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In 2021, “Oxfod-AstraZeneca COVID-19 Vaccine” and “Pfizer-BioNTech COVID-19
Vaccine” were the first vaccines to receive regulatory approval by European Medicines
Agency (EMA) and Food and Drug Administration (FDA), respectively. However, despite
this fast development, could another COVID-19 vaccine have been available more quickly?
Since the early 20th century several SARS-CoV-1 vaccines, using inactivated SARS
coronavirus or DNA constructions, were in the pipeline. These vaccines elicited strong
immune responses and protective effects in preclinical models (1-3), and were well
tolerated and produced both neutralizing antibodies and potent cellular immune
responses in phase I clinical trials (4-6). Since the global eradication of the smallpox
pandemic was possible through vaccination with other poxviruses of the same family,
although the mutation rate of coronaviruses is much higher than that of poxviruses, would
it be expected that vaccines against SARS-CoV-1 could protect against SARS-CoV-2, given
the very close similarity between these two sarbecoviruses? (7).

The astonishing polymorphism of tens of thousands human leukocyte antigens (HLA)
makes it extraordinarily difficult to experimentally test this hypothesis at the world
population level. Nevertheless, these HLA alleles have been grouped into different HLA
class T and II families, superfamilies, and supertypes that share strong similarities at the
functional level of peptide-ligand specificity, relatively simplifying the problem. Thus, we
used in silico approaches to overcome this challenge of herd immunity by analyzing the 600
most common HLA alleles covering > 90% of the world’s population regardless of
ethnicity. We found that each of these most frequent HLA alleles could be able to
present around 4-5 epitopes shared by SARS-CoV-1 and SARS-CoV-2 (8). Supporting
our results, the scarce available data from slightly more than 200 SARS-CoV patients
(limited to most prevalent and frequent HLA alleles) were highly concordant (91%) with
our predicted epitopes (8). Because HLA genes are tightly linked in the genome, each
individual expresses 6 to 12 different alleles (6 per chromosome) in a Mendelian fashion.
Thus, a fully heterozygous person, as 85% of the world’s population is, could present up to
52 conserved viral epitopes (8), sufficient number to generate a complete cellular immune
response. To support our argument, a recent study in mice demonstrated that
immunization with SARS-CoV-1 vaccines induces, not only cytotoxic and helper T
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lymphocytes against SARS-CoV-2 as we hypothesized, but also
some cross-reactive antibodies (9). Since most of the epitopes of
neutralizing antibodies against the SARS-CoV-2 spike protein are
not conserved in the SARS-CoV-1 sequence, it is likely that the
cross-reactive adaptive immune response is due to T cells rather
than antibodies, although serum from individuals vaccinated
against SARS-Cov2 when transferred to mice provides relevant
protection (9). Such partial cross-protective response of the
complete adaptive immune system (9), also greatly reinforces
our reasoning.

Based on the foreseeable cross-reactivity and consequent
protection between sarbecovirus vaccines, those already existing
against SARS-CoV-1 might have been included in phases 2 and 3
clinical trials at the beginning of the pandemic in 2020, and have
contributed to reduce COVID-19 mortality since the end of 2020
until the approval of specific SARS-CoV-2 vaccines. The malaria
vaccine is an interesting example of a WHO-approved vaccine that,
although only partially protective (30% of severe disease), is
expected to prevent tens of thousands of deaths per year (10).
Therefore, the use of SARS-CoV-1 vaccines could have been very
relevant in the fight against COVID-19.

For future pandemics, bioinformatics analyses could be a
useful, fast and low-cost strategy to determine the potential cross-
reactivity of currently available vaccines, compounds that could
be used while specific vaccines against the new pathogen are
being developed. And going even further, could this strategy be
used preventively in the face of probable new pandemics related
to current zoonoses? In addition to both sarbecoviruses, MERS-
CoV, other betacoronavirus but included in the merbecovirus
subgenus also caused zoonotic disease in 2017. Due to the
evolutionary divergence between both subgenera, our
bioinformatics analysis showed that there are no fully
conserved epitopes between MERS-CoV and sarbecoviruses for
any HLA allele (8). However, perhaps epitopes with some
changes in their sequence could be recognized cross-reactively
by a few T lymphocytes. This means that if a MERS-CoV-2 were
to emerge, as has been the case with the SARS-CoVs, the current
licensed vaccine against SARS-CoV-2 would probably not protect
against this new merbecovirus.
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Thus, a preventive MERS-CoV-specific vaccine could be
developed by the WHO and other international organizations.
This effort should include a Phase 1 clinical trial along with a
comprehensive cellular immune response study for at least some of
the most common HLA class I and class II alleles in the human
population. All this could be done with by the with minimal
expense in anticipation of a new merbecovirus zoonosis, because
with a mortality rate of 35% like that of MERS-CoV, a very rapid
development of a vaccine may be essential to avoid a dramatic
“Don’t Look Up” scenario.

Author contributions

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

Funding

This work was supported by the Spanish Ministry of Science
and “Accién Estratégica en Salud” MPY 388/18.

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.

6. Martin JE, Louder MK, Holman LA, Gordon IJ, Enama ME, Larkin BD, et al. and
cellular immune responses in healthy adults in a Phase I clinical trial. Vaccine (2008)
26:6338-43. doi: 10.1016/j.vaccine.2008.09.026

7. Lopez D, Lorente E, Barriga A, Johnstone C, Mir C. Vaccination and the TAP-
independent antigen processing pathways. Expert Rev Vaccines (2013) 12:1077-83.
doi: 10.1586/14760584.2013.825447

8. Lopez D. Prediction of conserved HLA class I and class II epitopes from SARS-
CoV-2 licensed vaccines supports T-cell cross-protection against SARS-cov-1.
Biomedicines (2022) 10:1622. doi: 10.3390/biomedicines10071622

9. Dangi T, Palacio N, Sanchez S, Park M, Class J, Visvabharathy L, et al. Cross-

protective immunity following coronavirus vaccination and coronavirus infection.
J Clin Invest (2021) 131(24):e151969.. doi: 10.1172/JCI151969

10. Efficacy and safety of RTS,S/AS01 malaria vaccine with or without a booster
dose in infants and children in Africa: final results of a phase 3, individually
randomised, controlled trial. Lancet (2015) 386:31-45. doi: 10.1016/S0140-6736(15)
60721-8

frontiersin.org


https://doi.org/10.1073/pnas.0401939101
https://doi.org/10.1128/JVI.00083-06
https://doi.org/10.1089/vim.2012.0076
https://doi.org/10.1586/14760584.3.4.386
https://doi.org/10.1177/135965350701200702
https://doi.org/10.1177/135965350701200702
https://doi.org/10.1016/j.vaccine.2008.09.026
https://doi.org/10.1586/14760584.2013.825447
https://doi.org/10.3390/biomedicines10071622
https://doi.org/10.1172/JCI151969
https://doi.org/10.1016/S0140-6736(15)60721-8
https://doi.org/10.1016/S0140-6736(15)60721-8
https://doi.org/10.3389/fimmu.2023.1118267
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Immunoinformatics lessons on the current COVID-19 pandemic and future coronavirus zoonoses
	Author contributions
	Funding
	Conflict of interest
	Publisher’s note
	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


