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Abstract

The outbreak of coronavirus disease 2019 (COVID-19) has 
resulted in significant morbidity and mortality worldwide. 
Vaccination against coronavirus disease 2019 is a use-
ful weapon to combat the virus. Patients with chronic liver 
diseases (CLDs), including compensated or decompensated 
liver cirrhosis and noncirrhotic diseases, have a decreased 
immunologic response to coronavirus disease 2019 vaccines. 
At the same time, they have increased mortality if infected. 
Current data show a reduction in mortality when patients 
with chronic liver diseases are vaccinated. A suboptimal vac-
cine response has been observed in liver transplant recipi-
ents, especially those receiving immunosuppressive therapy, 
so an early booster dose is recommended to achieve a better 
protective effect. Currently, there are no clinical data com-
paring the protective efficacy of different vaccines in patients 
with chronic liver diseases. Patient preference, availability of 
the vaccine in the country or area, and adverse effect profiles 
are factors to consider when choosing a vaccine. There have 
been reports of immune-mediated hepatitis after coronavi-
rus disease 2019 vaccination, and clinicians should be aware 
of that potential side effect. Most patients who developed 
hepatitis after vaccination responded well to treatment with 
prednisolone, but an alternative type of vaccine should be 
considered for subsequent booster doses. Further prospec-
tive studies are required to investigate the duration of immu-
nity and protection against different viral variants in patients 
with chronic liver diseases or liver transplant recipients, as 
well as the effect of heterologous vaccination.
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Introduction
Coronavirus disease 2019 (COVID-19) is a global pandemic 
caused by the severe acute respiratory syndrome coronavi-
rus 2 (SARS-CoV-2). This contagious virus has infected mil-
lions of people worldwide resulting in significant morbidity 
and mortality. Patients with chronic illnesses, including those 
with chronic liver disease, are more prone to severe infec-
tions or infection-related complications.1 Moreover, patients 
with CLD, alcohol-associated liver disease and liver cirrho-
sis may have an impaired immune response to vaccination.1 
Figure 1 summarizes the mechanisms of reduced immune 
response in these groups of patients. There are currently 
four major types of COVID-19 vaccines approved by the 
World Health Organization (WHO), namely mRNA vaccines, 
adenoviral vector vaccines, inactivated vaccines and protein 
subunit vaccines. Studies focusing on these vaccines in pa-
tients with CLD are evolving. This review summarizes cur-
rently available data and evidence of the safety and efficacy 
of COVID-19 vaccines in this group of patients.

Risk and burden of COVID-19 infection in CLD pa-
tients
Chronic diseases increase the risk of mortality associated 
with COVID-19 infection. An international registry study of 
745 patients with CLD and severe acute respiratory syn-
drome coronavirus 2 infection showed that the mortality 
rate was higher in patients with liver cirrhosis compared with 
those without (32% vs. 8%, p<0.001).2 Factors associated 
with higher mortality were advanced cirrhosis, older age, and 
alcohol-related liver diseases. Acute hepatic decompensation 
occurred in 46% of patients with liver cirrhosis and half of the 
patients with hepatic decompensation had acute-on-chronic 
liver failure.
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An Asian study examined the impact of COVID-19 infec-
tion in 228 patients with CLD, of whom 43 had cirrhosis and 
185 did not.3 Liver injury was progressive in 57% of patients, 
with a mortality rate of 43% in those with decompensated 
cirrhosis. Increasing bilirubin and aspartate aminotransferase 
(AST) levels and an aspartate aminotransferase/alanine ami-
notransferase (ALT) ratio >1.4 predicted mortality in cirrho-
sis patients.3 In a study in the USA, Singh et al.4 recruited a 
total of 2,780 patients with COVID-19 across 34 centers; 250 
patients (9%) had pre-existing liver disease. They found that 
patients with pre-existing liver diseases, especially cirrhosis, 
were at higher risk for mortality [risk ratio (RR) 2.8; 95% 
confidence interval (CI), 1.9–4.0; p<0.001].4 Patients with 
cirrhosis had a higher relative risk of mortality than those 
without liver disease (risk ratio 4.6; 95% confidence inter-
val, 2.6–8.3; p<0.001). Previous studies have shown that a 
4- to 6-fold increase in the severity of COVID-19 in patients 
with metabolic-dysfunction associated fatty liver (MAFLD).5,6 
The severity and mortality risk also increased in patients 
with higher fibrosis scores.7 Vaccination is one of the effec-
tive methods to protect the population from COVID-19, and 
is of the utmost importance in high-risk subgroups such as 
those with CLD.

WHO-approved vaccines

mRNA vaccines
The US Food and Drug Administration and the European 
Medicines Agency granted an emergency approval to two 
mRNA vaccines against COVID-19, the Pfizer BioNTech vac-
cine BNT162b2 (Comirnaty) and the Moderna mRNA-1273 
vaccine (Spikevax). BNT162b2 is a lipid nanoparticle-for-
mulated, nucleoside-modified RNA (modRNA) vaccine.8,9 In 
adults 16 years of age or older, it is administered intramus-
cularly as two 30 µg doses in 21 days apart.10 It provides 
95% protection against COVID-19 in the immediate post-
vaccination period, but a gradual decline in efficacy over time 
was observed.11,12 A third booster dose of vaccine is impor-
tant to maintain effectiveness over time or protect against 
the emergence of new variants.13 The mRNA-1273 vaccine 
is also a lipid-nanoparticle-encapsulated mRNA vaccine. It is 
administered as two 100 µg doses intramuscularly 1 month 
apart, in individuals 18 years of age or older.14,15 The vac-

cine efficacy was 94.1% as shown in the phase 3 randomized 
controlled trial (RCT, Supplementary Table 1).16

Effectiveness in CLD patients: There is a paucity of data 
from randomized controlled trials on mRNA vaccine safety 
and efficacy in patients with CLD and in liver transplant re-
cipients (Table 1).17–36 Only 0.6% subjects in the phase 3 
clinical trials of the two vaccines had liver disease.11,16 John 
et al.17 performed a retrospective cohort study of patients 
with cirrhosis (n=20,037) who received at least one dose of 
an mRNA vaccine at the Veterans Health Administration in 
the USA, and compared outcomes with a propensity score-
matched unvaccinated control group.17 In the 28 days af-
ter the first dose of mRNA vaccine, there was no significant 
reduction in COVID-19 infection, indicating weakened early 
protection in patients with cirrhosis, but there was a 64.8% 
reduction in the risk from ≥28 days after the first dose. The 
vaccine-associated reduction in COVID-19 infections after 
the first dose was lower among patients with decompensated 
(50.3%) than with compensated cirrhosis (66.8%). In the 7 
days after receiving a second dose of mRNA vaccine, there 
was a 78.6% reduction in COVID-19 infections and 100% 
reduction in COVID-19-related hospitalization or death in cir-
rhosis patients (Table 1).17

Because the protection from COVID-19 infection was 
lower in patients with cirrhosis than in healthy individuals in 
randomized controlled trials, post-vaccination breakthrough 
infection is expected. However, while infection cannot be 
completely avoided, vaccination in cirrhosis patients is still 
beneficial. A retrospective cohort study compared the out-
come of COVID-19 infection in cirrhosis patients, 254 of 
whom had been vaccinated and 508 of whom were unvac-
cinated.18 There was a reduction in the risk of overall mortal-
ity [adjusted hazard ratio (aHR) 0.21; 95% CI: 0.10–0.42; 
p<0.0001] and COVID-19-related death (adjusted hazard 
ratio 0.23; 95% CI: 0.10–0.53; p=0.001) within 60 days in 
vaccinated patients.18 The decrease in mortality was seen 
in cirrhosis patients after full (adjusted hazard ratio 0.22; 
95% CI: 0.08–0.63; p=0.005) or partial (aHR 0.19; 95% 
CI: 0.07–0.54; p=0.002) vaccination.18 The significant re-
duction in COVID-19-related death was seen in patients 
with compensated cirrhosis (aHR 0.16; 95% CI: 0.06–0.46; 
p=0.0001) but not those with decompensated cirrhosis (aHR 
0.51; 95% CI: 0.14–1.88; p=0.31).18

Although decompensated cirrhosis is a risk factors for 

Fig. 1.  Mechanisms of reduced immune response in patients with chronic liver diseases. The immune problems may be more pronounced in patients with 
coronavirus disease 2019 infection who have lymphopenia and reduced CD4 and CD8 T cells.
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lower vaccine response,37 multiple studies substantiate 
an antibody response after mRNA vaccine in that group of 
patients. In a prospective cohort study of 87 patients with 
CLD, including 38 (43.7%) with cirrhosis and 30 (34.5%) 
under immunosuppressive treatment, seroconversion rates 
were 97.4% in cirrhotic patients, 87.8% in noncirrhotic pa-
tients and 100% in controls, based on levels of anti- severe 
acute respiratory syndrome coronavirus 2 S-spike immuno-
globulin G (S IgG) antibodies.19 Adequate neutralizing ac-
tivity was detected in 92.1%, 87.8% and 100% of patients 
with cirrhosis, without cirrhosis, and controls, respectively.19 
Immunosuppressive therapy was associated with lower 
anti-SARS-CoV-2 antibody titers [coefficient±standard er-
ror (SE) −2.716±0.634; p<0.001] and neutralizing activity 
(coefficient±SE −24.379±4.582; p<0.001).19 In a study by 
Thuluvath et al.,20 in which more than 90% of the included 
patients received mRNA vaccine, poor antibody responses 
were seen in 61% of liver transplant recipients and 24% of 
those with CLD. However, after adjusting for other variables, 
liver cirrhosis was not associated with poor antibody re-
sponses. Among the suboptimal responders, higher median 
antibody titers were observed in patients with CLD compared 
with liver transplant recipients.20 Similar results were dem-
onstrated in a study by Ruether et al.,21 in which patients 
with liver cirrhosis and controls had comparable vaccine-spe-
cific humoral immune responses and T-cell responses after 
vaccination.21 All these findings support the use of mRNA 
vaccine in patients with CLD including those with cirrhosis.

Shafrir et al.22 analyzed the correlation between the degree 
of liver fibrosis, using a fibrosis-4 score, in which age, aspar-
tate aminotransferase, alanine aminotransferase, and platelet 
count are included38 and serum S IgG titers in 511 employ-
ees at a medical center. The higher the fibrosis-4 score, the 
lower the serum S IgG titers (p=0.004).22 The association 
was further confirmed by FibroScan in another 76 patients 
with nonalcoholic fatty liver disease (NAFLD) who received 
an mRNA vaccine. Among patients with results in the high 
fibrosis range on transient elastography, a lower proportion 
achieved a strong vaccine response in terms of antibody titer 
compared with patients who had low fibrosis scores.22

Efficacy in liver transplant recipients: A suboptimal 
response to mRNA vaccines in liver transplant recipients has 
been consistently demonstrated in various studies, although 
it is difficult to compare results because of different methods/
parameters used to measure antibody response and the dif-
ferent assay sensitivities.39 A number of studies suggest that 
only about half of the liver transplant recipients who received 
a COVID-19 mRNA vaccine developed an immune response. 
Strauss et al.23 described the antibody response in 161 liver 
transplant recipients, 53% of whom had received BNT162b2 
and 47% mRNA-1273. Around one-third of the patients had 
an antibody response after the first dose of mRNA vaccine, 
47% responded after the second dose, and 19% were non-
responders. Risk factors for a diminished vaccine response 
included vaccination within 6 years from transplant or vac-
cination with BNT162b2 compared with mRNA-1273.23 In the 
study by Ruether et al.,21 almost half of the liver transplant 
recipients had suboptimal humoral responses and more than 
one-quarter were potentially immunologically unprotected 
even after the second vaccination. Another prospective co-
hort study including 80 liver transplant recipients found that 
around half the liver transplant recipients were seronegative, 
and in transplant recipient who had a response, the antibody 
titer was lower than in control group (mean 95.41±92.4 vs. 
200.5±65.1 AU/mL, p<0.001).24 In a study by Huang et 
al.,25 68% of liver transplant candidates developed reactive 
S IgG responses after a single dose of mRNA vaccine and S
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100% responded after two doses, compared with only 19.5% 
and 42.5%, respectively, of liver transplant recipients.25 Mul-
tivariable logistic regression found that transplant candidates 
had a 14 times higher likelihood of having a positive immune 
response to a single dose of mRNA vaccine compared with 
transplant recipients (odds ratio 14.6; 95% CI: 2.19–98.11; 
p=0.02).25 Other studies reported a higher rate of response 
to mRNA vaccines against COVID-19, with at least 70% of 
liver transplant recipients responding. A positive anti-severe 
acute respiratory syndrome coronavirus 2 S-receptor-binding 
domain antibody (anti-S-RBD) response was seen in 77% of 
liver transplant recipients compared with 100% of controls at 
4 months after the second dose of BNT162b2 in a prospective 
cohort by Toniutto et al.26 However, the transplant recipients 
had a significantly lower median S-receptor-binding domain 
antibody titers (32 U/mL vs. 852 U/mL; p<0.0001).26 Davi-
dov et al.27 reported a 72% response rate to the BNT162b2 
mRNA vaccine in 76 liver transplant recipients. Vaccination 
in the first year after transplant and hypogammaglobuline-
mia were independent risk factors for a poor response to 
the mRNA vaccines.28 The high response rate reported by 
Davidov et al.27 may have been related to the relatively long 
median time from transplant of 7 years and a low immuno-
suppressive burden.27

It should be noted that there is discordance between vac-
cine-induced cell-mediated and neutralizing humoral immu-
nities in transplant recipients.29 For example, around 19% 
of seronegative patients exhibited detectable cell-mediated 
immunity in a study by Fernández-Ruiz et al.29 The reason is 
not clear, but immunosuppressant drugs are known to have 
differential effects on T-cell subsets, including the CD4 sub-
sets involved in the generation of long-lived plasma cells. 
Therefore, it is possible that some transplant recipients have 
sufficient T-cell populations to mount a cytotoxic cell-medi-
ated response to the COVID-19 vaccine, but not sufficient to 
generate detectable levels of antibody.29

Liver transplant recipients appear to have a better vac-
cine response compared with people with transplants of 
other solid organs.28–30 For example, a prospective cohort 
study recruited 1,002 immunocompromised patients, includ-
ing 36 with liver, 111 with kidney, and 80 with heart trans-
plants.30 The proportions of transplant recipients achieving 
an effective anti-receptor-binding domain antibody response 
and neutralizing antibodies 2–4 weeks after the second vac-
cine dose were 69.4%, 45% and 18.8%, respectively.30 An 
unexpectedly high BNT162b2 vaccine efficacy (88.9%) was 
found in patients who had received a liver transplant com-
pared with a kidney transplant (57.1%).31 That may be re-
lated to renal function, as a decreased estimated glomerular 
filtration rate (eGFR) is a negative predictor of vaccination 
response.21,24,26 In addition, the fact that the liver is an im-
munologically privileged organ, and liver transplant recipi-
ents usually require less immunosuppressive therapy than 
recipients of other solid organ transplants, might also explain 
the better response to vaccination.31

The type of immunosuppressive therapy has an important 
impact on vaccine efficacy in liver transplant recipients. In the 
studies described above, the use of mycophenolate mofetil, 
particularly high daily doses, or antimetabolites, was associ-
ated with poor vaccine response.23,24,26,28 A higher propor-
tion of organ transplant recipients using antimetabolites are 
nonresponders.32 A lower antibody response was also seen in 
patients on combination immunosuppression compared with 
calcineurin inhibitor monotherapy.27 Use of high-dose pred-
nisone in the previous 12 months and triple immunosuppres-
sant therapy were significant predictors of impaired serologic 
response to mRNA vaccines in liver transplant recipients.24 

The tacrolimus dose at vaccination was negatively correlated 
with the increase in anti-S1 Ab titer after completion of the 
second vaccine dose in patients who had undergone liver 
transplantation.31

Safety and tolerability: An interim analysis of surveil-
lance of 6.2 million unselected individuals who had received 
a total of 11,845,128 doses of mRNA vaccines showed no 
significant concern regarding serious outcomes like arte-
rial or venous thromboembolism, Bell palsy, Guillain-Barré 
syndrome, myocarditis/pericarditis, or thrombosis with 
thrombocytopenia syndrome.40 The occurrence of adverse 
events was reported to be higher with mRNA-1273 than with 
BNT162b2, but mRNA-1273 is less temperature sensitive and 
therefore easier to transport and store.41

There have been reports of liver injury with no other clear 
precipitants following COVID-19 vaccination.42,43 A multi-
center case series of 16 patients who presented with liver in-
jury after mRNA vaccine reported that all 10 patients with liv-
er biopsies had portal inflammation and five had a significant 
plasma cell component. Those ten patients were treated with 
prednisone.44 This raises the concern that COVID-19 vac-
cines may cause immune-mediated hepatitis or drug-induced 
liver injury (Table 2).42–59 Molecular mimicry and bystander 
activation have been suggested as potential mechanisms for 
autoimmunity.60,61 Upregulation of proinflammatory signals, 
especially the type I interferon response caused by mRNA 
binding to Toll-like receptors may also trigger autoimmune 
hepatitis (AIH).56,62 In patients with autoimmune hepatitis, 
re-exposure to the vaccine may trigger fulminant hepatitis.54 
Therefore, physicians should vigilantly manage patients who 
present with liver injury and recent vaccination and consider 
another class of vaccine for subsequent booster doses.

Adenoviral Vector Vaccines
AZD1222: The AstraZeneca ChAdOx1 nCoV-19 vaccine 
(AZD1222, Covishield or Vaxzevria) is an adenoviral vector 
vaccine that consists of a replication-deficient chimpanzee 
adenoviral vector ChAdOx1 that contains the SARS-CoV-2 
structural surface glycoprotein antigen (spike protein; nCoV-
19) gene.63 A phase 3 randomized controlled trial recruited 
32,451 participants ≥18 years of age and randomized them 
in a 2:1 ratio to receive AstraZeneca ChAdOx1 nCoV-19 vac-
cine (n=21,635) or placebo (n=10,816).64 The two doses 
of AstraZeneca ChAdOx1 nCoV-19 vaccine, each containing 
5×1010 viral particles, were administered 4 weeks apart. The 
percentage of individuals with liver diseases was 1.5% in each 
group, but the types of liver diseases were not reported. The 
overall efficacy of preventing symptomatic illness 15 days or 
more after the second dose was 74%. The estimated vaccine 
efficacy against COVID-related hospitalization was 94.2%.64 
A third dose of vaccine, either of the same class or a differ-
ent class, boosted neutralizing antibody, and T-cell respons-
es.65,66 The vaccine was safe, with low incidences of serious 
(0.5%) and medically attended adverse events.64 However, 
there were safety concerns of the thrombotic risk associated 
with the vaccine.67 A pathogenic PF4-dependent syndrome 
that occurred after the administration of the vaccine and was 
unrelated to the use of heparin was identified.68 The mecha-
nism mimicked autoimmune heparin-induced thrombocy-
topenia.69 Treatment included intravenous immune globu-
lin and a nonheparin anticoagulant.70 Clinicians should pay 
special attention to vaccine recipients with thrombotic risk 
factors. Another concern are reports of autoimmune hepa-
titis in people after receiving AZD1222. Most patients who 
developed vaccine-related hepatitis responded well to treat-
ment with prednisolone.57,58 However, one patient had a poor 
response to prednisolone and courses of plasma exchange 



Journal of Clinical and Translational Hepatology 2023 vol. 11(3)  |  718–735726

Cheung C.K.M. et al: COVID-19 vaccines in chronic liver disease
Ta

b
le

 2
. 

 C
as

e 
re

p
or

ts
 o

r 
ca

se
 s

er
ie

s 
of

 li
ve

r 
in

ju
ry

 f
ol

lo
w

in
g

 S
A

R
S

-C
oV

-2
 v

ac
ci

n
at

io
n

S
tu

d
y

A
g

e
S

ex
Ty

p
e 

of
 

va
cc

in
e

Ti
m

e 
to

 
p

re
se

n
-

ta
ti

on
D

ru
g

 h
is

to
ry

A
u

to
im

-
m

u
n

e 
d

is
ea

se
A

n
ti

b
od

ie
s

Ig
G

 (
g

/
L)

A
LT

 
le

ve
l 

at
 

d
ia

g
-

n
os

is
 

(U
/

L)

Li
ve

r 
b

io
p

sy
Tr

ea
tm

en
t

O
u

tc
om

e

m
R
N

A
 v

ac
ci

ne
A
lq

ar
ni

 e
t 

al
. 

20
21

42
14

F
B
N

T1
62

b2
3 

da
ys

 a
ft

er
 

se
co

nd
 d

os
e

N
il

N
il

N
eg

at
iv

e
N

il
4,

50
0

N
il

N
A
C
, 

la
ct

ul
os

e,
 

vi
ta

m
in

 K
, 

an
d 

em
pi

ri
ca

l 
an

tib
io

tic

LF
T 

gr
ad

ua
lly

 
im

pr
ov

ed
 

by
 t

he
 

se
ve

nt
h 

da
y

D
um

or
tie

r 
J 

20
22

 4
3

46
M

B
N

T1
62

b2
12

 d
ay

s 
af

te
r 

fir
st

 
do

se

A
sp

ir
in

, 
ta

cr
ol

im
us

 a
nd

 
M

M
F 

(p
os

t 
liv

er
 

tr
an

sp
la

nt
)

N
il

N
eg

at
iv

e
N

il
28

7
N

il
N

il
N

or
m

al
iz

at
io

n 
of

 A
LT

, 
A
S
T 

an
d 

A
LP

 in
 

1 
m

on
th

S
hr

of
f 
et

 
al

. 
20

21
 4

4
25

–
74

M
: 

6;
 

F:
 1

0
B
N

T1
62

b2
 

(n
=

12
);

 
m

R
N

A-
12

73
 

(n
=

4)

5–
46

 d
ay

s 
af

te
r 

fir
st

 
do

se
, 

w
ith

 
12

 p
at

ie
nt

s 
pr

es
en

tin
g 

af
te

r 
se

co
nd

 
do

se

A
nt

ib
io

tic
: 

2;
 

N
SA

ID
: 

2;
 

Pa
ra

ce
ta

m
ol

: 
2

A
IH

: 
4

A
N

A
: 

5;
 

A
S
M

A
: 

4
El

ev
at

ed
 

in
 o

ne
 

pa
tie

nt

96
 t

o 
>

5,
00

0
Pe

rf
or

m
ed

 in
 1

0 
pa

tie
nt

s:
 P

or
ta

l 
in

fla
m

m
at

io
n:

 
10

; 
Pl

as
m

a 
ce

ll 
in

fil
tr

at
io

n:
 

5;
 C

ho
le

st
as

is
 

an
d 

bi
le

 d
uc

t 
re

ac
tio

n:
 1

7 
pa

tie
nt

s 
tr

ea
te

d 
w

ith
 

st
er

oi
d

A
ll 

pa
tie

nt
s 

w
er

e 
ei

th
er

 
re

co
ve

ri
ng

 
or

 f
ul

ly
 

re
co

ve
re

d

Lo
da

to
 e

t 
al

. 
20

21
45

43
F

B
N

T1
62

b2
2 

da
ys

 a
ft

er
 

se
co

nd
 d

os
e

G
in

kg
o-

bi
lo

ba
 >

10
0 

da
ys

 b
ef

or
e 

ad
m

is
si

on

N
il

N
eg

at
iv

e
N

A
17

1
M

od
er

at
e 

po
rt

al
 

in
fla

m
m

at
or

y 
in

fil
tr

at
e 

an
d 

in
te

rf
ac

e 
he

pa
tit

is
 

in
 t

he
 p

or
ta

l t
ra

ct
 

w
ith

 b
ili

ar
y 

in
ju

ry
 

an
d 

m
ild

 d
uc

tu
la

r 
pr

ol
ife

ra
tio

n;
 

S
po

tt
y 

ne
cr

os
is

, 
ly

m
ph

oc
yt

es
 a

lo
ng

 
th

e 
si

nu
so

id
, 

fo
ca

l m
od

er
at

e 
st

ea
to

si
s,

 a
nd

 
in

tr
an

uc
le

ar
 

gl
yc

og
en

 in
cl

us
io

ns
 

in
 t

he
 lo

bu
le

; 
Im

m
un

os
ta

in
in

g 
w

ith
 c

H
7-

A
b 

sh
ow

ed
 

m
ild

 d
uc

tu
la

r 
pr

ol
ife

ra
tio

n 
an

d 
di

ff
us

e 
im

m
un

or
ea

ct
iv

ity
 

in
 h

ep
at

oc
yt

es
 

zo
ne

 1
–2

M
et

hy
l-

pr
ed

ni
so

lo
ne

 
1 

m
g/

kg
/d

ay

LF
T 

co
m

pl
et

el
y 

no
rm

al
iz

ed
 

in
 8

 w
ee

ks

(c
on

tin
ue

d)



Journal of Clinical and Translational Hepatology 2023 vol. 11(3)  |  718–735 727

Cheung C.K.M. et al: COVID-19 vaccines in chronic liver disease

S
tu

d
y

A
g

e
S

ex
Ty

p
e 

of
 

va
cc

in
e

Ti
m

e 
to

 
p

re
se

n
-

ta
ti

on
D

ru
g

 h
is

to
ry

A
u

to
im

-
m

u
n

e 
d

is
ea

se
A

n
ti

b
od

ie
s

Ig
G

 (
g

/
L)

A
LT

 
le

ve
l 

at
 

d
ia

g
-

n
os

is
 

(U
/

L)

Li
ve

r 
b

io
p

sy
Tr

ea
tm

en
t

O
u

tc
om

e

B
ri
l e

t 
al

. 
20

21
46

35
F

B
N

T1
62

b2
13

 d
ay

s 
af

te
r 

fir
st

 
do

se

La
be

ta
lo

l
N

il
A
N

A
; 

A
nt

i-
ds

D
N

A
10

.8
1 

(n
ot

 
el

ev
at

ed
)

2,
00

1
Pa

n-
lo

bu
la

r 
he

pa
tit

is
; 

In
te

ns
e 

ly
m

ph
op

la
sm

ac
yt

ic
 

in
fil

tr
at

e 
ef

fa
ci

ng
 

th
e 

in
te

rf
ac

e 
w

ith
 

ro
se

tt
e 

fo
rm

at
io

n;
 

Pr
im

ar
ily

 
ly

m
ph

oc
yt

ic
 

in
fla

m
m

at
io

n 
w

ith
 p

la
sm

a 
ce

lls
 

an
d 

eo
si

no
ph

ils
; 

S
ca

tt
er

ed
 

he
pa

to
cy

te
 

ne
cr

os
is

Pr
ed

ni
so

lo
ne

 
20

m
g 

da
ily

N
or

m
al

iz
at

io
n 

of
 L

FT
 in

 
ar

ou
nd

 2
 

m
on

th
s

Av
ci

 e
t 

al
. 

20
21

 4
7

61
F

B
N

T1
62

b2
1 

m
on

th
 

af
te

r 
fir

st
 

do
se

Va
ls

ar
ta

n 
an

d 
le

vo
th

yr
ox

in
e

H
as

hi
m

ot
o’

s 
th

yr
oi

di
tis

A
N

A
; 

A
S
M

A
42

.6
↑

45
5

N
ar

ro
w

 s
in

us
oi

ds
 

an
d 

ly
m

ph
oc

yt
e 

in
fil

tr
at

io
n;

 S
ev

er
e 

po
rt

al
 a

nd
 p

er
i-

po
rt

al
 ly

m
ph

oc
yt

e 
in

fil
tr

at
io

n;
 P

er
i-

se
pt

al
 in

te
rf

ac
e 

he
pa

tit
is

, 
sp

ot
ty

 
ne

cr
os

is
, 

an
d 

lim
iti

ng
 p

la
te

 
di

so
rd

er
; 

M
ild

 
fib

ro
si

s

Pr
ed

ni
so

lo
ne

 
40

m
g 

da
ily

, 
th

en
 

az
at

hi
op

ri
ne

 
ad

de
d,

 a
nd

 
st

er
oi

d 
do

se
 

ta
pe

re
d

Im
pr

ov
ed

 
to

 m
ild

ly
 

el
ev

at
ed

 
tr

an
sa

m
in

as
e 

an
d 

bi
lir

ub
in

 
on

 d
ay

 3
5

Pa
lla

 e
t 

al
. 

20
22

48
40

F
B
N

T1
62

b2
1 

m
on

th
 

af
te

r 
se

co
nd

 
do

se

N
il

N
il

A
N

A
24

↑
4 

x 
U

LN
A
ct

iv
e 

he
pa

tit
is

 
w

ith
 s

ig
ni

fic
an

t 
in

te
rf

ac
e 

ne
cr

oi
nf

la
m

m
at

io
n 

an
d 

se
ve

re
 lo

bu
la

r 
in

fla
m

m
at

or
y 

in
fil

tr
at

io
n 

co
m

po
se

d 
pr

ed
om

in
an

tly
 

of
 ly

m
ph

oc
yt

es
 

w
ith

 a
n 

ad
m

ix
tu

re
 

of
 p

la
sm

a 
ce

lls
; 

Po
rt

al
/p

er
ip

or
ta

l 
fib

ro
si

s 
w

as
 

ev
id

en
t 

as
 w

el
l a

s 
fib

ro
us

 s
ep

ta
 w

ith
 

oc
ca

si
on

al
 b

ri
dg

in
g

Pr
ed

ni
so

lo
ne

 
40

m
g 

da
ily

LF
T 

no
rm

al
iz

ed
 

1 
w

ee
k 

af
te

r 
st

ar
t 

of
 

tr
ea

tm
en

t

Ta
b

le
 2

. 
  (

co
nt

in
ue

d)

(c
on

tin
ue

d)



Journal of Clinical and Translational Hepatology 2023 vol. 11(3)  |  718–735728

Cheung C.K.M. et al: COVID-19 vaccines in chronic liver disease

S
tu

d
y

A
g

e
S

ex
Ty

p
e 

of
 

va
cc

in
e

Ti
m

e 
to

 
p

re
se

n
-

ta
ti

on
D

ru
g

 h
is

to
ry

A
u

to
im

-
m

u
n

e 
d

is
ea

se
A

n
ti

b
od

ie
s

Ig
G

 (
g

/
L)

A
LT

 
le

ve
l 

at
 

d
ia

g
-

n
os

is
 

(U
/

L)

Li
ve

r 
b

io
p

sy
Tr

ea
tm

en
t

O
u

tc
om

e

Ro
cc

o 
et

 
al

. 
20

21
49

80
F

B
N

T1
62

b2
1 

w
ee

k 
af

te
r 

se
co

nd
 d

os
e

Le
vo

th
yr

ox
in

e,
 

pr
av

as
ta

tin
, 

an
d 

as
pi

ri
n

H
as

hi
m

ot
o’

s 
th

yr
oi

di
tis

A
N

A
35

↑
1,

18
6

In
te

rf
ac

e 
he

pa
tit

is
 

w
ith

 a
 m

od
er

at
e 

de
gr

ee
 o

f 
ly

m
ph

op
la

sm
ac

yt
ic

 
in

fil
tr

at
e 

an
d 

m
ul

tip
le

 c
on

flu
en

t 
fo

ci
 o

f 
lo

bu
la

r 
ne

cr
os

is
 w

ith
 

C
ou

nc
ilm

an
 b

od
ie

s

Pr
ed

ni
so

lo
ne

 
1 

m
g/

kg
/d

ay
Pr

og
re

ss
iv

e 
im

pr
ov

em
en

t 
in

 L
FT

 in
 2

 
m

on
th

s

G
ar

ri
do

 e
t 

al
. 

20
21

50
65

F
m

R
N

A-
12

73
2 

w
ee

ks
 

af
te

r 
fir

st
 

do
se

Pe
gy

la
te

d 
in

te
rf

er
on

, 
as

pi
ri
n,

 
se

rt
ra

lin
e,

 a
nd

 
es

om
ep

ra
zo

le

N
il

A
N

A
20

↑
1,

09
2

M
ar

ke
d 

ex
pa

ns
io

n 
of

 t
he

 p
or

ta
l t

ra
ct

s 
du

e 
to

 d
en

se
 

in
fla

m
m

at
or

y 
in

fil
tr

at
e,

 w
ith

 
ag

gr
eg

at
es

 o
f 

pl
as

m
a 

ce
lls

; 
se

ve
re

 in
te

rf
ac

e 
he

pa
tit

is
 a

nd
 

m
ul

tip
le

 c
on

flu
en

t 
fo

ci
 o

f 
lo

bu
la

r 
ne

cr
os

is

Pr
ed

ni
so

lo
ne

 
60

m
g 

da
ily

Q
ui

ck
 

im
pr

ov
em

en
t 

of
 L

FT
 a

nd
 

no
rm

al
iz

at
io

n 
of

 I
gG

 le
ve

ls
 

af
te

r 
st

ar
t 

of
 

pr
ed

ni
so

lo
ne

Vu
ill

e-
Le

ss
ar

d 
et

 
al

. 
20

21
51

76
F

m
R
N

A-
12

73
2–

3 
da

ys
 

af
te

r 
fir

st
 

do
se

Le
vo

th
yr

ox
in

e,
 

m
id

od
ri
ne

, 
an

d 
zo

lp
id

em

H
as

hi
m

ot
o’

s 
th

yr
oi

di
tis

A
N

A
; 

A
S
M

A
; 

A
nt

i-
ac

tin
 

an
tib

od
y;

 
A
N

C
A

39
.4
↑

57
9

C
hr

on
ic

 m
ar

ke
dl

y 
ac

tiv
e 

he
pa

tit
is

 
w

ith
 in

te
rf

ac
e 

he
pa

tit
is

, 
pl

as
m

a 
ce

lls
, 

fe
at

he
ry

 
de

ge
ne

ra
tio

n,
 a

nd
 

ps
eu

do
ro

se
tt

es

Pr
ed

ni
so

lo
ne

 
40

m
g 

da
ily

; 
A
za

th
io

pr
in

e 
w

as
 a

dd
ed

 1
4 

da
ys

 la
te

r

LF
T 

co
m

pl
et

el
y 

no
rm

al
iz

ed
 in

 
4 

w
ee

ks
 a

ft
er

 
tr

ea
tm

en
t

G
hi

el
m

et
ti 

et
 a

l. 
20

21
52

63
M

m
R
N

A-
12

73
7 

da
ys

 a
ft

er
 

fir
st

 d
os

e
M

et
fo

rm
in

, 
as

pi
ri
n,

 a
nd

 
ro

su
va

st
at

in

N
il

A
N

A
; 

A
nt

i-
pa

ri
et

al
 c

el
l 

an
tib

od
y

19
.9

6↑
1,

03
8

In
te

ns
e 

ly
m

ph
op

la
sm

ac
yt

ic
 

in
fil

tr
at

e 
w

ith
 

sc
at

te
re

d 
eo

si
no

ph
ils

, 
in

te
rf

ac
e 

he
pa

tit
is

, 
an

d 
ce

nt
ri
lo

bu
la

r 
ne

cr
os

is

Pr
ed

ni
so

lo
ne

 
40

m
g 

da
ily

Im
pr

ov
em

en
t 

in
 L

FT
 2

 
w

ee
ks

 a
ft

er
 

tr
ea

tm
en

t

Ta
b

le
 2

. 
  (

co
nt

in
ue

d)

(c
on

tin
ue

d)



Journal of Clinical and Translational Hepatology 2023 vol. 11(3)  |  718–735 729

Cheung C.K.M. et al: COVID-19 vaccines in chronic liver disease

S
tu

d
y

A
g

e
S

ex
Ty

p
e 

of
 

va
cc

in
e

Ti
m

e 
to

 
p

re
se

n
-

ta
ti

on
D

ru
g

 h
is

to
ry

A
u

to
im

-
m

u
n

e 
d

is
ea

se
A

n
ti

b
od

ie
s

Ig
G

 (
g

/
L)

A
LT

 
le

ve
l 

at
 

d
ia

g
-

n
os

is
 

(U
/

L)

Li
ve

r 
b

io
p

sy
Tr

ea
tm

en
t

O
u

tc
om

e

Ta
n 

et
 a

l. 
20

21
53

56
F

m
R
N

A-
12

73
6 

w
ee

ks
 

af
te

r 
fir

st
 

do
se

Ro
su

va
st

at
in

N
il

A
N

A
; 

A
S
M

A
32

.6
↑

1,
70

1
Po

rt
al

 
in

fla
m

m
at

io
n 

w
ith

 
in

te
rf

ac
e 

he
pa

tit
is

, 
co

ns
pi

cu
ou

s 
lo

bu
la

r 
in

fla
m

m
at

io
n 

w
ith

 t
he

 p
re

se
nc

e 
of

 p
la

sm
a 

ce
ll 

ag
gr

eg
at

es
, 

ro
se

tt
e 

fo
rm

at
io

n,
 

an
d 

ap
op

to
tic

 
he

pa
to

cy
te

s;
 A

 f
ew

 
eo

si
no

ph
ils

 w
er

e 
id

en
tif

ie
d;

 E
ar

ly
 

yo
un

g 
fib

ro
si

s

B
ud

es
on

id
e

Ra
pi

d 
cl

in
ic

al
 a

nd
 

bi
oc

he
m

ic
al

 
im

pr
ov

em
en

t 
af

te
r 

st
ar

t 
of

 s
te

ro
id

Z
in

 T
un

 e
t 

al
. 

20
22

54
47

M
m

R
N

A-
12

73
3 

da
ys

 a
ft

er
 

fir
st

 d
os

e
N

il
N

il
A
N

A
25

.1
↑

1,
04

8
W

id
es

pr
ea

d 
ar

ea
s 

of
 b

ri
dg

in
g 

ne
cr

os
is

, 
m

ar
ke

d 
in

te
rf

ac
e 

he
pa

tit
is

, 
ly

m
ph

op
la

sm
at

ic
 

in
fla

m
m

at
io

n 
in

cl
ud

in
g 

eo
si

no
ph

ils
, 

ba
llo

on
ed

 
he

pa
to

cy
te

s,
 

m
ul

tin
uc

le
at

ed
 

gi
an

t 
ce

lls
, 

an
d 

em
pe

ri
po

le
si

s;
 

M
in

im
al

 f
ib

ro
si

s

Pr
ed

ni
so

lo
ne

 
40

m
g 

da
ily

PT
 n

or
m

al
iz

ed
 

w
ith

in
 2

 
w

ee
ks

M
cS

ha
ne

 e
t 

al
. 

20
21

55
71

F
m

R
N

A-
12

73
4 

da
ys

 a
ft

er
 

fir
st

 d
os

e
Pa

ra
ce

ta
m

ol
 

2 
g 

w
ith

in
 

24
 h

 a
ft

er
 

va
cc

in
at

io
n

N
il

A
S
M

A
21

.7
7↑

1,
06

7
M

ar
ke

d 
po

ly
m

or
ph

ou
s 

in
fla

m
m

at
or

y 
ce

ll 
in

fil
tr

at
e 

of
 p

la
sm

a 
ce

lls
, 

ly
m

ph
oc

yt
es

, 
eo

si
no

ph
ils

, 
ne

ut
ro

ph
ils

, 
an

d 
PA

S
D

-p
os

iti
ve

 
ce

ro
id

 la
de

n 
m

ac
ro

ph
ag

es
; 

In
te

rf
ac

e 
he

pa
tit

is
 

w
ith

 p
or

ta
l-

po
rt

al
 

an
d 

po
rt

al
-c

en
tr

al
 

br
id

gi
ng

 n
ec

ro
si

s

Pr
ed

ni
so

lo
ne

 
40

m
g 

da
ily

LF
T 

co
nt

in
ue

d 
to

 im
pr

ov
e 

on
 a

 t
ap

er
in

g 
co

ur
se

 o
f 

pr
ed

ni
so

lo
ne

Ta
b

le
 2

. 
  (

co
nt

in
ue

d)

(c
on

tin
ue

d)



Journal of Clinical and Translational Hepatology 2023 vol. 11(3)  |  718–735730

Cheung C.K.M. et al: COVID-19 vaccines in chronic liver disease

S
tu

d
y

A
g

e
S

ex
Ty

p
e 

of
 

va
cc

in
e

Ti
m

e 
to

 
p

re
se

n
-

ta
ti

on
D

ru
g

 h
is

to
ry

A
u

to
im

-
m

u
n

e 
d

is
ea

se
A

n
ti

b
od

ie
s

Ig
G

 (
g

/
L)

A
LT

 
le

ve
l 

at
 

d
ia

g
-

n
os

is
 

(U
/

L)

Li
ve

r 
b

io
p

sy
Tr

ea
tm

en
t

O
u

tc
om

e

Lo
nd

oñ
o 

et
 

al
. 

20
21

56
41

F
m

R
N

A-
12

73
7 

da
ys

 a
ft

er
 

se
co

nd
 d

os
e

H
or

m
on

al
 

re
pl

ac
em

en
t 

th
er

ap
y

N
il

A
N

A
; 

A
S
M

A
; 

A
nt

i-
S
LA

; 
A
nt

i-
liv

er
 

cy
to

so
l

20
.8
↑

1,
31

2
M

ar
ke

d 
ex

pa
ns

io
n 

of
 t

he
 p

or
ta

l t
ra

ct
s 

w
ith

 a
 d

en
se

 
in

fla
m

m
at

or
y 

in
fil

tr
at

e 
co

m
po

se
d 

of
 ly

m
ph

oc
yt

es
 

an
d 

pl
as

m
a 

ce
lls

, 
se

ve
re

 
in

te
rf

ac
e 

he
pa

tit
is

, 
an

d 
lo

bu
la

r 
in

fla
m

m
at

io
n 

w
ith

 d
is

pe
rs

e 
ne

cr
oi

nf
la

m
m

at
or

y 
fo

ci
, 

ap
op

to
tic

 
bo

di
es

, 
an

d 
he

pa
to

cy
te

 
ba

llo
on

in
g;

 
N

o 
si

gn
s 

of
 

pa
re

nc
hy

m
al

 o
r 

pe
ri
si

nu
so

id
al

 
fib

ro
si

s

Pr
ed

ni
so

lo
ne

 
1 

m
g/

kg
Ra

pi
d 

no
rm

al
iz

at
io

n 
of

 L
FT

 a
ft

er
 

st
ar

t 
of

 
pr

ed
ni

so
lo

ne

A
de

no
vi

ra
l v

ec
to

r 
va

cc
in

e
C
la

yt
on

-
C
hu

bb
 e

t 
al

. 
20

21
57

36
M

A
Z
D

12
22

26
 d

ay
s 

af
te

r 
fir

st
 

do
se

O
lm

es
ar

ta
n,

 
pa

ra
ce

ta
m

ol
, 

ib
up

ro
fe

n

N
il

A
N

A
12

.8
 (

no
t 

el
ev

at
ed

)
1,

77
4

S
ig

ni
fic

an
t 

in
te

rf
ac

e 
he

pa
tit

is
 

w
ith

 a
 m

ix
ed

, 
pr

ed
om

in
an

tly
 

ly
m

ph
oc

yt
ic

, 
in

fla
m

m
at

or
y 

ce
ll 

in
fil

tr
at

e 
w

ith
ou

t 
si

gn
ifi

ca
nt

 f
ib

ro
si

s

Pr
ed

ni
so

lo
ne

 
60

m
g 

da
ily

LF
T 

im
pr

ov
em

en
t 

w
ith

 g
ra

du
al

 
ta

pe
ri
ng

 o
f 

st
er

oi
d

Re
la

 e
t 

al
. 

20
21

 5
8

38
F

A
Z
D

12
22

20
 d

ay
s 

af
te

r 
fir

st
 

do
se

Le
vo

th
yr

ox
in

e
H

yp
ot

hy
 

ro
id

is
m

A
N

A
16

.5
↑

1,
02

5
M

ul
tia

ci
na

r 
he

pa
tic

 
ne

cr
os

is
 a

nd
 

di
ff
us

e 
po

rt
al

/
pe

ri
po

rt
al

 n
eo

-
ch

ol
an

gi
ol

ar
 

pr
ol

ife
ra

tio
n;

 
In

fla
m

m
at

io
n 

co
m

pr
is

in
g 

of
 

ly
m

ph
oc

yt
es

, 
pl

as
m

a 
ce

lls
, 

an
d 

ra
re

 e
os

in
op

hi
ls

 
w

er
e 

no
te

d;
 

S
in

us
oi

da
l 

pi
gm

en
t 

la
de

n 
hi

st
io

cy
te

s 
an

d 
ce

nt
ra

l v
en

ul
iti

s 
w

er
e 

no
te

d,
 a

nd
 

su
gg

es
tiv

e 
of

 A
IH

Pr
ed

ni
so

lo
ne

 
30

m
g 

da
ily

LF
T 

no
rm

al
iz

at
io

n 
w

ith
 g

ra
du

al
 

ta
pe

ri
ng

 o
f 

st
er

oi
d

Ta
b

le
 2

. 
  (

co
nt

in
ue

d)

(c
on

tin
ue

d)



Journal of Clinical and Translational Hepatology 2023 vol. 11(3)  |  718–735 731

Cheung C.K.M. et al: COVID-19 vaccines in chronic liver disease

S
tu

d
y

A
g

e
S

ex
Ty

p
e 

of
 

va
cc

in
e

Ti
m

e 
to

 
p

re
se

n
-

ta
ti

on
D

ru
g

 h
is

to
ry

A
u

to
im

-
m

u
n

e 
d

is
ea

se
A

n
ti

b
od

ie
s

Ig
G

 (
g

/
L)

A
LT

 
le

ve
l 

at
 

d
ia

g
-

n
os

is
 

(U
/

L)

Li
ve

r 
b

io
p

sy
Tr

ea
tm

en
t

O
u

tc
om

e

62
M

A
Z
D

12
22

16
 d

ay
s 

af
te

r 
fir

st
 

do
se

N
il

N
il

N
eg

at
iv

e
N

il
1,

09
4

Po
rt

o-
ce

nt
ra

l 
br

id
gi

ng
 n

ec
ro

si
s;

 
Po

rt
al

/p
er

ip
or

ta
l 

ne
oc

ho
la

ng
io

la
r 

pr
ol

ife
ra

tio
n 

an
d 

m
ild

 t
o 

m
od

er
at

e 
in

fla
m

m
at

io
n 

co
m

pr
is

in
g 

of
 

ly
m

ph
oc

yt
es

 a
lo

ng
 

w
ith

 p
la

sm
a 

ce
lls

, 
eo

si
no

ph
ils

, 
an

d 
po

ly
m

or
ph

s;
 F

oc
al

 
ro

se
tt

in
g 

an
d 

em
pe

ri
po

le
si

s;
 

Pa
tc

hy
 

he
pa

to
ca

na
lic

ul
ar

 
bi

lir
ub

in
os

ta
si

s 
an

d 
ce

nt
ra

l v
en

ul
iti

s;
 

M
ild

 p
or

ta
l f

ib
ro

si
s 

(I
sh

ak
 s

ta
ge

 2
/6

)

Pr
ed

ni
so

lo
ne

 
30

m
g 

da
ily

; 
5 

cy
cl

es
 o

f 
th

er
ap

eu
tic

 
pl

as
m

a 
ex

ch
an

ge

Po
or

 r
es

po
ns

e 
to

 t
re

at
m

en
t;

 
pa

tie
nt

 d
ie

d 
3 

w
ee

ks
 a

ft
er

 
ad

m
is

si
on

In
ac

tiv
at

ed
 v

ir
us

 v
ac

ci
ne

G
ho

rb
an

i 
et

 a
l. 

20
22

59

62
M

S
in

op
ha

rm
3 

da
ys

 a
ft

er
 

se
co

nd
 d

os
e

M
et

fo
rm

in
, 

gl
ib

en
cl

am
id

e 
an

d 
lo

sa
rt

an

N
il

N
il

N
il

72
2

S
ev

er
e 

in
fil

tr
at

io
n 

of
 ly

m
ph

oc
yt

es
, 

eo
si

no
ph

ils
, 

an
d 

ne
ut

ro
ph

ils
 in

 
po

rt
al

 t
ra

ct
 (

sc
or

e:
 

3/
4)

 a
nd

 lo
bu

le
s 

(s
co

re
: 

4/
4)

 
ac

co
m

pa
ni

ed
 b

y 
in

te
rf

ac
e 

he
pa

tit
is

 
(s

co
re

: 
4/

4)
 a

nd
 

fe
at

he
ry

 c
ha

ng
e.

 
Fo

ci
 o

f 
du

ct
ul

ar
 

re
ac

tio
n;

 F
in

al
 

gr
ad

in
g 

an
d 

st
ag

in
g,

 a
cc

or
di

ng
 

to
 I

sh
ak

 m
od

ifi
ed

 
he

pa
tit

is
 a

ct
iv

ity
 

in
de

x,
 w

er
e 

11
/1

8 
an

d 
1/

6,
 

re
sp

ec
tiv

el
y

U
rs

od
eo

xy
-

ch
ol

ic
 a

ci
d

Li
ve

r 
en

zy
m

es
 

gr
ad

ua
lly

 
im

pr
ov

ed

A
IH

, 
au

to
im

m
un

e 
he

pa
tit

is
; 

A
LP

, 
al

ka
lin

e 
ph

os
ph

at
as

e;
 A

LT
, 
al

an
in

e 
am

in
ot

ra
ns

fe
ra

se
; 

A
N

A
, 
an

tin
uc

le
ar

 a
nt

ib
od

y;
 A

N
C
A
, 
an

ti-
ne

ut
ro

ph
il 

cy
to

pl
as

m
ic

 a
nt

ib
od

ie
s;

 A
nt

i-
ds

D
N

A
, 
an

ti-
do

ub
le

 s
tr

an
de

d 
D

N
A
; 

an
ti-

S
LA

, 
an

ti-
so

lu
bl

e 
liv

er
 a

nt
ig

en
; 

A
S
M

A
, 

an
ti-

sm
oo

th
 m

us
cl

e 
an

tib
od

y;
 A

S
T,

 a
sp

ar
ta

te
 a

m
in

ot
ra

ns
fe

ra
se

; 
Ig

G
, 

Im
m

un
og

lo
bu

lin
 G

; 
LF

T,
 li

ve
r 

fu
nc

tio
n 

te
st

; 
M

M
F,

 m
yc

op
he

no
la

te
 m

of
et

il;
 N

A
C
, 

N
-a

ce
ty

lc
ys

te
in

e;
 N

SA
ID

, 
no

ns
te

ro
id

al
 a

nt
i-

in
fla

m
m

at
or

y 
dr

ug
; 

PA
S
D

, 
pe

ri
od

ic
 a

ci
d–

S
ch

iff
 w

ith
 d

ia
st

as
e 

di
ge

st
io

n;
 P

T,
 p

ro
th

ro
m

bi
n 

tim
e;

 U
LN

, 
up

pe
r 

lim
it 

of
 n

or
m

al
.

Ta
b

le
 2

. 
  (

co
nt

in
ue

d)



Journal of Clinical and Translational Hepatology 2023 vol. 11(3)  |  718–735732

Cheung C.K.M. et al: COVID-19 vaccines in chronic liver disease

and died 3 weeks after admission (Table 2).58

Ad26.COV2.S: The Ad26.COV2.S vaccine (Jcovden, 
Johnson & Johnson). Is an adenoviral vector vaccine con-
sisting of a recombinant, replication-incompetent human ad-
enovirus type 26 (Ad26) vector encoding a full-length and 
membrane-bound SARS-CoV-2 spike protein in a prefusion-
stabilized conformation.71,72 The key phase 3 study included 
39,321 participants randomized in a 1:1 ratio to receive a 
single dose of Ad26.COV2.S or placebo.73 Patients with liver 
diseases comprised 0.5% of the populations in each arm of 
the study. There were 66 cases of moderate-to-severe criti-
cal COVID-19 in the vaccine group and 193 cases in the pla-
cebo group, yielding a vaccine efficacy of 66.1% (adjusted 
95% CI, 55.0–74.8%). To date, there are no published data 
reporting on the safety and efficacy of AZD1222 or Ad26.
COV 2.S vaccines in liver transplant recipients or patients 
with CLD. Further research is needed.

Inactivated virus vaccines
Two inactivated COVID-19 vaccines have been approved and 
are used in some countries. They are CoronaVac developed 
by Sinovac Life Sciences and the Sinopharm vaccine. In-
activated vaccines can induce a wide range of cellular and 
humoral responses, but their disadvantages include limited 
immunogenicity, which requires adjuvants to enhance the 
immune response, the need to handle large quantities of live 
virus, and the integrity of antigens or epitopes that must be 
verified.74 Tanriover et al.75 conducted a phase 3 study on 
CoronaVac using two doses of 3 µg inactivated SARS-CoV-2 
virion in a 0.5 mL aqueous suspension administered 14 days 
apart. The estimated efficacy of the vaccine was 83.5%. The 
results of other RCTs on inactivated vaccines are shown in 
Supplementary Table 1.76–78

Emerging evidence shows that a booster dose is needed 
for people who have received two doses of inactivated vac-
cine.79–83 A recent study showed that the initial neutralizing 
antibody response to two doses of CoronaVac declined to near 
or below the lower limit of seropositivity after 6 months.84 A 
third dose of CoronaVac (3 µg) given 8 months after the sec-
ond dose resulted in a strong, immunogenic boost.84

Efficacy and safety in patients with CLD or liver 
transplants: The use of inactivated vaccine and its anti-
body response have been studied in patients with CLD or 
liver transplant recipients. The largest was conducted by Ai 
et al.33 and included 581 participants, 437 with CLD, and 144 
healthy volunteers from 15 sites in China.33 CLD included liv-
er diseases of more than 6 months duration, including chron-
ic inflammation from conditions like hepatitis B, hepatitis C, 
NAFLD, alcoholic liver disease, autoimmune hepatitis, pri-
mary biliary cholangitis, and primary sclerosing cholangitis, 
with or without liver cirrhosis. Two doses of inactivated whole 
virion SARS-CoV-2 vaccine were given to all participants 3 to 
8 weeks apart. Serum samples were taken 14 days or more 
after the second dose and tested for SARS-CoV-2 neutral-
izing antibody. The positive rates of neutralizing antibodies 
were 76.8% in the group with noncirrhotic CLD, 78.9% in 
the group with compensated cirrhosis, 76.7% in the group 
with decompensated cirrhosis, and 90.3% in healthy con-
trols. The immunogenicity rates were similar across differ-
ent CLD groups (p=0.894) but were significantly lower than 
in the healthy population (p=0.008).33 Most adverse reac-
tions were mild and transient. Injection site pain was the 
most commonly reported adverse event, with an incidence of 
8.2%.33 Comparable safety was shown in patients with non-
cirrhotic CLD, compensated cirrhosis, and decompensated 
cirrhosis. Three participants had grade 3 aminotransferase 
elevations, defined as an alanine aminotransferase level >5 

times the upper limit of normal after the second dose of vac-
cine. In one of those participants, it was regarded as a se-
vere adverse event potentially related to the vaccination. The 
patient had discontinued antiviral agents against hepatitis B 
before SARS-CoV-2 vaccination. Therefore, it was uncertain 
whether the severe adverse event was related to the vac-
cination or to hepatitis B reactivation after discontinuation of 
antiviral treatment.33

Several studies have investigated the efficacy of inactivat-
ed SARS-CoV-2 vaccines in hepatitis B patients. He et al.34 
conducted a study in 362 chronic hepatitis B (CHB) patients 
and 87 healthy controls who received two doses of inactivat-
ed vaccine at an interval of at least 21 days. Researchers an-
alyzed the antibody profiles of the anti-spike IgG, anti-RBD 
IgG, and RBD-angiotensin-converting enzyme 2 (RBD-ACE2) 
blocking antibody at 1, 2, and 3 months, as well as levels of 
SARS-CoV-2 specific B cells. chronic hepatitis B patients had 
lower titers of the three antibodies than healthy controls at 1 
month, but seropositivity rates of the three antibodies were 
similar in chronic hepatitis B patients and healthy controls 
at 2 and 3 months. Patients who were positive for hepatitis 
e-antigen (HBeAg) had higher titers of all three antibodies 
at 3 months (all p<0.05) and a slower decline in antibody 
titers compared with healthy controls.34 Atypical memory B-
cells (MBCs) are a subset short-lived activated cells that ate 
plasma cell (PC) precoursors.85 The percentage of Atypical 
memory B-cells is usually increased in patients with chronic 
diseases.86 The number of RBD+ memory B-cells was higher 
in HBeAg-positive CHB patients than in controls at 3 months. 
It was proposed that the higher frequency of RBD+ atypical 
MBCs in HBeAg-positive CHB patients would lead to a higher 
frequency of plasma cells, which might then result in higher 
antibody titers.85

A study by Xiang et al.35 recruited 284 CHB participants, of 
whom 81 were unvaccinated, 54 who had received the first 
dose of vaccine and 149 who had received two doses of vac-
cine. The seropositivity rates for anti-S-RBD-IgG and neu-
tralizing antibody was 87.25% and 74.5%, respectively for 
participants with two doses of inactivated vaccines.35 In addi-
tion, the study showed that the hepatitis B patients receiving 
nucleos(t)ide analog therapy had a significantly higher neu-
tralizing antibody titer than those who had not (p<0.05).35 
The reason is not clear, but it was proposed that long-term 
antiviral therapy for hepatitis B inhibited viral replication and 
led to the recovery of the impaired immune system by re-
storing the function of circulating T cells, natural killer cells, 
or dendritic cells. The effects would be more prominent in 
patients receiving nucleotide analogs that induce the pro-
duction of interferon-α3.87,88 It is therefore recommended to 
continue administration of nucleos(t)ide analogs during vac-
cination to avoid negatively impacting CHB treatment.

Wang et al.36 conducted a multicenter study in 381 pa-
tients with nonalcoholic fatty liver disease and without a 
history of SARS-CoV-2 infection who were being treated at 
11 designated centers in China. All nonalcoholic fatty liver 
disease patients were given with two doses of inactivated 
vaccine. Levels of neutralizing antibody against SARS-CoV-2 
were measured at least 14 days after the full vaccination 
course. Antibodies were detected in 364 (95.5%) patients. 
The median neutralizing antibody titer was 32 (interquartile 
range 8–64), and the median period between the comple-
tion of vaccination and neutralizing antibody detection was 
39.0 days (interquartile range 35–50 days).36 Inactivated 
vaccines have shown their efficacy in patients with different 
types of CLD. The adverse effects were mild and self-limiting 
and there were few reports of vaccine-induced hepatitis in 
patients with CLD after receiving this type of vaccine.59
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Protein subunit vaccines
The Novavax NVX-CoV2373 vaccine (Nuvaxovid, Covovax) is 
a recombinant SARS-CoV-2 nanoparticle vaccine composed 
of trimeric full-length SARS-CoV-2 spike glycoproteins and 
Matrix-M1 adjuvant.89 The two vaccine components trigger 
both B- and T-cell immunity to the SARS-CoV-2 S protein, 
and the full-length S protein has common epitopes that could 
protect against variants.90 It is given intramuscularly as two 
5 µg doses, 21 days apart.91 A phase 3 randomized trial in-
cluded 15,187 participants (14,039 of whom were included 
in the per-protocol analysis). Vaccine efficacy against both 
B.1.1.7 (alpha) and non-B.1.1.7 variants was 89.7% (95% 
CI: 80.2–94.6%).92 Similar levels of protection were shown 
in another phase 3 trial including 29,949 adults in the USA 
and Mexico, with B.1.1.7 the most sequenced viral strain.93 
The vaccine efficacy of NVX-CoV2373 against any variant was 
92.6% (95% CI: 83.6–96.7%), but lower protection, a vac-
cine efficacy of 49.4%. was found against B.1.351 variants.94 
The efficacy of NVX-Cov2373 may be affected by coexisting 
illnesses with a higher number needed to treat to prevent 
COVID-19 infection in individuals with comorbidities.95 In pa-
tients living with stable HIV-1 infection, viral load of <1,000 
copies/mL, and on stable antiretroviral therapy for ≥8 weeks, 
the humoral immune response to NVX-CoV2373 was at-
tenuated compared with HIV-negative vaccine recipients.96 
HIV-positive participants were more likely to have underly-
ing comorbidities (36.1% vs. 22.2%) and hepatitis B surface 
antigen positivity (7.0% vs. 1.0%) compared with HIV-neg-
ative vaccinees.96 In the phase 3 studies by Heath et al.92 
and Dunkle et al.,93 more than 40% of the participants had 
coexisting illnesses but the percentages of patients with CLD 
were not reported. At the time of writing, there are no studies 
reporting the safety or efficacy of NVX-Cov2373 in liver trans-
plant recipients or patients with CLD. Future research is need-
ed to guide immunization decisions in those patients. Most of 
the reported solicited local and systemic adverse events after 
receiving NVX-Cov2373 were mild to moderate and transient. 
Common solicited systemic adverse events included head-
ache, myalgia, fatigue, and fever. There were no episodes 
of anaphylaxis, Guillain Barré syndrome, vaccine-induced im-
mune thrombotic thrombocytopenia, or an increased risk of 
myocarditis or pericarditis, although the follow-up period in 
the phase 3 studies was relatively short.93,94

Conclusion
COVID-19 vaccination in cirrhosis patients reduced overall 
mortality, and they should be vaccinated unless there are 
contraindications. Liver transplant recipients may benefit 
from an early third booster dose to achieve a better protec-
tive effect. Currently, there are more data supporting the use 
of mRNA vaccines compared with other COVID-19 vaccines 
in patients with CLD. Recent evidence also shows that the 
mRNA vaccines and ChAdOx1 nCoV-19 vaccine are useful 
against new strains such as the omicron variants.97,98 Clini-
cians should remain cautious about the potential for vaccine-
induced immune-mediated hepatitis or drug-induced liver 
injury. More research is needed on the duration of immunity, 
need for booster doses, effects of heterologous vaccination, 
and protection against novel variants in patients with CLD or 
liver transplant recipients.

Acknowledgments
The authors would like to thank Catherine Rees, for editing 
the manuscript prior to submission.

Funding
None to declare.

Conflict of interest
The authors have no conflicts of interest related to this pub-
lication.

Author contributions
Study concept and design (CKC, MFL), acquisition of data 
(CKC, KWT, AWH, RH, MFL), analysis and interpretation 
of data (CKC, KWT, AWH, RH, MFL, SHW), drafting of the 
manuscript (CKC, MFL), critical revision of the manuscript for 
important intellectual content (CKC, SHW, MFL). All authors 
have made a significant contribution to this study and have 
approved the final manuscript.

References
[1] European Association for the Study of the Liver. EASL Clinical Practice 

Guidelines for the management of patients with decompensated cirrho-
sis. J Hepatol 2018;69:406–460. doi:10.1016/j.jhep.2018.03.024, PMID: 
29653741.

[2] Marjot T, Moon AM, Cook JA, Abd-Elsalam S, Aloman C, Armstrong MJ, et 
al. Outcomes following SARS-CoV-2 infection in patients with chronic liver 
disease: An international registry study. J Hepatol 2021;74(3):567–577. 
doi:10.1016/j.jhep.2020.09.024, PMID:33035628.

[3] Sarin SK, Choudhury A, Lau GK, Zheng M-H, Ji D, Abd-Elsalam S, et al. 
Pre-existing liver disease is associated with poor outcome in patients with 
SARS CoV2 infection; the APCOLIS Study (APASL COVID-19 Liver Injury 
Spectrum Study). Hepatol Int 2020;14:690–700. doi:10.1007/s12072-
020-10072-8, PMID:32623632.

[4] Singh S, Khan A. Clinical Characteristics and Outcomes of Coronavirus Dis-
ease 2019 Among Patients With Preexisting Liver Disease in the United 
States: A Multicenter Research Network Study. Gastroenterology 2020; 
159(2):768–771.e3. doi:10.1053/j.gastro.2020.04.064, PMID:32376408.

[5] Zheng KI, Gao F, Wang XB, Sun QF, Pan KH, Wang TY, et al. Obesity as a 
risk factor for greater severity of COVID-19 in patients with metabolic as-
sociated fatty liver disease. Metabolism 2020;108:154244. doi:10.1016/j.
metabol.2020.154244, PMID:32320741.

[6] Gao F, Zheng KI, Wang XB, Yan HD, Sun QF, Pan KH, et al. Metabolic 
associated fatty liver disease increases coronavirus disease 2019 disease 
severity in nondiabetic patients. J Gastroenterol Hepatol 2020;36(1):204–
207. doi:10.1111/jgh.15112, PMID:32436622.

[7] Targher G, Mantovani A, Byrne CD, Wang XB, Yan HD, Sun QF, et al. Risk 
of severe illness from COVID-19 in patients with metabolic dysfunction-
associated fatty liver disease and increased fibrosis scores. Gut 2020; 
69(8):1545–1547. doi:10.1136/gutjnl-2020-321611, PMID:32414813.

[8] Walsh EE, Frenck RW Jr, Falsey AR, Kitchin N, Absalon J, Gurtman A, 
et al. Safety and Immunogenicity of Two RNA-Based Covid-19 Vaccine 
Candidates. N Engl J Med 2020;383(25):2439–2450. doi:10.1056/NEJ-
Moa2027906, PMID:33053279.

[9] Wrapp D, Wang N, Corbett KS, Goldsmith JA, Hsieh CL, Abiona O, et al. 
Cryo-EM structure of the 2019-nCoV spike in the prefusion conforma-
tion. Science 2020;367(6483):1260–1263. doi:10.1126/science.abb2507, 
PMID:32075877.

[10] Pfizer pharmaceutical company. Comirnaty (BioNTech). U.S. Food and 
Drug Administration. Available from: https://www.fda.gov/media/151707/
download.

[11] Polack FP, Thomas SJ, Kitchin N, Absalon J, Gurtman A, Lockhart S, et 
al. Safety and Efficacy of the BNT162b2 mRNA Covid-19 Vaccine. N Engl 
J Med 2020;383(27):2603–2615. doi:10.1056/NEJMoa2034577, PMID: 
33301246.

[12] Thomas SJ, Moreira ED Jr, Kitchin N, Absalon J, Gurtman A, Lockhart S, et 
al. Safety and Efficacy of the BNT162b2 mRNA Covid-19 Vaccine through 
6 Months. N Engl J Med 2021;385(19):1761–1773. doi:10.1056/NEJ-
Moa2110345, PMID:3452527.

[13] Moreira ED Jr, Kitchin N, Xu X, Dychter SS, Lockhart S, Gurtman A, et 
al. Safety and Efficacy of a Third Dose of BNT162b2 Covid-19 Vaccine. 
N Engl J Med 2022;386(2):1910–1921. doi:10.1056/NEJMoa2200674, 
PMID:35320659.

[14] Corbett KS, Edwards DK, Leist SR, Abiona OM, Boyoglu-Barnum S, 
Gillespie RA, et al. SARS-CoV-2 mRNA vaccine design enabled by prototype 
pathogen preparedness. Nature 2020;586(7830):567–571. doi:10.1038/
s41586-020-2622-0, PMID:32756549.

[15] Moderna, Inc pharmaceutical company. Spikevax (COVID-19 Vaccine, 
mRNA). U.S. Food and Drug Administration. Available from: https://www.
fda.gov/media/155675/download.

[16] Baden LR, El Sahly HM, Essink B, Kotloff K, Frey S, Novak R, et al. Ef-
ficacy and Safety of the mRNA-1273 SARS-CoV-2 Vaccine. N Engl J Med 
2021;384(5):403–416. doi:10.1056/NEJMoa2035389, PMID:33378609.

[17] John BV, Deng Y, Scheinberg A, Mahmud N, Taddei TH, Kaplan D, et al. 

https://doi.org/10.1016/j.jhep.2018.03.024
http://www.ncbi.nlm.nih.gov/pubmed/29653741
https://doi.org/10.1016/j.jhep.2020.09.024
http://www.ncbi.nlm.nih.gov/pubmed/33035628
https://doi.org/10.1007/s12072-020-10072-8
https://doi.org/10.1007/s12072-020-10072-8
http://www.ncbi.nlm.nih.gov/pubmed/32623632
https://doi.org/10.1053/j.gastro.2020.04.064
http://www.ncbi.nlm.nih.gov/pubmed/32376408
https://doi.org/10.1016/j.metabol.2020.154244
https://doi.org/10.1016/j.metabol.2020.154244
http://www.ncbi.nlm.nih.gov/pubmed/32320741
https://doi.org/10.1111/jgh.15112
http://www.ncbi.nlm.nih.gov/pubmed/32436622
https://doi.org/10.1136/gutjnl-2020-321611
http://www.ncbi.nlm.nih.gov/pubmed/32414813
https://doi.org/10.1056/NEJMoa2027906
https://doi.org/10.1056/NEJMoa2027906
http://www.ncbi.nlm.nih.gov/pubmed/33053279
https://doi.org/10.1126/science.abb2507
http://www.ncbi.nlm.nih.gov/pubmed/32075877
https://www.fda.gov/media/151707/download
https://www.fda.gov/media/151707/download
https://doi.org/10.1056/NEJMoa2034577
http://www.ncbi.nlm.nih.gov/pubmed/33301246
https://doi.org/10.1056/NEJMoa2110345
https://doi.org/10.1056/NEJMoa2110345
http://www.ncbi.nlm.nih.gov/pubmed/3452527
https://doi.org/10.1056/NEJMoa2200674
http://www.ncbi.nlm.nih.gov/pubmed/35320659
https://doi.org/10.1038/s41586-020-2622-0
https://doi.org/10.1038/s41586-020-2622-0
http://www.ncbi.nlm.nih.gov/pubmed/32756549
https://www.fda.gov/media/155675/download
https://www.fda.gov/media/155675/download
https://doi.org/10.1056/NEJMoa2035389
http://www.ncbi.nlm.nih.gov/pubmed/33378609


Journal of Clinical and Translational Hepatology 2023 vol. 11(3)  |  718–735734

Cheung C.K.M. et al: COVID-19 vaccines in chronic liver disease

Association of BNT162b2 mRNA and mRNA-1273 Vaccines With COVID-19 
Infection and Hospitalization Among Patients With Cirrhosis. JAMA Intern 
Med 2021;181(10):1306–1314. doi:10.1001/jamainternmed.2021.4325, 
PMID:34254978.

[18] John BV, Deng Y, Schwartz KB, Taddei TH, Kaplan DE, Martin P, et al. 
Postvaccination COVID-19 infection is associated with reduced mortality 
in patients with cirrhosis. Hepatology 2022;76:126–138. doi:10.1002/
hep.32337, PMID:35023206.

[19] Bakasis AD, Bitzogli K, Mouziouras D, Pouliakis A, Roumpoutsou M, Goules 
AV, et al. Antibody Responses after SARS-CoV-2 Vaccination in Patients 
with Liver Diseases. Viruses 2022;14(2):207. doi:10.3390/v14020207, 
PMID:35215801.

[20] Thuluvath PJ, Robarts P, Chauhan M. Analysis of antibody responses af-
ter COVID-19 vaccination in liver transplant recipients and those with 
chronic liver diseases. J Hepatol 2021;75(6):1434–1439. doi:10.1016/j.
jhep.2021.08.008, PMID:34454993.

[21] Ruether DF, Schaub GM, Duengelhoef PM, Haag F, Brehm TT, Fathi A, et 
al. SARS-CoV2-specific Humoral and T-cell Immune Response After Sec-
ond Vaccination in Liver Cirrhosis and Transplant Patients. Clin Gastro-
enterol Hepatol 2022;20(1):162–172.e9. doi:10.1016/j.cgh.2021.09.003, 
PMID:34509643.

[22] Shafrir A, Amer J, Hakimian D, Milgrom Y, Massarwa M, Hazou W, et al. 
Advanced Liver Fibrosis Correlates With Impaired Efficacy of Pfizer-
BioNTech COVID-19 Vaccine in Medical Employees. Hepatol Commun 
2022;6(6):1278–1288. doi:10.1002/hep4.1901, PMID:35147300.

[23] Strauss AT, Hallett AM, Boyarsky BJ, Ou MT, Werbel WA, Avery RK, et 
al. Antibody Response to Severe Acute Respiratory Syndrome-Coronavi-
rus-2 Messenger RNA Vaccines in Liver Transplant Recipients. Liver Transpl 
2021;27(12):1852–1856. doi:10.1002/lt.26273, PMID:34407309.

[24] Rabinowich L, Grupper A, Baruch R, Ben-Yehoyada M, Halperin T, Turn-
er D, et al. Low immunogenicity to SARS-CoV-2 vaccination among liver 
transplant recipients. J Hepatol 2021;75(2):435–438. doi:10.1016/j.
jhep.2021.04.020, PMID:33892006.

[25] Huang HJ, Yi SG, Mobley CM, Saharia A, Bhimaraj A, Moore LW, et al. 
Early humoral immune response to two doses of severe acute respira-
tory syndrome coronavirus 2 vaccine in a diverse group of solid organ 
transplant candidates and recipients. Clin Transplant 2022;36(5):e14600. 
doi:10.1111/ctr.14600, PMID:35083796.

[26] Toniutto P, Falleti E, Cmet S, Cussigh A, Veneto L, Bitetto D, et al. Past 
COVID-19 and immunosuppressive regimens affect the long-term response 
to anti-SARS-CoV-2 vaccination in liver transplant recipients. J Hepatol 
2022;77(1):152–162. doi:10.1016/j.jhep.2022.02.015, PMID:35283215.

[27] Davidov Y, Tsaraf K, Cohen-Ezra O, Likhter M, Ben Yakov G, Levy I, et 
al. Immunogenicity and Adverse Effects of the 2-Dose BNT162b2 Mes-
senger RNA Vaccine Among Liver Transplantation Recipients. Liver Transpl 
2022;28(2):215–223. doi:10.1002/lt.26366, PMID:34767690.

[28] Herrera S, Colmenero J, Pascal M, Escobedo M, Castel MA, Sole-González 
E, et al. Cellular and humoral immune response after mRNA-1273 SARS-
CoV-2 vaccine in liver and heart transplant recipients. Am J Transplant 
2021;21(12):3971–3979. doi:10.1111/ajt.16768, PMID:34291552.

[29] Fernández-Ruiz M, Almendro-Vázquez P, Carretero O, Ruiz-Merlo T, Laguna-
Goya R, San Juan R, et al. Discordance Between SARS-CoV-2-specific Cell-
mediated and Antibody Responses Elicited by mRNA-1273 Vaccine in Kid-
ney and Liver Transplant Recipients. Transplant Direct 2021;7(12):e794. 
doi:10.1097/TXD.0000000000001246, PMID:34805496.

[30] Rahav G, Lustig Y, Lavee J, Benjamini O, Magen H, Hod T, et al. BNT162b2 
mRNA COVID-19 vaccination in immunocompromised patients: A pro-
spective cohort study. EClinicalMedicine 2021;41:101158. doi:10.1016/j.
eclinm.2021.101158, PMID:34693234.

[31] Nazaruk P, Monticolo M, Jędrzejczak AM, Krata N, Moszczuk B, Sańko-
Resmer J, et al. Unexpectedly High Efficacy of SARS-CoV-2 BNT162b2 
Vaccine in Liver versus Kidney Transplant Recipients-Is It Related to Im-
munosuppression Only? Vaccines (Basel) 2021;9(12):1454. doi:10.3390/
vaccines9121454, PMID:34960200.

[32] Boyarsky BJ, Werbel WA, Avery RK, Tobian AAR, Massie AB, Segev DL, 
et al. Antibody Response to 2-Dose SARS-CoV-2 mRNA Vaccine Series 
in Solid Organ Transplant Recipients. JAMA 2021;325(21):2204–2206. 
doi:10.1001/jama.2021.7489, PMID:33950155.

[33] Ai J, Wang J, Liu D, Xiang H, Guo Y, Lv J, et al. Safety and Immunogenicity 
of SARS-CoV-2 Vaccines in Patients With Chronic Liver Diseases (CHESS-
NMCID 2101): A Multicenter Study. Clin Gastroenterol Hepatol 2022; 
20(7):1516–1524.e2. doi:10.1016/j.cgh.2021.12.022, PMID:34942370.

[34] He T, Zhou Y, Xu P, Ling N, Chen M, Huang T, et al. Safety and antibody 
response to inactivated COVID-19 vaccine in patients with chronic hepatitis 
B virus infection. Liver Int 2022;42(6):1287–1296. doi:10.1111/liv.15173, 
PMID:35107848.

[35] Xiang T, Liang B, Wang H, Quan X, He S, Zhou H, et al. Safety and im-
munogenicity of a SARS-CoV-2 inactivated vaccine in patients with chronic 
hepatitis B virus infection. Cell Mol Immunol 2021;18(12):2679–2681. 
doi:10.1038/s41423-021-00795-5, PMID:34782756.

[36] Wang J, Hou Z, Liu J, Gu Y, Wu Y, Chen Z, et al. Safety and immunogenic-
ity of COVID-19 vaccination in patients with non-alcoholic fatty liver dis-
ease (CHESS2101): A multicenter study. J Hepatol 2021;75(2):439–441. 
doi:10.1016/j.jhep.2021.04.026, PMID:33905793.

[37] Rhee Y, Sha BE, Santos CAQ. Optimizing Vaccination in Adult Patients 
With Liver Disease and Liver Transplantation. Clin Liver Dis (Hoboken) 
2020;15(2):63–68. doi:10.1002/cld.898, PMID:32226617.

[38] European Association for Study of Liver; Asociacion Latinoamericana para 
el Estudio del Higado. EASL-ALEH Clinical Practice Guidelines: Non-inva-
sive tests for evaluation of liver disease severity and prognosis. J Hepatol 
2015;63(1):237–264. doi:10.1016/j.jhep.2015.04.006, PMID:25911335.

[39] Mungmunpuntipantip R, Wiwanitkit V. Coronavirus Disease 2019 Mes-
senger RNA Vaccine and Liver Transplant Recipients. Liver Transpl 2022; 
28(1):140. doi:10.1002/lt.26295, PMID:34506684.

[40] Klein NP, Lewis N, Goddard K, Fireman B, Zerbo O, Hanson KE, et 
al. Surveillance for Adverse Events After COVID-19 mRNA Vaccina-
tion. JAMA 2021;326(14):1390–1399. doi:10.1001/jama.2021.15072, 
PMID:34477808.

[41] Meo SA, Bukhari IA, Akram J, Meo AS, Klonoff DC. COVID-19 vaccines: 
comparison of biological, pharmacological characteristics and adverse 
effects of Pfizer/BioNTech and Moderna Vaccines. Eur Rev Med Pharma-
col Sci 2021;25(3):1663–1669. doi:10.26355/eurrev_202102_24877, 
PMID:33629336.

[42] Alqarni MM, Faloudah AZ, Alsulaihebi AS, Halawani HK, Khan AS. A 
Case of Hepatotoxicity After Receiving a COVID-19 Vaccine. Cureus 
2021;13(12):e20455. doi:10.7759/cureus.20455, PMID:35070524.

[43] Dumortier J. Liver injury after mRNA-based SARS-CoV-2 vaccina-
tion in a liver transplant recipient. Clin Res Hepatol Gastroenterol 
2022;46(1):101743. doi:10.1016/j.clinre.2021.101743, PMID:34146727.

[44] Shroff H, Satapathy SK, Crawford JM, Todd NJ, VanWagner LB. Liver injury 
following SARS-CoV-2 vaccination: A multicenter case series. J Hepatol 
2022;76(1):211–214. doi:10.1016/j.jhep.2021.07.024, PMID:34339763.

[45] Lodato F, Larocca A, D’Errico A, Cennamo V. An unusual case of acute 
cholestatic hepatitis after m-RNABNT162b2 (Comirnaty) SARS-CoV-2 
vaccine: Coincidence, autoimmunity or drug-related liver injury. J Hepa-
tol 2021;75(5):1254–1256. doi:10.1016/j.jhep.2021.07.005, PMID:342 
56064.

[46] Bril F, Al Diffalha S, Dean M, Fettig DM. Autoimmune hepatitis developing 
after coronavirus disease 2019 (COVID-19) vaccine: Causality or casu-
alty? J Hepatol 2021;75(1):222–224. doi:10.1016/j.jhep.2021.04.003, 
PMID:33862041.

[47] Avci E, Abasiyanik F. Autoimmune hepatitis after SARS-CoV-2 vaccine: 
New-onset or flare-up? J Autoimmun 2021;125:102745. doi:10.1016/j.
jaut.2021.102745, PMID:34781161.

[48] Palla P, Vergadis C, Sakellariou S, Androutsakos T. Letter to the editor: 
Autoimmune hepatitis after COVID-19 vaccination: A rare adverse effect? 
Hepatology 2022;75(2):489–490. doi:10.1002/hep.32156, PMID:34528 
278.

[49] Rocco A, Sgamato C, Compare D, Nardone G. Autoimmune hepati-
tis following SARS-CoV-2 vaccine: May not be a casuality. J Hepatol 
2021;75(3):728–729. doi:10.1016/j.jhep.2021.05.038, PMID:34116081.

[50] Garrido I, Lopes S, Simões MS, Liberal R, Lopes J, Carneiro F, et al. Autoim-
mune hepatitis after COVID-19 vaccine - more than a coincidence. J Au-
toimmun 2021;125:102741. doi:10.1016/j.jaut.2021.102741, PMID:347 
17185.

[51] Vuille-Lessard É, Montani M, Bosch J, Semmo N. Autoimmune hepatitis 
triggered by SARS-CoV-2 vaccination. J Autoimmun 2021;123:102710. 
doi:10.1016/j.jaut.2021.102710, PMID:34332438.

[52] Ghielmetti M, Schaufelberger HD, Mieli-Vergani G, Cerny A, Dayer E, 
Vergani D, et al. Acute autoimmune-like hepatitis with atypical anti-mi-
tochondrial antibody after mRNA COVID-19 vaccination: A novel clinical 
entity? J Autoimmun 2021;123:102706. doi:10.1016/j.jaut.2021.102706, 
PMID:34293683.

[53] Tan CK, Wong YJ, Wang LM, Ang TL, Kumar R. Autoimmune hepatitis fol-
lowing COVID-19 vaccination: True causality or mere association? J Hepa-
tol 2021;75(5):1250–1252. doi:10.1016/j.jhep.2021.06.009, PMID:341 
53398.

[54] Zin Tun GS, Gleeson D, Al-Joudeh A, Dube A. Immune-mediated hepatitis 
with the Moderna vaccine, no longer a coincidence but confirmed. J Hepatol 
2022;76(3):747–749. doi:10.1016/j.jhep.2021.09.031, PMID:34619252.

[55] McShane C, Kiat C, Rigby J, Crosbie Ó. The mRNA COVID-19 vaccine - A 
rare trigger of autoimmune hepatitis? J Hepatol 2021;75(5):1252–1254. 
doi:10.1016/j.jhep.2021.06.044, PMID:34245804.

[56] Londoño MC, Gratacós-Ginès J, Sáez-Peñataro J. Another case of autoim-
mune hepatitis after SARS-CoV-2 vaccination - still casualty? J Hepatol 2021; 
75(5):1248–1249. doi:10.1016/j.jhep.2021.06.004, PMID:34129886.

[57] Clayton-Chubb D, Schneider D, Freeman E, Kemp W, Roberts SK. Auto-
immune hepatitis developing after the ChAdOx1 nCoV-19 (Oxford-As-
traZeneca) vaccine. J Hepatol 2021;75(5):1249–1250. doi:10.1016/j.
jhep.2021.06.014, PMID:34171435.

[58] Rela M, Jothimani D, Vij M, Rajakumar A, Rammohan A. Auto-immune 
hepatitis following COVID vaccination. J Autoimmun 2021;123:102688. 
doi:10.1016/j.jaut.2021.102688, PMID:34225251.

[59] Ghorbani H, Rouhi T, Vosough Z, Shokri-Shirvani J. Drug-induced hepa-
titis after Sinopharm COVID-19 vaccination: A case study of a 62-year-
old patient. Int J Surg Case Rep 2022;93:106926. doi:10.1016/j.
ijscr.2022.106926, PMID:35284210.

[60] Vojdani A, Kharrazian D. Potential antigenic cross-reactivity between 
SARS-CoV-2 and human tissue with a possible link to an increase in au-
toimmune diseases. Clin Immunol 2020;217:108480. doi:10.1016/j.
clim.2020.108480, PMID:32461193.

[61] Segal Y, Shoenfeld Y. Vaccine-induced autoimmunity: the role of molecular 
mimicry and immune crossreaction. Cell Mol Immunol 2018;15(6):586–
594. doi:10.1038/cmi.2017.151, PMID:29503439.

[62] Talotta R. Do COVID-19 RNA-based vaccines put at risk of immune-me-
diated diseases? In reply to “potential antigenic cross-reactivity between 
SARS-CoV-2 and human tissue with a possible link to an increase in au-
toimmune diseases”. Clin Immunol 2021;224:108665. doi:10.1016/j.
clim.2021.108665, PMID:33429060.

[63] Voysey M, Clemens SAC, Madhi SA, Weckx LY, Folegatti PM, Aley PK, 
et al. Safety and efficacy of the ChAdOx1 nCoV-19 vaccine (AZD1222) 
against SARS-CoV-2: an interim analysis of four randomised controlled tri-

https://doi.org/10.1001/jamainternmed.2021.4325
http://www.ncbi.nlm.nih.gov/pubmed/34254978
https://doi.org/10.1002/hep.32337
https://doi.org/10.1002/hep.32337
http://www.ncbi.nlm.nih.gov/pubmed/35023206
https://doi.org/10.3390/v14020207
http://www.ncbi.nlm.nih.gov/pubmed/35215801
https://doi.org/10.1016/j.jhep.2021.08.008
https://doi.org/10.1016/j.jhep.2021.08.008
http://www.ncbi.nlm.nih.gov/pubmed/34454993
https://doi.org/10.1016/j.cgh.2021.09.003
http://www.ncbi.nlm.nih.gov/pubmed/34509643
https://doi.org/10.1002/hep4.1901
http://www.ncbi.nlm.nih.gov/pubmed/35147300
https://doi.org/10.1002/lt.26273
http://www.ncbi.nlm.nih.gov/pubmed/34407309
https://doi.org/10.1016/j.jhep.2021.04.020
https://doi.org/10.1016/j.jhep.2021.04.020
http://www.ncbi.nlm.nih.gov/pubmed/33892006
https://doi.org/10.1111/ctr.14600
http://www.ncbi.nlm.nih.gov/pubmed/35083796
https://doi.org/10.1016/j.jhep.2022.02.015
http://www.ncbi.nlm.nih.gov/pubmed/35283215
https://doi.org/10.1002/lt.26366
http://www.ncbi.nlm.nih.gov/pubmed/34767690
https://doi.org/10.1111/ajt.16768
http://www.ncbi.nlm.nih.gov/pubmed/34291552
https://doi.org/10.1097/TXD.0000000000001246
http://www.ncbi.nlm.nih.gov/pubmed/34805496
https://doi.org/10.1016/j.eclinm.2021.101158
https://doi.org/10.1016/j.eclinm.2021.101158
http://www.ncbi.nlm.nih.gov/pubmed/34693234
https://doi.org/10.3390/vaccines9121454
https://doi.org/10.3390/vaccines9121454
http://www.ncbi.nlm.nih.gov/pubmed/34960200
https://doi.org/10.1001/jama.2021.7489
http://www.ncbi.nlm.nih.gov/pubmed/33950155
https://doi.org/10.1016/j.cgh.2021.12.022
http://www.ncbi.nlm.nih.gov/pubmed/34942370
https://doi.org/10.1111/liv.15173
http://www.ncbi.nlm.nih.gov/pubmed/35107848
https://doi.org/10.1038/s41423-021-00795-5
http://www.ncbi.nlm.nih.gov/pubmed/34782756
https://doi.org/10.1016/j.jhep.2021.04.026
http://www.ncbi.nlm.nih.gov/pubmed/33905793
https://doi.org/10.1002/cld.898
http://www.ncbi.nlm.nih.gov/pubmed/32226617
https://doi.org/10.1016/j.jhep.2015.04.006
http://www.ncbi.nlm.nih.gov/pubmed/25911335
https://doi.org/10.1002/lt.26295
http://www.ncbi.nlm.nih.gov/pubmed/34506684
https://doi.org/10.1001/jama.2021.15072
http://www.ncbi.nlm.nih.gov/pubmed/34477808
https://doi.org/10.26355/eurrev_202102_24877
http://www.ncbi.nlm.nih.gov/pubmed/33629336
https://doi.org/10.7759/cureus.20455
http://www.ncbi.nlm.nih.gov/pubmed/35070524
https://doi.org/10.1016/j.clinre.2021.101743
http://www.ncbi.nlm.nih.gov/pubmed/34146727
https://doi.org/10.1016/j.jhep.2021.07.024
http://www.ncbi.nlm.nih.gov/pubmed/34339763
https://doi.org/10.1016/j.jhep.2021.07.005
http://www.ncbi.nlm.nih.gov/pubmed/34256064
http://www.ncbi.nlm.nih.gov/pubmed/34256064
https://doi.org/10.1016/j.jhep.2021.04.003
http://www.ncbi.nlm.nih.gov/pubmed/33862041
https://doi.org/10.1016/j.jaut.2021.102745
https://doi.org/10.1016/j.jaut.2021.102745
http://www.ncbi.nlm.nih.gov/pubmed/34781161
https://doi.org/10.1002/hep.32156
http://www.ncbi.nlm.nih.gov/pubmed/34528278
http://www.ncbi.nlm.nih.gov/pubmed/34528278
https://doi.org/10.1016/j.jhep.2021.05.038
http://www.ncbi.nlm.nih.gov/pubmed/34116081
https://doi.org/10.1016/j.jaut.2021.102741
http://www.ncbi.nlm.nih.gov/pubmed/34717185
http://www.ncbi.nlm.nih.gov/pubmed/34717185
https://doi.org/10.1016/j.jaut.2021.102710
http://www.ncbi.nlm.nih.gov/pubmed/34332438
https://doi.org/10.1016/j.jaut.2021.102706
http://www.ncbi.nlm.nih.gov/pubmed/34293683
https://doi.org/10.1016/j.jhep.2021.06.009
http://www.ncbi.nlm.nih.gov/pubmed/34153398
http://www.ncbi.nlm.nih.gov/pubmed/34153398
https://doi.org/10.1016/j.jhep.2021.09.031
http://www.ncbi.nlm.nih.gov/pubmed/34619252
https://doi.org/10.1016/j.jhep.2021.06.044
http://www.ncbi.nlm.nih.gov/pubmed/34245804
https://doi.org/10.1016/j.jhep.2021.06.004
http://www.ncbi.nlm.nih.gov/pubmed/34129886
https://doi.org/10.1016/j.jhep.2021.06.014
https://doi.org/10.1016/j.jhep.2021.06.014
http://www.ncbi.nlm.nih.gov/pubmed/34171435
https://doi.org/10.1016/j.jaut.2021.102688
http://www.ncbi.nlm.nih.gov/pubmed/34225251
https://doi.org/10.1016/j.ijscr.2022.106926
https://doi.org/10.1016/j.ijscr.2022.106926
http://www.ncbi.nlm.nih.gov/pubmed/35284210
https://doi.org/10.1016/j.clim.2020.108480
https://doi.org/10.1016/j.clim.2020.108480
http://www.ncbi.nlm.nih.gov/pubmed/32461193
https://doi.org/10.1038/cmi.2017.151
http://www.ncbi.nlm.nih.gov/pubmed/29503439
https://doi.org/10.1016/j.clim.2021.108665
https://doi.org/10.1016/j.clim.2021.108665
http://www.ncbi.nlm.nih.gov/pubmed/33429060


Journal of Clinical and Translational Hepatology 2023 vol. 11(3)  |  718–735 735

Cheung C.K.M. et al: COVID-19 vaccines in chronic liver disease

als in Brazil, South Africa, and the UK. Lancet 2021;397(10269):99–111. 
doi:10.1016/S0140-6736(20)32661-1, PMID:33306989.

[64] Falsey AR, Sobieszczyk ME, Hirsch I, Sproule S, Robb ML, Corey L, et al. 
Phase 3 Safety and Efficacy of AZD1222 (ChAdOx1 nCoV-19) Covid-19 
Vaccine. N Engl J Med 2021;385(25):2348–2360. doi:10.1056/NEJMoa 
2105290, PMID:34587382.

[65] Munro APS, Janani L, Cornelius V, Aley PK, Babbage G, Baxter D, et al. 
Safety and immunogenicity of seven COVID-19 vaccines as a third dose 
(booster) following two doses of ChAdOx1 nCov-19 or BNT162b2 in 
the UK (COV -BOOST): a blinded, multicentre, randomised, controlled, 
phase 2 trial. Lancet 2021;398(10318):2258–2276. doi:10.1016/S0140-
6736(21)02717-3, PMID:34863358.

[66] Flaxman A, Marchevsky NG, Jenkin D, Aboagye J, Aley PK, Angus B, et 
al. Reactogenicity and immunogenicity after a late second dose or a third 
dose of ChAdOx1 nCoV-19 in the UK: a substudy of two randomised con-
trolled trials (COV001 and COV002). Lancet 2021;398(10304):981–990. 
doi:10.1016/S0140-6736(21)01699-8, PMID:34480858.

[67] Pavord S, Scully M, Hunt BJ, Lester W, Bagot C, Craven B, et al. Clinical 
Features of Vaccine-Induced Immune Thrombocytopenia and Thrombosis. 
N Engl J Med 2021;385(18):1680–1689. doi:10.1056/NEJMoa2109908, 
PMID:34379914.

[68] Scully M, Singh D, Lown R, Poles A, Solomon T, Levi M, et al. Pathologic An-
tibodies to Platelet Factor 4 after ChAdOx1 nCoV-19 Vaccination. N Engl J 
Med 2021;384(23):2202–2211. doi:10.1056/NEJMoa2105385, PMID:338 
61525.

[69] Greinacher A, Thiele T, Warkentin TE, Weisser K, Kyrle PA, Eichinger S. 
Thrombotic Thrombocytopenia after ChAdOx1 nCov-19 Vaccination. N Engl 
J Med 2021;384(22):2092–2101. doi:10.1056/NEJMoa2104840, PMID:338 
35769.

[70] Bourguignon A, Arnold DM, Warkentin TE, Smith JW, Pannu T, Shrum JM, 
et al. Adjunct Immune Globulin for Vaccine-Induced Immune Thrombotic 
Thrombocytopenia. N Engl J Med 2021;385(8):720–728. doi:10.1056/NE-
JMoa2107051, PMID:34107198.

[71] Bos R, Rutten L, van der Lubbe JEM, Bakkers MJG, Hardenberg G, Weg-
mann F, et al. Ad26 vector-based COVID-19 vaccine encoding a prefu-
sion-stabilized SARS-CoV-2 spike immunogen induces potent humoral and 
cellular immune responses. NPJ Vaccines 2020;5:91. doi:10.1038/s41541-
020-00243-x, PMID:33083026.

[72] Sadoff J, Le Gars M, Shukarev G, Heerwegh D, Truyers C, de Groot AM, et 
al. Interim results of a phase 1–2a trial of Ad26.COV2.S Covid-19 vaccine. 
N Engl J Med 2021;384(19):1824–1835. doi:10.1056/NEJMoa2034201, 
PMID:33440088.

[73] Sadoff J, Gray G, Vandebosch A, Cárdenas V, Shukarev G, Grinsztejn B, 
et al. Safety and Efficacy of Single-Dose Ad26.COV2.S Vaccine against 
Covid-19. N Engl J Med 2021;384(23):2187–2201. doi:10.1056/NEJ-
Moa2101544, PMID:33882225.

[74] Awadasseid A, Wu Y, Tanaka Y, Zhang W. Current advances in the de-
velopment of SARS-CoV-2 vaccines. Int J Biol Sci 2021;17(1):8–19. 
doi:10.7150/ijbs.52569, PMID:33390829.

[75] Tanriover MD, Doğanay HL, Akova M, Güner HR, Azap A, Akhan S, et al. Ef-
ficacy and safety of an inactivated whole-virion SARS-CoV-2 vaccine (Coro-
naVac): interim results of a double-blind, randomised, placebo-controlled, 
phase 3 trial in Turkey. Lancet 2021;398(10296):213–222. doi:10.1016/
S0140-6736(21)01429-X, PMID:34246358.

[76] Ella R, Reddy S, Blackwelder W, Potdar V, Yadav P, Sarangi V, et al. Efficacy, 
safety, and lot-to-lot immunogenicity of an inactivated SARS-CoV-2 vac-
cine (BBV152): interim results of a randomised, double-blind, controlled, 
phase 3 trial. Lancet 2021;398(10317):2173–2184. doi:10.1016/S0140-
6736(21)02000-6, PMID:34774196.

[77] Al Kaabi N, Zhang Y, Xia S, Yang Y, Al Qahtani MM, Abdulrazzaq N, et al. 
Effect of 2 Inactivated SARS-CoV-2 Vaccines on Symptomatic COVID-19 
Infection in Adults: A Randomized Clinical Trial. JAMA 2021;326(1):35–45. 
doi:10.1001/jama.2021.8565, PMID:34037666.

[78] Bueno SM, Abarca K, González PA, Gálvez NM, Soto JA, Duarte LF, et al. In-
terim report: Safety and immunogenicity of an inactivated vaccine against 
SARS-CoV-2 in healthy chilean adults in a phase 3 clinical trial. medRxiv 
2021. doi:10.1101/2021.03.31.21254494, PMID:35441164.

[79] Yorsaeng R, Suntronwong N, Phowatthanasathian H, Assawakosri S, Ka-
nokudom S, Thongmee T, et al. Immunogenicity of a third dose viral-
vectored COVID-19 vaccine after receiving two-dose inactivated vaccines 
in healthy adults. Vaccine 2022;40(3):524–530. doi:10.1016/j.vac-
cine.2021.11.083, PMID:34893344.

[80] Zhang J, He Q, An C, Mao Q, Gao F, Bian L, et al. Boosting with heterolo-
gous vaccines effectively improves protective immune responses of the in-
activated SARS-CoV-2 vaccine. Emerg Microbes Infect 2021;10(1):1598–
1608. doi:10.1080/22221751.2021.1957401, PMID:34278956.

[81] Yue L, Zhou J, Zhou Y, Yang X, Xie T, Yang M, et al. Antibody response elic-
ited by a third boost dose of inactivated SARS-CoV-2 vaccine can neutralize 
SARS-CoV-2 variants of concern. Emerg Microbes Infect 2021;10(1):2125–
2127. doi:10.1080/22221751.2021.1996210, PMID:34666622.

[82] Yue L, Xie T, Yang T, Zhou J, Chen H, Zhu H, et al. A third booster dose 
may be necessary to mitigate neutralizing antibody fading after inocula-
tion with two doses of an inactivated SARS-CoV-2 vaccine. J Med Virol 
2022;94(1):35–38. doi:10.1002/jmv.27334, PMID:34516026.

[83] Ai J, Zhang H, Zhang Y, Lin K, Zhang Y, Wu J, et al. Omicron variant 
showed lower neutralizing sensitivity than other SARS-CoV-2 variants to 
immune sera elicited by vaccines after boost. Emerg Microbes Infect 2022; 
11(1):337–343. doi:10.1080/22221751.2021.2022440, PMID:34935594.

[84] Zeng G, Wu Q, Pan H, Li M, Yang J, Wang L, et al. Immunogenicity and 
safety of a third dose of CoronaVac, and immune persistence of a two-
dose schedule, in healthy adults: interim results from two single-centre, 
double-blind, randomised, placebo-controlled phase 2 clinical trials. Lancet 
Infect Dis 2022;22(4):483–495. doi:10.1016/S1473-3099(21)00681-2, 
PMID:34890537.

[85] Jenks SA, Cashman KS, Zumaquero E, Marigorta UM, Patel AV, Wang X, et 
al. Distinct effector B cells induced by unregulated toll-like receptor 7 con-
tribute to pathogenic responses in systemic lupus erythematosus. Immu-
nity 2018;49:725–739.e6. doi:10.1016/j.immuni.2018.08.015, PMID:303 
14758.

[86] Charles ED, Brunetti C, Marukian S, Ritola KD, Talal AH, Marks K, et al. 
Clonal B cells in patients with hepatitis C virus-associated mixed cryoglobu-
linemia contain an expanded anergic CD21low B-cell subset. Blood 2011; 
117:5425–5437. doi:10.1182/blood-2020-10-312942, PMID:21421840.

[87] Liu N, Liu B, Zhang L, Li H, Chen Z, Luo A, et al. Recovery of circulating 
CD56(dim) NK cells and the balance of Th17/Treg after nucleoside analog 
therapy in patients with chronic hepatitis B and low levels of HBsAg. Int 
Immunopharmacol 2018;62:59–66. doi:10.1016/j.intimp.2018.06.043, 
PMID:29990695.

[88] Murata K, Asano M, Matsumoto A, Sugiyama M, Nishida N, Tanaka E, et 
al. Induction of IFN-lambda3 as an additional effect of nucleotide, not 
nucleoside, analogues: a new potential target for HBV infection. Gut 
2018;67(2):362–371. doi:10.1136/gutjnl-2016-312653, PMID:27789659.

[89] Keech C, Albert G, Cho I, Robertson A, Reed P, Neal S, et al. Phase 1-2 
Trial of a SARS-CoV-2 Recombinant Spike Protein Nanoparticle Vaccine. 
N Engl J Med 2020;383(24):2320–2332. doi:10.1056/NEJMoa2026920, 
PMID:32877576.

[90] Parums DV. Editorial: First Approval of the Protein-Based Adjuvanted Nu-
vaxovid (NVX-CoV2373) Novavax Vaccine for SARS-CoV-2 Could Increase 
Vaccine Uptake and Provide Immune Protection from Viral Variants. Med Sci 
Monit 2022;28:e936523. doi:10.12659/MSM.936523, PMID:35228506.

[91] Formica N, Mallory R, Albert G, Robinson M, Plested JS, Cho I, et al. Dif-
ferent dose regimens of a SARS-CoV-2 recombinant spike protein vac-
cine (NVX-CoV2373) in younger and older adults: A phase 2 randomized 
placebo-controlled trial. PLoS Med 2021;18(10):e1003769. doi:10.1371/
journal.pmed.1003769, PMID:34597298.

[92] Heath PT, Galiza EP, Baxter DN, Boffito M, Browne D, Burns F, et al. Safe-
ty and Efficacy of NVX-CoV2373 Covid-19 Vaccine. N Engl J Med 2021; 
385(13):1172–1183. doi:10.1056/NEJMoa2107659, PMID:34192426.

[93] Dunkle LM, Kotloff KL, Gay CL, Áñez G, Adelglass JM, Barrat Hernández 
AQ, et al. Efficacy and Safety of NVX-CoV2373 in Adults in the United 
States and Mexico. N Engl J Med 2022;386(6):531–543. doi:10.1056/NE-
JMoa2116185, PMID:34910859.

[94] Shinde V, Bhikha S, Hoosain Z, Archary M, Bhorat Q, Fairlie L, et al. Efficacy 
of NVX-CoV2373 Covid-19 Vaccine against the B.1.351 Variant. N Engl J Med 
2021;384(20):1899–1909. doi:10.1056/NEJMoa2103055, PMID:33951374.

[95] Montastruc JL, Biron P, Sommet A. NVX-Cov2373 Novavax Covid-19 vac-
cine: A further analysis of its efficacy using multiple modes of expression. 
Fundam Clin Pharmacol 2022;36(6):1125–1127. doi:10.1111/fcp.12794, 
PMID:35502459.

[96] Madhi SA, Moodley D, Hanley S, Archary M, Hoosain Z, Lalloo U, et al. 
Immunogenicity and safety of a SARS-CoV-2 recombinant spike protein 
nanoparticle vaccine in people living with and without HIV-1 infection: a 
randomised, controlled, phase 2A/2B trial. Lancet HIV 2022;9(5):e309–
e322. doi:10.1016/S2352-3018(22)00041-8, PMID:35489376.

[97] Andrews N, Stowe J, Kirsebom F, Toffa S, Rickeard T, Gallagher E, et al. 
Covid-19 Vaccine Effectiveness against the Omicron (B.1.1.529) Variant. 
N Engl J Med 2022;386(16):1532–1546. doi:10.1056/NEJMoa2119451, 
PMID:35249272.

[98] Regev-Yochay G, Gonen T, Gilboa M, Mandelboim M, Indenbaum V, Amit S, 
et al. Efficacy of a Fourth Dose of Covid-19 mRNA Vaccine against Omicron. 
N Engl J Med 2022;386(14):1377–1380. doi:10.1056/NEJMc2202542, 
PMID:35297591.

https://doi.org/10.1016/S0140-6736(20)32661-1
http://www.ncbi.nlm.nih.gov/pubmed/33306989
https://doi.org/10.1056/NEJMoa2105290
https://doi.org/10.1056/NEJMoa2105290
http://www.ncbi.nlm.nih.gov/pubmed/34587382
https://doi.org/10.1016/S0140-6736(21)02717-3
https://doi.org/10.1016/S0140-6736(21)02717-3
http://www.ncbi.nlm.nih.gov/pubmed/34863358
https://doi.org/10.1016/S0140-6736(21)01699-8
http://www.ncbi.nlm.nih.gov/pubmed/34480858
https://doi.org/10.1056/NEJMoa2109908
http://www.ncbi.nlm.nih.gov/pubmed/34379914
https://doi.org/10.1056/NEJMoa2105385
http://www.ncbi.nlm.nih.gov/pubmed/33861525
http://www.ncbi.nlm.nih.gov/pubmed/33861525
https://doi.org/10.1056/NEJMoa2104840
http://www.ncbi.nlm.nih.gov/pubmed/33835769
http://www.ncbi.nlm.nih.gov/pubmed/33835769
https://doi.org/10.1056/NEJMoa2107051
https://doi.org/10.1056/NEJMoa2107051
http://www.ncbi.nlm.nih.gov/pubmed/34107198
https://doi.org/10.1038/s41541-020-00243-x
https://doi.org/10.1038/s41541-020-00243-x
http://www.ncbi.nlm.nih.gov/pubmed/33083026
https://doi.org/10.1056/NEJMoa2034201
http://www.ncbi.nlm.nih.gov/pubmed/33440088
https://doi.org/10.1056/NEJMoa2101544
https://doi.org/10.1056/NEJMoa2101544
http://www.ncbi.nlm.nih.gov/pubmed/33882225
https://doi.org/10.7150/ijbs.52569
http://www.ncbi.nlm.nih.gov/pubmed/33390829
https://doi.org/10.1016/S0140-6736(21)01429-X
https://doi.org/10.1016/S0140-6736(21)01429-X
http://www.ncbi.nlm.nih.gov/pubmed/34246358
https://doi.org/10.1016/S0140-6736(21)02000-6
https://doi.org/10.1016/S0140-6736(21)02000-6
http://www.ncbi.nlm.nih.gov/pubmed/34774196
https://doi.org/10.1001/jama.2021.8565
http://www.ncbi.nlm.nih.gov/pubmed/34037666
https://doi.org/10.1101/2021.03.31.21254494
http://www.ncbi.nlm.nih.gov/pubmed/35441164
https://doi.org/10.1016/j.vaccine.2021.11.083
https://doi.org/10.1016/j.vaccine.2021.11.083
http://www.ncbi.nlm.nih.gov/pubmed/34893344
https://doi.org/10.1080/22221751.2021.1957401
http://www.ncbi.nlm.nih.gov/pubmed/34278956
https://doi.org/10.1080/22221751.2021.1996210
http://www.ncbi.nlm.nih.gov/pubmed/34666622
https://doi.org/10.1002/jmv.27334
http://www.ncbi.nlm.nih.gov/pubmed/34516026
https://doi.org/10.1080/22221751.2021.2022440
http://www.ncbi.nlm.nih.gov/pubmed/34935594
https://doi.org/10.1016/S1473-3099(21)00681-2
http://www.ncbi.nlm.nih.gov/pubmed/34890537
https://doi.org/10.1016/j.immuni.2018.08.015
http://www.ncbi.nlm.nih.gov/pubmed/30314758
http://www.ncbi.nlm.nih.gov/pubmed/30314758
https://doi.org/10.1182/blood-2020-10-312942
http://www.ncbi.nlm.nih.gov/pubmed/21421840
https://doi.org/10.1016/j.intimp.2018.06.043
http://www.ncbi.nlm.nih.gov/pubmed/29990695
https://doi.org/10.1136/gutjnl-2016-312653
http://www.ncbi.nlm.nih.gov/pubmed/27789659
https://doi.org/10.1056/NEJMoa2026920
http://www.ncbi.nlm.nih.gov/pubmed/32877576
https://doi.org/10.12659/MSM.936523
http://www.ncbi.nlm.nih.gov/pubmed/35228506
https://doi.org/10.1371/journal.pmed.1003769
https://doi.org/10.1371/journal.pmed.1003769
http://www.ncbi.nlm.nih.gov/pubmed/34597298
https://doi.org/10.1056/NEJMoa2107659
http://www.ncbi.nlm.nih.gov/pubmed/34192426
https://doi.org/10.1056/NEJMoa2116185
https://doi.org/10.1056/NEJMoa2116185
http://www.ncbi.nlm.nih.gov/pubmed/34910859
https://doi.org/10.1056/NEJMoa2103055
http://www.ncbi.nlm.nih.gov/pubmed/33951374
https://doi.org/10.1111/fcp.12794
http://www.ncbi.nlm.nih.gov/pubmed/35502459
https://doi.org/10.1016/S2352-3018(22)00041-8
http://www.ncbi.nlm.nih.gov/pubmed/35489376
https://doi.org/10.1056/NEJMoa2119451
http://www.ncbi.nlm.nih.gov/pubmed/35249272
https://doi.org/10.1056/NEJMc2202542
http://www.ncbi.nlm.nih.gov/pubmed/35297591

	Abstract
	Introduction
	Risk and burden of COVID-19 infection in CLD patients
	WHO-approved vaccines
	mRNA vaccines
	Adenoviral Vector Vaccines
	Inactivated virus vaccines

	Protein subunit vaccines
	Conclusion
	Acknowledgments
	Funding
	Conflict of interest
	Author contributions
	References

