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Abstract: This special issue highlights emerging topics related to Candida, the most prevalent fungal
pathogen in the hospital setting. The advantages and limitations of new, non-culture based diagnostic
techniques are discussed. The issue reviews mammalian and non-mammalian infection models.
The manuscripts present updates on several molecular mechanisms of pathogenicity, including
filamentation, biofilm formation, and phospholipid production.
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Candida, the most common nosocomial fungal pathogen, causes a diverse spectrum of diseases.
It frequently exists as a commensal fungus colonizing the gastrointestinal tract and can cause
mucosal disease, such as oroesophageal or vaginal candidiasis. With immunosuppression, Candida
becomes an invasive pathogen, leading to disseminated disease with mortality approaching 40% [1,2].
As culture-based diagnostic tests for invasive candidiasis lack sensitivity, diagnosis may be delayed,
contributing to increased morbidity and mortality [3]. The occurrence of drug-resistant strains poses
an additional obstacle to treatment [4]. Furthermore, we are seeing the emergence of Candida auris,
which is causing antifungal-resistant outbreaks worldwide [5,6]. Candida spp. possess a multitude of
virulence factors, which permit attachment, facilitate tissue invasion, and promote the formation of
resilient biofilm communities on medical devices and host surfaces. Further understanding of Candida
pathogenicity will aid in the development of improved diagnostic and therapeutic approaches.

While blood cultures remain the standard method for the diagnosis of invasive candidiasis,
it is estimated that 50% of cases may be missed by use of this technique alone [3]. In this issue,
Clancy and Nguyen discuss the role of non-culture based techniques for the diagnosis of candidiasis,
including assays to detect mannan, anti-mannan antibodies, Candida albicans germ tube antibodies,
and 1,3-B-D-glucan, as well as the T2Candida nanodiagnostic panel and polymerase chain reactions
(PCR) [7]. These non-culture based methods offer improved sensitivity and the promise of more rapid
diagnosis. Despite the high performance of many of these tests, cultures remain necessary for obtaining
antifungal susceptibility data. The possible unintended consequences of using non-culture diagnostics
are also examined, including the potential for inappropriate antifungal use if these tests are ordered
for patients with a low pre-test probability of invasive candidiasis.

Animal models have been critical for the advancement of our understanding of Candida
pathogenicity. A manuscript by Segal and Frenkel highlights the use of both mammalian and
non-mammalian models for studying pathogenesis [8]. Mammalian models most closely mimic
clinical candidiasis, with murine models the most frequently utilized to model both systemic and
mucosal disease. Various methods of replicating host immunocompromise, such as neutropenia,
can be employed. The authors discuss diverse uses for the models, including the study of host
immunity, virulence traits, and antifungal pharmacokinetics. While non-mammalian models may be
less representative of candidiasis in humans, these systems are often less costly and ideal for high
throughput studies. Candidiasis models in the fruit fly Drosophila melanogaster, the larvae of the moth
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Galleria mellonella, and the free-living nematode Caenorhabditis elegans are described and compared to
mammalian models.

The ability of Candida spp. to form biofilm communities on medical devices and biotic surfaces
is an increasingly recognized virulence trait. In this issue, Kean and colleagues discuss biofilm
formation by Candida, focusing on the current models of study. They review the molecular aspects
underpinning the transition to the biofilm lifestyle and the acquisition of antifungal drug tolerance [9].
The authors highlight the inherent heterogeneity associated with these communities, which contain
diverse microenvironments and form in distinct anatomic niches. Furthermore, the capacity to form
biofilms varies greatly among Candida spp., as well as among clinical isolates of the same species.
The importance of including a variety of clinical isolates for biofilm studies is also discussed.

Two manuscripts in this issue provide updates on our understanding of hyphal morphogenesis.
Components of this pathway are potential drug targets, as filamentation is unique to fungi and
critical for the pathogenesis of C. albicans. The review by Desai divides the formation of hyphae
into 3 steps, which include hyphal initiation, elongation, and directionality maintenance [10].
The mechanistic regulation of each step is discussed, as are the environmental cues triggering
filamentation. The concepts of both fungal-mediated tissue invasion and host-assisted uptake are
reviewed. Lin and Chen also provide an update on the signaling pathways governing morphogenesis
in Candidia [11]. Their review focuses on the cyclic adenosine monophosphate/protein kinase A
(cAMP /PKA) cascade, which regulates hyphal growth as well as white—opaque switching in C. albicans.
Similarities and differences in these regulatory pathways between C. albicans and its close relative
C. tropicalis are highlighted. Identifying signaling components conserved among Candida spp., and
even among fungi, is essential for recognizing potential broad-spectrum drug targets.

This issue also features a review of phospholipid biosynthesis in C. albicans, focusing on two
aminophospholipids, phosphatidylserine and phosphatidylethanolamine, and their role in microbial
pathogenesis [12]. Cassilly and Reynolds describe the current knowledge of the phosphatidylserine
and phosphatidylethanolamine synthesis pathways in C. albicans and provide a comparison to
these biosynthetic pathways in other eukaryotes, as well as bacteria. The potential for targeting
aminophospholipid pathways for drug development is discussed. In particular, the phosphatidylserine
synthase of C. albicans appears to be conserved among fungi and is structurally distinct from
mammalian phospholipid synthases.

I'would like to take the opportunity to thank each of the authors for contributing their expertise
to this Special Issue on Candida and Candidiasis.

Acknowledgments: J.E.N. is supported by the National Institutes of Health (K08 AI108727), the Burroughs
Wellcome Fund (1012299), and the Doris Duke Charitable Foundation (112580130).

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

References

1. Pfaller, M.A.; Andes, D.R.; Diekema, D.J.; Horn, D.L.; Reboli, A.C.; Rotstein, C.; Franks, B.; Azie, N.E.
Epidemiology and outcomes of invasive candidiasis due to non-albicans species of Candida in 2,496 patients:
Data from the Prospective Antifungal Therapy (PATH) registry 2004-2008. PLoS ONE 2014, 9, e101510.
[CrossRef] [PubMed]

2. Azie, N.; Neofytos, D.; Pfaller, M.; Meier-Kriesche, H.U.; Quan, S.P.; Horn, D. The PATH (Prospective
Antifungal Therapy) Alliance(R) registry and invasive fungal infections: Update 2012. Diagn. Microbiol.
Infect. Dis. 2012, 73, 293-300. [CrossRef] [PubMed]

3. Clancy, C.J.; Nguyen, M.H. Finding the “missing 50%" of invasive candidiasis: how nonculture diagnostics
will improve understanding of disease spectrum and transform patient care. Clin. Infect. Dis. 2013, 56,
1284-1292. [CrossRef] [PubMed]

4.  Castanheira, M.; Messer, S.A.; Rhomberg, P.R.; Pfaller, M.A. Antifungal susceptibility patterns of a global
collection of fungal isolates: Results of the SENTRY Antifungal Surveillance Program (2013). Diagn. Microbiol.
Infect. Dis. 2016, 85, 200-204. [CrossRef] [PubMed]


http://dx.doi.org/10.1371/journal.pone.0101510
http://www.ncbi.nlm.nih.gov/pubmed/24991967
http://dx.doi.org/10.1016/j.diagmicrobio.2012.06.012
http://www.ncbi.nlm.nih.gov/pubmed/22789847
http://dx.doi.org/10.1093/cid/cit006
http://www.ncbi.nlm.nih.gov/pubmed/23315320
http://dx.doi.org/10.1016/j.diagmicrobio.2016.02.009
http://www.ncbi.nlm.nih.gov/pubmed/27061369

J. Fungi 2018, 4, 74 30f3

10.

11.

12.

Lockhart, S.R.; Etienne, K.A; Vallabhaneni, S.; Farooq;i, J.; Chowdhary, A.; Govender, N.P.; Colombo, A.L.;
Calvo, B.; Cuomo, C.A.; Desjardins, C.A ; et al. Simultaneous Emergence of Multidrug-Resistant Candida auris
on 3 Continents Confirmed by Whole-Genome Sequencing and Epidemiological Analyses. Clin. Infect. Dis.
2017, 64, 134-140. [CrossRef] [PubMed]

Chowdhary, A.; Sharma, C.; Meis, ].E. Candida auris: A rapidly emerging cause of hospital-acquired
multidrug-resistant fungal infections globally. PLoS Pathog. 2017, 13, e1006290. [CrossRef] [PubMed]
Clancy, C.J.; Nguyen, M.H. Non-Culture Diagnostics for Invasive Candidiasis: Promise and Unintended
Consequences. J. Fungi 2018, 4, 27. [CrossRef] [PubMed]

Segal, E.; Frenkel, M. Experimental in Vivo Models of Candidiasis. . Fungi 2018, 4, 21. [CrossRef] [PubMed]
Kean, R.; Delaney, C.; Rajendran, R.; Sherry, L.; Metcalfe, R.; Thomas, R.; McLean, W.; Williams, C.; Ramage, G.
Gaining Insights from Candida Biofilm Heterogeneity: One Size Does Not Fit All. J. Fungi 2018, 4, 12.
[CrossRef] [PubMed]

Desai, J.V. Candida albicans Hyphae: From Growth Initiation to Invasion. J. Fungi 2018, 4, 10. [CrossRef]
[PubMed]

Lin, C.J.; Chen, Y.L. Conserved and Divergent Functions of the cAMP /PKA Signaling Pathway in Candida
albicans and Candida tropicalis. J. Fungi 2018, 4, 68. [CrossRef] [PubMed]

Cassilly, C.D.; Reynolds, T.B. PS, It's Complicated: The roles of phosphatidylserine and
phosphatidylethanolamine in the pathogenesis of Candida albicans and other microbial pathogens. J. Fungi
2018, 4, 28. [CrossRef] [PubMed]

@ © 2018 by the author. Licensee MDP], Basel, Switzerland. This article is an open access
@ article distributed under the terms and conditions of the Creative Commons Attribution

(CC BY) license (http:/ /creativecommons.org/licenses/by/4.0/).


http://dx.doi.org/10.1093/cid/ciw691
http://www.ncbi.nlm.nih.gov/pubmed/27988485
http://dx.doi.org/10.1371/journal.ppat.1006290
http://www.ncbi.nlm.nih.gov/pubmed/28542486
http://dx.doi.org/10.3390/jof4010027
http://www.ncbi.nlm.nih.gov/pubmed/29463043
http://dx.doi.org/10.3390/jof4010021
http://www.ncbi.nlm.nih.gov/pubmed/29415485
http://dx.doi.org/10.3390/jof4010012
http://www.ncbi.nlm.nih.gov/pubmed/29371505
http://dx.doi.org/10.3390/jof4010010
http://www.ncbi.nlm.nih.gov/pubmed/29371503
http://dx.doi.org/10.3390/jof4020068
http://www.ncbi.nlm.nih.gov/pubmed/29890663
http://dx.doi.org/10.3390/jof4010028
http://www.ncbi.nlm.nih.gov/pubmed/29461490
http://creativecommons.org/
http://creativecommons.org/licenses/by/4.0/.

	References

