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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.! Moreover, patients
with CLD, alcohol-associated liver disease and liver cirrho-
sis may have an impaired immune response to vaccination.!
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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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.

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.* 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].# 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.” 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? In
adults 16 years of age or older, it is administered intramus-
cularly as two 30 ug 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.!3 The mRNA-1273 vaccine
is also a lipid-nanoparticle-encapsulated mRNA vaccine. It is
administered as two 100 pg doses intramuscularly 1 month
apart, in individuals 18 years of age or older.1415> 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).17-3¢6 Only 0.6% subjects in the phase 3
clinical trials of the two vaccines had liver disease.!1:16 John
et al.l7 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.’ In the 28 days af-
ter the first dose of mMRNA 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.!8 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.'® 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.!8 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
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Table 1. (continued)
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Safety data

Efficacy data

Median age,
years

Type of liver
disease (n)

Vaccine
used

Study type

Study and
year [REF]

pain at the injection

site (25.5%),
drowsiness (2.0%)

Common AEs were
fatigue (1.3%),

149), seropositivity for anti-

S-RBD-IgG was 87.25% and for
neutralizing antibodies 74.5%

In patients who completed the two

doses of the vaccination regimen

(n
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patients who were
unvaccinated (n

81)

or had received 1

(n

149)

54) or 3 (n

Common AEs were

injection site pain
and fatigue (4.7%)

pain (5.5%),
headache (5.2%),

(95.5%) patients; median neutralizing (18.4%), muscle

Neutralizing antibodies against SARS-
antibody titer was 32 (IQR 8-64)

CoV-2 were detected in 364/381

39

NAFLD (381)

BBIBP

vaccine doses
Prospective
observational

study examining

the immunological
response and safety in
patients with NAFLD

Wang et
al. 202136

ACE, angiotensin converting enzyme; AE, adverse event; aHR, adjusted hazard ratio; AIH, autoimmune hepatitis; ALT, alanine aminotransferase; AST, aspartate aminotransferase; CHB, chronic hepatitis B; CHC,
chronic hepatitis C; CI, confidence interval; CLD, chronic liver disease; HBV, hepatitis B; HCV, hepatitis C; HLA, human leukocyte antigen; IFN-y, Interferon gamma; IgG, Immunoglobulin G; IQR, interquartile
range; LT, liver transplant; NAFLD, nonalcoholic fatty liver disease; NR, not reported; OR, odds ratio; PBC, primary biliary cirrhosis; PSC, primary sclerosing cholangitis; RBD, receptor-binding domain; S IgG,

anti-SARS-CoV-2 S-spike immunoglobulin G, S1 subunit 1; SARS-CoV-2, severe acute respiratory syndrome coronavirus-2.

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

lower vaccine response,3” 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.'® Adequate neutralizing ac-
tivity was detected in 92.1%, 87.8% and 100% of patients
with cirrhosis, without cirrhosis, and controls, respectively.1®
Immunosuppressive therapy was associated with lower
anti-SARS-CoV-2 antibody titers [coefficienttstandard er-
ror (SE) —2.716+£0.634; p<0.001] and neutralizing activity
(coefficient+SE —24.379+4.582; p<0.001).1° In a study by
Thuluvath et al.,2° 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.,2! in which patients
with liver cirrhosis and controls had comparable vaccine-spe-
cific humoral immune responses and T-cell responses after
vaccination.2! All these findings support the use of mRNA
vaccine in patients with CLD including those with cirrhosis.
Shafrir et al.?2 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 included3® 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.?2
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.3° 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.,2! 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.,?> 68% of liver transplant candidates developed reactive
S IgG responses after a single dose of mRNA vaccine and
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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).2> 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).2¢ Davi-
dov et al.?’ 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.?® The high response rate reported by
Davidov et al.2” may have been related to the relatively long
median time from transplant of 7 years and a low immuno-
suppressive burden.??

It should be noted that there is discordance between vac-
cine-induced cell-mediated and neutralizing humoral immu-
nities in transplant recipients.2® For example, around 19%
of seronegative patients exhibited detectable cell-mediated
immunity in a study by Fernandez-Ruiz et al.2° 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.2°

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.3° 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%).3! 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.3!

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.2” Use of high-dose pred-
nisone in the previous 12 months and triple immunosuppres-
sant therapy were significant predictors of impaired serologic
response to mMRNA 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.3t

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.49 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.*!

There have been reports of liver injury with no other clear
precipitants following COVID-19 vaccination.4243 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.** 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.59.61 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.>*
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.%3 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).54 The two doses
of AstraZeneca ChAdOx1 nCoV-19 vaccine, each containing
5x1010 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.6566 The vaccine was safe, with low incidences of serious
(0.5%) and medically attended adverse events.5* However,
there were safety concerns of the thrombotic risk associated
with the vaccine.®” A pathogenic PF4-dependent syndrome
that occurred after the administration of the vaccine and was
unrelated to the use of heparin was identified.5® The mecha-
nism mimicked autoimmune heparin-induced thrombocy-
topenia.®® Treatment included intravenous immune globu-
lin and a nonheparin anticoagulant.”’? 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.>7:58 However, one patient had a poor
response to prednisolone and courses of plasma exchange
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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.”’t72 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.”? 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.”# Tanriover et al.”> conducted a phase 3 study on
CoronaVac using two doses of 3 pg 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.”’9-83 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.8¢ A
third dose of CoronaVac (3 ug) 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

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

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.3*
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.8> The percentage of Atypical
memory B-cells is usually increased in patients with chronic
diseases.8 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.3> 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.3> 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-a3.87:88 It is therefore recommended to
continue administration of nucleos(t)ide analogs during vac-
cination to avoid negatively impacting CHB treatment.

Wang et al.3® 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).3® 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.>®
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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.®® 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.%0 It is given intramuscularly as two
5 ug doses, 21 days apart.°! 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.%4
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.®> 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.%
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.®® In the phase 3 studies by Heath et al.92
and Dunkle et al.,3 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 mMRNA 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.%7:98 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.
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