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Editorial on the Research Topic
Dysregulation of immunity predisposing to severe COVID-19 infection

Severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2), the virus causing
coronavirus disease 2019 (COVID-19), has already infected over 600 million individuals
and claimed at least 6.5 million lives (1). COVID-19 pathogenesis is characterized with
pounced inflammation, muted interferon and antiviral immunity, ineffective viral
clearance, T cell exhaustion, and delayed adaptive response (2-5).

Global presentation of this infection varied with different individuals, different
genders, age groups, and comorbidities, while its severity level ranged from
asymptomatic infection to life-threatening disease (4-6). The observed difference in
the immune response to SARS-CoV-2 could be due to variation in one of more of host
factors including the genetic make-up, immune system age, and immune-metabolic
balance (4, 7).

Moreover, Inborn Errors of Immunity (IEI) could increase the host vulnerability to
infections by different pathogens such as bacteria and viruses (4, 8). Consequently, IEI
patients are considered as a risk group for developing severe COVID-19 (4, 7, 9). There is
uncertainty about how a specific IEIs could affect the immune response and outcomes
during SARS-CoV-2 infection (4). Such information could be used to optimize the
prevention and management approaches for each IEI group. They also reveal key
information about the function of the involved genes in host antiviral response and
immunopathogenesis of COVID-19 (4).

This Research Topic features two review papers, three original investigations, and a
case report. We received 10 submission and accepted 6 papers after a rigorous peer
review process. The accepted papers included 100 contributors (Hsu et al., Chen et al,,
Rovito e al., Milota et al. Scarpa et al, and Clemente et al.).
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The role of cytokines and chemokines by innate and
adaptive immune responses against SARS-CoV-2 infection was
discussed in an extensive review by Hsu et al. Placenta-derived
mesenchymal stem cells (pcMSCs) therapy to control the
cytokine secretion during severe COVID-19 was proposed by
Hsu et al,, and investigated by Chen et al. A second review by
Rovito et al., explained the contribution of viral and host factors
to COVID-19 severity. Risk Factors for development of Severe
COVID-19 in patients with IEIs was reported by Milota et al.
Another retrospective cohort study by Scarpa et al. explained the
impact of hypogammaglobulinemia on the course of COVID-19
in a non-intensive care setting. This was followed by a case
report of critical SARS-CoV-2 infection in a pediatric patient
with APDS2 Immunodeficiency that was described by
Clemente et al.

In a study by Chen et al,, the safety and efficacy of pcMSCs
treatment were evaluated in a group of five patients with severe
COVID-19 who were refractory to standard care and
immunosuppressive therapies. The treatment significantly
improved the PaO2/FiO2 ratio and Murray’s lung injury
scores, and reduced the serum ferritin, lactate dehydrogenase
(LDH), and C-reactive protein (CRP) levels. Therapy also
suppressed the inflammatory cytokines, increased Treg cells,
decreased monocyte and plasma cells, and skewed CD4+ T cells
and CD19+ B cells toward adaptive immune responses. Overall,
the treatment was effective in preventing mortality by
controlling the hyper-inflammatory states of the innate
immune response to COVID-19 infection.

Rovito et al. reviewed multiple viral factors and host factors
that could contribute to immunopathology and severity in COVID-
19. In addition, the authors expanded the factors to include the role
of microbiota and impact of lung and gut dysbiosis on immune
response to SARS-CoV-2. The viral factors addressed viral
inoculum, spike mutations and viral interference of host IFN
pathways, while host factors included smoking, sex, age, vitamin
D levels, and host genetic factors that comprised the inborn error of
immunity which was the focus of current Research Topic. The net
effect of viral, host, as well as microbiota factors will then determine
the severity levels of COVID-19 that could range from
asymptomatic to severe or critical infection.

Milota et al. assessed the risk of severe COVID-19 and
hospital admission in a large cohort of patients with IEL. The
most common IEI groups with COVID-19 infection were
common variable immunodeficiency (CVID), hereditary
angioedema (HAE), and unclassified primary antibody
deficiency (unPAD). Patient with IEI, except the HAE group,
were found to have a 2.3-times increased risk for hospital

Frontiers in Immunology

02

10.3389/fimmu.2022.1099089

admission (95%CI: 1.44-3.53) and a higher mortality ratio
(2.4% vs. 1.7% in the general population). Lymphopenia and
hypogammaglobulinemia were the main predisposing factors to
severe SARS-CoV-2 infection among IEI patients. The COVID-
IEI patients presented with high seroconversion rate and they
responded well to treatments of anti-spike SARS-CoV-2
monoclonal antibodies and convalescent plasma.

Scarpa et al. conducted a retrospective study to evaluate the
impact of hypogammaglobulinemia on the course COVID-19 in
a non-intensive care setting. Hypogammaglobulinemia was
detected in 10.4% of patients admitted to an internal medicine
unit with a diagnosis of COVID-19 pneumonia. Around one-
fourth of these cases where newly diagnosed identified through a
routine serum protein electrophoresis evaluation upon
hospitalization. This study included both primary and
secondary hypogammaglobulinemia where the antibody
deficiencies were due to unknown cause or hematological and
solid malignancies, respectively. Hypogammaglobulinemia was
associated with higher need for ventilation, higher score of
COVID-19 severity, more super infections, and more frequent
admission to intensive care unit. This study underlined the add-
value of routine serum protein electrophoresis assessment and
immunoglobulin replacement therapy (IgRT) in patients
admitted with COVID-19.

Clemente et al. described a case report of a 4-year-old boy
with an activated PI3K delta syndrome type 2 (APDS2) who
developed a critical COVID-19 that resulted in admission to the
pediatric intensive care unit (PICU). The patients was a known
case of APDS2 with novel heterozygous mutation in PIK3R1
(NM_181523.2:c.243A>T p.(Lys81Asn). Patient had a history of
recurrent respiratory infections, lymphadenopathy, and
splenomegaly which were characteristic of APDS2 syndrome.
He was successfully treated with remdesivir, nitazoxanide, high-
dose corticosteroids, and tocilizumab and made a full recovery.

In conclusion, this special issue describes the pathophysiology
of COVID-19 encompassing the innate and adaptive immune
dysregulation, lymphocytopenia, and cytokine storm (2, 7). The
viral and host factors, including the host genetic factors and
presence of IEI, could determine the net immune response to
SARS-CoV-2 infection elucidating why the disease presentation
and severity range from asymptomatic to life-threatening disease
(3, 7). The presence of inborn error of immunity could or not
increase the risk of infection and severity of COVID-19. Future
studies with larger number of patients with different IEIs are
needed to determine the impact of an immune defect on
susceptibility, severity, and treatment response to SARS-CoV-
2 infection.

frontiersin.org


https://doi.org/10.3389/fimmu.2022.832394
https://doi.org/10.3389/fimmu.2022.832394
https://doi.org/10.3389/fimmu.2022.871828
https://doi.org/10.3389/fimmu.2022.912336
https://doi.org/10.3389/fimmu.2022.835770
https://doi.org/10.3389/fimmu.2022.842643
https://doi.org/10.3389/fimmu.2022.881259
https://doi.org/10.3389/fimmu.2022.871828
https://doi.org/10.3389/fimmu.2022.912336
https://doi.org/10.3389/fimmu.2022.835770
https://doi.org/10.3389/fimmu.2022.842643
https://doi.org/10.3389/fimmu.2022.881259
https://doi.org/10.3389/fimmu.2022.1099089
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

Halwani et al.

Author contributions

RH wrote the first draft. RH, FP, and SA-M provided critical
comments and editorial suggestions for revisions. All the authors
agreed on the submitted version.

Funding

Rabih Halwani was supported by the University of Sharjah
(COV19-0307) and Al Jalila Foundation (AJF202019).

Acknowledgments

The guest editors wish to thank all the authors and reviewers
for their valuable contributions to this Research Topic.

References

1. WHO. WHO official updates—coronavirus disease 2019. Geneva, Switzerland:
World Health Organization (2020).

2. Saheb Sharif-Askari N, Saheb Sharif-Askari F, Mdkhana B, Al Heialy S,
Alsafar HS, Hamoudi R, et al. Enhanced expression of immune checkpoint
receptors during SARS-CoV-2 viral infection. Mol Ther Methods Clin Dev
(2021) 20:109-21. doi: 10.1016/j.0mtm.2020.11.002

3. Samadizadeh S, Masoudi M, Rastegar M, Salimi V, Shahbaz MB, Tahamtan
A. COVID-19: Why does disease severity vary among individuals? Respir Med
(2021) 180:106356. doi: 10.1016/j.rmed.2021.106356

4. Kreins AY, Ciancanelli MJ, Okada S, Kong X-F, Ramirez-Alejo N, Kilic SS,
et al. Human TYK?2 deficiency: Mycobacterial and viral infections without hyper-
IgE syndrome. J Exp Med (2015) 212(10):1641-62. doi: 10.1084/jem.20140280

5. Manry ], Bastard P, Gervais A, Le Voyer T, Rosain ], Philippot Q, et al. The risk of
COVID-19 death is much greater and age dependent with type I IFN autoantibodies.
Proc Natl Acad Sci (2022) 119(21):¢2200413119. doi: 10.1073/pnas.2200413119

Frontiers in Immunology

03

10.3389/fimmu.2022.1099089

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. Saheb Sharif-Askari N, Soares NC, Mohamed HA, Saheb Sharif-Askari F,
Alsayed HAH, Al-Hroub H, et al. Saliva metabolomic profile of COVID-19
patients associates with disease severity. Metabolomics (2022) 18(11):81. doi:
10.1007/s11306-022-01936-1

7. Zhang Q, Bastard P, Liu Z, Le Pen ], Moncada-Velez M, Chen J, et al. Inborn
errors of type I IFN immunity in patients with life-threatening COVID-19. Science
(2020) 370(6515):eabd4570. doi: 10.1126/science.abd4570

8. Milito C, Soccodato V, Auria S, Pulvirenti F, Quinti I. COVID-19 in
complex common variable immunodeficiency patients affected by lung
diseases. Curr Opin Allergy Clin Immunol (2021) 21(6):535-44. doi:
10.1097/ACI.0000000000000789

9. Milito C, Lougaris V, Giardino G, Punziano A, Vultaggio A, Carrabba M,
et al. Clinical outcome, incidence, and SARS-CoV-2 infection-fatality rates in
Italian patients with inborn errors of immunity. J Allergy Clin Immunol: Practice
(2021) 9(7):2904-6.€2. doi: 10.1016/j.jaip.2021.04.017

frontiersin.org


https://doi.org/10.1016/j.omtm.2020.11.002
https://doi.org/10.1016/j.rmed.2021.106356
https://doi.org/10.1084/jem.20140280
https://doi.org/10.1073/pnas.2200413119
https://doi.org/10.1007/s11306-022-01936-1
https://doi.org/10.1126/science.abd4570
https://doi.org/10.1097/ACI.0000000000000789
https://doi.org/10.1016/j.jaip.2021.04.017
https://doi.org/10.3389/fimmu.2022.1099089
https://www.frontiersin.org/journals/immunology
https://www.frontiersin.org

	Editorial: Dysregulation of immunity predisposing to severe COVID-19 infection
	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 1.6
  /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


