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Abstract:

Background and Objectives: Various peripheral neuropathies, particularly those with sensory
and autonomic dysfunction may occur during or shortly after acute COVID-19 ilInesses. These
appear most likely to reflect immune dysregulation. If similar manifestations can occur with the

vaccination remains unknown.

Results: In an observational study, we studied 23 patients (92% female; median age 40years)
reporting new neuropathic symptoms beginning within 1 month after SARS-CoV-2 vaccination.
100% reported sensory symptoms comprising severe face and/or limb paresthesias, and 61% had
orthostasis, heat intolerance and palpitations. Autonomic testing in 12 identified seven with
reduced distal sweat production and six with positional orthostatic tachycardia syndrome.
Among 16 with lower-leg skin biopsies, 31% had diagnostic/subthreshold epidermal neurite
densities (<5%), 13% were borderline (5.01-10%) and 19% showed abnormal axonal swelling.
Biopsies from randomly selected five patients that were evaluated for immune complexes
showed deposition of complement C4d in endothelial cells. Electrodiagnostic test results were
normal in 94% (16/17). Together, 52% (12/23) of patients had objective evidence of small-fiber
peripheral neuropathy. 58% patients (7/12) treated with oral corticosteroids had complete or
near-complete improvement after two weeks as compared to 9% (1/11) of patients who did not
receive immunotherapy having full recovery at 12 weeks. At 5-9 months post-symptom onset, 3
non-recovering patients received intravenous immunoglobulin with symptom resolution within

two weeks.
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Conclusions: This observational study suggests that a variety of neuropathic symptoms may
manifest after SARS-CoV-2 vaccinations and in some patients might be an immune-mediated
process.

K ey wor ds. neuropathy, SARS-CoV-2; Guillain Barré Syndrome, dysautonomia, vaccine,
COVID-19; coronavirus;, immunotherapy
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I ntroduction

Vaccination against SARS-CoV-2 is the most important public health strategy to control the
COVID-19 pandemic and decrease mortality and morbidity from the infection. The safety profile
of current FDA approved vaccines characterizes a small number of post-immunization side
effects. Vaccine roll-out was initiated in the United States in Dec 2020 and reports of adverse
events to the Vaccine Adverse Event Reporting System include awide variety of neurological

and systemic manifestations.*

Such events are identified following large-scal e vaccination campaigns and they may share
immunological mechanisms with post-infectious neurological complications. Importantly,
immune-mediated neurological adverse events post-vaccination are rare and often less severe
than those that follow actual infection. A series of patients with arare variant of Guillain-Barré
syndrome with facial diplegia and paresthesia following the first dose of the AstraZeneca
vaccine have been reported,? and 3 of 11,636 participantsin the ChAdOx1 nCoV-19 vaccine
(AZD1222) trial developed transverse myelitis.®> One case of new onset small fiber neuropathy
(SFN) and a second of postural orthostatic tachycardia syndrome (POTYS) in previously healthy

individuals were reported after receiving mRNA vaccines to SARS-CoV-2.4°

Autoimmune autonomic neuropathy and ganglionopathy is an antibody-mediated disease that
usually presents with orthostasis and symptoms of cholinergic failure including dry mouth or
urinary retention.” Sensory and autonomic neuropathies also occur following viral infections and
vaccination without cholinergic manifestations or characterized autoantibodies. Regardless of
whether defined autoantibodies were detected, symptoms and biomarkers often respond to high

dose corticosteroid treatment suggesting the process isimmune-mediated.” Since onset of the
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COVID-19 pandemic, orthostatic intolerance, POTS, and peripheral neuropathies, have been
observed as post-acute neurological sequelae of COVID-19.%° Further investigation is required

to explore underlying mechanisms and targeted therapies for these neurologic disorders.

Here, we report clinical evaluations of patients with new onset paresthesias with or without
autonomic symptoms incident to SARS-CoV -2 vaccination and response to immunotherapy with

corticosteroids or intravenous immunoglobulin (1V1g).
Methods:

Twenty-three self-referred patients were evaluated between January to September 2021 for new
onset of potential symptoms of polyneuropathy (sensory, motor, or autonomic) within 1 month
of SARS-CoV-2 vaccination were enrolled after consent to an IRB approved study at the
National Institutes of Health (protocol # 15-N-00125). All were evaluated by in-person (n=13)
and/or televisit (n=10), and data was abstracted from their medical records. We excluded patients
whose complaints were non-neurologic or limited to worsening or recrudescence of prior
neurological symptoms and those with underlying conditions or risk factors for neuropathy and
dysautonomia. All patients were extensively investigated for other causes of SFN. Two had
organ-specific autoimmune disorders (one with Crohn’s disease, one with Hashimoto thyroiditis)
in clinical remission at the time of vaccination. Table 1 reports participants demographic

characteristics.

Those with autonomic symptoms underwent standard autonomic nervous system (ANYS) testing
including quantitative sudomotor axon reflex testing (QSART) to measure sympathetic post-
ganglionic cholinergic sudomotor (sweating) function. lontophoresis chambers were placed on

the forearm, proximal lateral calf, medial ankle, and foot, and sweat volume (pl/mm?) was
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measured on the QSweat Device (WR Medical Electronics, Maplewood, MN). Heart rate
variability following 6-8 slow deep breaths for 10 seconds per respiratory cycle was determined
as a measure of parasympathetic function. The Valsalva maneuver was used to assess
sympathetic and parasympathetic function. Subjects forcibly expired at 40 mm Hg for 15
seconds while heart rate and blood pressure were measured. Tilt table testing was performed
with ahead-up tilt of 70 degrees for 10 minutes after 20 minutes of supine rest. Changes in heart
rate and blood pressure were recorded during head up tilt and after return to supine position.
Published normative values were used.™ The criteria used to define POTS comprised sustained
increase of >30 beats per minute from baseline heart rate after 10 minutesin the upright position
in the absence of orthostatic hypotension (systolic blood pressure drop of >20 mm Hg, or
diastolic blood pressure drop >10 mm Hg). These patients were not on any medications that
could affect blood pressure or heart rate, were not in acute pain or deconditioned. They did not

have an active infection, diabetes or anemiato explain the orthostasis.

Two skin biopsies using a 3 mm skin punch were removed from the standard locations on the
lower leg 10 cm proximal to the lateral malleolus and from the distal lateral thigh, fixed for 16
hours in Zamboni’s fixative, rinsed in 0.1 M Sorensen’s buffer, and cryoprotected for 24 hours.
Sections cut 50 um thick perpendicular to skin surface were immunolabeled for PGP9.5 (Bio-
Rad, Hercules, CA) using avidin-biotin complex method and evaluated for SFN as described™

and in accordance with established guidelines.™

Multiplex fluorescence immunohistochemistry was performed by incubating sections with 5%
normal donkey serum (Jackson ImmunoResearch, West Grove, PA) for 1 hour, then overnight at
room temperature using 0.5-5 ug/ml mixtures of immunocompatible antibodies (anti-human 1gG,

anti-human IgM and anti-CD31 (Leica Biosystems, NCL-L-1gG; NCL-L-IgM and PA0414);
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anti-C1q (Dako; A0136); anti-C4d (Biomedica; BIRC4D and anti-NFH (Aves Labs), followed by
a1l pg/ml mixture of appropriately cross-adsorbed secondary antibodies raised in donkey
(Thermo Fisher, Waltham, MA; Jackson ImmunoResearch) and conjugated to one of the
following spectrally compatible fluorophores: Alexa Fluor 488, Alexa Fluor 546, and Alexa
Fluor 647. Sections were counterstained using 1 ug/ml DAPI (Thermo Fisher) for visualization
of cell nuclei and imaged using a Zeiss Imager Z1 microscope (Zeiss, Oberkochen, Germany)

equipped with multispectral filters and an Apotome (Zeiss).
Results:

Among twenty-three patients evaluated, ages ranged between 27 to 71 years (median 40 years).
Twenty-one (92%) patients were women. None of them had previous neurological illnesses. Five
(21%) peatients reported skin-flushing, tachycardia and increased blood pressure immediately
following the vaccination that lasted less than 30 minutes and resolved completely. All
devel oped neurological symptoms within 21 days of receiving their vaccination, with the median
time being four days. Individual clinical characteristics and course of illness can be reviewed in

Table 2.

The vaccines received included one manufactured by AstraZeneca (ChAdOx1 nCoV19),* one
by Janssen (JNJ-78436735), nine by Moderna (mRNA-1273)* and 12 by Pfizer-BioNTech
(BNT162b2)." Fourteen participants (65%) developed neurological symptoms following thefirst
dose. Among the 9 (39%) developing symptoms after the 2™ dose, four (17%) reported similar
but mild and transient symptoms after their initial vaccination. Two had mild and transient
elevation in ALT/AST post-vaccination and two had low-titer ANA and dsDNA antibodies that

normalized on subsequent testing. Although none reported symptoms or a confirmed COVID-19
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infection before vaccination, we detected antibody to SARS-CoV-2 nucleocapsid protein in one

that we attributed to asymptomatic COVID-19.

All participants reported moderate to severe, distal predominant paresthesias and/or burning
sensations in both their upper and lower limbs; 9 also had involvement of the face, mouth, and
scalp. Neurological examinations were performed in revealed a mild decrease in vibratory

sensation in two patients and pinprick pain sensation in another.

Fourteen (60%) patients reported autonomic symptoms, including episodic tachycardia, heat
intolerance and new onset Raynaud's phenomenon. Among the 12 (86%) undergoing ANS
testing 11/12 (92%) had abnormal findings. Six (50%) fulfilled the clinical criteria for POTS,
seven (58%) had reduced length-dependent sweat production characteristic of SFN. Two (16%)
patients had combined POTS and abnormal sudomotor responses. Among 16 patients brain

and/or spinal cord MRI scans, none identified clinically significant abnormalities.

Among the 16 patients undergoing skin biopsy (Tables 2 and 3), 5 (31%) had subthreshold nerve
fiber density fulfilling pathological criteria for SFN. Two (13%) had borderline low density
(5.01-10%) at the distal leg site and three (19%) had axonal swellingsin the nerve fibers. All had
nerve conduction velocities confirming pure small-fiber axona neuropathy.’® Comparing
cutaneous deposition of CD31, 1gG, IgM, Clg, and C4d between 5 patients and 9 age/sex
matched healthy controls revealed more C4d deposition on endothelial cells in al patients (Fig
1). Among the five patients with cerebrospinal fluid (CSF) evaluations, cell counts, protein,
glucose and IgG synthesis were normal in all. Two had oligoclonal bands, one with pattern 2
(isolated bands in CSF compared to serum) and another with pattern 3 (both isolated and

overlapping bands in CSF compared to serum).
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Treatment with corticosteroid or IVIG had been clinically administered by patients' treating
neurologist or an NIH neurologist consultant. Twelve patients (50%) received oral
corticosteroids. Seven of nine (75%) patients who received standard prednisone dosing (0.75-1
mg/kg) for 7 days followed by weekly taper of 20% of the initial dose reported significant
symptom improvement after 2 weeks. Of the three treated with a short course of corticosteroid
(<7 days) with rapid taper over 1 or 2 weeks, none reported full or expedited improvement after
2 weeks. Three patients who had persistent symptoms of small fiber neuropathy and
dysautonomia for 5-9 months were treated with one cycle of 1VIg (2g/kg divided over 5 days).
Two had been previously treated with corticosteroid with no improvement. In all three,
symptoms improved dramatically within 2 weeks of 1VIg treatment with complete resolution in
one and mild residual symptoms in the other two. Of the 11 patients that never received
immunotherapy, seven (64%) had partial recovery, three (27%) have had no improvement, and
one (10%) had complete recovery by 12 weeks post-onset as determined by subjective

assessment and return to premorbid functional status (Table 4).
Discussion:

This report describes neuropathic symptoms that developed within one month of 1% or 2™
COVID-19 vaccination. All patients in this series reported symptom onset within three weeks of
vaccination, 39% developed the symptoms after the second dose, and 17% reported
mild/transient symptoms after initial vaccination with full onset after the 2™ dose raise the
possibility of immune priming to the spike protein. Although only one had evidence of pre-
vaccination COVID-19 infection, cross reactivity between seasonal beta coronaviruses and

subunits of the SARS-CoV-2 spike protein might play a priming role.”’


https://doi.org/10.1101/2022.05.16.22274439

medRxiv preprint doi: https://doi.org/10.1101/2022.05.16.22274439; this version posted May 17, 2022. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
This article is a US Government work. It is not subject to copyright under 17 USC 105 and is also made available
for use under a CCO license.

As an observational study of self-referred patients, it is inherently limited by referral bias. The
study is uncontrolled, thus although there was a temporal association of the symptoms to the
vaccine, we cannot ascribe it a causative role, although data from the vaccine trials suggests that
such manifestations are very rare*> Case reports link other immune-mediated conditions such as
idiopathic thrombocytopenic purpura, acute onset myocarditis and Guillain Barré syndrome to
SARS-CoV-2 vaccination, but specificity is also not confirmed.”® Not al patients underwent
complete evaluations, with some data were collected during clinical care including telemedicine

evaluations during the pandemic.

The circumstantial evidence here suggests that in some individuals SARS-CoV-2 vaccination
neuropathy may be dysimmune. The fact that participants were screened, and common causes of
neuropathy eliminated, the presence of oligoclonal bands in the CSF of two of five participants,
deposition of immune complexes on skin biopsy and apparent response to immunotherapy
supports possible immune involvement. Plus, amost all patients here were female. Females
comprised 69% in one case series of neuropathy incident to COVID-19,” they comprise the large
majority of SFN patients,”® and of patients with most systemic and organ-specific immune
syndromes. Similarly, POTS and multiple types of peripheral neuropathy are well-described after
other vaccinations® or illnesses, including brachial plexitis.®* The current series extends the
hypothesis that COVID-incident neuropathies are dyssmmune rather than directly infectious.
Postmortem peripheral nerve pathology after fatal COVID-19 infections identified inflammatory
perivascular infiltrates of predominantly macrophages without viral antigen in nerves. Detection
of interferon stimulated gene MxA in endothelial cells suggested type 1 interferon response.? It

is currently unknown if similar mechanisms might contribute to potential vaccine-induced

neuropathies.

10
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Various dysimmune large-fiber neuropathies have been temporally associated with SARS-CoV-2
infection including Guillain Barré syndrome, mononeuritis multiplex, plexopathy, multifocal
motor neuropathy, and sensory neuropathy, with responsivity to immunotherapies effective for
other dysimmune neuropathies reported.® % #* SFN may be associated with long-COVID
syndromes.® 2 All our patients had neuropathic symptoms but objective findings of SFN were
present in afew patients only. Not all patients with autonomic dysfunction had abnormalities on
skin biopsy. In studies of mouse sensory ganglia, small-fiber neurons preferentially display the
ACE-2 docking protein for SARS-CoV-2,%" consistent with a potential predominance of SFN.
Since all SARS-CoV-2 vaccines encode the spike protein®, anti-spike protein immune responses
may link post-COVID and post-vaccine syndromes. Although the spike protein might interact
directly with neurons to mediate the sensory symptoms, anti-idiotypic antibodies to the spike
protein immune complex also bind to the ACE-2 receptor.”® Dysautonomia during and after
SARS-CoV-2 infection is similar but more severe in acutely ill COVID-19 patients™® and post-
COVID-19 patients.® * than in this post-vaccination series.” ** Alternatively, this response may
be non-specific since similar symptoms are reported after other infections and vaccinations.
Finaly, small fibers lack of myelin which means that they require more energy to maintain
axolemmal channels and membrane proteins along the full length of the fiber instead of just at
internodes. These fibers also have small amounts of axoplasm and organelles to resupply their
distal axons, thus they are preferentially vulnerable to degenerate even from non-specific

adversity including diabetes.”

Currently, there is insufficient immunological detail. Here, we did not detect the few
characterized autoantibodies associated with dysautonomia or neuropathy, but most are not yet

characterized. The increased deposition of C4d complement on cutaneous endothelial cells seen

11
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here is consstent with immune-mediated activation of the classical complement pathway. C3d
and C4d regulatory molecules covalently bind to tissues to formation a cytolytic complex.
Endothelial C3d and C4d deposition is reported in SLE and small vessdl vasculitis and low blood
levels have been reported in some surveys of small-fiber neuropathy.®* * Cases of seronegative
immune-mediated sensory/autonomic neuropathy post-viral infection and post-vaccination
implicate memory T-cell responses rather than autoantibodies, as do patients that respond
dramatically to high dose corticosteroids but not to plasma-exchange.” And genetic susceptibility
to various immune conditions including sensory neuropathy and autonomic dysfunction is
documented® Autoantibody generation driven by molecular mimicry and independent immuno-

dysregulation may both contribute.’

Enough time has not yet elapsed for the large scale epidemiological studies necessary to confirm
or refute causal relations between SARS-CoV-2 vaccination and immune-mediated diseases,
thus these results are preliminary. However, although further animal-model and other
investigations are needed to confirm the Witebsky postulates,® virtually all preliminary evidence
to date supports immune mechanisms. Although some patients may respond to corticosteroids
and some severe and refractory cases to 1VIg, these agents convey cost and risk of adverse
effects and should be used cautiously in well-characterized patients being carefully monitored or
be used in the context of a clinical trial. Of note, some patients here improved without
immunotherapy. Further studies are needed to determine if there might be a causal relationship
between SARS-CoV-2 vaccines and the axonal neuropathies reported here that primarily

comprised small fiber polyneuropathy.
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Figure L egend: Complement deposition in skin of post-COVID-19 vaccine neuropathy:

Immunostaining was performed for C4d (green), endothelial cell marker, CD31 (red) and
neurofilament heavy chain, NFH (white). DAPI was used to stain the nuclei. (A and B) control
tissues show minimal staining for C4d. CD31 identifies the endothelial cellsin the blood vessels.
(C and D) deposition of C4d is seen in the endothelial lining of the blood vessels. Scale bars: A
and C are 100 mm and B and D are 50 mm.

Competing interests:

The authors report no competing interests.

13


https://doi.org/10.1101/2022.05.16.22274439

medRxiv preprint doi: https://doi.org/10.1101/2022.05.16.22274439; this version posted May 17, 2022. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
This article is a US Government work. It is not subject to copyright under 17 USC 105 and is also made available
for use under a CCO license.

References

1. Chen G, Li X, Sun M, et al. COVID-19 mRNA Vaccines Are Generally Safe in the Short Term: A
Vaccine Vigilance Real-World Study Says. Front Immunol 2021;12:669010.

2. Allen CM, Ramsamy S, Tarr AW, et al. Guillain-Barré Syndrome Variant Occurring after SARS-
CoV-2 Vaccination. Ann Neurol 2021;90:315-318.

3. Roman GC, Gracia F, Torres A, Palacios A, Gracia K, Harris D. Acute Transverse Myelitis
(ATM):Clinical Review of 43 Patients With COVID-19-Associated ATM and 3 Post-Vaccination ATM
Serious Adverse Events With the ChAdOx1 nCoV-19 Vaccine (AZD1222). Front Immunol 2021;12:653786.

4, Reddy S, Reddy S, Arora M. A Case of Postural Orthostatic Tachycardia Syndrome Secondary to
the Messenger RNA COVID-19 Vaccine. Cureus 2021;13:e14837.

5. Oaklander AL, Nolano M. Scientific advances in and clinical approaches to small-fiber
polyneuropathy: A review. JAMA Neurol 2019;76:1240-1251.

6. Waheed W, Carey ME, Tandan SR, Tandan R. Post COVID-19 vaccine small fiber neuropathy.

7. Vernino S. Autoimmune Autonomic Disorders. Continuum (Minneap Minn) 2020;26:44-57.

8. Blitshteyn S, Whitelaw S. Postural orthostatic tachycardia syndrome (POTS) and other

autonomic disorders after COVID-19 infection: a case series of 20 patients. Immunol Res 2021;69:205-
211.

9. Oaklander AL, Mills AJ, Kelley M, et al. Peripheral neuropathy evaluations of patients with
prolonged Long COVID. Neurology: Neuroimmunology & Neuroinflammation 2022;in press.

10. Low PA, Denq IC, Opfer-Gehrking TL, Dyck PJ, O'Brien PC, Slezak IM. Effect of age and gender on
sudomotor and cardiovagal function and blood pressure response to tilt in normal subjects. Muscle
Nerve 1997;20:1561-1568.

11. Ebenezer GJ, Hauer P, Gibbons C, McArthur JC, Polydefkis M. Assessment of epidermal nerve
fibers: a new diagnostic and predictive tool for peripheral neuropathies. J Neuropathol Exp Neurol
2007;66:1059-1073.

12. Van den Bergh PY, Hadden Rd Fau - Bouche P, Bouche P Fau - Cornblath DR, et al. European
Federation of Neurological Societies/Peripheral Nerve Society guideline on management of chronic
inflammatory demyelinating polyradiculoneuropathy: report of a joint task force of the European
Federation of Neurological Societies and the Peripheral Nerve Society - first revision.

13. Voysey M, Clemens SAC, Madhi SA, et al. Safety and efficacy of the ChAdOx1 nCoV-19 vaccine
(AZD1222) against SARS-CoV-2: an interim analysis of four randomised controlled trials in Brazil, South
Africa, and the UK. Lancet 2021;397:99-111.

14. Baden LR, El Sahly HM, Essink B, et al. Efficacy and Safety of the mRNA-1273 SARS-CoV-2
Vaccine. N Engl ] Med 2021;384:403-416.

15. Polack FP, Thomas SJ, Kitchin N, et al. Safety and Efficacy of the BNT162b2 mRNA Covid-19
Vaccine. N Engl J Med 2020;383:2603-2615.

16. Freeman R, Gewandter JS, Faber CG, et al. Idiopathic distal sensory polyneuropathy: ACTTION
diagnostic criteria. Neurology 2020;95:1005-1014.

17. Hicks J, Klumpp-Thomas C, Kalish H, et al. Serologic Cross-Reactivity of SARS-CoV-2 with Endemic
and Seasonal Betacoronaviruses. J Clin Immunol 2021;41:906-913.

18. Vogrig A, Moritz CP, Camdessanche JP, et al. Unclear association between COVID-19 and
Guillain-Barre syndrome. Brain 2021.

19. Oaklander AL. Chapter 10 - Dysimmune small fiber neuropathies. In: Rajabally YA, ed.
Dysimmune Neuropathies: Academic Press, 2020: 225-247.

20. Blitshteyn S. Postural tachycardia syndrome following human papillomavirus vaccination. Eur J
Neurol 2014;21:135-139.

14


https://doi.org/10.1101/2022.05.16.22274439

medRxiv preprint doi: https://doi.org/10.1101/2022.05.16.22274439; this version posted May 17, 2022. The copyright holder for this preprint
(which was not certified by peer review) is the author/funder, who has granted medRxiv a license to display the preprint in perpetuity.
This article is a US Government work. It is not subject to copyright under 17 USC 105 and is also made available
for use under a CCO license.

21. Ho TW, Mishu B, Li CY, et al. Guillain-Barre syndrome in northern China. Relationship to
Campylobacter jejuni infection and anti-glycolipid antibodies. Brain 1995;118 ( Pt 3):597-605.

22. Suh J, Mukerji SS, Collens SI, et al. Skeletal muscle and peripheral nerve histopathology in
COVID-19. Neurology 2021;97:e849-e858.

23. Andalib S, Biller J, Di Napoli M, et al. Peripheral Nervous System Manifestations Associated with
COVID-19. Curr Neurol Neurosci Rep 2021;21:9.

24. Oaklander AL, Lunn MP, Hughes RA, van Schaik IN, Frost C, Chalk CH. Treatments for chronic
inflammatory demyelinating polyradiculoneuropathy (CIDP): an overview of systematic reviews.
Cochrane Database Syst Rev 2017;1:CD010369.

25. Abrams RMC, Simpson DM, Navis A, Jette N, Zhou L, Shin SC. Small fiber neuropathy associated
with SARS-CoV-2 infection. Muscle Nerve 2021.

26. Bitirgen G, Korkmaz C, Zamani A, et al. Corneal confocal microscopy identifies corneal nerve
fibre loss and increased dendritic cells in patients with long COVID. Br J Ophthalmol 2021.

27. Shiers S, Ray PR, Wangzhou A, et al. ACE2 and SCARF expression in human dorsal root ganglion
nociceptors: implications for SARS-CoV-2 virus neurological effects. Pain 2020;161:2494-2501.

28. Fergie J, Srivastava A. Immunity to SARS-CoV-2: Lessons Learned. Front Immunol
2021;12:654165.

29. Arthur JM, Forrest JC, Boehme KW, et al. Development of ACE2 autoantibodies after SARS-CoV-2
infection. PLoS One 2021;16:e0257016.

30. Milovanovic B, Djajic V, Bajic D, et al. Assessment of Autonomic Nervous System Dysfunction in
the Early Phase of Infection With SARS-CoV-2 Virus. Front Neurosci 2021;15:640835.

31. Johansson M, Stahlberg M, Runold M, et al. Long-Haul Post-COVID-19 Symptoms Presenting as a
Variant of Postural Orthostatic Tachycardia Syndrome: The Swedish Experience. JACC Case Rep
2021,3:573-580.

32. McEntire CRS, Song KW, Mclinnis RP, et al. Neurologic Manifestations of the World Health
Organization's List of Pandemic and Epidemic Diseases. Front Neurol 2021;12:634827.

33. Murata K, Baldwin WM, 3rd. Mechanisms of complement activation, C4d deposition, and their
contribution to the pathogenesis of antibody-mediated rejection. Transplant Rev (Orlando)
2009;23:139-150.

34, Lang M, Treister R, Oaklander AL. Diagnostic value of blood tests for occult causes of initially
idiopathic small-fiber polyneuropathy. / Neurol 2016;263:2515-2527.

35. Yuki N, Chan AC, Wong AHY, et al. Acute painful autoimmune neuropathy: A variant of Guillain-
Barré syndrome. Muscle Nerve 2018;57:320-324.

36. Rose NR, Bona C. Defining criteria for autoimmune diseases (Witebsky's postulates revisited).
Immunol Today 1993;14:426-430.

37. Dutta D, Nagappa M, Sreekumaran Nair BV, Das SK, Wahatule R, Sinha S, Vasanthapuram R, Taly AB,
Debnath M. Variations within Toll-like receptor (TLR) and TLR signaling pathway-related genes and their
synergistic effects on the risk of Guillain-Barre syndrome. J Peripher Nerv Syst. 2022 Feb 9. doi:
10.1111/jns.12484

15


https://doi.org/10.1101/2022.05.16.22274439

Table 1: Demographic characteristics

Demographic Case#f 1* 2 3* 4 5 6* 7 8* 9* 10 11*
Information

Age Range 31-40 61-70 31-40 31-40 51-60 61-70 61-70 51-60 51-60 31-40 31-40

Sex F F F F F F F F M F F

Type of vaccine AstraZeneca Pfizer Pfizer Pfizer Moderna Pfizer Pfizer Moderna Janssen Moderna Moderna

Dose 1st 1% 2nd 1st 1st 2nd 1st 1st One dose 1st 2nd

History of COVID- Probable* No Probable No No No No No No No No

19

Family history of Sjogren’s No Unknown Systemic lupus No No No No No No Psoriasis
autoimmune disease erythematosus

diseases

*In-person visit

Demographic 12 13 14* 15 16* 17 18 19* 20* 21* 22%* 23*
Information

Age 41-50 31-40 31-40 41-50 31-40 21-30 41-50 31-40 31-40 41-50 31-40 51-60
Sex F M F F F F F F F F F F
Type of vaccine Moderna Pfizer Pfizer Pfizer Pfizer Pfizer Moderna Moderna Moderna Moderna Pfizer Pfizer
Dose 1% 1st 2nd 2nd 2nd 2nd 1st 1st 2nd 1st 1st 2"
History of COVID- No No No No No No No No No No No No
19

Family history of No No Rheumatoid No No No No No No No No No
autoimmune arthritis

diseases
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Table 2: Clinical characteristics and course of illness

Symptom
characteristics Case#f 1 2 3 4 5 6 7 8
Time from 10-15 minutes 30 minutes 16 hours 10 minutes 2 days 1 day 3 hours 21 days
vaccination to
any symptoms
Symptom at Left hand Presyncope, whole Fever, myalgia Skin flushing, Sore throat, neck Fever and fatigue Sudden onset of cold | Tachycardia, elevated
onset paresthesia, blurry body paresthesia, tachycardia, pain and dysphagia, sensation in legs and blood pressure,
vision exhaustion Transient elevated lymphadenopathy in formication presyncope
blood pressure for 30 | neck, sore arm
minutes
Onset of 2 hours 5 hours 3 days 10 hours 4 days 6 days 3 hours 21 days
neurological
symptoms
Neurological Severe paresthesia in | Band like tightness at Band like tightness Internal tremor with Left sided Severe paresthesia Lower limbs Paresthesia in all limbs,
symptoms limbs, tachycardia, TS5, severe paresthesia at T4 level, paresthesia in all paresthesia and heaviness in paresthesia and fasciculations in heart §:'
blood pressure in face and limbs, paresthesia in limbs, stabbing pain progressed to upper lower limbs burning sensation rate and blood pressure |
fluctuation, intermittent internal upper limbs with ininterscapular area, and lower limbs, fluctuation, blurry vision, 2
intermittent internal tremor, blurry vision, fasciculations, blood pressure facial paresthesia, dysphagia, internal =
tremor, cognitive intermittent cognitive heaviness with fluctuation mild weakness in left tremor, cognitive D
complaints complaints fatiguability in hand and leg complaints >
upper limbs 8
Neurological Normal Normal Normal Normal Mild weakness in left Normal Normal Decreased vibration in —
examination upper limb bilateral toes 5
MRI Normal brain and Normal brain and total Normal brain, Normal brain and Normal brain, Normal cervical and Not Done Normal brain and total 2
total spinal cord spinal cord cervical and lumbar spinal cord cervical and thoracic thoracic spinal cord spinal cord [
thoracic spinal cord spinal cord
EMG-NCV Normal Normal Normal Not Done Normal Normal Not Done Mild ulnar and median
sensory heuropathy
Skin Biopsy Normal Normal Not Done Not Done Low fiber density in Not Done Not Done Normal
distal leg
Autonomic POTS, Low Not Done Not Done Not Done Low sudomotor Not Done Not Done Low sudomotor response
testing generalized response in feet in feet
sudomotor response
Other tests Negative Negative Negative anti AchR Negative CSF:OCB pattern 3,

rheumatologic w/u

rheumatologic w/u

and MUSK
antibodies;negative
rheumatologic w/u

rheumatologic w/u
and autoimmune
antibodies

negative rheumatologic
w/u and autoimmune
antibodies
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Symptom 9 10 11 12 13 14 15 16
characteristics
Time from 1-2 minutes 8 days 8 hours 1-2 minutes 1 day 30 minutes 2 days 8 hours
vaccination to
any symptoms
Symptom at Leg heaviness, Lymphadenopathy in Flu like symptoms, Anxiety Sore arm, chills, Skin flushing, Feet paresthesia | Vertigo, nausea,
onset sensory changes in neck and axillary area fever muscle pain bilateral dull leg pain tachycardia, positional vomiting
lower limbs dizziness
Onset of 10 hours 14 days 2 days 3 days 20 days 10 days 7 days 14 days
neurological
symptoms
Neurological Generalized Numbness in left shin Orthostasis, fluctuation Severe retro-orbital and Bilateral paresthesia in Severe orthostatic Progressive Paresthesia in
symptoms paresthesia, and right hand; in heart rate and blood occipital headaches, lower limbs, bilateral tachycardia, paler, paresthesia in face, upper and
radiating pain in progressed to cold pressure, hausea, palpitation, intermittent calf pain diarrhea, fluctuation in upper and lower lower limbs,
both arms, skin sensation in left leg diarrhea, band like tinnitus, generalized blood pressure limbs episodic
color change and intermittent tightness in T2-T3 level; paresthesia, urinary positional .
paresthesia in all Paresthesia in face, incontinence, cognitive tachycardia, =
limbs; Raynaud’s upper and lower limbs; complaints exercise é
phenomenon in left internal tremor intolerance —
leg cognitive §
changes -
Neurological Normal Normal Normal Normal Normal Normal Normal Decreased O
examination vibration in 8
bilateral toes =k
MRI Normal cervical Normal brain and Not Done Normal brain and total Normal brain Not Done Normal brain Normal brain (3:
spinal cord cervical spinal cord spinal cord and total spinal [
cord
EMG-NCV Normal Not Done Not Done Normal Normal Normal Mild sensory Normal
neuropathy
Skin Biopsy Normal small fiber Not Done Normal Normal Borderline low normal normal Not Done Borderline low
density with some small fiber density normal small
axonal changes fiber density
Autonomic Low generalized Not Done POTS Low generalized Not Done POTS Not Done Low sudomotor
testing sudomotor sudomotor response, response in feet
response Reduced heart rate
variability to deep
breathing
(parasympathetic
function)
Other tests Negative Not Done Negative autoimmune Negative autoimmune Negative CSF pattern Il Not Done Negative

autoimmune
dysautonomia
antibodies

dysautonomia antibody
panel;negative
Rheumatologic w/u

dysautonomia antibodiy
panel;Normal CSF

rheumatologic w/u

OCB;negative
autoimmune
dysautonomia panel

autoimmune
dysautonomia
antibody panel;
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negative
Rheumatologic
w/u;CSF normal

Symptom 17 18 19 20 21 22 23
characteristics
Time from 5 hours 2 hours 1 day 3 hours 25 min 7 days 7 hours

vaccination to
any symptoms

Symptom at Severe tingling in all Transient right side face | Fatigue, headache, Intermittent cognitive Itching and rash in Tingling in hands and feet | Severe fatigue, night
onset limbs numbness loss of appetite complaints, headache, torso,tongue tingling sweat
dizziness
Onset of 5 hours 2 days 6 days 5 days 21 days 7 days 4 days
neurological
symptoms
Neurological Paresthesia and Intermittent Exercise intolerance; paresthesia and burning | Paresthesia and burning Paresthesia and burning Paresthesia in face and
symptoms burning sensation paresthesia, burning fasciculations in all sensation in V1 sensation all over body sensation in limbs and limbs, fasciculations in all
followed by and numbness in face, limbs; internal tremor, | distribution of and face face, fatigue, exercise muscle groups, internal
fasciculations in hands and feet. Mild facial paresthesia; trigeminal nerves; intolerance, calf pain, tremor, exercise
thighs and forearms right-hand weakness band like tightness in positional palpitation internal tremor, dizziness | intolerance, episodes of §:
with fine movements chest; cognitive and dizziness with tachycardia with activity [
and episodic positional changes; episodic activity [°
palpitation positional palpitations 5
Neurological Normal Normal Normal Normal Decreased pin prick in Mild decreased vibration Normal =
examination upper limbs up to mid sense in toes bilaterally ?)
forearm and lower limbs 8
up to knee -
MRI Not Done Normal brain, cervical Not Done Normal brain Normal brain and c-spine | Not Done Not Done o
and thoracic spinal cord 4
EMG-NCV Normal #Right chronic lower Not Done Normal #Mild decrease in Rt #Mild left Ulnar Not Done
trunk brachial ulnar motor and left neuropathy and mild Rt
plexopathy with no median sensory median neuropathy
active denervation conduction velocity
Skin Biopsy Low small fiber low small fiber density Normal Normal Normal Low small fiber density in Low small fiber density in
density in distal leg in distal leg distal leg distal leg
Autonomic Not Done POTS POTS; Decreased POTS Not Done Normal Not Done
testing generalized
sudomotor function
Other tests Negative Not Done Negative Negative Not Done Mildly positive ANA, Not Done

Rheumatologic w/u

Rheumatologic w/u;
Negative autoimmune
dysautonomia
antibody panel

Rheumatologic w/u;
Negative autoimmune
dysautonomia antibody
panel

other Rheumatologic w/u
negative

# unrelated and predated to receiving the vaccine
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Table 3a: Skin biopsy results

1 2 5 8 9 11 12 13 14 16 17 18 19 20 21 22 23
Skin fiber 14 11.3 2.8 7.3 9 13.1 8.2 6.3 17.2 8.6 4 6.2 17.1 10.5 13.1 1.2 0.5
density
distal leg
Skin fiber Normal Normal Normal Normal Normal Normal Normal Normal Normal Normal Normal Not Normal Normal Normal Not Not
density Done Done Done
distal thigh
sweatgland | no Not Not 10.6 Not 16.7 wnl Not Not 11.1 wnl 12.6 Not Not 12..8w 14.9 10.7 Not Not
nerve fiber sweat Done Done Done Done Done Done Done nl wnl Done Done
density calf gland in

sample
sweat gland 16.9 Not Not 18 Not 18.9 wnl Not Not 15 wnl 12.4 Not Not no no 14.4 Not Not
nerve fiber wnl Done Done Done Done Done Done Done sweat sweat Done Done
density gland gland
thigh in in

sample | sample

Table 3b: Small fiber density in skin biopsy

Distal leg 5th percentile
Age women men
20-39 8 5.9
40-59 5.4 4.6
60+ 3.5 3.3
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Control

Patient

Scale bars, A and C 100 um; B and D 50 um
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