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Editorial on the Research Topic
Pathogenic Neisseria: Pathogenicity, vaccines, and antibiotic resistance

The genus Neisseria includes commensal species that form part of the flora of human
and animal mucosa, but also includes two major pathogenic species: Neisseria
gonorrhoeae and Neisseria meningitidis. N. meningitidis inhabits the upper respiratory
tract and can cause meningococcal disease, a disease of rapid onset that involves sepsis
and meningitis. N. gonorrhoeae lives in the genital, rectal and oral mucosa, and can cause
gonorrheal infection that involves pelvic inflammatory disease, infertility, ectopic
pregnancy, and neonatal blindness when transferred from an infected mother to the
neonate during delivery. Recent discoveries expand our knowledge about interbacterial
interactions, vaccine development and diagnostics.

Both Neisseria species are exclusively adapted to humans, therefore they evolved
mechanisms to persist human defenses, acquire nutrients from the host and compete with
the bacterial microbiome. Indeed, in vivo studies gained evidences that different Neisseria
species can colonize a host at multiple sites of the nasopharynx and oral cavity (Sédez Nieto et
al., 1998; Donati et al,, 2016), and that N. lactamica prevented N. meningitidis colonization
(Evans et al,, 2011; Deasy et al., 2015), suggesting inter species competition. In the report by
Baerentsen et al. competition mechanisms amongst Neisseria sp are summarized, comprising
polymorphic toxins, bacteriocins and methylated DNA. Polymorphic toxins were discovered
last decade and involve the Two Partner Secretion System (Arenas et al, 2013) and the MafA/
B system (Arenas et al, 2015; Jamet et al, 2015). Both systems follow a similar genetic
organization. However, TpsA and MafB toxins are structurally different, including secretion
systems, toxin delivery, toxin processing, and protein production. Therefore its biological
functions can substantially differ. But Neisseria can potentially produce bacteriocins or toxic
metabolites, for example gonocins (Flynn and McEntergart, 1972) or meningocins
(Kingsbury, 1966), which can also inhibit the growth of gonococcus or several Neisseria,
respectively. The origin of these substances remains unclear but could help to discover
antibiotic alternatives. A new and fascinating system is DNA methylation, which has been
demonstrated to take place between N. elongata and N. gonorrhoeae or N. meningitidis (Kim
etal, 2019). In the proposed model, DNA is transferred between bacteria, and the high degree
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of sequence homology allows multiple recombination. At these
sites, methylation mismatch leading to restriction enzyme cleavage
and chromosome degradation (Kim et al,, 2019; So and
Rendon, 2019).

Capsular and subcapsular commercial vaccines against N.
meningitidis have been developed so far, and they cover the most
relevant disease related serogroups (Pizza et al., 2020). However,
commercial vaccines against N. gonorrhoeae are lacking, while the
number of antimicrobial resistant clinical isolates is drastically
increasing worldwide. High frequency phase and antigenic
variation of surface exposed antigens appears to be one of the
main drawbacks to promote vaccine development. This is
illustrated in the work conducted by Shaskolskiy et al, who
reported a comparative whole-genome analysis for N.
gonorrhoeae isolates of genogroup 807, the most common in the
Russian Federation, to other predominant genogroups worldwide.
Authors found about 8-20 specific genes to each sequence type,
including loci for phase variation and components of the
gonococcal genetic island. Also, gene substitutions, mutations
and absence in T4SS DNA secretion system encoding genes were
detected. Remarkably, a variety of alleles of genes coding for pili
proteins, transmembrane transporters, or components of MafA/B
systems, amongst many others, were identified. Overall, clinical N.
gonorrhoeae isolates expose a variety of structures at the surface,
which makes difficult to find antigens to unsure cross protection in
a universal vaccine. Maurakis and Cornelissen revised the most
recent studied antigens, including TonB dependent transporters,
lipo-oligosaccharides epitopes, and OMVs based or bacterial ghost
vaccines. The transferrin binding protein A and B were largely
studied, also in N. meningitidis, because of conservation, surface
exposition and immunogenicity. But membrane proteins undergo
problems for antigen production and stabilization. To overcome
these issues, successful hybrids fusing TbpA loop 2 to the N-
terminal lobe of TbpB were generated and elicited protective
antibodies (Price et al., 2007). Besides, some LOS epitopes, such
as L8 or 2C7, which are conserved amongst gonococci, resulted
immunogenic, and stimulated bactericidal IgG responses in mice
(Gulati et al., 1996; Ram et al., 2018; Gulati et al,, 2019). Antigen
platforms were also examined, including OMVs based vaccines,
which had shown good results in the generation of meningococcal
vaccines. Examples include IL-12 encapsulated OMVs (Liu et al.,
2018), fHBP overexpression OMVs and an attenuated lipid A
OMVs (Beernink et al., 2019) or detoxified meningococcal OMV's
(Kathryn et al,, 2022). Also, bacterial ghost, which are empty shells,
are being used for antigen delivery such as NspA (Jiao et al,, 2021).

Rapid and accurate diagnosis is critical for timely treatment of
Neisserial infections. In line with this, spherical goal nanoparticles
with shorth single DNA strand linked at the particle surface were
developed by Carter et al to rapidly identify gonococcal DNA. The
probe DNA is complementary to gonococcal DNA uptake
sequences, highly abundant in gonococcal genomes. They can
hibridate gonococcal DNA and induces particle aggregation that
can be colorimetrically detected. Identification of gonococcal
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DNA in samples from patients could takes about 30 min, and
thus can be a fast and routinary technique. But, also, rapid
detection of antibiotic resistance is critical for adequate
treatment of Neisserial infections. N. gonorrhoeae rapidly
develop antimicrobial resistance, including to sulfonamides,
penicillins and fluoroquinoles (Lorenzo-Lurenco et al, 2017;
Aitolo et al., 2021). Ciprofloxacin is a quinolone used for
treatment of meningococcal and gonococcal infection.
Ciprofloxacin activity is based on the its interaction with DNA
gyrase and topoisomerases. Ciprofloxacin resistance is attributed
to mutations in target genes, i.e. gyrA or parC genes that codes for
subunits of gyrase and topoisomerase. The gold standard
technique to detect the origin of ciprofloxacin resistance is
sequencing, but it is time consuming. To overcome this issue, a
rapid test combining mismatch PCR targeting gyrA and
subsequent digestion patterns of PCR products with Acil was
proposed by Ota et al. This method based on the detection of T91I
mutation in gyrA, one of the most common mutations that confer
ciprofloxacin resistance. Identification of ciprofloxacin can take 4
hours and does not require bacterial growth.

In summary, the work published here reinforces the
knowledge about two pathogenic species and the development
of novel techniques for diagnosis and prevention. I hope that this
Research Topic will stimulate new research in this field where
comprehensive molecular mechanisms remain to be elucidated.

Author contributions

JA (University of Zaragoza, Spain) edited this Research topic
and wrote the manuscript. The author contributed to the article
and approved the submitted version.

Funding

JA received funding from Gobierno de Aragon (Department
of Science, University and knowledge Society) (Project
TRANSIT, Grant agreement LMP58_21) and from Ministerio
de Ciencia e Innovacion/Agencia Espafiola de Investigacion
MCIN/AEI/10.13039/501100011033 (Project ABC-
VACCINESs, Grant agreement PID2020-114617RB-100).

Acknowledgments
Nahan Weyand (Ohio University, United States) edited this

Research Topic. I thank the authors of the papers published on
this Research Topic.

Conflict of interest

The author declares that the research was conducted in the
absence of any commercial or financial relationships that could
be construed as a potential conflict of interest.

frontiersin.org


https://doi.org/10.3389/fcimb.2022.831336
https://doi.org/10.3389/fcimb.2022.881392
https://doi.org/10.3389/fcimb.2022.920447
https://doi.org/10.3389/fcimb.2022.911911
https://doi.org/10.3389/fcimb.2022.1119244
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

Arenas

Publisher’'s note

All claims expressed in this article are solely those of the
authors and do not necessarily represent those of their affiliated

References

Aitolo, G. L., Adeyemi, O. S., Afolabi, B. L., and Owolabi, A. O. (2021). Neisseria
gonorrhoeae antimicrobial resistance: past to present to future. Curr. Microbiol. 78,
867-878. doi: 10.1007/s00284-021-02353-8

Arenas, J., de Maat, V., Caton, L., Krekorian, M., Herrero, J. C., Ferrara, F., et al.
(2015). Fratricide activity of MafB protein of neisseria meningitidis strain B16B6.
BMC Microbiol. 15, 156. doi: 10.1186/s12866-015-0493-6

Arenas, J., Schipper, K., van Ulsen, P., van der Ende, A., and Tommassen, J.
(2013). Domain exchange at the 3' end of the gene encoding the fratricide
meningococcal two-partner secretion protein a. BMC Genomics 14, 622.
doi: 10.1186/1471-2164-14-622

Beernink, P. T., Ispasanie, E., Lewis, L. A., Ram, S., Moe, G. R., and Granoff, D.
M. (2019). Meningococcal native outer membrane vesicle vaccine with attenuated
endotoxin and overexpressed factor h binding protein elicits gonococcal
bactericidal antibodies. Infect. Dis. 15, 1130-1137. doi: 10.1093/infdis/jiy609

Deasy, A. M., Guccione, E., Dale, A. P., Andrews, N., Evans, C. M., Bennett, J. S.,
et al. (2015). Nasal inoculation of the commensal neisseria lactamica inhibits
carriage of neisseria meningitidis by young adults: A controlled human infection
study. Clin. Infect. Dis. 15, 1512-1520. doi: 10.1093/cid/civ098

Donati, C., Zolfo, M., Albanese, D., Truong, D. T., Asnicar, F., Lebba, V., et al.
(2016). Uncovering oral neisseria tropism and persistence using metagenomic
sequencing. Nat. Microbiol. 27, 16070. doi: 10.1038/nmicrobiol.2016.70

Evans, C. M., Pratt, C. B,, Matheson, M., Vaughan, T. E., Findlow, J., Borrow, R.,
et al. (2011). Nasopharyngeal colonization by neisseria lactamica and induction of
protective immunity against neisseria meningitidis. Clin. Infect. Dis. 52, 70-77.
doi: 10.1093/cid/ciq065

Flynn, J., and McEntegart, M. G. (1972). Bacteriocins from neisseria

gonorrhoeae and their possible role in epidemiological studies. J. Clin. Pathol.
25, 60-61. doi: 10.1136/jcp.25.1.60

Gulati, S., McQuillen, D. P., Mandrell, R. E., Jani, D. B., and Rice, P. A. (1996).
Immunogenicity of neisseria gonorrhoeae lipooligosaccharide epitope 2C7, widely
expressed in vivo with no immunochemical similarity to human
glycosphingolipids. J. Infect. Dis. 174, 1223-1237. doi: 10.1093/infdis/174.6.1223

Gulati, S., Pennington, M. W., Czerwinski, A., Carter, D., Zheng, B., Nowak, N.
A, et al. (2019). Preclinical efficacy of a lipooligosaccharide peptide mimic
candidate gonococcal vaccine. mBio 10, €02552-19. doi: 10.1128/mBi0.02552-19

Jamet, A., Jousset, A. B., Euphrasie, D., Mukorako, P., Boucharlat, A., Ducousso,
A, et al. (2015). A new family of secreted toxins in pathogenic neisseria species.
PloS Pathog. 11, €1004592. doi: 10.1371/journal.ppat.1004592

Frontiers in Cellular and Infection Microbiology

03

10.3389/fcimb.2022.1119244

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.

Jiao, H., Yang, H., Zheng, W., Zhang, Q., Zhao, D., and Li, G. (2021).
Enhancement of immune responses by co-administration of bacterial ghosts-
mediated neisseria gonorrhoeae DNA vaccines. J. Appl. Microbiol. 130, 1770-
1777. doi: 10.1111/jam.14815

Kathryn, A., Matthias, K. A., Connolly, K. L., Begum, A. A,, Jerse, A. E., and
Macintyre, A. N. (2022). Meningococcal detoxified outer membrane vesicle
vaccines enhance gonococcal clearance in a murine infection model. J. Infect.
Dis. 225, 650-660. doi: 10.1093/infdis/jiab450

Kim, W. J., Higashi, D., Goytia, M., Rendon, M. A., Pilligua-Lucas, M.,
Bronnimann, M., et al. (2019). Commensal neisseria kill neisseria gonorrhoeae
through a DNA-dependent mechanism. Cell Host Microbe 26, 228-239.
doi: 10.1016/j.chom.2019.07.003

Kingsbury, D. T. (1966). Bacteriocin production by strains of neisseria
meningitidis. J. Bacteriol. 91, 1696-1699. doi: 10.1128/jb.91.5.1696-1699

Liu, Y., Perez, J., Hammer, L. A., Gallagher, H. C., De Jesus, M., et al. (2018).
Intravaginal administration of interleukin 12 during genital gonococcal infection in
mice induces immunity to heterologous strains of neisseria gonorrhoeae. mSphere
3, e00421-17. doi: 10.1128/mSphere.00421—17

Lorenzo-Lurenco, A. P. R., dos santos, B. K. T., Moreira, B. M., Fracalanzza, S. E.
L., and Bonelli, R. R. (2017). "Antimicrobial resistance in neisseria gonorrhoeae:
History, molecular mechanisms and epidemiological aspects of an emerging global
threat”. Braz. J. Microbiol. 48, 617-628.

Pizza, M., Bekkat-Berkani, R., and Rappuoli, R. (2020). Vaccines against
meningococcal diseases. Microorganisms 8, 1521. doi: 10.3390/
microorganisms8101521

Price, G. A., Masri, H. P., Hollander, A. M., Russell, M. W., and Cornelissen, C.
N. (2007). Gonococcal transferrin binding protein chimeras induce bactericidal
and growth inhibitory antibodies in mice. Vaccine 25, 7247-7260. doi: 10.1016/
j.vaccine.2007.07.038

Ram, S., Gulati, S., Lewis, L. A., Chakraborti, S., Zheng, B., DeOliveira, R. B., et al.
(2018). A novel sialylation site on neisseria gonorrhoeae lipooligosaccharide links
heptose II lactose expression with pathogenicity. Infect. Immun. 86, €00285-18.
doi: 10.1128/T1A1.00285-18

Saez Nieto, J. A., Marcos, C., and Vindel, A. (1998). Multicolonization of human
nasopharynx due to neisseria spp. Int. Microbiol. 1, 59-63.

So, M., and Rendon, M. A. (2019). Tribal warfare: Commensal neisseria kill
pathogen neisseria gonorrhoeae using its DNA. Microb. Cell. 6, 544-546.
doi: 10.15698/mic2019.12.701

frontiersin.org


https://doi.org/10.1007/s00284-021-02353-8
https://doi.org/10.1186/s12866-015-0493-6
https://doi.org/10.1186/1471-2164-14-622
https://doi.org/10.1093/infdis/jiy609
https://doi.org/10.1093/cid/civ098
https://doi.org/10.1038/nmicrobiol.2016.70
https://doi.org/10.1093/cid/ciq065
https://doi.org/10.1136/jcp.25.1.60
https://doi.org/10.1093/infdis/174.6.1223
https://doi.org/10.1128/mBio.02552-19
https://doi.org/10.1371/journal.ppat.1004592
https://doi.org/10.1111/jam.14815
https://doi.org/10.1093/infdis/jiab450
https://doi.org/10.1016/j.chom.2019.07.003
https://doi.org/10.1128/jb.91.5.1696-1699
https://doi.org/10.1128/mSphere.00421-17
https://doi.org/10.3390/microorganisms8101521
https://doi.org/10.3390/microorganisms8101521
https://doi.org/10.1016/j.vaccine.2007.07.038
https://doi.org/10.1016/j.vaccine.2007.07.038
https://doi.org/10.1128/IAI.00285-18
https://doi.org/10.15698/mic2019.12.701
https://doi.org/10.3389/fcimb.2022.1119244
https://www.frontiersin.org/journals/cellular-and-infection-microbiology
https://www.frontiersin.org

	Editorial: Pathogenic Neisseria: Pathogenicity, vaccines, and antibiotic resistance
	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 /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


