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A case-control study of autoimmune AEFIs
following COVID-19 vaccination reported to
VAERS

Chris von Csefalvay*

July 6, 2021

Abstract

Autoimmune adverse effects following immunisation (AEFIs) are widely
regarded as a chief concern driving vaccine hesitancy. This case-control
study seeks to shed light on the true risk of autoimmune AEFTs associated
with the COVID-19 vaccine through a case-control analysis of VAERS re-
ports. Reports of autoimmune aetiology were matched with reports of
non-autoimmune controls. Statistical analysis reveals that the safety pro-
file of COVID-19 vaccines with regard to autoimmune AEFIs is highly
favourable. In particular, neuroautoimmune AEFIs have statistically sig-
nificant reporting odds ratios below unity (Guillain-Barre syndrome: 0.35,
multiple sclerosis: 0.70, transverse myelitis: 0.79), indicating a reduced
association of reports of these conditions with the COVID-19 vaccine ver-
sus other vaccines. Only three autoimmune aetiologies exceed a ROR
of 2.0 and thus present a potential signal. Of these, myasthenia gravis
(ROR = 3.90, p < 0.001, 95% CI: 2.63-5.80) may be the result of epi-
demiological confounding factors not sufficiently controlled by matching,
as the population most likely to develop myasthenia gravis was strongly
prioritised in the COVID-19 vaccine’s initial rollout. Immune thrombocy-
topaenia (ROR = 26.83, p < 0.001, 95% CI: 16.93-42.54) is a clear safety
signal, confirming a large number of case reports and studies that indi-
cate a risk of immune thrombocytopaenic events following the COVID-
19 vaccine. The lone strong safety signal of immune thrombocytopaenia
notwithstanding, this study attests to the safety of the COVID-19 vac-
cine where autoimmune conditions are concerned. Through quantifying
the risk of autoimmune disorders associated with COVID-19 vaccination,
this study contributes to a growing body of evidence supporting the safety
of such vaccines.

*Starschema Inc., Arlington, VA. Correspondence: csefalvayk@starschema.net.

NOTE: This preprint reports new research that has not been certified by peer review and should not be used to guide clinical practice.
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1 Introduction

Vaccines are, by their nature, intended to elicit immunogenic effects in the
recipient. Where the immune response results in an off-target humoral or cel-
lular immune reaction against the recipient’s own tissue, the clinical picture is
typically an autoimmune pathology. The notion of ”vaccine induced autoim-
munity”, which altogether overstates how rare and marginal such reactions are,
nonetheless numbers among the key controversies in the fight against vaccine-
preventable diseases. &) One must look no further than the story of the ill-fated
recombinant hepatitis B vaccine (HBV) for a case study of the devastating ef-
fects that may result when the suspicion of inducing autoimmunity is cast upon
a vaccine. Despite convincing evidence to the contrary, 2 a number of cases of
multiple sclerosis have been attributed to HBV in the late 1990s. Factual evi-
dence for the lack for such an association notwithstanding, B! the effects in the
public consciousness endure. Eurosurveillance reports that in France, where the
public discourse about the HBV-MS association was perhaps the most intense,
hepatitis B vaccination uptake was consistently below 50% in all segments of
the population ™ — a long way from the recommendation of universal hepatitis
B vaccination.

The endeavour to reach collective immunity to COVID-19 by way of vacci-
nation is, in this sense, no less susceptible to the danger of vaccine hesitancy. !
Qualitative studies attest that autoimmunity is among the key concerns of those
refusing vaccination, even among allied health professionals.® This is exacer-
bated by the dramatic rise in misinformation about the safety of the COVID-19
vaccines, @ especially via social media platforms like TikTok B! and Twitter. B0
In addition, two of the three vaccines approved in the United States for COVID-
19 prophylaxis at the time of writing use mRNA technology to create the SARS-
CoV-2 Spike protein antigen in the recipient’s body. The two mRNA vaccines,
widely known as the Pfizer/BioNTech and the Moderna vaccines (BNT162b2,
Pfizer, Inc., Collegeville, PA, USA and mRNA-1273/elasomeran, ModernaTX,
Inc., Cambridge, MA, USA, respectively), are the first prophylactic vaccines
to be approved by the Food and Drug Administration that rely on messenger
RNA. Both the 'novelty factor’, the emergency circumstances of authorisation
and misunderstandings about the mechanism of action have contributed to com-
plex public sentiment on the matter.

The purpose of this paper is to provide a degree of resolution to that com-
plexity by examining early information on autoimmune aetiologies submitted
to the Vaccine Adverse Event Reporting System (VAERS) maintained jointly
by the CDC and the FDA. At the time of writing, over 330m doses of the
COVID-19 vaccines have been administered in the United States, with a little
under half of the population being fully vaccinated. The speed and effective-
ness of this ambitious vaccination project is no doubt historical, but whether it
reaches the principal aim of attaining or approaching herd immunity depends
largely on the next few months. By quantitatively assessing the true risk of
autoimmune adverse effects on the basis of passive reporting to VAERS, this
paper contributes to dispelling concerns about off-target immunogenic effects
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and autoimmune presentations resulting from the COVID-19 vaccines.

2 Materials and methods

2.1 Data sources

Reporting data was obtained from VAERS via vaers.hhs.gov on 04 July 2021,
with data including reports up to 02 July 2021. In order to ensure a sufficient
number of controls, data was also obtained going back to 01 January 1995,
inclusive.

Maintained jointly by the CDC and the FDA, VAERS is a passive reporting
system for potentially vaccine-related adverse events. ™! As a passive report-
ing system, it relies on healthcare professionals, administrators and recipients
of vaccines to submit information about potential adverse events following im-
munisations (AEFIs). Reports may be made anonymously, and there is no
verification of reports against other objective sources, such as death certificates
for alleged fatal AEFIs or against hospital EMRs for claimed admissions. Nor
is there an established system to deduplicate reports that may have been sub-
mitted by multiple parties to the same event, potentially without each other’s
knowledge. ™2 This results in a significant potential for overreporting of AEFIs
to VAERS.

At the same time, there is no general obligation to report most AEFIs to
VAERS. An exception under this are circumstances covered by the National
Childhood Vaccine Injury Act of 1986 (42 U.S.C. §300aa-1 to 300aa-34). Each
of the Emergency Use Authorizations under which the three COVID-19 vac-
cines were authorised in the United States mandate reporting of certain AEFTs,
specifically

e any and all administration errors,

e serious adverse effects (AEFIs that result in death, life-threatening ill-
ness, inpatient hospitalisation or prolongation of pre-existing hospitalisa-
tion, persistent disability or which are determined to be serious in medical
judgment),

e instances of Multisystem Inflammatory Syndrome, and

e cases of COVID-19 necessitating hospitalisation or resulting in death.

As a passive reporting system, even with this increased degree of mandatory
reporting for COVID-19 vaccines, some AEFIs will go unreported. The very
extent of this underreporting is hard to ascertain. B3l Therefore, the study design
was devised so as to mitigate the effects of under- and overreporting as long as
these are uniform across vaccines.

DalttaT loading and management was performed using Python 3.7.5 and pandas
1.3.0.H4


vaers.hhs.gov
https://doi.org/10.1101/2021.07.06.21260074
http://creativecommons.org/licenses/by/4.0/

medRXxiv preprint doi: https://doi.org/10.1101/2021.07.06.21260074; this version posted July 7, 2021. 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.

It is made available under a CC-BY 4.0 International license .

2.2 Identifying cases

Cases were obtained from VAERS reports received between 1 January 1995 and
2 July 2021, inclusive, in respect of vaccinations that took place within the

United States.

A report was considered a case if at least one of the entries in

the reported SYMPTOM fields belonged to the set of relevant diagnoses. A diagno-
sis was considered relevant if its MedDRA code fell within the MedDRA High
Level Group Terms (HLGT) for autoimmune disorders (10003816) or immune
disorders NEC (10027665), but specifically exclude sarcoidoses (10039487), amy-
loidoses (10002023), blood isoimmune reactions (10023053) and transplant re-
jection (10052779). In addition, six diagnoses were explicitly excluded: ARDS
(10001052) and Systemic Immune Response Syndrome (SIRS) (10051379), which
are insufficiently specific to an autoimmune cause in the COVID-19 context, skin
sensitisation (10040785) as it is principally of an allergic rather than autoim-
mune etiology, shoulder injury related to vaccine administration (10081038) as
it permits a wide non-autoimmune etiology, and the general categories of ”ad-
verse event following immunisation” (10069520) and ”vaccination complication”
(10046861), which were insufficiently specific. This yielded the following hier-
archy (included diagnoses in bold type):

e Immune system disorders (10021428)

— Autoimmune disorders (10003816)

* XK XK X X X X X X X

Autoimmune disorders NEC (10027657)

Blood autoimmune disorders (10003817)

Endocrine autoimmune disorders (10003818)

Hepatic autoimmune disorders (10003820)

Lupus erythematosus and associated conditions (10025136)
Muscular autoimmune disorders (10003821)

Nervous system autoimmune disorders (10074484)
Rheumatoid arthritis and associated conditions (10039075)
Scleroderma and associated disorders (10039711)

Skin autoimmune disorders NEC (10052738)

— Immune disorders NEC (10027665)

EEE G CH

Acute and chronic sarcoidosis (10039487)
Amyloidoses (10002023)
Autoinflammatory diseases (10073080)
Blood isoimmune reactions (10023053)
Immune and associated conditions NEC (10027682), ex-
cept:
- ARDS (10001052),
- Adverse event following immunisation (10069520),
- Shoulder injury related to vaccine administration (10081038),
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- Vaccination complication (10046861),

- Skin sensitisation (10040785), and

- Systemic Immune Response Syndrome (SIRS) (10051379).
* Transplant rejection (10052779)
* Vasculitides (10052779)

Altogether, this yielded 9,287 cases, of whom 2,318 (24.96%) have been
exposed. A detailed cross-tabulation of the results is found in Table

2.3 Identifying controls

For the purposes of this analysis, we consider reports a potential control if none
of the reported symptoms fall within the autoimmune aetiologies referred to
in Subsection [2.2] Potential controls were, like cases, obtained from VAERS
reports between 1 January 1995 and 2 July 2021. This yielded a pool of 788,048
potential controls.

2.4 Identifying exposure

An exposure was defined as the listing of a COVID-19 vaccine in a report.
Notably, if the report listed the COVID-19 vaccine in the patient’s prior medical
history or medications field, but not in the field of vaccines in respect of which
the report is being filed, the report was not considered to be part of the exposed
class.

A COVID-19 vaccine, for the purposes of this analysis, was defined as any of
the approved COVID-19 vaccines in the United States, i.e. any vaccine with a
VAERS VAX_TYPE of COVID19. This included VAERS reports that specified the
VAX_TYPE as a COVID-19 vaccine, but did not identify the specific manufacturer,
recording the vaccine as COVID19 (UNKNOWN).

2.5 Case-control matching

Cases and controls were matched using pymatch 0.3.4. For each case, three con-
trols were selected randomly from all potential controls that match the case’s
gender (male, female or unknown/unspecified) and the case’s age band (<18,
18-25, 26-40, 41-55, 56-70 and >70). Separability was assessed by fitting 100
sequential models on balanced samples, with an average return of 59.3% indi-
cating some mild separability in the data. In particular, as is common with
age-banded data, propensities exhibited a hexamodal distribution that reflected
the number of age bands, with separability emerging most clearly towards the
extremes. The pre-match propensity score distribution is presented as Figure

2.6 Statistical analysis

Reporting odds ratios (ROR) were calculated using Fisher’s exact test from
scipy 1.7.0 for all conditions in the list of autoimmune aetiologies in Subsec-
tion [2:2] where at least 50 cases could be identified in the exposed population.
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Autoimmune aetiology Non-autoimmune aetiology

COVID-19 vaccine 2,318 342,148
Non-COVID-19 vaccine 6,969 445,900
Table 1: Cross-tabulation of cases and controls (columns) by exposure status
(rows).
Propensity Scores Before Matching
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Figure 1: Propensity scores of the case and control populations before matching.
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The ROR was calculated against all symptoms except certain purely diagnostic
entities (e.g. mere mentions of a test), procedures, ongoing care (e.g. pace-
maker maintenance) and normal test results. The statistical significance was
determined by calculating two-sided p values using Fisher’s exact test, under
the null hypothesis that reported cases and reported controls would have the
same likelihood of exposure to a COVID-19 vaccine.

3 Results

As Figure 2] shows, results were statistically significant for all but two AEFIs:
unspecified vasculitis (MedDRA 10047115) and unspecified autoimmune disor-
der (MedDRA 10061664). The RORs are particularly low for neuroautoimmune
conditions (Guillain-Barre syndrome, optic neuritis, multiple sclerosis and trans-
verse myelitis). This confirms previous findings as to the safety of COVID-19
vaccines with respect to neuroautoimmune AEFIs. 12

Only three specific autoimmune aetiologies exceed the reporting odds ratio
of 2.0, which is widely considered the minimum for signal generation in passive
pharmacovigilance. Psoriasis (ROR = 2.99, p < 0.001, 95% CI: 2.34-3.82) and
myasthenia gravis (ROR = 3.90, p < 0.001, 95% CT: 2.63-5.80) were observed
with a somewhat elevated ROR vis-a-vis other vaccines and other potential
AEFIs. In this age- and gender-matched analysis, the most significant result
that favoured controls pertained no doubt to immune thrombocytopaenia. As
Figure [2| indicates, the ROR for immune thrombocytopaenia was 26.83 (p <
0.001, 95% CI: 16.93-42.54) - in other words, a patient who presented with
immune thrombocytopaenia after a vaccination is approx 27 times more likely to
have received a COVID-19 vaccine than a non-COVID-19 vaccine. Nevertheless,
this must be understood in the context of the COVID-19 vaccine itself, and in
particular in the context of the confounding effects of age and age-related factors.

4 Discussion

4.1 Neuroautoimmune AEFIs

This study confirms previous findings as to the safety of the COVID-19 vaccine
with regard to neuroautoimmune disorders. 12 In particular, with respect to
Guillain-Barre syndrome, patients were three times as likely to have received a
non-COVID-19 vaccine than a COVID-19 vaccine. The absence of a neuroau-
toimmune safety signal may be usefully emphasised in reassuring the population
about the COVID-19 vaccines, especially considering the prominent position
such side effects occupy in the landscape of concerns about vaccines that drive
vaccine hesitancy. ® Neuroautoimmune disorders are serious, potentially fatal
and in many cases permanently disabling. For this reason, such an apprehensive
reaction is hardly unintelligible. The findings of this study further contribute
to the growing evidence base that underlines the safety of COVID-19 vaccines
with regard to neuroautoimmunity.
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Figure 2: Forest plot of autoimmune AEFIs with at least 50 cases in the treat-
ment group by Reporting Odds Ratio. Red markers indicate results that are
statistically significant at least at p < 0.05.
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4.2 Myasthenia gravis

Myasthenia gravis is an autoimmune process in which autoantibodies interfere
with neuromuscular signalling at the neuromuscular junction, specifically with
the nicotinic acetylcholine receptor (nAChR).H5! Other than a case study of
myasthenia gravis crisis following COVID-19 vaccination, 1 there has been
generally no evidence of a myasthenia gravis-related safety signal. In fact, the
clinical consensus is that the COVID-19 vaccine is safe for patients with myas-
thenia gravis, and indeed recommended as myasthenia gravis might correlate to
a worse clinical outcome with COVID-19. 78]

The slightly elevated ROR must be understood in the context of the COVID-
19 vaccination programme. First, the incidence of myasthenia gravis increases
with age. B%201 While the present study controls for age as a confounding factor
to some extent by way of case-control matching, the effect of such tools on ob-
viating confounders must not be overestimated. I Case-control matching may
reduce confounders, but certain higher order effects may remain resistant to this.
In particular, the COVID-19 vaccine was initially targeted at patients with pre-
existing conditions who might develop worse clinical outcomes if experiencing
COVID-19 infection. For this reason, it is quite likely that the cohort of those
who have received the COVID-19 vaccine would have had a higher prevalence of
chronic health conditions along with a higher average age. Indeed, in many parts
of the United States, vaccinations were primarily available only for those above
a certain age and/or suffering from chronic health conditions ("high risk pa-
tients’). Given the overall worse outcomes of COVID-19 among the population
with neuromuscular disorders overall,https://doi.org/10.1196 /annals.1254.053
it is therefore likely that such patients were overrepresented.

An additional factor is the not infrequent paraneoplastic etiology of myasthe-
nia gravis. Lambert-Eaton myasthenic syndrome (LEMS) is a paraneoplastic
syndrome associated most often with small cell lung cancer (SCLC).22 Al-
though Lambert-Eaton myasthenic syndrome has a MedDRA code of its own
(10067685), it is not inconceivable that a proportion of the myasthenia gravis
cases reported are of a paraneoplastic aetiology. Patients with malignancies, es-
pecially those undergoing cytotoxic and/or immunosuppressive chemotherapy,
have been among the first priority groups of the COVID-19 vaccination effort
throughout the United States. In addition, patients with previous episodes of
myasthenia gravis are frequently advised to avoid live vaccines, 23 and evidence
to the safety of most vaccines in myasthenia gravis notwithstanding, many physi-
cians recommend against other vaccinations as well. 22 Overall, these factors
could plausibly have combined to increase the apparent frequency of reported
myasthenia gravis episodes (which may be first or subsequent) to VAERS fol-
lowing COVID-19 vaccination. In the absence of a solid biological causal mech-
anism, and given the relatively low ROR, the evidence continues to support the
professional consensus that patients with myasthenia gravis may safely receive
the COVID-19 vaccine. 18 The risk of developing myasthenia gravis is, in view
of potential confounding factors, unlikely to be strongly associated with the
COVID-19 vaccine.


https://doi.org/10.1101/2021.07.06.21260074
http://creativecommons.org/licenses/by/4.0/

medRXxiv preprint doi: https://doi.org/10.1101/2021.07.06.21260074; this version posted July 7, 2021. 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.
It is made available under a CC-BY 4.0 International license .

4.3 Immune thrombocytopaenia

Immune thrombocytopaenia (until recently also known as immune thrombocy-
topaenic purpura, ITP) covers conditions of isolated thrombocytopaenia in the
absence of bone marrow dysplasia. 2% Like myasthenia gravis, immune throm-
bocytopaenia is associated with factors that predispose towards a higher priority
for vaccination. Immune thrombocytopaenia typically distributes along age in
a bimodal manner, with peaks in early childhood and above the age of 60, and
approx. 12% of patients with immune thrombocytopaenia in a recent French
study exhibited malignancies or myelodysplasia.28 As such, the presence of
uncontrolled confounding factors in this case is plausible to some extent.

Nevertheless, the very high relative reporting ratio of 26.83 cannot be dis-
counted purely by reference to confounding factors. Cases of post-COVID-19
vaccine immune thrombocytopaenia have been widely reported in the litera-
ture, 2800 across a range of vaccines, including the Moderna vaccine as well
as vaccines like ChAdOx1 (widely known as the Oxford-AstraZeneca vaccine).
While no causal mechanism has been convincingly identified for immune throm-
bocytopaenia following COVID-19 vaccination, molecular mimicry appears to
be a plausible potential mechanism. 21

The association of the Oxford-AstraZeneca vaccine with immune thrombo-
cytopaenia has been widely reported upon.B2 This may induce a degree of
misattribution bias and even misdiagnosis (since in approx. a third of cases
diagnosed as immune thrombocytopaenia, no autoantibodies are expressly iden-
tified). On the other hand, the high ROR incontrovertbly suggests a potential
safety signal. Welsh et al. convincingly demonstrate that despite this poten-
tial signal, the number of reports of immune thrombocytopaenia in view of the
number of vaccines administered does not exceed expectations. 3 Thus, while
the high ROR of immune thrombocytopaenia is no doubt putting COVID-19
vaccination on the map as a potentially associated exposure, it does not on its
own suggests an association. Out of an abundance of caution, further research
and monitoring of immune thrombocytopaenic episodes following COVID-19
vaccination may nevertheless be advisable.

4.4 Limitations

As any study that relies on passive reporting, data in this study must be con-
sidered in the wider context of limitations to passive reporting in general and
VAERS in particular. First, such analyses rely on what is reported, suffering not
only from under- and overreporting at the same time but also the phenomenon
known as differential reporting. B4 At the heart of differential reporting is the
cognitive bias that events seem to be related if they are temporally closely re-
lated and, vice versa, they are seen to be independent if they are further apart.
Since autoimmune disorders in particular often develop over a longer period of
time or may be latently present (from a biochemical perspective, i.e. presence
of autoantibodies) well before symptoms are felt and noticed, some cases may
evade association, and thus also evade reporting. Equally, many autoimmune

10
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disorders have a relatively long time to diagnosis due to the often nonspecific
symptoms. Finally, VAERS accepts reports from lay reporters (e.g. patients
and parents) whose attribution may not necessarily be in line with commonly ac-
cepted diagnostic categories. While the study design has been drafted to reduce
the risk of these factors through matching and through comparison with other
reported symptoms, its results must be seen with the limitations of VAERS
firmly kept in mind.

5 Conclusion

Case-control studies from passive reporting may contribute to our understand-
ing of the wider adversome of COVID-19 vaccines. While passive reporting
carries with itself inherent sources of bias and both under- and overreporting,
such sources are valuable for generating early signals ”in the wild”. This early
analysis contributes to our understanding of the COVID-19 vaccine’s adverse
effects profile by focusing on autoimmune AEFTs in particular, concluding that
for most potential AEFIs, an association with a COVID-19 vaccine is much less
likely than an association with a non-COVID-19 vaccine.

Only a small minority of AEFIs appear to show a potential safety signal. Of
these, the safety signals of psoriasis and myasthenia gravis are significantly less
pronounced. In particular, the potential safety signal of myasthenia gravis is to
a great extent explained — and thus, contradicted — by the strong association of
myasthenia gravis with factors such as age, which is reported to VAERS in a
structured manner, and neoplastic comorbidity, which is not.

This study underlines to a great extent the widely shared professional un-
derstanding that the COVID-19 vaccine is not liable to induce autoimmune
disorders or exacerbate existing autoimmune pathologies. 3537 In this sense,
it is a negative study’B8 — after all, rather than highlighting a new source of
risk, the findings above primarily reflect the safety of the COVID-19 vaccine
in the context of autoimmune AEFTs. It is, however, also a positive finding in
the sense that it may serve to bolster the case in favour of vaccination among
populations apprehensive of vaccinations due to the possibility of autoimmune
side effects or among patients already affected by an autoimmune disorder.

The single AEFT of concern is immune thrombocytopaenia (see Subsec-
tion , which has already been addressed both as case studies 2789 and as
in-depth epidemiological studies. 33! In that sense, the safety signal generated by
this study has already been picked up and analysed in detail. Further research
is certainly appropriate to monitor the expanding wealth of data on COVID-
19 vaccination. Nevertheless, the evidence from this study, based on over six
months of vaccinations and over 300 million individual vaccines, certainly con-
firms the consensus that COVID-19 vaccines are not significantly associated
with any unknown autoimmune risk factors. This result may be usefully inte-
grated not only into clinical care but also the wider discourse when responding
to patient concerns about potential off-target immunogenic effects of COVID-19
vaccines.
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