/
dky517.

19.	 Fakhim H, Badali H, Dannaoui E, Nasirian M, Jahangiri 
F, Raei M, et al. Trends in the Prevalence of Amphoteri-
cin B-Resistance (AmBR) among Clinical Isolates of As-
pergillus Species. J Mycol Med. 2022 Nov;32(4):101310. 
doi: 10.1016/j.mycmed.2022.101310.

20.	 Delma FZ, Al-Hatmi AMS, Brüggemann RJM, Melchers 
WJG, de Hoog S, Verweij PE, et al. Molecular mecha-
nisms of 5-fluorocytosine resistance in yeasts and fil-
amentous fungi. J Fungi (Basel). 2021;7. doi: 10.3390/
jof7110909.

21.	 Billmyre RB, Applen Clancey S, Li LX, Doering TL, Heit-
man J. 5-fluorocytosine resistance is associated with 
hypermutation and alterations in capsule biosynthe-
sis in Cryptococcus. Nat Commun. 2020;11:1–9. doi: 
10.1038/s41467-019-13890-z.

22.	 Siberry GK, Abzug MJ, Nachman S, Brady MT, Domin-
guez KL, Handelsman E, et al; Panel on Opportunistic 
Infections in HIV-Exposed and HIV-Infected Children; 
National Institutes of Health, Centers for Disease Con-
trol and Prevention, HIV Medicine Association of the 
Infectious Diseases Society of America, Pediatric In-
fectious Diseases Society, American Academy of Pedi-
atrics. Guidelines for the prevention and treatment of 

opportunistic infections in HIV-exposed and HIV-in-
fected children: recommendations from the National 
Institutes of Health, Centers for Disease Control and 
Prevention, the HIV Medicine Association of the Infec-
tious Diseases Society of America, the Pediatric Infec-
tious Diseases Society, and the American Academy of 
Pediatrics. Pediatr Infect Dis J. 2013 Nov;32 Suppl 2(0 
2):i-KK4. doi: 10.1097/01.inf.0000437856.09540.11.

23.	 Bassetti M, Giacobbe DR, Vena A, Trucchi C, Ansaldi F, 
Antonelli M, et al. Incidence and outcome of invasive 
candidiasis in intensive care units (ICUs) in Europe: 
results of the EUCANDICU project. Crit Care. 2019;23. 
doi: 10.1186/s13054-019-2497-3.

24.	 Steinbach WJ, Marr KA, Anaissie EJ, Azie N, Quan SP, 
Meier-Kriesche HU, et al. Clinical epidemiology of 
960 patients with invasive aspergillosis from the 
PATH Alliance registry. J Infect. 2012;65:453–64. doi: 
10.1016/j.jinf.2012.08.003.

25.	 Brissaud O, Guichoux J, Harambat J, Tandonnet O, Zaou-
tis T. Invasive fungal disease in PICU: epidemiology 
and risk factors. Ann Intensive Care. 2012;2:1–8. doi: 
10.1186/2110-5820-2-6.

26.	 Lestrade PP, Bentvelsen RG, Schauwvlieghe AFAD, 
Schalekamp S, van der Velden WJFM, Kuiper EJ, et al. 
Voriconazole resistance and mortality in invasive as-
pergillosis: a multicenter retrospective cohort study. 
Clin Infect Dis. 2019;68:1463–71. doi: 10.1093/cid/
ciy859.

27.	 Webb BJ, Ferraro JP, Rea S, Kaufusi S, Goodman BE, 
Spalding J. Epidemiology and clinical features of inva-
sive fungal infection in a US health care network. Open 
Forum Infect Dis. 2018;5. doi: 10.1093/ofid/ofy187.

28.	 Peng L, Yang N, Yang Y, Wang Q, Xie X, Sun-Water-
house D, et al. Atomic cation-vacancy engineering of 
NiFe-layered double hydroxides for improved activity 
and stability towards the oxygen evolution reaction. 
Angew Chem Int Ed. 2021;60:24612–9. doi: 10.1002/
anie.202109938.

29.	 van Rhijn N, Arikan-Akdagli S, Beardsley J, Bongomin 
F, Chakrabarti A, Chen SC, et al. Beyond bacteria: the 
growing threat of antifungal resistance. Lancet. 2024 
Sep 14;404(10457):1017-1018. doi: 10.1016/S0140-
6736(24)01695-7.

30.	 Tsutsuura M, Moriyama H, Kojima N, Misukami Y, 
Tashiro S, Osa S, et al. The monitoring of vancomycin: 
a systematic review and meta-analyses of AUC-guid-
ed dosing and trough-guided dosing. BMC Infect Dis. 
2021;21. doi: 10.1186/s12879-021-05858-6.

31.	 Novak AR, Bradley ME, Kiser TH, Mueller SW. Azole-re-
sistant Aspergillus and echinocandin-resistant Can-
dida—what are the treatment options? Curr Fungal 
Infect Rep. 2020;14:141–52. doi: 10.1007/s12281-020-
00379-2.

32.	 Ben-Ami R. Systemic antifungal therapy for invasive 
pulmonary infections. J Fungi (Basel). 2023;9:144. doi: 
10.3390/jof9020144.

33.	 Fioriti S, Brescini L, Pallotta F, Canovari B, Morroni G, 
Barchiesi F. Antifungal combinations against Candida 
species: from bench to bedside. J Fungi (Basel). 2022;8. 
doi: 10.3390/jof8101077.

34.	 Bidaud AL, Botterel F, Chowdhary A, Dannaoui E. In 
vitro antifungal combination of flucytosine with am-
photericin B, voriconazole, or micafungin against Can-
dida auris shows no antagonism. Antimicrob Agents 
Chemother. 2019;63. doi: 10.1128/AAC.01393-19.

35.	 Campitelli M, Zeineddine N, Samaha G, Maslak S. Com-
bination antifungal therapy: a review of current data. 
J Clin Med Res. 2017;9:451–6. doi: 10.14740/jocm-
r2992w.

Simran et al. Scr Med. 2026 Mar-Apr;57(2):421-32.



432

36.	 Cui X, Wang L, Lü Y, Yue C. Development and research 
progress of anti-drug resistant fungal drugs. J Infect 
Public Health. 2022;15:986–1000. doi: 10.2147/IDR.
S338987.

37.	 Lepak AJ, Andes DR. Antifungal pharmacokinetics and 
pharmacodynamics. Cold Spring Harb Perspect Med. 
2014;5. doi: 10.1101/cshperspect.a019653.

38.	 Dismukes WE. Introduction to antifungal drugs. Clin 
Infect Dis. 2000;30:653–7. doi: 10.1086/313748.

39.	 Houšť J, Spížek J, Havlíček V. Antifungal drugs. Metabo-
lites. 2020;10. doi: 10.3390/metabo10030106.

40.	 Bongomin F, Gago S, Oladele RO, Denning DW. Global 
and multi-national prevalence of fungal diseases—es-
timate precision. J Fungi (Basel). 2017;3. doi: 10.3390/
jof3040057.

41.	 Howard KC, Dennis EK, Watt DS, Garneau-Tsodikova S. 
A comprehensive overview of the medicinal chemistry 
of antifungal drugs: perspectives and promise. Chem 
Soc Rev. 2020;49:2426–80. doi: 10.1039/c9cs00556k.

42.	 Hoenigl M, Sprute R, Egger M, Arastehfar A, Corne-
ly OA, Krause R, et al. The antifungal pipeline: fos-
manogepix, ibrexafungerp, olorofim, opelconazole, 
and rezafungin. Drugs. 2021;81:1703–29. doi: 10.1007/
s40265-021-01611-0.

43.	 Bellmann R, Smuszkiewicz P. Pharmacokinetics of an-
tifungal drugs: practical implications for optimised 
treatment of patients. Infection. 2017;45:737–79. doi: 
10.1007/s15010-017-1042-z.

44.	 Gintjee TJ, Donnelley MA, Thompson GR. Aspiring 
antifungals: review of current antifungal pipeline 
developments. J Fungi (Basel). 2020;6. doi: 10.3390/
jof6010028.

45.	 Wiederhold NP. Review of the novel investigational 
antifungal olorofim. J Fungi (Basel). 2020;6:1–11. doi: 
10.3390/jof6030122.

46.	 Seyedmousavi S, Chang YC, Law D, Birch M, Rex JH, 
Kwon-Chung KJ. Efficacy of olorofim (F901318) against 
Aspergillus fumigatus, A. nidulans, and A. tanneri in 
murine models of profound neutropenia and chronic 
granulomatous disease. Antimicrob Agents Chemoth-
er. 2019;63. doi: 10.1128/AAC.00129-19.

47.	 Denning DW, Bromley MJ. How to bolster the antifun-
gal pipeline. Science. 2015;347:1414–6. doi: 10.1126/
science.aaa6097.

48.	 Saag MS, Dismukes WE. Azole antifungal agents: em-
phasis on new triazoles. Antimicrob Agents Chemoth-
er. 1988;32:1–8. doi: 10.1128/AAC.32.1.1.

49.	 Nicola AM, Albuquerque P, Paes HC, Fernandes L, Costa 
FF, Kioshima ES, et al. Antifungal drugs: new insights in 
research & development. Pharmacol Ther. 2019;195:21–
38. doi: 10.1016/j.pharmthera.2018.10.008.

50.	 Cass L, Murray A, Davis A, Woodward K, Albayaty M, 
Ito K, et al. Safety and nonclinical and clinical pharma-
cokinetics of PC945, a novel inhaled triazole antifungal 
agent. Pharmacol Res Perspect. 2021;9:e00690. doi: 
10.1002/prp2.690.

51.	 Hu Y, Liu Z, Zha G, Long S, Sridhara MB, Kumar KS, 
Rakesh K. Triazole derivatives as potential antifun-
gal agents: A structure-activity relationship (SAR) 
studies. Process Biochemistry. 2023;135:102–18. doi: 
10.1016/j.procbio.2023.10.024.

52.	 Sobel JD, Donders G, Degenhardt T, Person K, Curelop 
S, Ghannoum M, et al. Efficacy and safety of otesec-
onazole in recurrent vulvovaginal candidiasis. NEJM 
Evid. 2022;1. doi: 10.1056/EVIDoa2100055.

53.	 Maione A, Mileo A, Pugliese S, Siciliano A, Cirillo L, Car-
raturo F, et al. VT-1161—a tetrazole for management 
of mono- and dual-species biofilms. Microorganisms. 
2023;11:237. doi: 10.3390/microorganisms11020237.

54.	 Lockhart SR, Fothergill AW, Iqbal N, Bolden CB, Gross-
man NT, Garvey EP, et al. The investigational fungal 
Cyp51 inhibitor VT-1129 demonstrates potent in vi-
tro activity against Cryptococcus neoformans and 
Cryptococcus gattii. Antimicrob Agents Chemother. 
2016;60:2528–31. doi: 10.1128/AAC.02770-15.

55.	 Wiederhold NP, Najvar LK, Garvey EP, Brand SR, Xu X, 
Ottinger EA, et al. The fungal Cyp51 inhibitor VT-1129 
is efficacious in an experimental model of cryptococcal 
meningitis. Antimicrob Agents Chemother. 2018;62. 
doi: 10.1128/AAC.01071-18.

56.	 García-García I, Borobia AM. Current approaches and 
future strategies for the implementation of pharma-
cogenomics in the clinical use of azole antifungal drugs. 
Expert Opin Drug Metab Toxicol. 2021;17:509–14. doi: 
10.1080/17425255.2021.1890715.

57.	 Yu Y, Albrecht K, Groll J, Beilhack A. Innovative ther-
apies for invasive fungal infections in preclinical and 
clinical development. Expert Opin Investig Drugs. 
2020;29. doi: 10.1080/13543784.2020.1791819.

58.	 Garner LM, Echols CD, Wilson WS. Enteral tube admin-
istration of isavuconazole in a pediatric patient. Pedi-
atr Blood Cancer. 2021;68. doi: 10.1002/pbc.29108.

59.	 Abu Talib DN, Yong MH, Nasaruddin RA, Che-Hamzah 
J, Bastion MLC. Chronic endogenous fungal endoph-
thalmitis: diagnostic and treatment challenges: a case 
report. Medicine (Baltimore). 2021;100:e25459. doi: 
10.1097/MD.0000000000025459.

60.	 Yang JH, Huang PY, Cheng CW, Shie SS, Lin ZF, Yang 
LY, et al. Antifungal susceptibility testing with Yea-
stONE is not predictive of clinical outcomes of Cryp-
tococcus neoformans var. grubii fungemia. Med Mycol. 
2021;59:1114–21. doi: 10.1093/mmy/myab046.

61.	 Patel SN, Shah S, Panchal J, Desai C, Upadhya IB, Patel 
M. Spotlight on the mucormycosis outbreak: a deadly 
fungal infection that followed the COVID-19 pandemic. 
Cureus. 2023;15. doi: 10.7759/cureus.35095.

62.	 Faraoni D. “Your Guide to Paediatric Anesthesia” by 
Sims and Johnson: a book review. Open J Anesthesiol. 
2012;2:10–10. doi: 10.4236/ojanes.2012.21003.

63.	 Brown AD. Identities in Organisation Studies. 
2018;40:7–22. doi: 10.1177/0170840618765014.

64.	 Xiao Y, Yuan P, Sun Y, Xu Y, Deng X, Wang X, et al. Com-
parison of topical antifungal agents for oral candidiasis 
treatment: a systematic review and meta-analysis. Oral 
Surg Oral Med Oral Pathol Oral Radiol. 2022;133:282–
91. doi: 10.3390/life12111677.

65.	 Reddy GKK, Padmavathi AR, Nancharaiah YV. Fun-
gal infections: pathogenesis, antifungals and alter-
nate treatment approaches. Curr Res Microb Sci. 
2022;3:100137. doi: 10.1016/j.crmicr.2022.100137.

66.	 Zhang Y, Yan Y, Qiu H, Ma Z, Ruan K, Gu J. A mini-review 
of MXene porous films: preparation, mechanism and 
application. J Mater Sci Technol. 2022;103:42–9. doi: 
10.1016/j.jmst.2021.08.001.

Simran et al. Scr Med. 2026 Mar-Apr;57(2):421-32.


