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Abstract
Background: Novel messenger RNA vaccines against severe acute respiratory syndrome coronavirus (SARS-CoV-2) have

been vital in resolving the coronavirus disease-2019 (COVID-19) pandemic. Detection of neutralizing antibodies (NAbs)

against the SARS-CoV-2 spike protein (S) confirms immunogenicity with high sensitivity and specificity. Few recent studies

with primary and secondary immunodeficient cohorts present adequate or reduced antibody response. We describe the

first reported successful response to anti-SARS-CoV-2 S antibody post-vaccination in magnesium transporter 1 (MAGT1)

gene deficiency, more commonly recognized as x-linked immunodeficiency with magnesium defect, Epstein-Barr Virus infec-

tion, and neoplasia (XMEN).

Case Presentation: We present a 30-year-old male with selective anti-polysaccharide antibody deficiency, peripheral blood

CD5 + /CD19 + B-cell predominance (97%), MAGT1 mutation, and reduced CD16 + CD56 + natural killer- and/or CD8 +
T-cell receptor, Group 2, Member D expression. His initial immunological evaluation revealed all seronegative post-vaccination

antibody titers but clinically adequate response to protein antigens tetanus and diphtheria anti-toxoids.

COVID-19 vaccination and associated serology antibody testing was recommended at this office visit. Anti-SARS-CoV-2

immunoglobulin (Ig)M and IgG antibodies before and after the first BNT162b2 mRNA COVID-19 vaccine doses, as well as

nucleocapsid antibody, were negative. S protein total antibody was reactive after the second dose.

Discussion: Robust immunological sequelae post-COVID-19 vaccination in the general population are well-documented in the

recent literature. Few studies have evaluated COVID-19 vaccination antibody response in immunodeficient patients. The major-

ity positive anti-S antibody detection in most primary immunodeficient (PID) patients among the few studies in the literature,

such as the present case, support the safety and efficacy of mRNA COVID-19 vaccination in immunodeficient patients, although

larger scale studies are needed.

Conclusion: We demonstrate successful vaccination in the PID MAGT1 deficiency in this first reported case of reactive anti-S

antibody post-COVID-19 vaccination.
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Background
Novel messenger RNA (mRNA) vaccines against severe
acute respiratory syndrome coronavirus (SARS-CoV-2)
have been vital in resolving the coronavirus disease-2019
(COVID-19) pandemic.1–2 These lipid nanoparticle vaccines
utilize host cells’ translational machinery to express viral
antigens in situ, eliciting adaptive humoral and cellular
immunity against the SARS-CoV-2 spike protein (S).3

Detection of these neutralizing antibodies (NAbs) confirms
immunogenicity with high sensitivity and specificty.3
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Sufficient NAb production post-vaccination is standard prac-
tice for immunodeficient patients,4 who have higher suscept-
ibility to SARS-CoV-2 among other infections.5–8 Few
recent studies with primary and secondary immunodeficient
cohorts present adequate or reduced antibody response.5–8

We describe the first reported successful response to
anti-SARS-CoV-2 S antibody post-vaccination in magne-
sium transporter 1 (MAGT1) gene deficiency, more com-
monly recognized as x-linked immunodeficiency with
magnesium defect, Epstein-Barr Virus (EBV) infection, and
neoplasia (XMEN).9–10

Case Presentation
We present a 30-year-old male with selective anti-
polysaccharide antibody deficiency (SPAD) and peripheral
blood CD5+/CD19+ B-cell predominance (97%, control
52.5 ± 17.3%) diagnosed at 5 years old.9 His past medical
history was significant for persistent childhood sinopulmo-
nary infections, severe hemorrhagic varicella at 2 years old,
ulcerative colitis in early adolescence, and ongoing autoim-
mune hepatitis. His initial immunological evaluation
revealed seronegativity of 12 Streptococcus pneumoniae
subtypes, Neisseria meningitidis A and C, Haemophilus
influenza b, human parainfluenza viruses 1 to 3, influenza
A and B, poliovirus 1 to 3, and respiratory syncytial
virus.3 Post-vaccination antibody titers demonstrated nega-
tive pneumococcal valent conjugate serology but clinically
adequate (≥.01 IU/mL) response to protein antigens tetanus
and diphtheria anti-toxoids. Other immune laboratory assess-
ments included persistently stable hypogammaglobulinemia.
Blood leukocytes and mitogen- and antigen-induced lympho-
cyte proliferation panel were within normal limits. Serologic
evidence of human immunodeficiency virus, EBV, and cyto-
megalovirus was absent. Immunological re-evaluation at 28
years old confirmed CD5 + B-cell predominance and
revealed a MAGT1 mutation (c.923-1_934del) and reduced
CD16 + CD56 + natural killer- and/or CD8 + T-cell recep-
tor, Group 2, Member D (NKG2D) expression consistent
with the XMEN genotype and phenotype.

The patient presented for a routine office visit with no
acute symptoms. He denied recent history of COVID-19.
COVID-19 vaccination and associated serology antibody

testing was recommended. Anti-SARS-CoV-2 immunoglob-
ulin (Ig)M and IgG antibodies before and after the first
BNT162b2 (Pfizer/BioNTech) mRNA COVID-19 vaccine
doses, as well as nucleocapsid antibody, were negative
(Table 1). S protein total antibody was reactive after the
second dose.

Discussion
Robust immunological sequelae post-COVID-19 vaccination
are well-documented in the recent literature.1–3 The US
FDA-authorized mRNA vaccines, including BNT162b2
and mRNA-1273 (Moderna/NIAID), have demonstrated
high efficacy against severe SARS-CoV-2 into Phase III clin-
ical trials and consistent data across different demographics.2

Röltgen et al identified that BNT162b2 mRNA vaccination
induces a dominant sustained anti-SARS-CoV-2 IgG
response consistent with its reported 95% efficacy in clinical
trials, compared to more robust but short-term IgM and IgA
elevations in infected individuals.2 Side effects experienced
after the prime or boost vaccination have not been associated
with reduced serological IgG antibody responses.2

SARS-CoV2 immunogenicity is determined by quantify-
ing neutralizing antibody (NAbs) against the viral S protein,
which prevents binding of its receptor-binding domain
(RBD) to the host angiotensin-converting enzyme 2
(ACE2) receptor.2–3 A surrogate virus neutralization test
established by Tan et al demonstrated 95 to 100% sensitivity
and 99.39% specificity of anti-S1-RBD antibody in 2 conva-
lescent COVID-19 patient cohorts with recent infection.3

This high sensitivity and specificity may exclude cell-
mediated mechanisms but this assay provides a rapid, safe,
and accessible assessment of COVID-19 vaccine efficacy
in immunized individuals, such as the present patient.3

Abnormalities among this NAb generation, effector T cell
populations, and other immune interactions prevent coordi-
nated recognition and defense mechanisms.7

Antibody response to antigenic challenge from vaccina-
tion reveals the immunological status of patients with sus-
pected PID, which typically involves quantitative and/or
qualitative antibody deficiencies.4 These patients present
with history of recurrent respiratory tract infections, infec-
tious susceptibilities, and/or subsequent comorbidities.4

Direct genetic diagnosis of single-gene disorders, flow cyto-
metric analysis of lymphocytic subpopulations, and serum
Igs evaluation offer other laboratory-based tools to assess
PID.4 Our present patient had been diagnosed with SPAD,
considering his recurrent infections, stable Ig levels, and
seronegativity to multiple immunizations but response to
protein antigens, including anti-S antibody reactivity.4,9

Few studies have evaluated COVID-19 vaccination anti-
body response in immunodeficient patients. Ou et al identified
significantly lower or absent anti-S antibody production in
renal transplant recipients on versus off the immunosuppres-
sant belatecept, which selectively inhibits CD28-CD80/86

Table 1. SARS-CoV-2 antibody immunoassays.

Timeframe relate to

vaccination

SARS-CoV-2 serology

antibody Result

Post-Dose 2 Spike glycoprotein total +
Post-Dose 2 Nucleocapsid IgG -

Post-Dose 1 IgG, IgM -

Baseline/ Pre-Dose 1 IgG, IgM -

SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; Ig,

immunoglobulin
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pathway T-cell co-stimulation.8 This poor antibody response
on immunomodulatory therapy was consistent in cancer
patients receiving the immune checkpoint inhibitor pro-
grammed cell death receptor (ligand) 1 [anti-PD(L)1].7

Two small PID cohorts demonstrated COVID-19
mRNA-vaccination antibody response in most patients.5–6 A
retrospective chart review of 11 PID patients by Squire and
Joshi revealed undetectable anti-S antibodies in only x-linked
agammaglobulinemia (XLA).5 Hagin et al also reported lack
of anti-S antibodies in 4XLA patients. Cellular response to
an S-peptide mix by IL-2/IFN-γ secretion was absent in 7
PID patients, with diagnoses of common variable immunodefi-
ciency (CVID), nuclear factor-kappa-β p105 subunit (NFKB1)
haploinsufficiency, and autoimmune lymphoproliferative syn-
drome (ALPS)-like disease.6

This is the first report of SARS-CoV-2 S antibody response
post-vaccination in MAGT1 deficiency, more commonly
known as X-MEN, which has been under recent proposal by
Ravell et al to revise its nomenclature to “X-linked MAGT1
deficiency with increased susceptibility to EBV-infection and
N-linked glycosylation defect.”10 This update acknowledges
the key role ofMAGT1 deficiency in asparagine (N)-linked gly-
cosylation impairment, resulting in decreased NKG2D expres-
sion, increasing EBV susceptibility.10 This defective CD8 + T
cell response is consistent with the patient’s prior seronegative
post-vaccination antibody titers, unlike the majority of vacci-
nated individuals with mounted cell-mediated immune
response.1 The majority positive anti-S antibody detection in
most PID patients among the few studies in the literature,
such as the present patient, support the safety and efficacy of
mRNA COVID-19 vaccination in immunodeficient
patients,5–6 although larger scale studies are needed.

Conclusion
SARS-CoV-2 BNT162b2 and mRNA-1273 vaccination
induces potent NAbs and T cell responses.1–2 Detectable
anti-S antibodies post-COVID-19 vaccination demonstrate
vaccination efficacy.3 Immunization response may be
reduced or abrogated in immunodeficient patients, as demon-
strated in several primary and secondary immunodeficient
cohorts.5–8 We demonstrate successful vaccination in the
PID MAGT1 deficiency in this first reported case of reactive
anti-S antibody post-COVID-19 vaccination.
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Abbreviations/Acronyms

mRNA messenger RNA
SARS-CoV-2 severe acute respiratory syndrome

coronavirus 2

(COVID-19) coronavirus disease-2019
S spike
NAb neutralizing antibodies
RBD receptor binding domain
PID primary immunodeficiency
XMEN X-linked immunodeficiency with

magnesium defect, Epstein-Barr
Virus infection, and neoplasia

SPAD selective anti-polysaccharide
antibody deficiency

MAGT1 magnesium transporter 1
CD Cluster of differentiation
Ig immunoglobulin
NKG2D CD16+CD56+ natural killer/

CD8+ T-cell receptor, Group 2,
Member D glycoprotein

4 Allergy & Rhinology


	 Background
	 Case Presentation
	 Discussion
	 Conclusion
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /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 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /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 true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /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 true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /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 true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /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 /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /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


