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ABSTRACT
Vaccines are the most effective tool against COVID- 19 and are generally safe. Very rare and heterogeneous cases of acute liver 
injury associated to all types of SARS- CoV- 2 vaccines have been reported, mostly with autoimmune features. Epidemiological 
studies used heterogeneous diagnostic criteria and included different populations. Immunological studies in selected cases of 
acute liver injury linked to mRNA SARS- CoV- 2 vaccines suggest that it has a unique pathophysiology, the vaccine- encoded spike 
protein playing a central role in triggering the aberrant immune response. In most series, liver injury was observed more often 
following the second vaccine dose. Latency from vaccination to the diagnosis of hepatitis was 1–147 days after the last vaccine 
dose. Raised immunoglobulin G levels and positive anti- nuclear and/or anti- smooth muscle antibodies are frequent. The vast ma-
jority of reported cases have been treated with corticosteroids, mostly associated with azathioprine. Outcome is generally favour-
able, but cases requiring liver transplantation or causing death have been reported. The heterogeneous clinical entity of acute 
liver injury linked to SARS- CoV- 2 vaccines includes patients requiring long- term immunosuppression, similarly to autoimmune 
hepatitis, and patients with self- limiting liver damage, possibly representing a unique form of autoimmune- like hepatitis, which 
we suggest being referred to as SARS- CoV- 2 vaccine- associated liver injury (SVALI). Further studies are needed to investigate 
the pathogenic mechanisms related to the immune response to the spike viral protein in the liver.

1   |   Introduction

Severe acute respiratory syndrome coronavirus 2 (SARS- CoV- 2) 
causing coronavirus disease 2019 (COVID- 19) was first de-
scribed in December 2019 in Wuhan, China [1]. SARS- CoV- 2 is 
a highly transmissible and pathogenic virus that rapidly caused 

a major global health pandemic problem [1, 2]. While COVID- 19 
is mainly a respiratory disease, other organs, including the car-
diovascular system, kidney, liver, and gastrointestinal tract, 
are also commonly affected [3]. Vaccines are the most effective 
tool against COVID- 19. Several vaccine types against SARS- 
CoV- 2 have rapidly been developed, including mRNA vaccines, 
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replication incompetent vector vaccines, inactivated vaccines, 
and recombinant protein vaccines [4]. Vaccination has signifi-
cantly reduced COVID- 19- related mortality and morbidity in 
healthy individuals and in high- risk populations such as those 
with chronic cardiovascular diseases, liver or renal failure and 
graft organ recipients [5, 6]. While mild to moderate injection 
site pain, redness and swelling, transient fever, headache and 
fatigue are commonly reported adverse effects of SARS- CoV- 2 
vaccines, severe side effects such as myocarditis and immune 
thrombotic thrombocytopenia have rarely been described [7].

Relapse or new onset of various organ specific or systemic 
immune- mediated disorders following SARS- CoV- 2 vaccines 
have also been reported [8]. These cases suggest that vaccination 
may break host immunological tolerance and lead to the devel-
opment of autoimmune conditions [9].

Several studies have reported cases of acute liver injury fol-
lowing SARS- CoV- 2 vaccines [10–17]. The clinical phenotype 

of most cases showed features of autoimmune hepatitis (AIH), 
and many of these patients received immunosuppressive ther-
apy [10].

In this review, we critically evaluated epidemiology, clinical fea-
tures, pathophysiology and outcome of acute liver injury after 
SARS- CoV- 2 vaccines. We also aim to better define and intro-
duce a new terminology for SARS- CoV- 2 vaccine- associated 
liver injury (SVALI).

1.1   |   Available SARS- CoV- 2 Vaccines

Four types of vaccines against SARS- CoV- 2 have been approved: 
mRNA, replication incompetent vector vaccines, recombinant 
protein- based and inactivated vaccines. The first three vac-
cine types have been developed based on the publication by the 
Chinese Center for Disease Control on January 10th, 2020 of the 
genomic sequence of the SARS- CoV- 2 virus, allowing the gener-
ation of the synthetic gene of the viral spike protein [18]. Despite 
knowledge on mRNA vaccines dating back to the ‘80s’, SARS- 
CoV- 2 mRNA vaccines were the first licensed mRNA vaccines 
in 2020: they are based on modified mRNA encoding the SARS- 
CoV- 2 spike protein delivered in lipid nanoparticles [19, 20]. The 
expression of the spike protein occurs via the host cell transla-
tional machinery; it is important to note that mRNA has intrin-
sic adjuvant properties, resulting in production of chemokines 
and cytokines [21]. Replication incompetent vector vaccines are 
based on the insertion into the DNA of a virus, typically an ade-
novirus, of genomic sequences of the SARS- CoV- 2 spike protein, 
leading to its expression by host cells [4]. They contain adju-
vants. This technology, originally used for gene therapy, has suc-
cessfully been used also in influenza and Ebola vaccines [22]. 
Protein- based vaccines contain a recombinant viral protein, that 
is, either the spike protein or its receptor binding domain, and 
adjuvants to increase immunogenicity.

Inactivated vaccines contain intact viruses, isolated form 
COVID- 19 patients, which have been chemically or physically 
inactivated, coupled to adjuvants. In contrast to the other vac-
cine types, they include the whole virus [4].

2   |   Acute Liver Injury After SARS- CoV- 2 Vaccines

Acute liver injury is a very rare side effect of SARS- CoV- 2 
vaccines and therefore has not been reported in clinical trials 
(phase II/III), which included a limited number of subjects 
[19, 20]. After several months of massive global vaccination 
programmes, Bril et  al. [23] reported the first case of acute 
liver injury with features of AIH, that is, positive autoantibod-
ies and compatible liver histology (serum immunoglobulin G 
(IgG) levels were normal in this case) in a previously healthy 
young woman 1 week after her first dose of the BNT162b2 
mRNA vaccine. Following this first case, clinicians have 
started reporting similar cases observed with all types of 
SARS- CoV- 2 vaccines (Table 1). A systematic review of acute 
liver injury related to SARS- CoV- 2 vaccines during the period 
from December, 2019 to November, 2021 revealed only 32 
suspected cases [24], suggesting that it is a very rare clinical 

Summary

What is known

• SARS- CoV- 2 vaccines are the most effective tool 
against COVID- 19 and are generally safe.

• Acute liver injury with autoimmune features after 
SARS- CoV- 2 vaccines
○ is rare,
○ is heterogeneous and
○ has a benign course in the vast majority of cases, 

with or without a short immunosuppression course.

• A few cases are immunosuppression- dependent, clini-
cally resembling AIH.

• A subgroup of patients without immunosuppression- 
dependence, vaccinated with mRNA vaccines, has 
an aberrant adaptive immune response in which the 
viral spike protein is involved.

What needs to be investigated

• Detailed autoimmune serological studies of clini-
cally well- characterised cases should be carried- out, 
in order to identify possible autoimmune serological 
markers of SVALI.

• Do patients behave as AIH present more often after 
the second vaccine dose?

• What are the mechanisms leading to the pathophysio-
logical role of the spike viral protein? Is it involved also 
in other organ- specific side effects of the SARS- CoV- 2 
vaccines?

• Is the adaptive immune response different in SVALI 
versus liver injury resembling AIH after SARS- CoV- 2 
vaccines?

• The adaptive immune response to SARS- CoV- 2 vac-
cines has been studied only in recipients of mRNA- 
vaccines: Liver injury after non- mRNA vaccines 
should be investigated as well.

 14783231, 2025, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/liv.16209 by Schw

eizerische A
kadem

ie D
er, W

iley O
nline L

ibrary on [20/12/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



3 of 11

entity, needing population- based studies to evaluate its true 
incidence. Of importance, heterogeneous criteria have been 
used to define acute liver injury, ranging from any increase 
of liver enzymes after vaccination irrespective of pre- existing 
liver diseases to their elevation of ≥five times the upper limit 
of normal (ULN) in the absence of pre- existing liver diseases 
[11, 25, 26].

2.1   |   Incidence

Epidemiological studies used heterogeneous diagnostic criteria 
and included different populations.

A large study investigated the incidence of acute liver injury 
related to SARS- CoV- 2 vaccination using electronic medical 
records of the Hong Kong public healthcare authority [25]. 
Among 1 348 288 individuals who received at least one dose 
of the mRNA BNT162b2 vaccine, acute liver injury occurred 
in 307 individuals within 56 days after the first dose, and it 
occurred in 521 individuals after the second dose (335 and 
334 per 100 000 person- years, respectively); among 994 877 
individuals who received the CoronaVac inactivated vac-
cine, acute liver injury occurred in 304 individuals within 
56 days after the first dose, and it occurred in 474 individuals 
after the second dose (358 and 403 per 100 000 person- years, 
respectively). Overall, the incidence of liver injury within 
56 days of SARS- CoV- 2 infection was 32 997 cases per 100 000 
person- years, showing that the incidence of acute liver in-
jury following SARS- CoV- 2 infection is much higher than 
that after SARS- CoV- 2 vaccination. This study also evalu-
ated the overall frequency of acute liver injury after vaccine 
exposure (within 56 days of a vaccine dose) and during non- 
exposure periods: no increased risk of acute liver injury was 
observed in the 56- day risk period following the first (IRR: 
0.800; 95% CI: 0.680–0.942) and second (IRR: 0.944; 95% CI: 
0.816–1.091) BNT162b2 doses and the first (IRR: 0.689; 95% 
CI: 0.588–0.807) and second (IRR: 0.905, 95%CI: 0.781–1.048) 
CoronaVac doses.

A retrospective study from Argentina investigated the cumula-
tive incidence of new onset liver biochemistry alterations after 
SARS- CoV- 2 vaccination in patients seen in a large university 
hospital [26]. The study included 29 798 subjects in the SARS- 
CoV- 2 vaccine group (viral- vector- based vaccines: Sputnik 
andChAdOx1nCoV- 19; inactivated vaccine: Sinopharm) and 
compared them to 24 605 individuals who received the influ-
enza vaccine. Liver biochemistry was studied in 7833 (26.9%) 
subjects in the SARS- CoV- 2 vaccine group and in 8459 (34.37%) 
subjects in the influenza vaccine group. The cumulative inci-
dence at 90 days of new- onset liver test alterations was similar 
in the SARS- CoV- 2 and the influenza vaccine groups, 4.7 per 
1000 (95% 4.0–5.5) vs. 5.1 per 1000 (95% 4.3–6.1) (p = 0.489). In 
this study, two cases in the SARS- CoV- 2 vaccine group devel-
oped liver injury with features of AIH, both vaccinated with 
Sputnik: one of them had a history of AIH, having discontin-
ued corticosteroids and azathioprine before vaccination; the 
second case had advanced liver fibrosis at histology, also sug-
gesting that this patient had pre- existing, undiagnosed hepa-
topathy, possibly AIH that flared after vaccination. Both cases 
showed good response to immunosuppressive therapy.

Another study from the USA compared the incidence of liver 
injury in 470 274 individuals who received an mRNA or viral- 
vector- based SARS- CoV- 2 vaccine to 21 784 individuals who 
received an influenza vaccine [27]: the incidence of acute liver 
injury was 0.038% in the SARS- CoV- 2 vaccine cohort (0.038% in 
mRNA and 0.024% in viral- vector) and 0.069% in the influenza 
vaccine cohort. Of note, 86% of liver injury cases occurred after 
the second vaccine dose.

A single- centre and non- population- based analysis from a re-
ferral autoimmune liver disease centre in Hamburg, Germany, 
reported no increased incidence of AIH during the SARS- CoV- 2 
vaccination period [28].

There are no reports on acute liver injury potentially associated 
to SARS- CoV- 2 vaccines in children.

In conclusion, available data suggest that acute liver injury 
temporally associated with SARS- CoV- 2 vaccines occurs after 
all vaccine types. It is extremely rare and is not more frequent 
than after exposure to the influenza vaccine or non- exposure to 
SARS- CoV- 2 vaccines.

2.2   |   Pathophysiology

Reported cases of acute liver injury after SARS- CoV- 2 vaccines 
are heterogeneous, including flares of pre- existing AIH, self- 
remitting cases, cases requiring long- term immunosuppression, 
severe cases requiring liver transplantation or having fatal out-
come and seronegative cases [10, 11, 29]. All SARS- CoV- 2 vac-
cine types have been implicated in acute liver injury. Moreover, 
patients often use paracetamol, non- steroidal anti- inflammatory 
drugs or other compounds to treat mild vaccine side effects, 
such as local pain or low- grade fever, further complicating the 
investigation of the pathophysiology [10, 11]. However, there is 
a subgroup of patients with acute liver injury after SARS- CoV- 2 
vaccines, which probably represent genuine vaccine- associated 
liver injury, as suggested by two studies investigating the aber-
rant adaptive immune response, leading to liver damage in se-
lected cases  [30, 31]. Boettler et  al. [31] reported a 52- year- old 
male patient presenting with jaundice and acute mixed hepato-
cellular/cholestatic hepatitis after the first dose of the BNT162b2 
mRNA vaccine, with spontaneous resolution, followed by severe 
recurrence after the second vaccine dose. Serum IgG levels were 
marginally elevated, anti- nuclear antibody (ANA) was positive 
at a titre of 1:200 (substrate not reported) and anti- smooth mus-
cle antibody (SMA) and anti- mitochondrial antibody (AMA) M2 
were reported as borderline positive. Liver histology showed 
interface hepatitis and foci of lobular necrosis and apoptosis 
in the absence of fibrosis or eosinophilic granulocytes. He was 
initially treated with budesonide and subsequently switched to 
prednisolone due to persistently elevated serum transaminase 
levels. Deep spatial immune analysis of the liver showed that cy-
totoxic CD8 T cells were the most abundant immune cell subset 
in the inflammatory infiltrate, with a pan- lobular distribution, 
in contrast to B cells and plasma cells being present mostly in 
periportal areas. The authors identified abundant spike- specific, 
activated CD8 T cells in the peripheral blood and the liver, ex-
pression of activation markers on these cells correlating with 
disease activity. Interestingly, the intrahepatic CD8 T cell pool 
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was enriched for spike- specific CD8 T cells in comparison to 
the blood and displayed tissue- resident characteristics with 
expression of CXCR6, CD103 and CD69. Of note, only healthy 
controls and not classical AIH were included as controls. This 
report suggests that the liver injury may be related to the spike 
protein rather than to a specific vaccine type. The second paper 
[30] published 1 year later reported a morphologic and molecu-
lar analysis of liver injury after mRNA SARS- CoV- 2 vaccines in 
six cases, comparing them with nine AIH cases. Importantly, all 
cases of vaccine- associated liver injury were carefully selected: 
none had a pre- existing liver disease, alternative causes of acute 
hepatitis were excluded, and none had fibrosis at liver histology; 
while five received a short course of prednisone, one improved 
spontaneously; all went into remission (median follow- up 
18 months). AIH cases were studied at presentation before the 
treatment was started. While whole transcriptome profiling with 
bulk liver RNA showed differences between vaccine- associated 
liver injury and AIH patients, they were close to each other and 
significantly different from controls with chronic hepatitis C 
virus infection or alcoholic liver disease. In the AIH group, path-
ways associated to the immune response were overrepresented, 
especially genes linked to interferon response. Conversely, in the 
vaccine- associated liver injury cohort, pathways related to mito-
chondrial metabolism and oxidative stress were overrepresented. 
The characterisation of the liver immune infiltrate showed that 
it was dominated by CD8 T cells in the vaccine- associated liver 
injury cohort [30], similarly to the findings by Boettler et al. [31], 
and in the AIH cohort, CD79a+ B cells and plasma cells were 
more abundant in the portal infiltrate. Furthermore, the clonal 
distribution of the adaptive immune response of the liver infil-
trate showed that vaccine- associated liver injury patients had 
few expanded B and T cell clones, suggesting a response towards 
specific antigens. Many of the expanded liver- infiltrating T cell 
clones were also found in the peripheral blood. Lastly, there were 
differences in the usage of the variable and joining region of the 
T and B cell receptor between vaccine- associated liver injury and 
AIH patients [30].

Importantly, the spike mRNA was found in the cytoplasm of he-
patocytes of a patient with acute liver injury after the BNT162b2 
vaccine, indicating that mRNA delivered by lipid nanoparticles 
may be utilised by the host translational machinery to generate 
the spike antigen, which is subsequently presented on the sur-
face of hepatocytes via MHC- I molecules [32].

These observations suggest that liver injury linked to mRNA 
SARS- CoV- 2 vaccines has a distinct pathophysiology, the 
vaccine- encoded spike protein playing a central role in trigger-
ing the aberrant immune response (Figure 1).

2.3   |   Genetic Predisposition

A recent US study evaluated genetic factors potentially con-
tributing to the development of liver injury in 23 adults with 
acute hepatitis after SARS- CoV- 2 mRNA vaccination included 
in the Drug- Induced Liver Injury Network (DILIN) [15]. Sixteen 
of them were high causality cases, according to the DILIN ex-
pert opinion score. HLA status was exanimated in 20 cases, 
and data of 14 high causality cases were used for further anal-
ysis. While AIH- predisposing HLA alleles (HLA- DRB1*03:01 R

ef
er

en
ce

C
as

e 
nu

m
be

rs
/

ge
og

ra
ph

ic
 lo

ca
ti

on
G

en
er

al
 c

ha
ra

ct
er

is
ti

cs
B

io
ch

em
ic

al
 a

nd
 

h
is

to
lo

gi
ca

l f
ea

tu
re

s
T

he
ra

py
 a

nd
 o

ut
co

m
e

G
ua

rd
io

la
 e

t a
l. 

[2
3]

n 
=

 17
7

U
SA

M
ed

ia
n 

ag
e/

se
x:

 7
0 ±

 14
 ye

ar
s; 

fe
m

al
e,

 6
0%

Va
cc

in
e t

yp
e:

 m
R

N
A

 (n
 =

 17
1)

, 
vi

ra
l v

ec
to

r (
n 

=
 6)

C
au

sa
tiv

e d
os

e:
 8

6%
 

af
te

r t
he

 2
nd

 d
os

e
Ba

se
lin

e A
IL

D
: n

ot
 re

po
rt

ed
Ti

m
e t

o 
on

se
t: 

29
 ±

 21
 d

ay
s 

af
te

r t
he

 fi
rs

t a
nd

 4
5 ±

 25
 d

ay
s 

af
te

r t
he

 se
co

nd
 d

os
e

Ty
pe

 o
f l

iv
er

 in
ju

ry
: H

C
: 

45
%

, m
ix

ed
: 3

5%
,

ch
ol

es
ta

tic
: 2

0%
Fe

at
ur

es
 o

f A
IH

: n
ot

 re
po

rt
ed

H
is

to
lo

gy
 o

f A
IH

: n
ot

 re
po

rt
ed

D
et

ai
ls

 n
ot

 re
po

rt
ed

A
bb

re
vi

at
io

ns
: A

IH
, a

ut
oi

m
m

un
e 

he
pa

tit
is

; A
N

A
, a

nt
i- n

uc
le

ar
 a

nt
ib

od
ie

s; 
A

SM
A

, a
nt

i- s
m

oo
th

 m
us

cl
e 

an
tib

od
y;

 H
C

, h
ep

at
oc

el
lu

la
r; 

Ig
G

, i
m

m
un

og
lo

bu
lin

 G
; I

S,
 im

m
un

os
up

pr
es

si
on

; L
C

- 1
, l

iv
er

 c
yt

os
ol

 ty
pe

 1
; L

K
M

- 1
, a

nt
i- l

iv
er

/
ki

dn
ey

 m
ic

ro
so

m
e 

ty
pe

 1
; P

BC
, p

ri
m

ar
y 

bi
lia

ry
 c

ho
la

ng
iti

s; 
PS

C
, p

ri
m

ar
y 

sc
le

ro
si

ng
 c

ho
la

ng
iti

s; 
SL

A
, s

ol
ub

le
 li

ve
r a

nt
ig

en
; U

LN
, u

pp
er

 li
m

it 
of

 n
or

m
al

.

T
A

B
L

E
 1

   
 | 

   
(C

on
tin

ue
d)

 14783231, 2025, 1, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1111/liv.16209 by Schw

eizerische A
kadem

ie D
er, W

iley O
nline L

ibrary on [20/12/2024]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



7 of 11

and HLA- DRB1*04:01) were not overrepresented in the 16 
vaccine- associated liver injury cases compared to the control 
population, the Hap6 haplotype of the endoplasmic reticulum 
aminopeptidase 1 (ERAP- 1) and a variant (rs1263907) of the 
ERAP- 2 gene were significantly overrepresented in the patients 
with vaccine- associated liver injury. ERAP- 1 and ERAP- 2 are 
involved in antigen processing in the liver. Despite the low num-
ber of genetically characterised cases, these results suggest that 

acute hepatitis associated with COVID- 19 vaccines is a rare but 
unique DILI form, in which the SARS- CoV- 2 spike glycopro-
tein triggers an inappropriate immune response in predisposed 
individuals. Of note, one third of the high causality cases had 
pre- existing AIH, suggesting a shared predisposition between 
autoimmunity and vaccine- associated liver injury. Finally, it is 
important to note that only a minority of the patients required 
corticosteroid treatment.

FIGURE 1    |    Following the administration of the mRNA vaccines BNT162b2 and mRNA- 1273 into the deltoid muscle, lipid nanoparticles were 
demonstrated to be distributed throughout the body, with the liver identified as one of the major organs where they localised following plasma clear-
ance. The presence of spike mRNA in the cytoplasm of hepatocytes was confirmed in the liver of a SVALI patient, indicating that mRNA delivered 
by lipid naoparticles may be utilised by the translational machinery to generate the spike antigen, which is subsequently presented on the surface 
of hepatocytes via MHC- I molecules. Another proposed mechanism involves molecular mimicry between the spike antigen and human peptides. 
Previous studies have demonstrated a high degree of peptide homology between the SARS- CoV- 2 spike glycoprotein and human proteins (see Box 1). 
In patients with SVALI, the sustained expression of spike protein or antigenic mimicry, coupled with potential intrinsic susceptibility factors—such 
as genetic variants in MHC- I pathway proteins—may contribute to the disruption of immune tolerance. Upon antigen recognition, antigen- specific 
CD8+ T cells can undergo clonal expansion, which leads to an oligoclonal T- cell immune repertoire, predominantly characterised by CD8+ T cell- 
driven hepatitis. Consistent with this, spike antigen- specific CD8+ T cells have been identified in the liver biopsy of a SVALI patient, where they were 
characterised as tissue- resident memory T cells with an activation phenotype (see Box 2). The dysregulated activity of these effector T cells can result 
in significant hepatocyte damage and necrosis, ultimately manifesting as elevated liver enzyme levels (see Box 3).
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2.4   |   Clinical Features

A recent study reviewed the clinical characteristics of liver in-
jury following SARS- CoV- 2 vaccine cases included in the four 
largest published case series [33]. This study identified a total of 
175 (61% female) patients with age ranging from 42 to 63 years 
at the time of diagnosis, the majority (71%) having received 
mRNA vaccines, 21% viral vector vaccines (ChAdOx1 nCoV- 19 
or GAMCOVID- Vac) and 7% inactivated vaccines. Acute liver 
injury was diagnosed following the second vaccine dose in 58% 
of the reported cases [33]. Latency from vaccination to the di-
agnosis of hepatitis was 1 to 147 days after the last vaccine dose. 
In a large international cohort including 87 cases, 24 (28%) had 
pre- existing extra- hepatic autoimmune disorders, autoimmune 
thyroiditis being the most common (12 cases, 14%) [10]. In two 
studies [10, 14], 14% and 50% of cases had pre- existing various 
liver disorders. Twelve patients had a diagnosis of AIH and 
were on immunosuppressive therapy when liver injury devel-
oped (most received m- RNA- based vaccine) [10, 14, 15, 17]. The 
majority of these AIH patients had stable serum transaminase 
levels before vaccination with good adherence to immunosup-
pressive therapy. In these patients, symptoms developed within 
a few days after vaccination, suggesting causality rather than a 
spontaneous flare of AIH.

In the analysis of 87 cases [10], 92% were symptomatic: fatigue 
(75%), nausea (63%), jaundice (39%), abdominal pain (24%), fever 
(12%), itching (11%) and rash (8%) were reported symptoms at 
presentation. In other studies [15, 17], most of reported cases had 
at least one of the above- mentioned symptoms.

2.5   |   Laboratory Findings

Approximately 80%–90% of acute liver injury cases following 
SARS- CoV- 2 vaccines showed a hepatocellular or mixed pat-
tern of liver injury according to the R value [33, 34]. In two 
studies [10, 12], 20% and 15% of cases had laboratory features 
of severe- fatal liver injury. Severe liver injury was noted in 9% 
(2/23) of cases in another study [15]. A recent retrospective 
series from Spain reported that 19% (9/47) had severe liver in-
jury, including a fatal case and a patient requiring liver trans-
plantation [17].

Overall serum IgG levels were elevated in 65% (99/152) and 76% 
(19/25) of cases [17, 33], while a recent study [15] reported ele-
vated IgG levels in only 9% (2/23) of the cases.

Autoantibodies are a key diagnostic marker of AIH; however, 
laboratory testing lack standardisation, and autoimmune se-
rology results from different laboratories cannot be directly 
compared [35–37]. An in  vitro study showed that the anti- 
SARS- CoV- 2 spike protein antibody and anti- nucleoprotein 
antibody cross- react with a variety of human tissue antigens, 
suggesting that antibodies targeting viral proteins may lead to 
a loss of tolerance towards autoantigens [38]. Autoantibodies 
were tested centrally in 31 patients included in the paper by 
Codoni et al. [11], and at least one autoantibody was positive 
in 29 (94%) of patients. According to the review by Shroff 
[33], among 167 cases, ANA was positive in 67% and SMA 
in 24%. Anti- liver cytosol type 1 (anti- LC- 1) and anti- soluble 

liver antigen/liver pancreas antigen (anti- SLA/LP), which are 
highly specific markers of AIH, were also detected in a few 
cases  [10, 11]. A more recent study of 47 cases reported 64% 
and 21% seropositivity rates for ANA (titre ≥ 1/80, unreported 
substrate) and SMA (titre ≥ 1/40) [17]. AMA is the serologi-
cal hallmark of primary biliary cholangitis but it may also be 
detected in some patients with pure AIH or with acute liver 
failure [35, 36]. Among 87 cases of acute liver injury follow-
ing SARS- CoV- 2 vaccines [10], five (6%) were AMA- positive, 
this proportion being 10.6% in another study of 47 cases [17]. 
Ghielmetti et al. [39]. reported an interesting case of AIH- like 
hepatitis following mRNA- 1273 SARS- CoV- 2 vaccine. This 
case was seropositive for AMA at indirect immunofluores-
cence, which was not mirrored by positivity in molecular- 
based assays, the authors naming this autoantibody “atypical 
AMA”. The same patient was ANA- positive on a rodent liver 
substrate and on HEp2 cells with a rim- like anti pattern but 
was negative for anti- gp210 at molecular testing, suggesting a 
unique ANA. Such a detailed autoimmune serological analy-
sis has not been reported in other cases.

2.6   |   Liver Histology

Liver histology of acute liver injury associated with SARS- CoV- 2 
vaccines has been best investigated in the study by Codoni et al. 
[11], in which all 59 patients had their liver biopsy centrally re-
viewed by an expert liver pathologist. Three quarters (n = 45) of 
the patients had a predominatly lobular injury, mainly (n = 33) 
with confluent necrosis; a minority (n = 5) had a cholestatic hep-
atitis. A predominatly portal injury was observed in 10 (17%) 
cases. Advanced fibrosis was more frequent among patients with 
a predominatly portal injury (p = 0.006) and in patients requiring 
long- term immunosuppression [40]. According to the simplified 
International AIH Group (IAIHG) scoring system [41], 82% of the 
patients were classified as typical or probable AIH, and accord-
ing to the new European rare disease network histological crite-
ria [42, 43], 92% were classified as likely or possible AIH.

2.7   |   International AIH Group Simplified 
Scoring System

The IAIHG simplified scoring system was applied to the 44 
cases with available liver histology data included in the large 
series published by Efe et al. [10], 77% (34/44) scoring as proba-
ble or definite AIH. Similarly, a recent study reported that 70% 
(23/33) of cases reached a probable or definite AIH diagnosis 
using the same score [17].

2.8   |   Treatment and Outcome

The vast majority of published cases were treated with steroids, 
with or without azathioprine or mycophenolate mofetil [10–15]. 
In a few cases, other immunosuppressive drugs, including cy-
closporine and tacrolimus, or intravenous immunoglobulins 
or plasma exchange were used in addition to steroids [10, 11]. 
Since all published cases are retrospective, the decision to start 
immunosuppression was made according to the judgement of 
the treating physicians, resulting in heterogeneous criteria for 
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treatment initiation and diverse schedules. However, severe cases 
are more often treated [10]. The reported initial steroid dose is 
highly variable, ranging from 20 mg to more than 100 mg pred-
niso(lo)ne equivalent dose, with higher doses used in more severe 
cases, at times given intravenously [10, 11]. SARS- CoV- 2 vaccine- 
associated hepatitis is reportedly often treated similarly to AIH, 
with rapid taper of the predniso(lo)ne dose under close monitoring 
of the laboratory liver values; azathioprine, or, more rarely, myco-
phenolate mofetil, is added if transaminase levels stop decreasing 
or increase during steroid dose reduction. Relapse during steroid 
tapering suggests AIH, and treatment should be continued long- 
term [44]. Of note, relapse after initial spontaneous improvement 
has been reported; therefore, close follow- up of untreated cases 
with spontaneous improvement is advisable.

There are few data available on the duration of treatment, 
with many patients being treated long- term with low- dose 
immunosuppression. However, clinicians should be aware 
that SARS- CoV- 2 vaccines- associated liver injury, similarly to 
autoimmune- like drug- induced liver injury (DI- ALH) [45], may 
not require long- term immunosuppression, and a trial of treat-
ment discontinuation under close monitoring is often justified, 
particularly in patients with a swift response to steroids, reach-
ing transaminase level normalisation within weeks of starting 
treatment [10, 11]. Fatal infections on immunosuppression have 
been reported [11]. The vast majority of published cases have a fa-
vourable outcome, with or without immunosuppression [10, 11]. 
However, rare severe cases have been reported, including at 
least three cases requiring liver transplantation: one exposed to 
an inactivated vaccine not treated with steroids, one re- exposed 
to the same mRNA vaccine after having developed a mild acute 
hepatitis after the first vaccine dose and one without reported 
information on treatment or vaccine type [10–12, 17, 29]. One 
fatal case has also been reported [17]. A subgroup of patients re-
lapses during immunosuppression tapering or after withdrawal, 
therefore having a clinical course similar to AIH [40].

Most SARS- CoV- 2 vaccines require a booster dose a few weeks 
after the first dose; in patients with acute hepatitis after the 
first dose, severe recurrence has been reported following 
the booster dose. In contrast, exposure to a different vaccine 
type after complete resolution of the liver injury, on low- 
dose immunosuppression, has reportedly been well tolerated 
[10, 11, 29, 31].

3   |   Nomenclature

Based on the available literature summarised above, we conclude 
that acute liver injury temporally associated with SARS- CoV- 2 vac-
cines is a very rare, heterogeneous condition, where two subgroups 
of patients are of special interest; the first group includes patients 
requiring long- term immunosuppression, that is, with relapse after 
treatment discontinuation or during treatment reduction, resembling 
AIH, and the second group includes patients with a self- limited liver 
damage, that is, recovering spontaneously or with a short immuno-
suppression course without relapse. Immunological studies and clini-
cal observations of patients in the latter group, all having received an 
mRNA vaccine, suggest a pathophysiological role of the viral spike 
protein, which either reaches the liver via the blood stream or is syn-
thetised in the liver after mRNA vaccination. Therefore, we suggest 
referring this condition as SVALI. The triggering/pathogenic role of 

SARS- CoV- 2 vaccines in patients with a clinical course resembling 
AIH remains unknown.

Acute liver injury with autoimmune features is a heterogeneous condition, 
with several pathogenic pathways leading to the same initial clinical phe-
notype, including AIH, DI- ALH [45], unidentified infection and inborn 
errors of immunity [46–48]. SVALI may be added to the list of conditions 
with the AIH phenotype. Long- term immunosuppression dependence 
is considered the most reliable feature allowing to distinguish classical 
AIH from DI- ALH [45]. Vaccines against other infectious organisms, 
particularly against hepatitis A [49], have been reported as possible trig-
gers of DI- ALH, as well as drugs and herbal remedies [45]. The Brighton 
Collaboration, an international scientific network aiming at enhancing 
the safety of vaccines by providing standardised methods to assess and 
monitor vaccines side effects, has recently issued guidelines to define AIH 
following SARS- CoV- 2 vaccination [50]; while the experts include in their 
case definition liver histology, IgG levels, autoantibodies and exclusion of 
other causes of hepatitis, they do not include response to immunosuppres-
sion, challenging the distinction between AIH and SVALI.

4   |   Expert Opinion on the Diagnosis and 
Management of Patients Presenting With Acute 
Liver Injury After SARS- CoV- 2 Vaccines

Patients presenting with acute liver injury within 3 months after a 
SARS- CoV- 2 vaccine should be thoroughly investigated for all causes 
of acute hepatitis, including viral hepatitis, DILI, exposure to herbal 
remedies and potentially hepatotoxic agents or alcohol, rare genetic dis-
eases and AIH. The presence of liver cirrhosis signs should be carefully 
investigated. Severe cases, that is, patients with impaired liver function 
assessed with the serum bilirubin level, coagulation status and presence 
of hepatic encephalopathy, should be treated with corticosteroids at a 
starting dose of 0.5–1 mg/kg body weight of predniso(lo)ne, similarly 
to AIH; predniso(lo)ne should be tapered at weekly intervals to 5 mg/
day under strict monitoring of serum transaminase levels and liver 
function tests [51]. If transaminase levels stop decreasing during steroid 
tapering, azathioprine (once jaundice is resolved) or mycophenolate 
mofetil should be added. A few months after serum transaminase level 
normalisation, immunosuppression should be slowly withdrawn, main-
taining strict liver test monitoring, and restarted or increased in case of 
relapse. Relapsing patients should be treated long- term and considered 
to have AIH.

5   |   Conclusion and Future Perspectives

Acute liver injury temporally associated to SARS- CoV- 2 vac-
cines is an extremely rare event, mostly self- remitting; there-
fore, concern about possible hepatotoxicity should not restrain 
clinicians from using the vaccines, which remain by far the 
most effective and safest tool against COVID- 19. It is a highly 
heterogeneous condition, including SVALI and AIH potentially 
triggered or unmasked by the vaccine.
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