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Abstract
Coronavirus disease 2019 (COVID-19) pandemic caused by severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) has led to an unprecedented setback 
for global economy and health. Vaccination is one of the most effective interven-
tions to substantially reduce severe disease and death due to SARS-CoV-2 infection. 
Vaccination programmes are being rolled out globally, but most of these vaccines 
have been approved without extensive studies on their side-effects and efficacy. 
Recently, new-onset autoimmune phenomena after COVID-19 vaccination have 
been reported increasingly (e.g. immune thrombotic thrombocytopenia, autoim-
mune liver diseases, Guillain–Barré syndrome, IgA nephropathy, rheumatoid ar-
thritis and systemic lupus erythematosus). Molecular mimicry, the production of 
particular autoantibodies and the role of certain vaccine adjuvants seem to be sub-
stantial contributors to autoimmune phenomena. However, whether the associa-
tion between COVID-19 vaccine and autoimmune manifestations is coincidental or 
causal remains to be elucidated. Here, we summarize the emerging evidence about 
autoimmune manifestations occurring in response to certain COVID-19 vaccines. 
Although information pertaining to the risk of autoimmune disease as a consequence 
of vaccination is controversial, we merely propose our current understanding of au-
toimmune manifestations associated with COVID-19 vaccine. In fact, we do not aim 
to disavow the overwhelming benefits of mass COVID-19 vaccination in preventing 
COVID-19 morbidity and mortality. These reports could help guide clinical assess-
ment and management of autoimmune manifestations after COVID-19 vaccination.
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INTRODUCTION

At the end of 2019, coronavirus disease 2019 (COVID-19) 
was first reported in Wuhan, China, triggered by severe 
acute respiratory syndrome coronavirus 2 (SARS-CoV-2), 
and has swiftly spread worldwide. As of 6 September 
2021, there have been 4·57  million confirmed deaths 
and 221 million confirmed cases of COVID-19 based on 
the COVID-19 Open Datasets by the Center for Systems 
Science and Engineering at Johns Hopkins University [1]. 
COVID-19 is characterized by a wide range of presenta-
tions, from asymptomatic or flulike illness causing fever, 
dry cough, fatigue, headache, loss of taste and smell to se-
vere pneumonia, leading to an acute respiratory distress 
syndrome (ARDS), with subsequent respiratory failure 
requiring mechanical ventilation [2–4]. Cytokine storm 
caused by SARS-CoV-2 is involved in the major mecha-
nism by inducing the production of pro-inflammatory 
cytokines and chemokines such as IL-1β, IL-6, IL-18, 
TNF-α and macrophage inflammatory proteins [5], ul-
timately leading to respiratory failure and death due to 
multi-organ failure [6, 7]. In addition, previous studies 
indicated that COVID-19 appears to be a risk factor for 
thrombosis through endothelial dysfunction, platelet ac-
tivation and abnormal blood flow described by Virchow, 
and the same scenario has been found in patients with 
COVID-19 during pregnancy [8–10]. To date, treatments 
for COVID-19 are mainly targeted symptomatic treat-
ment and supportive therapy. Currently, one of the most 
effective strategies for mitigating COVID-19 pandemic 
is global vaccination that can create an immune barrier 
among population to attenuate the speed and scope of 
SARS-CoV-2 transmission. As of 6 September 2021, 40·4% 
of the population worldwide have been given at least one 
dose of a COVID-19 vaccine, and 5·45 billion doses have 
been administered globally [11]. The two most common 
COVID-19 vaccine platforms currently in use, including 
mRNA (i.e. Pfizer-BioNTech and Moderna) and adeno-
virus vector (i.e. Johnson & Johnson and AstraZeneca), 
elicit robust humoral responses and have shown safety in 
the majority of populations vaccinated [12].

However, as vaccination programmes are being rolled 
out globally, many COVID-19 vaccine-related side-effects 
have been recently reported [13, 14], ranging from mild 
local symptoms (e.g. pain at the injection site) to systemic 
symptoms (e.g. fever and/or headache) [15]. Localized 
pain, fatigue, headache and muscle ache are the most 

prevalent adverse effects in patients with autoimmune and 
inflammatory rheumatic diseases following six COVID‑19 
vaccines [16]. Previous studies indicated that human pap-
illomavirus, hepatitis B and influenza vaccines may trig-
ger the onset or exacerbations of autoimmune diseases 
by molecular mimicry inducing autoimmunity [17–19]. A 
growing body of evidence has indicated that myocarditis 
[20], vaccine-induced immune thrombotic thrombocyto-
penia (VITT) [21, 22], IgA vasculitis [23] and autoimmune 
diseases, etc., may be potential consequence of COVID-19 
vaccines. Of note, side-effects vary considerably in line 
with the recipient's age and sex, with more severe effects 
in women than in men and in younger people than in the 
elderly [24]. However, whether the association between 
COVID-19 vaccine and autoimmune manifestations is co-
incidental or causal remains to be elucidated.

Given the emerging evidence between certain 
COVID-19 vaccines and autoimmune disease, the risk 
of autoimmune disease triggered by immunization has 
sparked public concern. Here, we discuss the major types 
of COVID-19 vaccines currently in use and their mecha-
nisms of action. Then, we postulate the plausible mech-
anism of immune activation triggered by COVID-19 
vaccine. Finally, we summarize a set of cases presenting 
with autoimmune manifestations occurring in response 
to COVID-19 vaccines, including VITT, autoimmune liver 
diseases, Guillain–Barré syndrome (GBS), IgA nephropa-
thy and other autoimmune manifestations. These reports 
could help provide guidance for the clinical assessment 
and management of autoimmune manifestations follow-
ing COVID-19 vaccination.

SEARCH STRATEGY

The MEDLINE/PubMed, Embase and Scopus electronic 
databases were used to search for literature on COVID-19 
vaccination and new-onset autoimmune phenomena 
published up to 31 October 2021. Both Mesh and rel-
evant free-text terms were used as follows: ("COVID-19 
Vaccine*" OR "SARS-CoV-2 vaccine*") AND ("autoim-
mune diseases" OR "autoimmunity" OR "autoimmune 
hepatitis" OR "thrombocytopenic idiopathic purpura" OR 
"Guillain-Barre Syndrome" OR "systemic lupus erythema-
tosus" OR "IgA glomerulonephritis" OR "vaccine induced 
thrombotic thrombocytopenia"). Table 1 details the terms 
used in the literature search.

K E Y W O R D S

adverse events, autoimmune diseases, COVID-19, SARS-CoV-2, vaccines
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COVID -­19 VACCINES AND THE 
MECHANISMS OF IMMUNE 
ACTIVATION UNDERLYING 
ADVERSE EVENTS

Brief overview of the leading COVID-­19 
vaccines

According to the COVID-19 vaccine tracker (https://
www.covid​-19vac​cinet​racker.org), currently 268 vaccines 
are in development, 97 are now in clinical testing, and 20 
are in use as of 1 September 2021. The used platforms in 
COVID-19 vaccines include classical and novel platforms, 
such as viral vector (replicating and non-replicating), 
protein-based (protein subunit, virus-like particle), nu-
cleic acid (RNA, DNA) and whole virus (inactivated or 
weakened) [25]. The two most common vaccines cur-
rently in use include mRNA-based (the Pfizer-BioNTech 
and Moderna) and adenovirus vector (the Johnson & 
Johnson and Oxford-AstraZeneca) vaccines.

Once mRNA vaccine is injected, the mRNA enters 
muscle cells, and the ribosomes perform cellular transla-
tion producing the spike protein, a viral receptor-binding 
domain that recognizes and binds to the host receptor 
angiotensin-converting enzyme 2. Subsequently, a robust 
CD8+ and CD4+T-cell-mediated response is triggered 
and eventually induces the production of neutralizing an-
tibodies and memory T and B cells [26]. As for adenoviral 
vector vaccines, SARS-CoV-2 antigens were delivered by 
viral vector to invade the cell. The virus vector is physi-
cally or chemically weakened and therefore does not cause 
disease [27]. Within the host cell, the SARS-CoV-2 spike 

protein antigen is expressed and triggers T-cell-mediated 
immune response [28, 29]. There are two leading viral 
vector vaccines currently in use including Janssen 
adenovirus-based vaccine and AstraZeneca adenovirus-
based vaccine (ChAdOx1 nCoV-19). There are currently 
17 non-replicating and two replicating viral vector candi-
date SARS-CoV-2 vaccines in clinical development [30]. 
The former has been approved by regulatory authorities 
around the world for emergency use [31].

However, dozens of different SARS-CoV-2 variants are 
spreading globally, including the Indian or Delta variant 
(B.1.617.2), and the United Kingdom or Alpha variant 
(B.1.1.7). The spread of SARS-CoV-2 variants is associated 
with antibody escape from the virus spike epitopes, pos-
sibly leading to reinfection and attenuating the effective-
ness of all types of the vaccines [32, 33].

The potential mechanisms of immune 
activation triggered by COVID-­19 vaccine

New-onset autoimmune manifestations following 
COVID-19 vaccination are being reported extensively 
[34–36]. The main mechanisms through which COVID-19 
vaccine triggers autoimmunity include molecular mim-
icry, the production of particular autoantibodies and the 
role of certain vaccine adjuvants.

Previous studies have revealed that SARS-CoV-2 infec-
tion could trigger autoimmunity [37], but the association 
between COVID-19 vaccine and autoimmune phenom-
ena remains nebulous. The respiratory system presented 
as the first organ invaded by SARS-CoV-2, which may be 

T A B L E  1   Search strategy of eligible literature

Database Search terms
Search 
strategy

PubMed #1 "COVID-19 Vaccines"[Mesh] OR "SARS-CoV-2 vaccine*"

#2 "Autoimmune Diseases"[Mesh] OR "Autoimmunity" OR "Hepatitis, Autoimmune"[Mesh] OR 
"Purpura, Thrombocytopenic, Idiopathic"[Mesh] OR "Guillain-Barre Syndrome"[Mesh] OR "Lupus 
Erythematosus, Systemic"[Mesh] OR "Glomerulonephritis, IGA"[Mesh] OR “vaccine induced 
thrombotic thrombocytopenia”

#1 AND 
#2

Embase #1 ‘covid-19 vaccine*’:ab,ti OR ‘sars-cov-2 vaccine'/exp

#2 ‘autoimmune disease'/exp OR ‘autoimmunity’:ab,ti OR ‘ autoimmune hepatitis’:ab,ti OR 
‘thrombocytopenic idiopathic purpura’:ab,ti OR ‘guillain-barre syndrome’:ab,ti OR ‘systemic 
lupus erythematosus’:ab,ti OR ‘ IgA glomerulonephritis,’:ab,ti OR ‘vaccine induced thrombotic 
thrombocytopenia’:ab,ti

#1 AND 
#2

Scopus #1 TITLE-ABS-KEY ("covid-19 vaccine*") OR TITLE-ABS-KEY ("SARS-CoV-2 vaccine*")

#2 TITLE-ABS-KEY (“autoimmune diseases”) OR TITLE-ABS-KEY ("autoimmunity") OR TITLE-
ABS-KEY ("autoimmune hepatitis") OR TITLE-ABS-KEY ("thrombocytopenia idiopathic 
purpura") OR TITLE-ABS-KEY ("Guillain-Barre Syndrome") OR TITLE-ABS-KEY ("systemic lupus 
erythematosus") OR TITLE-ABS-KEY ("IgA glomerulonephritis") OR TITLE-ABS-KEY ("vaccine 
induced thrombotic thrombocytopenia")

#1 AND 
#2
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involved in the cross-reactions between the immune re-
sponse after SARS-CoV-2 infection and pulmonary surfac-
tant proteins, because the SARS-CoV-2 spike glycoprotein 
and lung surfactant proteins shared 13 of 24 pentapep-
tides [38]. In addition, the cross-reaction between SARS-
CoV-2 proteins and a variety of tissue antigens could lead 
to autoimmunity against connective tissue and the car-
diovascular, gastrointestinal and nervous systems [39]. 
Infections act as environmental triggers to cause autoim-
mune diseases triggered by vaccines, while microbial an-
tigens can elicit cross-reactive immune responses against 
self-antigens [19]. The immune cross-reactivity triggered 
by the similarity between certain vaccine components 
and specific human proteins could render immune sys-
tem against pathogenic antigens to attack similar proteins 
in susceptible population and lead to autoimmune dis-
eases, a process known as molecular mimicry. Influenza, 
hepatitis B and human papillomavirus vaccines have 
been suspected to trigger autoimmunity through mo-
lecular mimicry [18, 39]. In addition, only a minority 
of vaccinated subjects subsequently developed autoim-
mune phenomena, indicating a genetic predisposition to 
vaccine-induced autoimmunity.

Vaccine could trigger the adaptive immune response 
to display its protective effect, which may stimulate a 
hyperinflammatory condition. Post-vaccination healthy 
individuals exhibit acute increases in type I IFN expres-
sion, oxidative stress and DNA damage accumulation in 
blood mononuclear cells, coupled with effective anti-
SARS-CoV-2-neutralizing antibody production [40]. 
Sprent and King deem that the side-effects of COVID-19 
vaccines are simply a by-product of a transient burst 
of IFN-I generation concomitant with induction of an 
effective immune response [41]. However, the produc-
tion of particular autoantibodies may be responsible 
for these adverse events. VITT events have been widely 
reported, which plausibly attributed to platelet factor 
4 (PF4) antibody-mediated platelet activation through 
IgG-FcγR interactions [42]. Also, complement acti-
vation triggered by anti-PF4 antibodies appears to be 
implicated in VITT [43]. However, Greinacher A et al. 
found that PF4 antibodies induced by vaccination do not 
cross-react with the SARS-CoV-2 spike protein [44]. In 
addition, contact system activation by nucleic acid, com-
plement recognition of the vaccine-activating allergic 
effector cells, pre-existing antibody recognition of poly-
ethylene glycols (PEGs) and direct mast cell activation, 
coupled with potential genetic or environmental predis-
positions to hypersensitivity, account for anaphylaxis to 
COVID-19 mRNA vaccines [45].

Vaccine adjuvants could render vaccine immunoge-
nicity by triggering the NLR pyrin domain containing 3 
(NLRP3) inflammasome [46]. The mRNA contained in 

mRNA vaccine present as both antigen and adjuvant, and 
is identified by endosomal Toll-like receptors (TLRs) and 
cytosolic inflammasome components, triggering inflam-
mation and immunity [47]. The NLRP3 inflammasome 
displays a vital role in innate and adaptive immune sys-
tem, as well as its contribution to several autoimmune 
diseases including rheumatoid arthritis, systemic lupus 
erythematosus (SLE), Sjögren's syndrome, systemic scle-
rosis and ankylosing spondylitis [48]. Vaccines based on 
mRNA-containing lipid nanoparticles (LNPs) are a prom-
ising new platform used by two leading vaccines against 
COVID-19. The LNP, with the potent adjuvant activity, 
was chosen as a carrier vehicle to protect the mRNA from 
degradation and aid intracellular delivery and endosomal 
escape. The LNPs are composed of a mixture of phos-
pholipids, cholesterol, PEGylated lipids, and cationic or 
ionizable lipids. IgE-mediated reactions related to PEGs, 
an identified culprit, may be involved in anaphylactic re-
actions following COVID-19 vaccination [49, 50]. Other 
excipients than PEG, such as a buffer/oxidation inhibi-
tor (histidine) and non-ionic surfactant (polysorbate 80) 
contained in the adenovirus-based AstraZeneca vaccine, 
could also display a potential role in anaphylaxis or serious 
hypersensitivity reactions after vaccination [51]. In mouse 
models, LNPs could trigger inflammatory responses, char-
acterized by massive neutrophil infiltration, activation of 
diverse inflammatory pathways, and production of vari-
ous inflammatory cytokines and chemokines, including 
the secretion of IL-1β/IL-6 and macrophage inflammatory 
protein-α and macrophage inflammatory protein-β [52] 
(Figure 1).

AUTOIMMUNE MANIFESTATIONS 
FOLLOWING COVID -­19 VACCINE

Vaccine-­induced thrombotic 
thrombocytopenia

Vaccine-induced thrombotic thrombocytopenia (VITT), 
also known as thrombosis with thrombocytopenia syn-
drome, clinically resembles the hallmarks of autoimmune 
heparin-induced thrombocytopenia (HIT) without any 
prior history of heparin exposure or known risk factors 
for thrombophilia. The affected patients are all young and 
previously healthy, and they have widespread thrombi, 
predominantly in atypical sites, encompassing cerebral 
venous sinus thrombosis (CVST), splanchnic vein throm-
bosis (SVT) and pulmonary emboli in combination with 
thrombocytopenia after receiving the COVID-19 vaccine. 
Emerging evidence has reported adverse events after 
COVID-19 vaccine as vaccination programmes are being 
rolled out globally.
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Initial complications of thrombocytopenia and throm-
bosis associated with vaccination in atypical locations 
were mainly seen in the adenoviral-based COVID-19 vac-
cine. A case of a 62-year-old woman developed VITT and 
had aching joints, moderate headache, petechiae and hae-
matomas after receiving ChAdOx1 nCoV-19 vaccine. The 
laboratory test showed thrombocytopenia, low fibrinogen, 
elevated D-dimer and positive platelet factor 4. She re-
sponded well to treatment with high-dose intravenous im-
munoglobulin (IVIg) and prednisolone [53]. A 27-year-old 
fit and well man had intermittent headaches, eye floaters 
and vomiting 2 days after vaccination, coupled with ele-
vated D-dimer, low platelets and fibrinogen, positive PF4 
antibodies and significant CVST [54]. An observational 
study of 492  healthcare workers from Norway reported 
a low prevalence of both thrombocytopenia and antibod-
ies to PF4/polyanion complexes after vaccination with 
AZD1222 [55]. See et al. reported 12 patients of cerebral 

venous sinus thrombosis with thrombocytopenia, and 
these patients were all women, younger than 60 years, and 
presented with symptom onset ranging from 6 to 15 days 
after vaccination requiring hospitalization [56]. Recently, 
Scully et al. described in detail the clinical and laboratory 
profiles of 22 patients in which acute thrombocytopenia 
and thrombosis were developed. Among these 22 patients, 
14 cases were women, with an age range of 21–77 years 
(median age of 46  years), and 21  had elevated D-dimer 
levels, positive PF4 antibodies and abnormal fibrinogen 
levels. In addition, 13 of these 22 patients had CVST; four 
cases had pulmonary embolism, one case had deep vein 
thrombosis and bilateral adrenal haemorrhage, two cases 
had ischaemic stroke affecting the middle cerebral artery 
region, and two cases had portal vein thrombosis [57]. 
Schultz and colleagues reported that 5 patients aged 32–
54 years had CVST and thrombocytopenia 7 to 10 days after 
vaccination. All patients had high levels of PF4-polyanion 

F I G U R E  1   Potential mechanisms inducing autoimmunity through vaccine adjuvants. Vaccine adjuvants can activate inflammasomes. 
Canonical inflammasomes recruit caspase-1 via the adaptor molecule ASC, leading to activation of caspase-1 and the release of pro-
inflammatory DAMPs such as IL-1α or HMGB1. Non-canonical inflammasomes activate the NLRP3 inflammasome, which indirectly 
induces the maturation and secretion of IL-1β and IL-18 via the non-canonical route, which bind to the receptors and activate the NF-
κB signalling pathway, ultimately leading to the upregulation of NLRP3, pro-IL-1β and pro-IL-18. In addition, pre-existing antibody 
recognition of polyethylene glycols (PEGs) and direct mast cell activation, coupled with potential genetic or environmental predispositions 
to hypersensitivity, account for anaphylaxis to COVID-19 mRNA vaccines. ASC, apoptosis-associated speck-like protein containing a CARD; 
HMGB1, high-mobility group box 1; IL-1α, interleukin-1α; IL-1β, interleukin-1β; IL-18, interleukin-18; NF-κB, nuclear factor kappa B; PEG, 
polyethylene glycol

Vaccine adjuvants

Inflammasomes

Mast cell

Anaphylaxis

NLRP3 inflammasome

IL-1β and IL-18 IL-1α or HMGBI

NF-kβ

Pro-inflammunity
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antibodies, without previous exposure to heparin [58]. 
Greinacher et al. reported that 11 cases of Austrian and 
German origin had thrombosis or thrombocytopenia after 
COVID-19 vaccine. Nine of 11 patients were women, with 
a median age of 36  years (range 22–49  years). Among 
these 11 patients, nine cases had CVST, three cases had 
SVT, three cases had pulmonary embolism, and four cases 
had other blood clots [59]. A 50-year-old woman without 
personal or family history of venous thromboembolism 
and contraceptive use developed severe back pain and 
headache 10  days after vaccination. Laboratory inves-
tigations showed a severe thrombocytopenia, elevated 
serum D-dimer concentration and iron deficiency anae-
mia [60]. The first case was a 44-year-old male healthcare 
worker from Australia. He had received the first dose of 
the COVID-19 vaccine 8 days prior to presentation with 
fevers, fatigue, abdominal discomfort and increased bowel 
frequency. The laboratory results showed low platelet 
count, markedly elevated D-dimer, positive PF4 antibod-
ies and thrombosis with complete occlusion of the portal 
and splenic veins [61]. There were two cases of CVST and 
thrombocytopenia after receiving vaccine. The first case 
had headache, left-sided incoordination and hemiparesis. 
The other patient was a 25-year-old man with previous 
primary sclerosing cholangitis (PSC) and migraines, who 
developed more severe headache, photophobia, neck stiff-
ness and visual disturbances, and the PF4 antibody was 
positive. Both cases had neurological deterioration and 
died [62]. On the contrary, based on a national prospective 
cohort, Simpson et al. found that no positive associations 
were seen linking COVID-19 vaccination to thrombocyto-
penic, haemorrhagic and thromboembolic events [63]. A 
cohort including 148 792 people in Denmark and 132 472 
in Norway, who accepted the first dose of ChAdOx1 nCoV-
19, found higher rates of venous thromboembolic events 
than general population [64]. A 41-year-old man accepted 
his first dose of ChAdOx1 nCoV-19 vaccination 11  days 
prior to presentation with headache, severe thrombocyto-
penia, increased D-dimer and extensive thrombosis of the 
whole portal venous system [65]. A 50-year-old white man 
in good health suffered from a worsening headache. The 
CT scan of his brain revealed intraparenchymal haemor-
rhage in the left cerebral hemisphere, and CT angiography 
revealed multiple small bleeding sites [66]. A 55-year-old 
woman had conjunctival congestion, retro-orbital pain 
and diplopia, coupled with marked thrombocytopenia and 
positive IgG antiplatelet antibodies. She was diagnosed 
with bilateral SOVT, immune thrombocytopenic purpura 
(ITP) and ischaemic stroke [67]. A 51-year-old woman de-
veloped dyspnoea, fatigue and cough, coupled with a se-
vere thrombocytopenia, elevated D-dimer and C-reactive 
protein, central pulmonary embolism and venous throm-
bus [68]. A case of a 40-year-old woman with migraines 

and obesity had a sudden headache, body aches, fever 
and chills. Laboratory results demonstrated thrombocy-
topenia, elevated D-dimer, positive PF4 antibodies, pul-
monary emboli and dural venous sinus thrombosis [69]. 
In addition, Muir et al. reported a case of a 48-year-old 
White woman who developed mild anaemia, severe 
thrombocytopenia, low fibrinogen level and elevated D-
dimer, suggesting a diffuse intravascular coagulation-like 
state. Additional tests revealed CVST and extensive SVT 
[70]. However, the distinction in VITT events following 
two adenoviral vector vaccines (i.e. Ad26.COV.2.S and 
ChAdOx1 nCoV-19) has not been elucidated. Hwang et al. 
concluded that CVT after vaccination with Ad26.COV.2 
occurred later than vaccination with ChAdOx1 nCoV-19, 
with similar mortality despite more thrombosis and cere-
bral haemorrhage, and lower D-dimer and activated par-
tial thromboplastin time level [71].

In addition to adenovirus vector vaccine, thrombotic 
events related to other vaccine occurred as the expansion 
of vaccination coverage. Welsh et al. reported 15 and 13 
cases of thrombocytopenia among 16 260 102 doses of 
COVID-19 vaccine (Moderna) and 18 841 309 doses of 
COVID-19 vaccine (Pfizer-BioNTech), respectively [72]. 
A 39-year-old female patient received a second dose of 
the BNT162b2 COVID-19 vaccine 3  days prior to the 
onset of fatigue, muscle aches and petechial rash on 
her trunk, legs and arms, and profound thrombocytope-
nia [73]. Fueyo-Rodriguez et al. reported a 41-year-old 
woman had received the BNT162b2 COVID-19 vac-
cine 12  h prior to presentation with fever, tachycardia 
and nausea. Blood tests showed remarkably moderate 
thrombocytopenia, elevated C-reactive protein and IgE 
[74].

There are several putative mechanisms by which 
COVID-19 vaccine triggers immune thrombotic throm-
bocytopenia (ITT). First, Greinacher and colleagues 
considered that COVID-19 vaccination causes a rare 
ITT mediated by activation of antibodies against PF4 
that stimulate platelets through their Fcγ receptors. 
This rare adverse reaction closely mimics the clinical 
presentation of classical immune-mediated HIT dis-
ease that occurs after exposure to heparin. Surprisingly, 
none of these patients had been exposed to heparin 
prior to the onset [59]. In addition, this process appears 
to be involved in molecular mimicry, a well-established 
mechanism that may lead to autoimmunity associated 
with multiple viruses, inducing antibody-mediated re-
sponses to homological components of viruses, which 
may cross-react with self-antigens and result in au-
toimmune diseases [75–78]. However, Greinacher A 
et al. found no cross-reactivity between vaccine-induced 
PF4 antibodies and SARS-CoV-2  spiked protein, sug-
gesting that the vaccine-induced immune response to 
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SARS-CoV-2  spiked protein is not triggered by VITT 
[44]. In addition, the adenovirus–platelet–leucocyte 
complexes lead to platelet activation, mediated by p-
selectin and von Willebrand factor, which may result in 
accelerated platelet clearance in the liver [79], suggest-
ing that thrombocytopenia after adenovirus vaccination 
is frequent [80]. The prothrombotic disease VITT usu-
ally begins at least 1 week after vaccination. However, 
the virus is not replicable and circulating virus may dis-
appear 1–2 weeks after vaccination, so viral localization 
to the central nervous system and intestine is unlikely 
to cause thrombosis at these sites [81]. Polysorbate 80, 
a commonly utilized non-ionic surfactant and drug sta-
bilizer that is known to be effective in entering brain 
endothelial cells and crossing the blood–brain barrier 
when complexed with nanoparticles [82], could localize 
thrombosis to the central nervous system and trigger a 
pathogenic cascade [83]. However, Eichinger et al. ar-
gued that polysorbate 80 is unlikely to be present one or 
more weeks after vaccination when VITT occurs [81]. 
Antiphospholipid antibodies (APLs) may be partly re-
sponsible for thrombotic events after COVID-19 vacci-
nation, and it may trigger a type I interferon response 
associated with the production of APLs. It appears to 
be associated with an abnormally activated immune 
response involving innate immune cells, cytokines and 
complement cascade reactions [84]. Also, complement 
activation triggered by anti-PF4 antibodies appears to be 
implicated in VITT [43] (Figure 2).

Given the bulk of evidence related to VITT post-
COVID-19 vaccination, we have summarized the fol-
lowing clinical features. First, the majority of patients 
are healthy and with the absence of personal or family 
history of thromboembolic events. Second, the mean 
time to onset of symptoms after vaccination is 8  days. 
It may affect patients of all ages and both sexes, espe-
cially younger female individuals, age of these patients 
predominantly range from 27 to 62  years. Third, most 
patients without prior heparin exposure presented with 
elevated serum D-dimer, low fibrinogen level and pos-
itive PF4 antibodies in laboratory tests, accompanied 
by widespread thrombi, predominantly in atypical 
sites, encompassing CVST, SVT and pulmonary emboli 
in combination with thrombocytopenia. The primary 
treatment option is no-heparin anticoagulants and IVIg 
for patients with VITT [85].

Immune thrombocytopenic purpura

ITP is an autoimmune condition, characterized by de-
creased platelet level, which leads to mucocutaneous and 
other bleedings. Recently, there is growing evidence that 

new-onset ITP occurred after COVID-19 vaccination. The 
first case of ITP was a woman of 28 years old, who presented 
with fever, fatigue and headache, coupled with purpura 
on the trunk, extremities and bleeding lesions in the oral 
cavity following the AZD1222 administration [86]. The 
second patient was a 72-year-old woman who received the 
Moderna COVID-19 vaccine 1  day prior to presentation 
with reduced platelet, a rash, spontaneous oral bleeding, 
headache and diffuse petechiae across her arms, legs, and 
abdomen and haemorrhagic bullae of the gingival mucosa 
[87]. A 26-year-old woman who had a petechial rash asso-
ciated with thrombocytopenia 2 weeks after vaccination. 
Her liver function tests showed ITP and acute liver injury 
[88]. A 67-year-old patient from Hispanic had petechial 
rashes on her legs and chest 2 weeks after receiving the 
first dose of COVID-19 vaccine (Pfizer-BioNTech). Then, 
she received the second dose of the vaccine two days prior 
to developed bleeding in her gums, a rapid rash covering 
her body and a subconjunctival haemorrhage in the right 
eye [89]. Two cases of acute ITP developed severe throm-
bocytopenia of unknown causes after administration of 
ChAdOx1 [90]. Perricone et al. previously had summa-
rized a set of ITP cases related to vaccination. This may 
be involved in the molecular mimicry that pathogenic 
antibodies bind platelet and megakaryocytes leading to 
thrombocytopenia through opsonization, complement ac-
tivation and apoptotic pathways [91].

Autoimmune liver diseases

Autoimmune liver diseases represent a group of chronic 
inflammatory hepatobiliary diseases, including three dis-
tinct clinical manifestations, that is autoimmune hepati-
tis (AIH), primary biliary cholangitis (PBC) and PSC [92, 
93]. Environmental triggers (e.g. viruses, drugs and herbal 
products) could induce loss of self-tolerance to liver au-
toantigens. Previous studies have suggested that influenza 
and hepatitis A vaccines can cause AIH [94, 95]. However, 
emerging evidence has revealed a few cases regarding the 
onset of autoimmune liver diseases following COVID-19 
vaccine.

The first case was a 35-year-old Caucasian woman in 
her third month postpartum. She developed generalized 
pruritus, choluria and jaundice 13  days after receiving 
COVID-19 vaccine, coupled with positive antinuclear anti-
body and double-stranded DNA antibodies [96]. However, 
Capecchi PL et al questioned that the recent pregnancy 
represents a tremendous confounding factor associated 
with the development of AIH, rather than the COVID-19 
vaccine [97]. However, two additional male cases ex-
cluded pregnancy as a confounding factor. The first case 
was a 36-year-old male physician from Iraqi, who had 
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mild febrile reaction and markedly abnormal liver func-
tion tests 26 days after vaccination with ChAdOx1 nCoV-
19. Liver biopsy showed interfacial hepatitis with a mixed 
inflammatory cell infiltrate dominated by lymphocytes, 
without significant fibrosis. The post-biopsy pretreat-
ment Revised Original Score for Autoimmune Hepatitis 
is 15 [98]. Another case was a man of 63 years old who 
received his first dose of SARS-CoV-2 vaccine 7  days 
prior to presentation with acute severe autoimmune-like 
hepatitis and was well treated with prednisone, without 

a history of SARS-CoV-2 natural infection or autoimmu-
nity. Intriguingly, the patient carried the protective gene 
against PBC and without susceptibility genes of HLA al-
leles DRB1*03 and DRB1*04 [99]. An 80-year-old woman 
without alcohol use or smoking presented with high liver 
enzyme levels, jaundice, hyperchromic urine and interface 
hepatitis 1 week after receiving BNT162b2 mRNA vaccina-
tion and responded well to treatment by prednisone. The 
laboratory findings showed that aspartate aminotrans-
ferase (AST), alanine aminotransferase (ALT), bilirubin, 

F I G U R E  2   Schematic depiction of mechanisms inducing vaccine-induced immune thrombotic thrombocytopenia following COVID-19 
vaccination. APLs may represent a risk factor for thrombotic events following COVID-19 vaccination. APLs trigger a type I interferon 
response. It may inhibit anticoagulant pathway of protein C and directly bind platelets, triggering the coagulation cascade. It appears to be 
implicated in the aberrant activation of the immune response with participation of innate immune cells, cytokines and the complement 
cascade. In addition, COVID-19 vaccination can contribute to the rare development of immune thrombotic thrombocytopenia mediated 
by activating antibodies against PF4 that stimulate platelets through their Fcγ receptors. This rare adverse effect extremely resembles the 
clinical presentation of the classical immune-mediated HIT disorder. Complement activation triggered by anti-PF4 antibodies appears 
to be implicated in VITT. PF4-containing immune complexes can be recognized by C1q, which binds to the Fc portion of IgG molecule, 
thereby leading to C3 activation, amplification of complement responses and downstream generation of potent pro-inflammatory mediators 
and effectors, culminating in the enhancement of thromboinflammation. APLs, antiphospholipid antibodies; PF4, platelet factor 4; IgG, 
immunoglobulin G; VITT, vaccine-induced immune thrombotic thrombocytopenia; HIT, heparin-induced thrombocytopenia; COVID-19, 
coronavirus disease 2019
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alkaline phosphatase (ALP), gamma-glutamyltransferase, 
antinuclear antibody (ANA) and total IgG were posi-
tive [100]. Similar to the previously described cases, a 
71-year-old Caucasian woman developed jaundice and 
positive bilirubin, ALP and ALT 4  days after receiving 
COVID-19 mRNA vaccination (McShane et al. [101]). In 
addition, a 41-year-old woman developed epigastric pain, 
nausea, and vomiting with choluria and jaundice after re-
ceiving mRNA-1273 vaccine, eventually diagnosed with 
vaccine-induced AIH. Laboratory results were positive for 
ANA, anti-smooth muscle antibody, anti-soluble liver an-
tigen and anti-liver cytosol, and corticosteroid treatment 
with high-dose prednisone (1  mg/kg) was started with 
rapid normalization of liver enzymes [102]. A 76-year-old 
woman had received COVID-19 vaccination prior to the 
presentation of autoimmune hepatitis with positive anti-
smooth muscle antibody and elevated immunoglobulins 
G, and typical histological findings [103]. Rela et al. re-
ported two patients of AIH caused by COVID vaccination 
(Covishield). One case was a 38-year-old woman health-
care worker who developed deep jaundice, pedal oedema 
and dark urine, coupled with markedly elevated total bil-
irubin, AST and ALT on liver function tests. Another case 
was a 62-year-old diabetic man who had fever, anorexia 
and jaundice after vaccination. The liver function tests of 
ALT, AST and total bilirubin were elevated as well. His 
liver biopsy showed porto-central bridging necrosis and 
mild portal fibrosis, and eventually, he succumbed to the 
liver disease [104].

Based on current case reports, the type of vaccine that 
causes autoimmune hepatitis is primarily mRNA vaccine 
produced by Pfizer-BioNTech and Moderna. The mean 
time to onset of symptoms after vaccination is 13  days, 
ranging from 4 to 26 days. The main clinical manifesta-
tions include jaundice, interface hepatitis and abnormal 
liver function tests. Although the causal link between the 
SARS-CoV-2 vaccine and AIH cannot be definitively es-
tablished, these case reports suggest that this association 
could be more than coincidental. The reasonable lag time 
linking vaccination to the typical onset of symptoms and 
the laboratory results, as well as good response to treat-
ment, further validate the association between AIH and 
SARS-CoV-2 vaccination. However, pregnancy or drug 
use may serve as confounding factors that exaggerate this 
association. More evidence is warranted to further eluci-
date the exact causality.

Guillain–­Barré syndrome

Guillain–Barré syndrome (GBS) is a rare autoimmune 
neurological disorder that affects the peripheral nerves 
and nerve roots, induced by certain infections such as 

cytomegalovirus, Epstein-Barr virus and Zika virus [105]. 
Previous studies have shown that GBS was associated 
with vaccines for rabies, hepatitis A and B, and influenza. 
Emerging evidence indicated that GBS could occur fol-
lowing COVID-19 vaccination.

The first case, an 82-year-old woman, had general dis-
comfort and body pain during the first week after receiv-
ing her vaccination. Cerebrospinal fluid analysis showed 
separation of albumin cells and strengthening of the 
cauda equina nerve roots, compatible with the diagnosis 
of GBS [106]. In the context of COVID-19 vaccination, bi-
facial weakness may be an initial symptom of GBS [107]. 
A 62-year-old woman had gradual weakness of bilateral 
lower limbs preceded by paraesthesia and numbness 
11 days after receiving her first dose of COVID-19 vaccine, 
coupled with marked demyelinating sensorimotor poly-
neuropathy [108]. A 73-year-old gentleman developed 
progressive bilateral lower limb weakness 20 days after re-
ceiving the second dose of COVID-19 vaccine. Bilateral H 
reflexes deficit in gastrocnemius and elevated protein and 
albumin, consistent with early polymerogenic neuropathy 
[109]. Patel et al. reported a case who had a rapidly progres-
sive ascending muscle weakness and back pain 3 weeks 
after receiving his first dose of COVID-19 ChAdOx1 vac-
cine, eventually diagnosed with GBS and well responded 
to IVIg [110]. A case of 48-year-old man developed left-
sided lower motor neuron facial weakness and severe back 
pain following vaccination, with multifocal sensorimotor 
demyelinating polyneuropathy. The House Brackmann 
grade developed from III to V paralysis bilaterally and his 
symptoms were improved for treatment with IVIg and 
oral prednisolone [111]. Allen et al. reported 4 cases of the 
bifacial weakness with paraesthesia variant of GBS that 
developed after receiving SARS-CoV-2 vaccine. The symp-
toms occur 11–22  days after vaccination, which is the 
point when the vaccine produces the maximum immune 
response [112]. Five remarkably similar cases developed 
bifacial weakness with paranesthesia of limbs 7–12 days 
after vaccination with Vaxzevria [113]. In addition, seven 
of 1·5  million people in three districts of Kerala, India, 
had severe GBS within 2  weeks of the first dose of vac-
cine, an incidence 1·4–10 times higher than expected for 
the population [114]. According to Vaccine Adverse Event 
Reporting System, 130 cases of presumptive GBS were 
confirmed following vaccination with Ad26.COV2.S as of 
24 July 2021, and the observed-to-expected rate increased 
in all age groups apart from individuals aged 18–29 years 
[115]. However, among a cohort of 3,890,250 recipients 
from Hispanic vaccination with BNT162b2  mRNA vac-
cine, seven cases of GBS were found within 30 days after 
first-dose vaccine administration and no cases occurred 
after second-dose administration for an observed inci-
dence of 0·18/100 000 administered doses, suggesting that 
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the association between GBS and BNT162b2 vaccine re-
mained far-fetched [116]. Similarly, Lunn et al. proposed 
that when considering a more optimistic 4-billion-person 
immunization programme conducted over 1 year, 68 000 
cases of GBS would be expected to occur naturally during 
this period regardless of any immunization plan; this can-
not be considered causal [117].

Given the aforementioned evidence, the majority of 
GBS cases shared certain similar clinical features. First, 
an interval of 1–3  weeks between vaccination and the 
onset of symptoms supports a temporary causal relation-
ship. Second, bifacial weakness with paranesthesia of 
limbs, back pain, and demyelinating polyneuropathy are 
common symptoms of GBS onset after vaccination. Lastly, 
most patients have a good prognosis and respond well to 
IVIg.

IgA nephropathy

IgA nephropathy is the most common form of primary 
glomerulonephritis worldwide and results in renal fail-
ure in 20%–40% of patients within 20 years of diagnosis. 
Recently, several case reports suggest that COVID-19 
vaccination may be a trigger for IgA nephropathy. For 
instance, a 30-year-old man, without family history of 
kidney disease, developed fevers, headache and brown-
coloured urine, coupled with new-onset haematuria and 
proteinuria 1 day after vaccination, eventually diagnosed 
with IgA nephropathy [118]. Two healthy individuals had 
received COVID-19 vaccination shortly prior to presen-
tation with macroscopic haematuria, diagnosed with IgA 
nephropathy and crescentic glomerulonephritis, respec-
tively. The first case had headache, generalized myalgia 
and new-onset macroscopic haematuria, coupled with 
proteinuria and elevated serum creatinine. Renal biopsy 
showed IgA nephropathy with fibrocellular and fibrous 
crescents. The other patient was a 60-year-old female 
presented with macroscopic haematuria, proteinuria and 
acute kidney injury. Both patients did not have history of 
IgA nephropathy and COVID-19 infection [119]. In addi-
tion, patients with IgA nephropathy suffered from mac-
roscopic haematuria <24  h and gross haematuria after 
Pfizer COVID-19 vaccination, suggesting that COVID-19 
vaccines may also aggravate the recurrence of existing 
autoimmune diseases [120, 121]. A causal link between 
mRNA vaccines and IgA nephropathy has not been pre-
viously evaluated. The causal relationship between the 
COVID-19 vaccine and IgA nephropathy still cannot be 
concluded prematurely. Only multicentre and longitudi-
nal studies enrolling cases globally can truly validate the 
associations.

Inflammatory arthritis

Arthralgia is reported in 30·3% of people following the 
Sputnik V COVID-19 vaccination in Iran [122]. A cross-
sectional study of 724 patients with rheumatic and mus-
culoskeletal diseases showed that four of them reported 
episodes of arthritis following ChAdOx1 or BBV152 vacci-
nation [123]. The first was the confirmed case of arthritis 
in a patient without a history of chronic joint disease and 
SARS-CoV-2 infection, who presented with a moderate ef-
fusion and a small joint synovitis in the left elbow fossa 
and shoulder–elbow after receiving Sputnik V vaccine 
[124]. The second was a 23-year-old woman who devel-
oped swollen and painful left knee joint after CoronaVac 
vaccination, diagnosed with reactive arthritis and re-
sponded well to treatment with compound betamethasone 
[125]. The third was a 38-year-old Asian woman without 
other potential triggers, presented with pain, stiffness and 
swelling in both knee joints and shoulders following the 
first dose of the Sputnik V vaccine, and accompanied by 
positive rheumatoid factor, anti-citrullinated protein an-
tibodies and C-reactive protein. She was diagnosed with 
early rheumatoid arthritis and treated with methotrex-
ate, non-steroidal anti-inflammatory drugs and methyl-
prednisolone [126]. The fourth was a 49-year-old male 
who developed bilateral hand pain, swelling and stiffness 
3 days following the first dose of the vaccine, diagnosed 
with autoimmune polyarthritis triggered by the vaccine 
and responded well to treatment by prednisone, with 
slightly elevated C-reactive protein and anti-citrullinated 
protein antibody [127]. Similarly, the US Food and Drug 
Administration (FDA) also perceived that COVID-19 vac-
cination (mRNA-1273) is plausibly related to the onset of 
rheumatoid arthritis [128].

Other autoimmune manifestations

In addition to the complications described above, other 
autoimmune manifestations have been reported in some 
cases, such as SLE, lupus nephritis and Graves' disease. 
A 22-year-old woman had pain in right knee and fever 
for 15 days following COVID-19 vaccination, and subse-
quently developed polyarthralgia, bipedal oedema, cu-
taneous rash on fingertips and petechiae on lower limb 
after 10 days, coupled with positive antinuclear antibody 
and raised immunoglobulin values. She was diagnosed 
with SLE and anaemia of chronic diseases and was well 
responded to treatment with prednisone and hydroxy-
chloroquine [129]. A 23-year-old woman presented with 
abrupt eyelid oedema, foamy urine and nephrotic syn-
drome 1 week after vaccination with the first dose of the 
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AZD1222 (ChAdOx1-S) vaccine, and eventually diagnosed 
with SLE with class V lupus nephritis [130]. A case with 
subacute cutaneous lupus erythematosus converted to 
SLE after AZD1222 inoculation [131]. Several reports also 
revealed that Graves' disease can occur after SARS-CoV-2 
vaccination, which plausibly involved in a pathogenic im-
mune response triggered by vaccine adjuvants [132, 133]. 
In addition, a case with a history of vitiligo vulgaris and 
type 2 diabetes, suffered from fever, weight loss, asthenia 
and thyrotoxicosis 4  weeks after the administration of 
SARS-CoV-2 vaccine, diagnosed as Graves' disease  and 
type 1 diabetes mellitus [134]. As vaccination programmes 
are being rolled out globally, the emerging autoimmune 
phenomena are surfacing gradually. The post-vaccination 
surveillance programme and ongoing follow-up are war-
ranted to ensure data collection on these associations to 
assess causality.

PERSPECTIVE

In addition, to our knowledge, this is the first time to 
systematically review the new-onset autoimmune mani-
festations following COVID-19 vaccine. Although in-
formation about the risk of autoimmune disease as a 
consequence of vaccination is controversial, we merely 
propose our current understanding of autoimmune 
manifestations associated with COVID-19 vaccine. 
However, we still have a great deal of tough and unre-
solved issues. For instance, it is debatable whether to 
continue with subsequent vaccinations for patients who 
develop autoimmune manifestations after the first dose 
of vaccine. Moreover, there are no general criteria for 
the diagnosis of vaccine-induced autoimmune disease, 
which has to be evaluated on a case-by-case basis. The 
current issues are as follows: first, clinicians should 
apply four basic principles to evaluate causal associa-
tions between the administration of COVID-19 vaccines 

and autoimmune phenomena, including the consist-
ency, strength, specificity of the link and the temporal 
relation [19]; second, we should compare the degree 
of vaccine-related risk with the corresponding natural 
infection-associated risk for the whole population or a 
specific subgroup; and third, appropriate epidemiologi-
cal studies and animal models are warranted to identify 
the exact causality and elucidate the underlying biologi-
cal mechanisms. For these susceptible populations, the 
risk of vaccine-induced autoimmune diseases should be 
weighed against the risk of exposure to SARS-CoV-2 in-
fection. The information discussed above helps to guide 
clinical assessment and management of autoimmune 
manifestations post-COVID-19 vaccination, which is 
pivotal in taking precautionary measures and managing 
vaccine hesitancy.

CONCLUSION

In the light of the information discussed above, emerg-
ing evidence has indicated that new onset of autoimmune 
manifestations including VITT, autoimmune liver dis-
eases, GBS and IgA nephropathy appears to be associated 
with COVID-19 vaccines (Table 2). The plausible mecha-
nisms by which COVID-19 vaccines lead to autoimmune 
manifestations include molecular mimicry, the produc-
tion of particular autoantibodies and the role of certain 
vaccine adjuvants. Further studies are warranted to elu-
cidate the underlying biological mechanisms and identify 
the exact causality.

In terms of treatment measures, standard therapies 
for vaccine-induced autoimmunity have not been defined 
currently. Based on the aforementioned evidence, once 
the diagnosis of certain particular autoimmune disease 
has been confirmed, symptomatic treatment should be 
administered, such as disease-modifying anti-rheumatic 
drugs (DMARDs), non-steroidal anti-inflammatory drugs 

T A B L E  2   Different new-onset autoimmune phenomena following diverse COVID-19 vaccines

Autoimmune phenomena Vaccine type

Vaccine-induced immune thrombotic thrombocytopenia Adenovirus vector vaccine and mRNA vaccine

Immune thrombocytopenic purpura mRNA vaccine

Autoimmune liver diseases mRNA vaccine and Adenovirus vector vaccine

Guillain–Barré syndrome mRNA vaccine and Adenovirus vector vaccine

IgA nephropathy mRNA vaccine

Autoimmune polyarthritis mRNA vaccine

Rheumatoid arthritis mRNA vaccine and Adenovirus vector vaccine

Graves' disease mRNA vaccine

Type 1 diabetes mellitus mRNA vaccine

Systemic lupus erythematosus Adenovirus vector vaccine
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(NSAIDs) and glucocorticoids for rheumatic diseases, in-
travenous immunoglobulin for Guillain–Barré syndrome, 
and prednisone for autoimmune liver diseases and SLE. 
Of note, using no-heparin anticoagulants and intrave-
nous immunoglobulin to treat patients with VITT is also 
recommended.

Although allergic reactions to vaccines are rare, as 
vaccination programmes are being rolled out globally, 
many vaccine-related side-effects are being reported. 
Importantly, we do not aim to disavow the overwhelming 
benefits of mass vaccination with COVID-19 in controlling 
COVID-19 pandemic and preventing COVID-19 morbid-
ity and mortality. We encourage and support COVID-19 
vaccination globally to create an immunity barrier among 
population. Systematic monitoring and ongoing follow-up 
of autoimmune events will be critical in identifying poten-
tial associations between autoimmune manifestations and 
COVID-19 vaccination, specific mechanisms of diagnosis 
and risk stratification for future vaccination. In addition, 
most of the included literature were case reports or cross-
sectional studies, showing only a temporal association. 
Despite limitations of this review, these reports could help 
guide clinical assessment and management of autoim-
mune manifestations after COVID-19 vaccination.
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