
Frontiers in Cellular and Infection Microbiolo

Edited and reviewed by:
Anuradha Chowdhary,

University of Delhi, India

*Correspondence:
Daisuke Hagiwara

hagiwara.daisuke.gb@u.tsukuba.ac.jp

Specialty section:
This article was submitted to

Fungal Pathogenesis,
a section of the journal
Frontiers in Cellular and
Infection Microbiology

Received: 01 February 2022
Accepted: 10 February 2022
Published: 02 March 2022

Citation:
Hagiwara D, Fillinger S and Sanglard D
(2022) Editorial: Antifungal Resistance:

From Molecular to Global Issues.
Front. Cell. Infect. Microbiol. 12:867398.

doi: 10.3389/fcimb.2022.867398

EDITORIAL
published: 02 March 2022

doi: 10.3389/fcimb.2022.867398
Editorial: Antifungal Resistance:
From Molecular to Global Issues
Daisuke Hagiwara1*, Sabine Fillinger2 and Dominique Sanglard3

1 Faculty of Life and Environmental Sciences, University of Tsukuba, Tsukuba, Japan, 2 Université Paris-Saclay, INRAE, UR
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Editorial on the Research Topic

Antifungal Resistance: from Molecular to Global Issues

Efficient antifungal compounds to be applied in the clinics or in agriculture are becoming rare, as
resistance is increasing in the targeted populations. The case of the sterol demethylation inhibitors is
particular, as this type of antifungal compounds corresponds to a common mode of action in the
medical and the agricultural sector. All antifungal compounds are facing resistance issues leading to
treatment failures and potentially death in the clinics, to treatment failure, yield loss and potential
ecotoxicological problems due to additional treatments in agriculture. This Research Topic covered
several aspects at the frontier between agriculture and the clinics.

Jørgensen and Heick comprehensively reviewed the use of azoles in agriculture, including
protection of major crops and turfgrass as well as wood preservation. Azole fungicides undoubtedly
play a significant role in the control of major diseases in a vast range of crops for more than 40 years.
This has contributed to increasing yield in production and wider food supplies. Despite their
significant importance, azole fungicides have been challenged by resistance issues at the same
period. The authors highlighted the fact that azole resistance has been reported in 30 plant
pathogens in over 60 countries. They also mentioned potential risk impacting human health
through the emergence and spread of azole-resistant isolates of A. fumigatus.

Rocchi et al. addressed the question of links between patient infections, their potential
acquisition from local environmental sources due to the shared mode of action between medical
and agricultural antifungal compounds. They performed a large-scale genotyping analysis using
microsatellites in Aspergillus fumigatus isolated in France, including 34 clinical and 191
environmental isolates. Among them, 29 and 84 strains were resistant to azoles, respectively.
They were not able to rule out the possibility of some nosocomial transmission as genotypes were
diverse even in a set of isolates from the same environment, suggesting a highly mixed azole-
resistant A. fumigatus population. These data emphasized the importance of incorporating spatial
sampling to understand the genetic structure of the local population of A. fumigatus.

Nagy et al. focused on pleiotropic drug resistance (PDR) as resistance mechanism against azoles in
the human pathogenic fungus Mucor circinelloides. They performed functional analysis of the PDR
transporter subfamily of ABC transporters and demonstrated that the regulation of the eight pdr
genes is interconnected. The transporter genes pdr1 and pdr2 participate to the resistance of the
fungus to azoles. Based on this finding, PDR-type transporters influence drug resistance in Mucor
fungi as was reported in other pathogenic fungi such as Candida and Aspergillus species. This is the
first report on molecular characterization of PDR-type transporter in Mucormycosis-related fungus.
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Hagiwara et al. Editorial: Toward Understanding of Antifungal Resistance
Gaikani et al. undertook a study to identify new drug synergies
based on a chemical-genetic analysis in Saccharomyces cerevisiae.
They first performed the assessment of combinatorial effects of two
compounds on the proliferation kinetics among a panel of 10
growth inhibitory compounds. Then, the eleven heterozygous
deletion mutants, in which each known drug-target was deleted,
were used to profile 121 drug-gene interaction tests. Eventually drug
combinations were tested in an HIP HOP assay and probed for
hypersensitive strains. In conclusion, 78% of the synergistic
combinations tested were the result of combining an ergosterol
inhibitor with a second agent. This report demonstrated a new
strategy to predict drug synergy by using comprehensive genome-
wide screens.
AUTHOR CONTRIBUTIONS

DH and SF wrote the manuscript. All authors contributed to the
article and approved the submitted version.
Frontiers in Cellular and Infection Microbiology | www.frontiersin.org 2
ACKNOWLEDGMENTS
As Associate Editors, we would like to acknowledge all
contributing authors who submitted to our Research Topic.
We hope this research field gained more attention and future
works on resistant fungal pathogens may enable us to control
them more easily.

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2022 Hagiwara, Fillinger and Sanglard. This is an open-access article
distributed under the terms of the Creative Commons Attribution License (CC BY).
The use, distribution or reproduction in other forums is permitted, provided the
original author(s) and the copyright owner(s) are credited and that the original
publication in this journal is cited, in accordance with accepted academic practice. No
use, distribution or reproduction is permitted which does not comply with these terms.
March 2022 | Volume 12 | Article 867398

https://doi.org/10.3389/ffunb.2021.683414
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/cellular-and-infection-microbiology#articles

	Editorial: Antifungal Resistance: From Molecular to Global Issues
	Author Contributions
	Acknowledgments



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


