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Abstract
Objectives  During the summer of 2021, case reports began to emerge documenting a small number of individuals who 
developed autoimmune hepatitis (AIH) following COVID-19 vaccination. These cases are rare and novel, and very little 
is known. In our systematic review, we analyzed every published case of AIH and reviewed their characteristic findings, 
treatment, and outcomes.
Methods  We searched PubMed, Embase, and Web of Science from December 1, 2019, to November 1, 2021. Two research-
ers independently extracted information from the articles about vaccine type, patient history, laboratory values, histology 
results, treatment regimens, and disease course.
Results  Thirty-two patients developed AIH-like syndromes after receiving a COVID-19 vaccine. Jaundice was the most 
frequently reported symptom (81%), and 19% of patients were initially asymptomatic and presented with elevated liver 
enzymes found during routine bloodwork. Mean alanine transaminase, aspartate transaminase, and total bilirubin were 1231 
U/L, 921 U/L, and 14 mg/dL, respectively. Anti-nuclear antibody was positive in 56%, and anti-smooth muscle antibody in 
28% of patients. Steroids were used in 75% of patients. Improvement or complete resolution was seen in 97% of patients. 
One patient died despite aggressive steroid treatment.
Conclusion  COVID-19 vaccine-induced AIH is an uncommon association with just 32 documented cases in the literature. 
Clinicians should be vigilant for AIH in patients who present with liver injury following vaccination. These new findings 
should under not deter individuals from getting vaccinated, as the benefits of vaccination far outweigh the risks. Fortunately, 
COVID-19 vaccine-induced AIH appears amendable to corticosteroid therapy and appears to have a favorable outcome.

Introduction

The coronavirus 2019 (COVID-19) pandemic caused by 
severe acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) has led to dramatic loss of life worldwide with 
devastating impacts to the economic and psychosocial 

livelihoods of the modern world. In response to the rapidly 
spreading infection rates and the rising death toll, vaccines 
against COVID-19 were developed at an unprecedented 
rate. On December 11, 2020, the Pfizer-BioNTech COVID-
19 vaccine was issued emergency use authorization by the 
United States Food and Drug Administration (FDA), fol-
lowed by the Moderna vaccine on December 18, 2020. The 
Oxford-AstraZeneca vaccine was approved by the Medicines 
and Healthcare products Regulatory Agency (MHRA) of the 
United Kingdom on December 30, 2020. In the following 
months, billions of vaccine doses were administered world-
wide, with an estimated 51% of the global population having 
received at least one dose of a COVID-19 vaccine at the time 
of this writing [1].

The Pfizer-BioNTech and Moderna vaccines are effective 
in preventing hospitalization due to COVID-19 infection in 
immunocompetent adults, with efficacy rates of 88% and 93% 
respectively [2]. The safety profiles of both vaccines have been 
extensively studied [3, 4]. Side-effects are typically mild and 
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resolve within 1–3 days after vaccine administration. These 
include injection site pain, fatigue, headache, muscle pain, and 
chills [5]. During the initial phase III pre-approval clinical tri-
als, several potential adverse effects were identified, such as 
Bell’s palsy [3] and lymphadenopathy [6]. Small imbalances 
between the vaccine and placebo groups were also observed 
in the incidence of myocarditis, appendicitis, hypersensitivity 
reactions, acute myocardial infarction, and cerebrovascular 
accidents [4]. Multiple follow-up studies suggest that these 
adverse effects are extremely rare and that the causality in the 
original trials cannot be conclusively determined due to small 
sample size and lack of power [4, 7]. However, safety remains 
a concern. Several case reports have linked the COVID-19 
vaccine to the development of autoimmune diseases such as 
myocarditis and immune thrombocytopenic purpura (ITP) [8, 
9]. Despite this uncertainty, the overwhelming scientific con-
sensus remains that the benefits of the vaccine far outweigh 
the risks. As of November 4, 2021, the Centers for Disease 
Control and Prevention (CDC) recommends that all individu-
als above the age of 5 receive a COVID-19 vaccine. The CDC, 
FDA, and other federal agencies remain active in monitoring 
the safety and efficacy of the vaccines.

During the summer of 2021, case reports began to emerge 
documenting a small number of individuals who developed 
autoimmune hepatitis (AIH)-like syndromes shortly after 
receiving a COVID vaccine [10–25]. As of November 1, 
2021, there are 16 case reports from throughout the globe that 
describe 32 such patients. Given the small number of cases, 
causality cannot be proven. However, the growing number of 
cases, along with recent reports describing cases of vaccine-
associated myocarditis [8] and ITP [9], has raised concern for 
the possibility of vaccine-induced autoimmunity.

Autoimmune hepatitis is an immune-mediated disorder of 
unclear etiology, thought to be caused by loss of tolerance to 
hepatocyte-specific autoantigens [26] in genetically suscepti-
ble individuals. Triggers include infection, medications, and 
toxins [27]. AIH is classically associated with female gender, 
elevated transaminases, elevated levels of immunoglobulin 
G (IgG), and the presence of autoantibodies. Type 1 AIH is 
associated with the presence of anti-smooth muscle antibody 
(ASMA) with or without anti-nuclear antibody (ANA), while 
type 2 AIH is associated with anti-liver/anti-kidney micro-
some (anti-LKM) and anti-liver cytosol (anti-LC) antibodies. 
Estimates of AIH incidence range from 0.67 to 2 cases per 
100,000 people per year [29]. In our systematic review, we 
analyzed all 32 documented cases of AIH following COVID-
19 vaccination.

Methods

We conducted a systematic search of the literature using 
PubMed, Embase, and Web of Science from December 1, 
2019, to November 1, 2021. A combination of keywords 
was used in the medical subjects heading (MeSH), includ-
ing: “COVID-19,” “COVID19,” “COVID 19,” “COVID,” 
“coronavirus,” “SARS-CoV-2,” “SARS CoV 2,” “2019 
nCoV,” “2019ncov,” “2019-nCoV,” “2019 novel corona-
virus,” “Novel coronavirus 2019,” along with “vaccine,” 
“vaccination,” and “autoimmune hepatitis.” We screened 
the bibliographies of all primary articles for additional 
cases. We limited our search to articles written in English. 
We limited our search to case reports, case series, and 
letters to the editor. Our search was in line with PRISMA 
guidelines, and our screening process is detailed on the 
flowchart in Fig. 1. A total of 79 records were identified by 
our literature search. Two reviewers (KC and BI) indepen-
dently reviewed all records and identified 14 relevant arti-
cles. Two additional records were identified using a com-
bination of Google Scholar and Google Search, resulting 
in a total of 16 eligible records. KC and BI independently 
extracted information from the 16 articles about vaccine 
type, patient history, symptom onset, characteristics, labo-
ratory values, histology results, treatment regimens, and 
disease course.

Results

Demographics and Patient Information

We identified 32 cases of COVID-19 vaccine-induced 
AIH-like syndromes [10–25]. The mean age was 55.6 years 
with a standard deviation (SD) of 15.3 years, and 68.8% 
of patients were female. Six patients (18.8%) were Cau-
casian, and 26 patients (81.3%) had an unspecified race 
and ethnicity. Cases originated from throughout the globe 
with 17 patients from the USA, 11 from Europe, 3 from 
Asia, and 1 from Australia. Sixteen patients received the 
Pfizer-BioNTech vaccine, thirteen patients received the 
Moderna vaccine, and three patients received the Oxford-
AstraZeneca vaccine.

In our cohort, 10 patients (31.3%) had a history of liver 
disease, 9 patients (28.1%) had a history of autoimmune 
disease, and 5 patients (15.6%) had a history of both liver 
and autoimmune disease. This yielded 14 patients (43.8%) 
with a history of either liver or autoimmune disease, and 
18 patients (56.3%) with a history of neither liver nor auto-
immune disease. One patient was three months postpartum 
[10], and another was taking substitutive hormonal therapy 
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due to premature ovarian failure [16]. One patient had a 
history of untreated sarcoidosis [18], three patients had 
a history of hypothyroidism [19, 20, 24], and one patient 
had a history of primary sclerosing cholangitis and ulcera-
tive colitis [25]. Three patients had a prior history of AIH 
which had since resolved [21], and one patient had a his-
tory of COVID-19 infection that resolved. [24] (Table 1).

Medication Use

Four patients took acetaminophen shortly after receiving 
the first dose. Three patients were on chronic statin therapy. 
Twelve patients were taking potentially hepatotoxic medica-
tions including Pegylated interferon for polycythemia vera 
[12], levothyroxine [19, 20, 24], and nitrofurantoin [21]. 
However, each patient had been taking their medications 
for many years without recent changes to their medication 
regimens. The patient who reported nitrofurantoin use had 
completed a three-day course approximately 90 days prior 
vaccination, and thus nitrofurantoin-induced liver injury was 
deemed to be highly unlikely.

Presentation

The mean time to first symptom onset was 21.1 days after 
receiving the first COVID-19 vaccine dose. This latency 
time ranged from as little as two days to two months. Symp-
toms were recorded in 16 patients and were undocumented 
in 16. The most common symptoms were jaundice (81.3%), 
choluria (18.8%), fatigue (25.0%), anorexia (25.0%), pruritus 
(12.5%), abdominal pain (12.5%), and fever (6.3%). Three 

patients (18.8%) were initially asymptomatic and presented 
with elevated liver enzymes on routine bloodwork.

One patient [23] initially presented for malaise and jaun-
dice that began 3 days after her first dose. Her symptoms 
resolved without treatment but returned shortly after she 
received her second dose 2 months later. Similarly, another 
patient [16] presented with abdominal pain, nausea, and 
vomiting one day after her first dose. Her symptoms per-
sisted for 3 weeks but self-resolved. After an undisclosed 
time, she received her second dose and her symptoms reap-
peared at a higher intensity, this time with choluria and jaun-
dice. Another patient [15] developed pruritus 15 days after 
her first dose. She received her second dose on day 21 and 
developed jaundice on day 23.

Diagnosis

In our cohort, the most common pattern of liver injury was 
hepatocellular, with markedly elevated transaminases near 
the thousands. The mean alanine aminotransferase (ALT) 
was 1230.6 U/L, mean aspartate aminotransferase (AST) 
was 920.9 U/L, mean alkaline phosphatase was 296.6 U/L, 
and mean bilirubin was 13.8 mg/dL. Immunoglobulin G 
(IgG) was elevated (> 16 g/L) in 16 patients (50.0%). Lev-
els of gamma glutamyl transferase (GGT) were documented 
in 16 patients and were elevated (> 30 IU/L) in 7 patients 
(43.8%). Twenty-two patients (68.7%) had at least one posi-
tive autoantibody. Ani-nuclear antibody (ANA) was posi-
tive in 18 (56.3%) patients, anti-smooth muscle antibody 
(ASMA) was positive in 9 (28.1%), and anti-double stranded 
DNA was positive in 2 (6.3%). The liver kidney microsome 

Fig. 1   PRISMA flowchart 
describing the study screening 
and selection process
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was negative in all 32 patients. A completely negative 
autoantibody panel was seen in 10 patients (31.3%).

In ten cases, scoring systems such as the Simplified AIH 
score [28] and the Revised Original Score [29] guided the 
diagnosis of AIH. In 22 cases, the diagnoses were author-
defined and guided by clinical suspicion, laboratory data, 
and liver biopsy results. Liver biopsy was performed in 26 
patients (81.3%) [10–25], of which 7 had findings “typi-
cal” of AIH [10, 12, 14, 16, 19, 23, 24] and 19 had findings 
“compatible with” AIH. “Typical” histology findings are 
defined as the presence of all three of: (1) interface hepati-
tis with lymphocytic or lymphoplasmacytic portal inflam-
matory infiltrates extending into the lobule, (2) hepatocyte 
rosette formation, and (3) emperipolesis. “Compatible” 

histology findings are defined as chronic hepatitis with 
lymphocytic infiltration that do not meet requirements to be 
considered “typical.” [30] Eosinophils, which can also be 
seen in drug-induced liver injury (DILI), were observed in 
11 of the 26 liver biopsies (42.3%). [10, 12–15, 17, 19, 22, 
23, 25] (Table 2).

Treatment and Outcomes

Steroids were used as a first-line agent in 23 patients 
(71.9%). N-acetyl cysteine was used as first-line treatment 
in two patients, one of whom failed to improve and required 
methylprednisolone to be added as a second agent [15], 
while the other fully recovered without additional therapy 

Table 1   Demographics, patient information, and disease presentation

Patient information

Number of patients 32
Age (mean ± SD) 55.6 (± 15.3)
Gender
 Male 10 (31.3%)
 Female 22 (68.8%)

Race/ethnicity
 Caucasian 6 (18.8%)
 Unspecified 26 (81.3%)

Geographic location
 Australia 1 (3.1%)
 Asia 3 (9.4%)
 Europe 11 (34.4%)
 USA 17 (54.1%)

Predisposing conditions
 History of liver disease 10 (31.3%)
 History of autoimmune disease 9 (28.1%)
 None of the above 18 (56.3%)

Medications
 Acetaminophen 4 (12.5%)
 Statin 3 (9.4%)
 Other hepatotoxic medication 12 (37.5%)

Presentation
 Symptom onset, days after 1st dose (mean ± SD) 21.1 (± 15.0)
 Symptoms 16 documented, 

16 not docu-
mented

 Abdominal pain 2 (12.5%)
 Anorexia or weight loss 4 (25.0%)
 Asymptomatic 3 (18.8%)
 Choluria 6 (18.8%)
 Fatigue or malaise 4 (25.0%)
 Fever 1 (6.3%)
 Jaundice 13 (81.3%)
 Pruritus 2 (12.5%)

Table 2   Diagnostics, treatment, and clinical outcomes

Diagnostics

Peak laboratory values (mean ± SD)
 Alanine aminotransferase (U/L) 1230.6 (± 978.2)
 Aspartate aminotransferase (U/L) 920.9 (± 397.2)
 Alkaline phosphatase (U/L) 296.6 (± 458.0)
 Bilirubin (mg/dL) 13.8 (± 33.7)
 Gamma glutamyl transferase (U/L) 366.3 (± 252.5)
 Immunoglobulin G (g/L) 23.1 (± 8.4)

Antibodies
 Anti-nuclear antibody 18 (56.3%)
 Anti-smooth muscle antibody 9 (28.1%)
 Anti-double stranded DNA 2 (6.3%)
 Other 3 (9.4%)

Liver biopsy
 Performed 26 (81.3%)
 Not performed 6 (18.8%)
 Eosinophils on histology 11

Treatment
First agent
 Budesonide 1
 N-acetylcysteine 2
 Prednisone 11
 Prednisolone 9
 Unspecified intravenous steroids 2
 No treatment 7

Second agent
 Azathioprine 3
 Methylprednisolone 1
 N-acetylcysteine 1
 Therapeutic plasma exchange 1

Clinical outcomes
 Time to first improvement, days (mean ± SD) 5.5 (± 4.2)
 Time to resolution, days (mean ± SD) 28.1 (± 14.5)
 Alive 31 (96.9%)
 Dead 1 (3.1%)
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[21]. Of those who received steroids as first-line treatment, 
11 received prednisone, 9 received prednisolone, 2 received 
unspecified intravenous steroids, and 1 received budesonide. 
Seven patients received no treatment, all of whom recovered. 
The mean time to first improvement was 5.5 days, and the 
mean time to disease resolution was 28.1 days. Improvement 
or complete resolution was seen in 31 out of 32 patients 
(96.9%).

One death was observed in our review [19]. The patient 
was a 62-year-old male from India who developed AIH 
13 days after receiving the first dose of the Oxford-Astra-
Zeneca vaccine. He was initially treated with 30 mg of pred-
nisolone per day with transient improvement in his liver 
enzymes before deteriorating due to unclear reasons. A liver 
transplant was offered, but the patient’s family declined. The 
patient received five cycles of therapeutic plasma exchange 
which failed to improve his condition. He died 3 weeks after 
admission.

Discussion

As of November 4, 2021, an estimated 4 billion individuals 
worldwide have received at least one dose of the COVID-19 
vaccine [1]. In the USA, approximately 250 million Pfizer-
BioNTech and 162 million Moderna have been adminis-
tered, with an estimated 234 million individuals who have 
received at least one dose [1]. COVID-19 vaccine-induced 
AIH is extremely rare with just 32 documented cases in the 
literature (17 cases in the United States). Although causality 
cannot be proved, this phenomenon should not be treated 
as coincidence. Clinicians should be vigilant for vaccine-
induced AIH in patients who present with jaundice and 
abnormal liver enzymes following vaccination. We estimate 
the risk of AIH due to COVID-19 vaccination to be at least 
1 in 14 million, although we acknowledge not all cases of 
vaccine-induced AIH have been documented in the litera-
ture. In comparison, the estimated incidence of idiopathic 
AIH ranges from 0.67 to 2 cases per 100,000 people per 
year. [31].

Vaccine-induced AIH is not unique to the COVID-19 
vaccine. Case reports have documented AIH following vac-
cinations such as influenza [32, 33], hepatitis A [34, 35], 
measles, mumps, and rubella (MMR), typhoid, polio, and 
diphtheria/tetanus [34, 36]. Presentation of AIH was het-
erogenous in most cases, but all were acutely symptomatic 
with non-specific findings such as jaundice and abdominal 
pain. Interestingly, evidence of chronic liver disease was 
observed on the initial histologic examination of many 
patients. Nevertheless, all patients documented received 
steroid therapy with positive responses.

Molecular mimicry is thought to play a significant role 
in the development of autoimmune disease associated with 

other vaccines, such as vaccines for influenza and hepatitis 
B (HBV). In the influenza vaccine, cross-reactivity between 
a peptide sequence of surface-exposed influenza nucleopro-
tein A and the extracellular domain of Hypocretin recep-
tor reportedly led to an increase in narcolepsy incidence in 
patients receiving the Pandemrix or Arepanrix vaccine [37, 
38]. In the HBV vaccine, small HBV surface antigens in the 
vaccine exhibited similarity to multiple sclerosis autoanti-
gen myelin basic protein (MBP) and myelin oligodendrocyte 
glycoprotein (MOG). Increased reactivity between vaccine 
HBV surface antigen and MOG was subsequently observed 
in over 60% of vaccinated subjects, predisposing them to 
multiple sclerosis [37, 39]. Although the pathophysiologi-
cal mechanism behind COVID-19 vaccine-induced AIH is 
unclear, molecular mimicry likely plays a role. Antibodies 
against spike protein S1 have been shown to have a high 
affinity toward other human tissue proteins [40]. Vojdana 
et al. demonstrated that 21 out of 50 tissue antigens had 
moderate to strong reactions with the SARS-CoV-2 anti-
bodies, suggesting that cross-reaction between SARS-CoV-2 
proteins and other human tissue may exist. The Pfizer-BioN-
Tech and Moderna vaccines are mRNA vaccines that lead to 
the production of spike protein, and thus antibodies against 
the spike protein. Molecular mimicry may lead to autoim-
mune tissue damage in susceptible individuals, contributing 
to the development of AIH.

Idiopathic AIH is heterogenous in its natural course 
but often has a chronic subclinical phase with fluctuating 
symptoms accompanied by acute exacerbation or even 
fulminant hepatic failure [41, 42]. Treatment consists of 
prednisone or prednisolone with or without azathioprine, 
or alternatively budesonide and azathioprine. It is associ-
ated with high remission rates and favorable outcomes 
[31, 42]. Vaccine-induced AIH is a new phenomenon with 
limited understanding of its natural history. Patients were 
diagnosed incidentally on laboratory surveillance or were 
acutely symptomatic. Patients with asymptomatic AIH typi-
cally exhibited lower liver enzyme elevations compared to 
those with symptoms [43]. However, acute versus chronic 
presentation of AIH was not shown to influence prognosis 
or response to treatment [44]. Despite various associations 
between different vaccines and rare instances of vaccine-
induced AIH, patients with vaccine-induced AIH responded 
to treatment similarly to patients with idiopathic AIH. How-
ever, there are insufficient data to draw definite conclusions 
about the overall relapse rate and long-term outcomes of 
vaccine-induced AIH. In our cohort, 3 patients (9.4%) had 
a prior history of idiopathic AIH, while 29 patients (90.6%) 
had de novo AIH.

Despite its effectiveness, vaccine hesitancy has rapidly 
grown in certain subgroups [45]. Spurred by social media, 
misinformation has spread and ideologies from anti-vaccina-
tion groups are threatening to erode public confidence in the 
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vaccine. Clear and concise data are needed to ensure that pub-
lic opinion regarding the vaccine is grounded in facts and sci-
ence. Our results should not deter the public from vaccination. 
Rather, our study highlights the rarity of this phenomenon. 
Nevertheless, clinicians need to be aware of this rare but real 
complication.

There are several limitations to our study. The data extracted 
from the published articles were limited to retrospective case 
reports, case series, and letters to the editor. In certain articles, 
information about patient symptoms and laboratory values was 
incomplete. We did not have full access to each patient’s medi-
cal history and detailed treatment courses. In the case series 
by Shroff, et al. [21], six patients did not undergo liver biopsy. 
Of those six patients, all had elevated transaminases, two had 
positive autoantibodies, and two were treated with steroids. 
Levels of IgG were not documented. Assessment of the diag-
nosis of immune-mediated hepatitis was limited by the patient 
information documented in the original article. It is possible 
that the incidence of vaccine-induced AIH is underestimated, 
as some patients may be asymptomatic and cases can go unre-
ported. Publication bias may be present in the published case 
reports. Since this is a retrospective systematic review, we can-
not confirm causality of the vaccine leading to AIH.

COVID-19 vaccine-induced AIH is extremely rare and 
has an excellent prognosis. Clinicians should consider 
AIH in patients who present with jaundice or elevated liver 
enzymes following COVID-19 vaccination, and promptly 
refer to hepatology for further work-up and treatment with 
steroids. Laboratory values typically show a hepatocellu-
lar pattern of injury and findings suggestive of type 1 AIH 
rather than type 2. Presence of autoantibodies is common, 
but its absence cannot rule out AIH. These new findings 
should under no circumstances deter individuals from get-
ting vaccinated, as the overwhelming scientific consensus 
remains that the benefits of vaccination far outweigh the 
risks.
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