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Editorial on the Research Topic
Emerging mosquito-borne diseases and novel biocontrol strategies

Mosquito-borne diseases threaten more than 40% of the world’s population and are an
increasingly serious global health challenge (Franklinos et al., 2019). A report released by the
World Health Organization (WHO) showed that malaria caused 247 million cases and
619,000 deaths in 2021, and there is no significant progress in current malaria control (World
Health Organization, 2023a). The global incidence and number of reported epidemic areas of
dengue have also grown dramatically (World Health Organization, 2023). Moreover, Zika, a
newly emerged mosquito-borne disease associated with neurological complications, has
recently caused several large outbreaks involving 89 countries and territories (World Health
Organization, 2023b). Furthermore, no efficient vaccines or drugs for diseases such as dengue
and Zika are publicly available, and vector control remains largely dependent on traditional
insecticide-based strategies (Namias et al., 2021).

Notably, the limitation of the current vector control effect is partly due to the overreliance
on chemical control (Fernandes et al., 2018). Chemical insecticides used to be the primary
strategy for mosquito control, but insecticide resistance has widely emerged in mosquitoes in
recent years (World Health Organization, 2018; Peng et al., 2022). Extensive use of
insecticides both in mosquito control and agriculture led to environmental pollution and
exerted effects on non-targeted organisms (Deng et al., 2019). Thus, there is a growing need
for more sustainable, environmentally friendly, and low-cost vector control strategies that
can be implemented on a large scale to harness insecticide-resistant mosquitoes and reduce
mosquito-borne disease burden.

Biological control agents are important alternatives or complements to chemical
insecticides. Combined with genetic approaches (e.g., transgenesis and paratransgenesis)
and other biological rear and release theories, novel approaches, including entomopathogenic
fungi (Metarhizium anisopliae and Beauveria bassiana) (Deng et al., 2019; Peng et al., 2022),
symbiotic bacteria (Wolbachia) (Turelli et al., 2022), lethal bacteria (Bacillus thuringiensis)
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(Briihl et al., 2020), and the release of sterile male mosquitoes (Wang
etal., 2023) or disease-refractory mosquitoes (introducing a pathogen
effector gene to replace populations) (Gao et al., 2020; Chen et al,
2023), shed light on a promising future harnessing insecticide
resistance. These strategies are sustainable, inexpensive, and safe for
humans and create no pollution to the environment. Gene-drive-
based technologies have been encouraged to be combined with
biological strategies by the World Health Organization Vector
Control Advisory Group due to their broad utility in biological
strategies and potential to overcome challenges in current vector
control (Wang et al, 2021; World Health Organization, 2022).
Further epidemiological evidence and field-trial evaluation are
needed to support the implementation of these biological measures
on a large scale.

This Research Topic, “Emerging Mosquito-Borne Diseases and
Novel Biocontrol Strategies”, focuses on current and sound research
addressing one or more of the abovementioned biocontrol strategies,
related genomic surveillance, evolutionary genomics of mosquito
species, and insecticide resistance. The Research Topic brings a
collection of three original research articles and two reviews. A
systematic review and meta-analysis by Wu et al. addressed the
impact of COVID-19 non-pharmacological interventions (NPIs) on
dengue infection. They searched all qualified articles focusing on NPI
efficacy on dengue infection and collected public data on dengue cases
to analyze their effects more comprehensively. The study stressed that
the changing intensity and scope of internal movement restrictions
are more likely to reduce the fundamental level of dengue
transmission by reducing the spread of dengue fever among regions
in a country, which is conducive to the development of a more
comprehensive and sustainable strategy to control dengue fever.
Another review by Hou et al. summarized the current development
of tetravalent live-attenuated dengue vaccines. CYD-TDV developed
by Sanofi Pasteur has been approved, but it is limited to patients who
have been infected with dengue fever in the past. The other two
candidates for the tetravalent live-attenuated vaccine, TAK-003 of
Takeda and TV003 of the National Institute of Allergy and Infectious
Diseases, have completed phase III and phase II clinical trials,
respectively. They emphasized the specific lessons in the existing
research and the challenges that must be overcome in the
development of the dengue vaccine, which can effectively protect
from all four dengue virus serotypes while causing the fewest side
effects. Moreover, Meuren et al. demonstrated that mitochondrial-
derived reactive oxygen species (ROS) were a significant inducer of
human brain microvascular endothelial cell permeability. In contrast,
NADPH oxidase-derived ROS were relevant in producing
inflammatory mediators and endothelial activation.

In addition, a study by Qin et al. using the human hepatoma cell
model (Huh7), explored the roles of 5° adenosine monophosphate-
activated protein kinase (AMPK), its downstream unc-51-like kinase
1 (ULK1), and mammalian target of rapamycin (mTOR) signaling
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pathways during the Zika virus infection process. They suggested that
Zika virus infection triggers AMPK-mediated lipophagy and that lipid
droplet-related lipid metabolism is mainly regulated by the AMPK-
ULKI1 signaling pathway.

Furthermore, Kimingi et al. used controlled human malaria
infection (CHMI) studies in Kenya to further explore the role of
anti-Plasmodium falciparum variant surface antigen (VSA) antibodies
in malaria immunity. The breadth of IgG antibodies against VSAs is
related to the protection in CHMI rather than against individual
isolate VSAs.

In conclusion, although this special issue does not include enough
articles on biological control strategies, it provides new reference
materials for researching malaria, dengue, and Zika. The emergence
and re-emergence of mosquito-borne diseases deserve our attention,
and new biological control methods deserve our in-depth exploration.

Author contributions

All authors listed have made substantial, direct, and intellectual
contributions to the work and approved it for publication.

Funding

This work is supported by the National Natural Science
Foundation of China (8210082025) and the Anhui Provincial
Natural Science Foundation Project (2108085QH347) to S-QD.

Acknowledgments

We thank all researchers contributing to this Research Topic,
including the authors and reviewers.

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.

frontiersin.org


https://doi.org/10.3389/fcimb.2022.892508
https://doi.org/10.3389/fimmu.2022.840104
https://doi.org/10.3389/fimmu.2022.810376
https://doi.org/10.3389/fcimb.2022.959029
https://doi.org/10.3389/fimmu.2022.894770
https://doi.org/10.3389/fcimb.2023.1143165
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

Deng et al.

References

Briihl, C. A., Despreés, L., Frér, O., Patil, C. D., Poulin, B., Tetreau, G., et al. (2020).
Environmental and socioeconomic effects of mosquito control in Europe using the biocide
bacillus thuringiensis subsp. israelensis (Bti). Sci. Total Environ. 724, 137800. doi: 10.1016/
j.scitotenv.2020.137800

Chen, J., Deng, S., and Peng, H. (2023). Insect-specific viruses used in biocontrol of
mosquito-borne diseases. Interdiscip. Med., €20220001. doi: 10.1002/INMD.20220001

Deng, S., Huang, Q., Wei, H., Zhou, L., Yao, L., Li, D,, et al. (2019). Beauveria bassiana
infection reduces the vectorial capacity of Aedes albopictus for the zika virus. J. Pest Sci. 92
(2), 781-789. doi: 10.1007/s10340-019-01081-0

Deng, S. Q., Zou, W. H,, Li, D. L,, Chen, J. T., Huang, Q., Zhou, L. J,, et al. (2019).
Expression of Bacillus thuringiensis toxin Cyt2Ba in the entomopathogenic fungus
Beauveria bassiana increases its virulence towards aedes mosquitoes. PloS Negl. Trop.
Dis. 13 (7), €0007590. doi: 10.1371/journal.pntd.0007590

Fernandes, J. N., Moise, I. K., Maranto, G. L., and Beier, J. C. (2018). Revamping
mosquito-borne disease control to tackle future threats. Trends Parasitol. 34 (5), 359-368.
doi: 10.1016/§.pt.2018.01.005

Franklinos, L. H. V., Jones, K. E., Redding, D. W., and Abubakar, I. (2019). The effect of
global change on mosquito-borne disease. Lancet Infect. Dis. 19 (9), e302-eel2.
doi: 10.1016/s1473-3099(19)30161-6

Gao, H., Cui, C, Wang, L., Jacobs-Lorena, M., and Wang, S. (2020). Mosquito
microbiota and implications for disease control. Trends Parasitol. 36 (2), 98-111.
doi: 10.1016/j.pt.2019.12.001

Namias, A., Jobe, N. B., Paaijmans, K. P., and Huijben, S. (2021). The need for practical
insecticide-resistance guidelines to effectively inform mosquito-borne disease control
programs. Elife 10. doi: 10.7554/eLife.65655

Peng, Z. Y., He, M. Z,, Zhou, L. Y., Wu, X. Y., Wang, L. M,, Li, N,, et al. (2022).
Mosquito repellents: Efficacy tests of commercial skin-applied products in China.
Molecules 27 (17). doi: 10.3390/molecules27175534

Frontiers in Cellular and Infection Microbiology

03

10.3389/fcimb.2023.1143165

Peng, Z.-Y., Huang, S.-T., Chen, J.-T., Li, N,, Wei, Y., Nawaz, A, et al. (2022). An
update of a green pesticide: Metarhizium anisopliae. All Life 15 (1), 1141-1159.
doi: 10.1080/26895293.2022.2147224

Turelli, M., Katznelson, A., and Ginsberg, P. S. (2022). Why wolbachia-induced
cytoplasmic incompatibility is so common. Proc. Natl. Acad. Sci. US.A. 119 (47),
€2211637119. doi: 10.1073/pnas.2211637119

Wang, G. H., Gamez, S., Raban, R. R,, Marshall, J. M., Alphey, L., Li, M., et al. (2021).
Combating mosquito-borne diseases using genetic control technologies. Nat. Commun.
12 (1), 4388. doi: 10.1038/541467-021-24654-z

Wang, L.-M,, Li, N,, Ren, C.-P,, Peng, Z.-Y., Lu, H.-Z,, Li, D,, et al. (2023). Sterility of
Aedes albopictus by X-ray irradiation as an alternative to gamma-ray irradiation for the
sterile insect technique. Pathogens 12 (1), 102. doi: 10.3390/pathogens12010102

World Health Organization (2018) Global report on insecticide resistance in malaria
vectors: 2010-2016. Available at: https://apps.who.int/iris/handle/10665/272533
(Accessed January 10, 2023).

World Health Organization (2022) Sixteenth meeting of the WHO vector control
advisory group. Available at: https://www.who.int/publications/i/item/9789240052673
(Accessed January 10, 2023).

World Health Organization (2023a) World malaria report 2022. Available at: https://
www.who.int/publications/i/item/9789240064898 (Accessed January 10, 2023).

World Health Organization (2023) Dengue and severe dengue. Available at: https://
www.who.int/news-room/fact-sheets/detail/dengue-and-severe-dengue (Accessed
January 10, 2023).

World Health Organization (2023b) Zika virus. Available at: https://www.who.int/
news-room/fact-sheets/detail/zika-virus (Accessed January 10, 2023).

frontiersin.org


https://doi.org/10.1016/j.scitotenv.2020.137800
https://doi.org/10.1016/j.scitotenv.2020.137800
https://doi.org/10.1002/INMD.20220001
https://doi.org/10.1007/s10340-019-01081-0
https://doi.org/10.1371/journal.pntd.0007590
https://doi.org/10.1016/j.pt.2018.01.005
https://doi.org/10.1016/s1473-3099(19)30161-6
https://doi.org/10.1016/j.pt.2019.12.001
https://doi.org/10.7554/eLife.65655
https://doi.org/10.3390/molecules27175534
https://doi.org/10.1080/26895293.2022.2147224
https://doi.org/10.1073/pnas.2211637119
https://doi.org/10.1038/s41467-021-24654-z
https://doi.org/10.3390/pathogens12010102
https://apps.who.int/iris/handle/10665/272533
https://www.who.int/publications/i/item/9789240052673
https://www.who.int/publications/i/item/9789240064898
https://www.who.int/publications/i/item/9789240064898
https://www.who.int/news-room/fact-sheets/detail/dengue-and-severe-dengue
https://www.who.int/news-room/fact-sheets/detail/dengue-and-severe-dengue
https://www.who.int/news-room/fact-sheets/detail/zika-virus
https://www.who.int/news-room/fact-sheets/detail/zika-virus
https://doi.org/10.3389/fcimb.2023.1143165
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

	Editorial: Emerging mosquito-borne diseases and novel biocontrol strategies
	Author contributions
	Funding
	Acknowledgments
	References



<<
  /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 /sRGB
  /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


