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In recent decades, the prevalence of resistant fungal isolates has been steadily in-
creasing both in veterinary and human medicine as well as in agriculture [1,2]. This
global phenomenon can be explained the overuse of a limited number of antifungal drugs,
global warming, and further anthropogenic effects. In addition, the combined effect of
these factors has induced the emergence of previously rarely or never isolated fungal
species such as multi- or panresistant Candida auris, azole-resistant Aspergillus species, or
Lomentospora prolificans [1-4]. Nowadays, the lack of totally new antifungal agents further
exacerbates the problem. Therefore, it is necessary to identify and introduce new antifungal
drugs or alternative therapeutic approaches in clinical practice.

This Special Issue addresses current state-of-the-art investigations with regard to
alternative therapeutic approaches against different potentially resistant Candida species.
A total of nine papers were published in this Special Issue, including one review and
eight original articles. The review article presents our current knowledge about C. glabrata,
including its resistance, adaptation, and survival strategies [5]. Andrade et al. (2020)
showed that certain Copaifera leaf extracts, especially Copaifera paupera and Copaifera reticulata
leaf extracts, inhibited C. glabrata biofilm formation and increased the cell vacuolization
and cell membrane damage of this species [6]. Regarding other plant-derived molecules,
the Colombian essential oil Ruta graveolens showed high activity against clinically relevant
Candida species; moreover, it demonstrated a remarkable synergizing effect in combination
with traditional antifungal drugs [7]. In another study, the antifungal activity of the
phenolic compounds ellagic acid and caffeic acid phenethyl ester was examined against
C. auris isolates, where the caffeic acid phenethyl ester reduced the biomass and the
metabolic activity of C. auris biofilm and decreased its adhesion to cultured human epithelial
cells, indicating a potent antifungal and antivirulence effect [8]. It is noteworthy that one
published paper focused on an animal-derived compound in terms of an antifungal effect.
Kakar et al. (2021) demonstrated new perspectives in the antimicrobial activity of the
amphibian temporin B. Both of the examined temporin B analogs inhibited the growth of
planktonic and sessile cells of Candida species. In addition, they demonstrated favorable
cytotoxicity properties as well [9]. Araujo et al. (2020) prepared a novel cetylpyridinium
chloride nanocarrier using iron oxide nanoparticles conjugated with chitosan and assessed
its antifungal and cytotoxic effects [10]. They observed a remarkable antifungal effect
exerted by this complex against planktonic and sessile Candida cells, supporting the usage
of this compound for the treatment of oral fungal infections [10]. Gémez-Casanova et al.
(2021) evaluated the in vitro effect of the combination of cationic carbosilane dendrons
derived from 4-phenylbutyric acid in the presence of AgNO3; and EDTA [11]. They found
that the second generation dendron with AgNO3 or EDTA can decrease the viability of
the biofilms formed by C. albicans [11]. A comprehensive study performed by Jakab et al.
(2021) showed the negative effect of protein phosphatase Z1 deletion on oxidative stress
tolerance, helping the development of further, novel antifungal drugs [12]. Furthermore,
this phenotype can enhance the effect of clinically applied betamethasone combined with
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menadione [12]. Drug repurposing may be a potential alternative therapeutic approach in
certain types of fungal infections [13]. Santos et al. (2021) examined the effects of lopinavir,
an aspartic protease inhibitor in HIV therapy, on C. albicans by using in silico, in vitro, and
in vivo approaches [14]. Based on their findings, lopinavir inhibits the yeast-to-hyphae
transition, disturbs the ergosterol synthesis, blocks the adhesion to epithelial cells, and
reduces the secreted aspartyl proteinase production by Candida cells [14].

In summary, this Special Issue is a great resource that highlights novel and innovative
work on alternative therapeutic approaches. Hopefully, this Special Issue will be able to
stimulate further exciting research in the future.

Funding: This research was funded by the Hungarian National Research, Development and Innova-
tion Office (NKFIH FK138462) (R. Kovacs). R. Kovacs was supported by the Janos Bolyai Research
Scholarship of the Hungarian Academy of Sciences.

Conflicts of Interest: The author declares no conflict of interest.

References

1.

10.

11.

12.

13.

14.

Murphy, S.E.; Bicanic, T. Drug Resistance and Novel Therapeutic Approaches in Invasive Candidiasis. Front. Cell Infect. Microbiol.
2021, 11, 759408. [CrossRef] [PubMed]

Kontoyiannis, D.P. Antifungal Resistance: An Emerging Reality and A Global Challenge. J. Infect. Dis. 2017, 216, S431-5435.
[CrossRef] [PubMed]

Casadevall, A.; Kontoyiannis, D.P.; Robert, V. On the Emergence of Candida auris: Climate Change, Azoles, Swamps, and Birds.
mBio 2019, 10, e01397-19. [CrossRef] [PubMed]

Friedman, D.Z.P,; Schwartz, I.S. Emerging Fungal Infections: New Patients, New Patterns, and New Pathogens. J. Fungi 2019, 5,
67. [CrossRef] [PubMed]

Hassan, Y.; Chew, S.Y.; Than, L.T.L. Candida glabrata: Pathogenicity and Resistance Mechanisms for Adaptation and Survival. J.
Fungi 2021, 7, 667. [CrossRef] [PubMed]

Andrade, G.; Orlando, H.; Scorzoni, L.; Pedroso, R.S.; Abrao, F.; Carvalho, M.; Veneziani, R.; Ambrésio, S.R.; Bastos, J.K.;
Mendes-Giannini, M.; et al. Brazilian Copaifera Species: Antifungal Activity against Clinically Relevant Candida Species, Cellular
Target, and In Vivo Toxicity. J. Fungi 2020, 6, 153. [CrossRef] [PubMed]

Donadu, M.G.; Peralta-Ruiz, Y.; Usai, D.; Maggio, F.; Molina-Hernandez, ].B.; Rizzo, D.; Bussu, F,; Rubino, S.; Zanetti, S.; Paparella,
A_; et al. Colombian Essential Oil of Ruta graveolens against Nosocomial Antifungal Resistant Candida Strains. J. Fungi 2021, 7, 383.
[CrossRef] [PubMed]

Possamai Rossatto, F.C.; Tharmalingam, N.; Escobar, LE.; d’Azevedo, P.A.; Zimmer, K.R.; Mylonakis, E. Antifungal Activity of the
Phenolic Compounds Ellagic Acid (EA) and Caffeic Acid Phenethyl Ester (CAPE) against Drug-Resistant Candida auris. |. Fungi
2021, 7, 763. [CrossRef] [PubMed]

Kakar, A.; Holzknecht, J.; Dubrac, S.; Gelmi, M.L.; Romanelli, A.; Marx, F. New Perspectives in the Antimicrobial Activity of the
Amphibian Temporin B: Peptide Analogs Are Effective Inhibitors of Candida albicans Growth. J. Fungi 2021, 7, 457. [CrossRef]
[PubMed]

Araujo, H.C,; Arias, L.S.; Caldeirao, A.C.M.; Assumpcao, L.C.d.F,; Morceli, M.G.; de Souza Neto, EN.; de Camargo, E.R.; Oliveira,
S.H.P; Pessan, J.P.; Monteiro, D.R. Novel Colloidal Nanocarrier of Cetylpyridinium Chloride: Antifungal Activities on Candida
Species and Cytotoxic Potential on Murine Fibroblasts. J. Fungi 2020, 6, 218. [CrossRef] [PubMed]

Goémez-Casanova, N.; Lozano-Cruz, T.; Soliveri, J.; Gomez, R; Ortega, P.; Copa-Patifio, J.L.; Heredero-Bermejo, I. Eradication of
Candida albicans Biofilm Viability: In Vitro Combination Therapy of Cationic Carbosilane Dendrons Derived from 4-Phenylbutyric
Acid with AgNO3 and EDTA. |. Fungi 2021, 7, 574. [CrossRef] [PubMed]

Jakab, A.; Emri, T, Csillag, K.; Szab6, A.; Nagy, F; Baranyai, E.; Sajtos, Z.; Géczi, D.; Antal, K.; Kovacs, R.; et al. The Negative
Effect of Protein Phosphatase Z1 Deletion on the Oxidative Stress Tolerance of Candida albicans Is Synergistic with Betamethasone
Exposure. J. Fungi 2021, 7, 540. [CrossRef] [PubMed]

Peyclit, L.; Yousfi, H.; Rolain, ].-M.; Bittar, F. Drug Repurposing in Medical Mycology: Identification of Compounds as Potential
Antifungals to Overcome the Emergence of Multidrug-Resistant Fungi. Pharmaceuticals 2021, 14, 488. [CrossRef] [PubMed]
Santos, A.L.S.; Braga-Silva, L.A.; Gongalves, D.S.; Ramos, L.S.; Oliveira, S.5.C.; Souza, L.O.P; Oliveira, V.S.; Lins, R.D.; Pinto, M.R ;
Murioz, ].E.; et al. Repositioning Lopinavir, an HIV Protease Inhibitor, as a Promising Antifungal Drug: Lessons Learned from
Candida albicans—In Silico, In Vitro and In Vivo Approaches. J. Fungi 2021, 7, 424. [CrossRef] [PubMed]


http://doi.org/10.3389/fcimb.2021.759408
http://www.ncbi.nlm.nih.gov/pubmed/34970504
http://doi.org/10.1093/infdis/jix179
http://www.ncbi.nlm.nih.gov/pubmed/28911044
http://doi.org/10.1128/mBio.01397-19
http://www.ncbi.nlm.nih.gov/pubmed/31337723
http://doi.org/10.3390/jof5030067
http://www.ncbi.nlm.nih.gov/pubmed/31330862
http://doi.org/10.3390/jof7080667
http://www.ncbi.nlm.nih.gov/pubmed/34436206
http://doi.org/10.3390/jof6030153
http://www.ncbi.nlm.nih.gov/pubmed/32872100
http://doi.org/10.3390/jof7050383
http://www.ncbi.nlm.nih.gov/pubmed/34069001
http://doi.org/10.3390/jof7090763
http://www.ncbi.nlm.nih.gov/pubmed/34575801
http://doi.org/10.3390/jof7060457
http://www.ncbi.nlm.nih.gov/pubmed/34200504
http://doi.org/10.3390/jof6040218
http://www.ncbi.nlm.nih.gov/pubmed/33053629
http://doi.org/10.3390/jof7070574
http://www.ncbi.nlm.nih.gov/pubmed/34356953
http://doi.org/10.3390/jof7070540
http://www.ncbi.nlm.nih.gov/pubmed/34356919
http://doi.org/10.3390/ph14050488
http://www.ncbi.nlm.nih.gov/pubmed/34065420
http://doi.org/10.3390/jof7060424
http://www.ncbi.nlm.nih.gov/pubmed/34071195

	References

