
Review
Vaccination in liver diseases and liver transplantation:
Recommendations, implications and opportunities in the
post-COVID era
Maria Pilar Ballester,1,2 Rajiv Jalan,3 Gautam Mehta3,4,*
Keywords: Vaccination;
COVID-19; hepatitis;
cirrhosis; liver transplant

Received 16 January 2023;
received in revised form 7
March 2023; accepted 11 April
2023; available online 26
April 2023
Summary
The interest in vaccination efficacy and toxicity has surged following the COVID-19 pandemic. Im-
mune responses to several vaccines have been shown to be suboptimal in patients with chronic liver
disease (CLD) and liver transplant (LT) recipients, as a consequence of cirrhosis-associated immune
dysfunction or post-LT immunosuppression, respectively. Accordingly, vaccine-preventable in-
fections may be more common or severe in those with liver disease than in the general population.
The COVID-19 pandemic has greatly accelerated research and development into vaccination tech-
nology and platforms, which will have spillover benefits for patients with liver disease. The aims of
this review are: (i) to discuss the impact of vaccine-preventable infections on patients with CLD and
LT recipients, (ii) to appraise current evidence supporting vaccination strategies, and (iii) to provide
some insight into recent developments relevant for patients with liver disease.
© 2023 The Author(s). Published by Elsevier B.V. on behalf of European Association for the Study of the
Liver (EASL). This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/
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Introduction
Broadly, the interest in vaccination efficacy and
toxicity has surged following the COVID-19
pandemic, and consequently the need for
evidence-based reviews in this area has escalated.
Vaccine hesitancy is a growing concern, with vac-
cine acceptance declining since the onset of the
pandemic.1 Even amongst patients with liver dis-
ease and solid organ transplant recipients, vaccine
hesitancy remains an issue affecting a minority.2

Moreover, less than 70% of the global population
have completed initial COVID-19 vaccination, with
this figure dropping to 35% in Africa, demon-
strating that vaccination remains an important
topic for the global hepatology community.3

This subject is of importance in the context of
chronic liver disease (CLD) and liver trans-
plant(ation) (LT), as vaccine-preventable infections
may have particularly deleterious consequences in
patients with CLD (especially at advanced stages)
or LT recipients under immunosuppressive ther-
apy.4 Furthermore, individuals with CLD often
share risk factors that can result in dual or super-
imposed infections that are associated with higher
morbidity and mortality than in the general pop-
ulation.5 Superimposed infections also tend to
present in a different manner in patients with
advanced liver disease than in those without liver
disease; for example, SARS-CoV-2 presents with
decompensation of CLD in one-third of cases.6

The aims of this review are to discuss the impact
of vaccine-preventable infections on patients with
CLD and LT recipients, to review evidence sup-
porting vaccination strategies for these patients,
and finally to provide some insight into techno-
logical developments that are relevant for patients
with liver disease.
General principles of vaccination in
patients with CLD and LT recipients
Immune responses have been shown to be sub-
optimal in patients with CLD, and to decline with
the stage of the disease.7 Cirrhosis-associated im-
mune dysfunction (CAID) comprises a distinctive
spectrum of immune alterations, ranging from
systemic inflammation to immune paralysis.8 Both
the innate and adaptive immune compartments
are affected, as well as liver-resident immune cells
which play a key role in regulating responses to
gut-derived antigens. A consequence of the im-
mune paralysis is an increased risk of infection
(bacterial or other pathogens), which in turn cause
a greater degree of systemic inflammation and or-
gan failure; severe bacterial infections are associ-
ated with an overall mortality rate of 38% in
patients with cirrhosis compared to 10% in healthy
individuals.9,10 Thus, broad vaccination schedules
are recommended by most societies, but CAID is
also characterised by abnormalities in B- and T-
lymphocyte populations and decreased vaccine
responses are frequently observed.8 The low-level
systemic inflammation that underpins CAID is
thought to be a consequence of chronic antigenic
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Key points

� Vaccine-preventable infections may be more common or severe in
patients with chronic liver disease and liver transplant recipients than
in the general population.

� Immune responses to several vaccines may be suboptimal in these
populations.

� Vaccine hesitancy is a growing concern, with vaccine acceptance
declining since the onset of the pandemic.

� Vaccination rates for vaccine preventable infections are generally low
in patients with chronic liver disease.

� Recent advances in vaccination technology and platforms may improve
vaccine efficacy and positively influence outcomes for patients with
cirrhosis.
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stimulation from gut-derived microbial products. This has some
parallels with other areas, such as ageing, where chronic
inflammation can lead to impaired vaccine responses.11–13

LT recipients have a clearly increased risk of infection due to
immunosuppression, although the risk is greatest in the first 6
months when immunosuppression is highest.14 The risk of
infection may be increased and prolonged if the patient is
treated for acute rejection. Thus, the situation is similar to CLD,
with patients being caught between Scylla and Charybdis – be-
ing at an increased risk of infection while also showing a
decreased response to vaccination owing to
immunosuppression.

A further concern for LT recipients is the theoretical risk of
vaccine-induced graft-rejection. A small number of such cases
have been reported following SARS-CoV-2 vaccination (see
below) but it remains difficult to ascribe causality given the
large-scale vaccine roll-out.15 Moreover, no other examples of
vaccine-induced rejection exist in the post-LT literature, so pa-
tients can, in general, be reassured.

Vaccine-preventable infections: Clinical impact,
vaccine efficacy, safety and effectiveness
Recommended vaccination schedules for patients with CLD or LT
are summarised in Table 1. In general, live attenuated vaccines
are not recommended due to the theoretical risk of disseminated
infection, although very few cases have been reported and their
use is currently debated within transplant societies.16 Addition-
ally, post-vaccination testing of antibody titres has not been
recommended, although, again, this is a topic of debate in the
post-pandemic era.17 Specifically, a translatable ‘correlate of
protection’ is highlighted as a major unmet need for immuno-
suppressed patients, perhaps over and above serological titres
(see below).

Hepatitis B vaccination
Impact of acute hepatitis B in CLD and post-LT
It is recognised that superimposed acute viral hepatitis may
precipitate acute decompensation or acute-on-chronic liver
failure (ACLF) in patients with cirrhosis, with high associated
morbidity and mortality.18 Most reported cases of acute hepa-
titis B virus (HBV) in CLD are on the background of chronic
hepatitis C virus (HCV), with a severe clinical course reported
in almost 30% of patients.19,20 Additionally, the risk of hepato-
cellular carcinoma (HCC) is increased in patients with concur-
rent HBV and HCV infection.21–23 Acute HBV is also of relevance
in LT recipients; Crespo et al. demonstrated that post-
transplant de novo HBV infection can lead to graft loss24

(Table 2).

Immunological efficacy of hepatitis B vaccination in patients
with CLD and LT recipients
Currently, there are single antigen vaccines (Engerix-B,
Recombivax-HB and Heplisav-B) and a combined hepatitis A
and B vaccine (Twinrix) that have received FDA approval. These
vaccines induce specific humoral antibodies against the surface
antigen of hepatitis B. The vaccines differ in terms of the con-
centration of hepatitis B surface antigen and the nature of
aluminum adjuvants (see below). General recommendations
are to administer two doses of Heplisav-B 4 weeks apart, or
three doses of Engerix-B, Recombivax-HB or Twinrix at 0, 1 and
6 months. Although HBV vaccination (monovalent,
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recombinant) is highly effective in immunocompetent adults,25

rates of response are markedly lower in those with CLD.26

Serological response rates decline with increasing severity of
disease, from 88% in patients with Child-Pugh A cirrhosis to
33% for Child-Pugh B,27,28 and only 16-20% for Child-Pugh C.26

Even with increased doses of monovalent vaccine, or acceler-
ated regimens, response rates in advanced liver disease remain
poor.29,30

Alcohol-related liver disease has also been associated with
lower immunogenicity (44%-75%)28,31,32 than other causes of CLD
such as HCV (69-100%).33–35 In one study evaluating response to
vaccination in patients with fatty liver disease without cirrhosis,
response was unimpaired (94%).36

Enhancing response rates to HBV vaccination is an active area
of translational research. Vaccine adjuvants, as described above,
enhance the adaptive immune response to vaccines, largely
through non-specific innate immune effects (e.g. Toll-like re-
ceptor stimulation).37 Variations in adjuvants are the major dif-
ference between available HBV vaccines; Engerix-B uses
aluminium hydroxide and trace amounts of thimerosal from the
manufacturing process, whereas Recombivax-HB contains
aluminium hydrophosphate sulphate, and Heplisav-B combines
hepatitis B surface antigen with a proprietary Toll-like receptor 9
agonist.

Most recent developments in this area relate to adjuvants;
indeed, around a quarter of all FDA and EMA licensed vaccine
products containing adjuvants are for HBV. However, relatively
few have been tested in CLD or post-LT settings. Fendrix is a
double-adjuvanted HBV vaccine, approved by the EMA but not
the FDA, that has been shown, in patients with decompensated
cirrhosis, to significantly increase the proportion of patients with
seroprotective anti-HBs levels compared to three doses of
monovalent HBV vaccine (Engerix B) (60% vs. 32%).
Safety and effectiveness of hepatitis B vaccination in CLD and
post-LT
Several studies have reported that hepatitis B vaccination is safe
in patients with CLD, with no differences compared to healthy
individuals.38–40 Despite this, vaccination rates in patients with
CLD do not exceed 23-32% in US populations.41,42 Similarly, a
recent study performed in Germany demonstrated that only 9
out of 37 (24%) patients with cirrhosis evaluated for LT were
vaccinated against HBV.43 Reasons for low vaccination rates
include primary care physicians’ inadequate knowledge and
unjustified concerns,44 and a seeming lack of motivation among
hepatologists.45
2vol. 5 j 100776



Table 1. Recommended immunization schedule in patients with CLD or LT recipients.

Vaccine Liver transplant recipients Patients with chronic liver disease

Hepatitis B All patients should receive:

- 2-dose Heplisav-B 4 weeks apart, or

- 3-dose Engerix-B, Recombivax-HB or Twinrix at 0,

1 and 6 months
Hepatitis A All patients in Europe and United States should receive:

- 2 doses of Havrix 6 to 12 months apart, or

- Vaqta 6 to 18 months apart, or

- 3 doses of Twinrix at 0, 1 and 6 months
Pneumococcal All patients should receive 1 dose of PCV13 fol-

lowed by 3 doses of PPSV23 at:

- >−8 weeks after PCV13,

- >−5 years after the previous,

- when they turn 65 years (>−5 years apart from

the second PPSV23 dose)

Patients between 19-64 years should
receive 1 dose of PPSV23.
Patients >64 years should receive 1 dose
of PPSV23 at least 1 or 5 years after
PCV13 or PPSV23, respectively

Influenza inactivated Adult patients should receive 1 dose annually
Zoster live attenuated
(Zostavax)

Not recommended Vaccination might be indicated if benefit
of protection outweighs risk of adverse
reaction in specific patient

Zoster recombinant (Shingrix) Not recommended. If given, it should be
administered before LT

Patients >−50 years should receive 2 doses
2-6 months apart, regardless of previous
herpes zoster or history of zoster live
vaccine

Tetanus, diphtheria and
pertussis

All patients should receive 1 dose of Tdap, then Td
or Tdap booster every 10 years

Measles, mumps and rubella Not recommended. It should be given before LT Patients with no evidence of immunity
and born in 1957 or later should receive 1
or 2 dose(s) depending on indication

Human papillomavirus All patients should receive 3 doses through age
26

Adult patients should receive 2 or 3 doses
through age 26 depending on age at
initial vaccination

Meningococcal ACWY and B Recommended for adults with an additional risk
factor/indication, e.g. anatomical or functional
asplenia, haematopoietic stem cell transplant
or other additional factors

Haemophilus influenzae Recommended for adults with an additional risk
factor/indication, e.g. anatomical or functional
asplenia, haematopoietic stem cell transplant or
other additional factors

COVID-19 vaccine Adult patients should receive:

- 3 doses of Pfizer-BioNTech mRNA, or

- 3 doses of Moderna mRNA, or

- 2 doses of Novavax Adjuvanted, or

- 1 dose of Janssen Adenoviral vector followed

by mRNA vaccine; all followed by booster

dose of mRNA vaccines >−2 months after

primary series

Adult patients should receive:

- 2 doses of Pfizer-BioNTech mRNA, or

- 2 doses of Moderna mRNA, or

- 2 doses of Novavax Adjuvanted, or

- 1 dose of Janssen Adenoviral vector;

all followed by booster dose of mRNA

vaccines >−2 months after primary

series

Modified from: Advisory Committee on Immunization Practices. Recommended Adult Immunization Schedule for ages 19 years or older, United States, 2022. Centers for
Disease Control and Prevention. Available at:https://www.cdc.gov/vaccines/schedules/hcp/imz/adult-conditions.html (Accessed on November 1st, 2022) and American As-
sociation for the Study of the Liver Disease Expert Consensus Statement: COVID-19 clinical best practice advice for hepatology and liver transplant providers. Available at:
https://www.aasld.org/sites/default/files/2022-10/AASLD%20COVID-19%20Guidance%20Document%2010.06.2022F.pdf
Hepatitis a vaccination
Impact of acute hepatitis a in CLD
As noted above, acute viral hepatitis on the background of
cirrhosis can lead to decompensation or ACLF. Relatively few
studies have specifically evaluated the impact of hepatitis A virus
(HAV) superinfection in CLD, and most have focused on under-
lying chronic viral hepatitis. Vento S et al. reported an incidence
of HAV superinfection of 4% in a cohort of patients with chronic
hepatitis C. Of these, 40% developed acute liver failure and 35%
died.46 Similarly, another study of 20 cases of acute hepatitis A
superimposed on hepatitis B surface antigen carriers showed
that 55% of cases developed fulminant or submassive hepatitis47

(Table 2).
JHEP Reports 2023
Immunological efficacy of hepatitis a vaccination in CLD and
post-LT
There are two vaccines currently available for HAV, Havrix
and Vaqta. Seroconversion rates of two-dose inactivated hep-
atitis A vaccine seem to be adequate (94-98%) in patients with
non-advanced stages of CLD;48 however, antibody titres are
lower in patients with CLD than in controls.48,49 Moreover,
responses are decreased in decompensated cirrhosis, with rates
falling to 71% for Child-Pugh B and 57% for Child-Pugh C
cirrhosis.50

In LT recipients, seroconversion is low (8%, 19% and 26% at 1, 6
and 7 months). Longer time from transplant seems to be asso-
ciated with higher seroconversion rates, as well as other
3vol. 5 j 100776
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Table 2. Impact of vaccine-preventable infections in patients with CLD or LT.

Study Patients included Underlying condition Main outcomes

Hepatitis B

Benvegnù L,
199422

290 patient with cirrhosis 25% HBsAg positive
69% anti-HCV
26% alcohol abuse

By multivariate analysis, age (p <0.01), positivity for
HBsAg and HCV antibodies (p <0.05), male sex (p <0.05),
and previous alcohol abuse (p <0.08) were indepen-
dently related to HCC.

Tsai JF, 199723 400 patients with cirrhosis 21% anti-HCV
59% HBsAg positive
10% positive HBsAg and anti-HCV
11% both negative

HCV/HBV co-infection (HR 6.41; 95% CI 1.80-22.80), anti-
HCV alone (HR, 3.74; 95% CI 1.07-13.07) and HBsAg alone
(HR, 4.06; 95% CI 1.23-13.34) were independent risk
factors for HCC.

Zarski JP, 199821 23 patients and 69 age- and
sex-matched HBsAg negative
patients with chronic HCV

Chronic HCV and HBV subdivided
according to HBV DNA replication

Prevalence of cirrhosis was greater in HBV and HCV
patients than in patients with HCV alone (p = 0.01).
Among HBV and HCV, HCV RNA level was significantly
lower in HBV DNA positive than in HBV DNA negative
(p = 0.01) patients.

Crespo J, 199924 136 HBsAg negative LT recipients 6 patients (4.4%) became HBsAg positive. Two developed
acute liver failure, 4 had severe chronic hepatitis related
to HBV.

Liaw YF, 200019 2 HBV superinfection Chronic HCV 1 death from hepatic failure. The other recovered with
seroclearance of HBsAg, and antibodies to HCV.

Sagnelli E,
200220

44 HBV acute infection 21 anti-HCV positive
20 anti-HCV negative
3 HBV/HCV concurrent
infection

Severe acute hepatitis was more frequent in the chronic
HCV carriers than in the control group (28.6% vs. 0%,
p <0.05).
HBV superinfection strongly and persistently depresses
HCV.

Hepatitis A

Vento S, 199847 432 patients with HCV Chronic HCV 17 cases of HAV superinfection.
7 cases of acute liver failure and 6 deaths.

Pramoolsinsap C,
1999

32 cases of HAV superinfection
and 100 cases of isolated HAV

20 HBsAg carrier
8 HBV
4 HCV

All cases with isolated HAV recovered.
Fulminant or submassive hepatitis occurred in 11 (55%)
of the HBsAg carriers and 4 (33%) of the 12 patients with
CLD related to either HBV or HCV.

Pneumococcal disease

Viasus D, 201159 3,420 cases of community-acquired
pneumonia

90 cases in patients with
cirrhosis compared with
non-cirrhotic cases

Impaired consciousness at admission (p <0.001), septic
shock (p = 0.011), high-risk Pneumonia Severity Index
classes (p = 0.002), bacteraemia (p = 0.023), and early
(p = 0.048) and overall (p <0.024) mortality rates were
higher in patients with cirrhosis than in patients without
cirrhosis.

Kim T, 201660 50 SBP cases due to
Streptococcus pneumoniae
100 SBP cases due to
other organisms

Cirrhosis Patients with SPP were more likely to present concur-
rent bacteraemia (p = 0.002), to present with variceal
bleeding (p = 0.02) and the 30-day mortality was
significantly lower (p = 0.04).

Baxter R, 201657 1,549 IPD cases from 15,102,047
person-years in the Kaiser
Permanente Northern California

Several medical conditions Highest adjusted RR for IPD were chronic liver disease
(RR 2.1, 95% CI 1.5-2.8) and chronic obstructive pulmo-
nary disease (RR 2.1, 95% CI 1.8-2.5).

Imai K, 201858 10.4million individuals, representing
9.3million person-years of
follow-up in Japan

Eleven medical conditions Adults aged 50–64 years with an underlying medical
condition (rate: 39-212 per 100,000 person-years) had a
higher rate of infection than those aged >−65 years
without any condition (rate: 13-93 per 100,000 person-
years).

Influenza virus

Duchini A, 200063 3 cases of influenza A with
hepatic decompensation

1 Wilson and 2 alcohol-related
liver disease

Two patients had hepatic decompensation and the third
had acute hepatocellular damage. All recovered within 1
month.

Vilchez RA, 200068 1 case of influenza A myocarditis LT recipient Global hypokinesis and severe impairment of left ven-
tricular function, circulatory compromise, severe liver
damage and AKI.

Marzano A, 201365 48 inpatients with A/H1N1/09 infections
44 outpatients with mild
influenza-like illness

Inpatients: 21 and 27 with and
without cirrhosis
Outpatients: without cirrhosis

A/H1N1/09 infection rate did not differ in patients with
and without cirrhosis (19% and 15%), but three patients
with cirrhosis died while none of patients without
cirrhosis died.

Schütte A, 201964 45 inpatients with influenza infection 11 patients with cirrhosis and
34 without

Cirrhotic patients presented higher organ failure scores,
lower blood pressure, higher proportion of secondary
bacterial infections, ACLF and deaths.

Premkumar M,
201967

110 patient with cirrhosis admitted
to ICU with suspected A/H1N1/09
infection

22 A/H1N1/09 positive and
88 influenza-like pneumonia

Death occurred in 82% of patients with A/H1N1/09
compared with 40% of the control group. PaO2/FiO2ratio
<200 and serum creatinine >1.8 mg/dl were predictors of
mortality.

(continued on next page)
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Table 2 (continued)

Study Patients included Underlying condition Main outcomes

Liu WD, 202066 73 patients with influenza A and
23 with influenza B

Adult patients with several
medical conditions

11% and 44% deaths occurred within 30 days in each
group. Factors associated with mortality were CLD (HR:
3.94; 95% CI 1.07-14.45) rheumatologic diseases (HR:
7.45; 95% CI 2.34-23.69) and influenza B (HR: 4.33; 95%
CI 1.68-11.13).

Tuberculosis

Thulstrup AM,
200090

Cohort of 22,675 patients
in Denmark

Cirrhosis The incidence was 169 per 100,000 person-years of risk.
The highest incidence was among men >65 years (246
per 100000 person-years of risk). The 30-day and 1-year
case-fatality were 27% and 48%.

Summary of impact of vaccine-preventable infections (excluding COVID-19) in patients with CLD and LT recipients.
AKI, acute kidney injury; CLD, chronic liver disease; HAV, hepatitis A virus; HBsAg, hepatitis B surface antigen; HBV, hepatitis B virus; HCC, hepatocellular carcinoma; HCV,
hepatitis C virus; HR, hazard ratio; ICU, intensive care unit; ICU; IPD, invasive pneumococcal disease; LT, liver transplant; RR, relative risk; SBP, spontaneous bacterial peri-
tonitis; SPP, spontaneous pneumococcal peritonitis.
immunological factors such as higher total white blood cell and
lymphocyte count.51 In another study of LT recipients, following
a booster dose given 6 months after the first dose, seroconver-
sion changed from 41% to 97%, suggesting that patients with LT
may benefit from additional doses.52

Safety and effectiveness of hepatitis a vaccination in CLD and
post-LT
No serious adverse events requiring special monitoring have
been described following vaccination in patients with CLD.48,52

Real-world data from the US Veterans Affairs database con-
firms efficacy amongst individuals with HCV infection. The
overall vaccination rate for HAV was 21%; the incidence of su-
perinfection with acute HAV was low, but it was significantly
lower in patients who received vaccination than in those who
did not (0.16% vs. 0.01%, p <0.001)..53

Pneumococcal vaccine
Impact of pneumococcal disease in CLD
Infection with Streptococcus pneumoniae (S. pneumoniae) is more
prevalent in older patients, cigarette smokers, and those with
severe underlying conditions including CLD and alcoholism.54,55

The risk of invasive pneumococcal disease has been shown to be
2- to 13-fold higher in patients with CLD compared to the gen-
eral population, depending on age.56,57 The most common
pneumonia-causing organism in patients with cirrhosis is
S. pneumoniae, and the risk of complications is significantly
higher in cirrhosis: risk of severe infection (74% vs. 58%; p =
0.002), bacteraemia (22% vs. 13%; p = 0.023) and death (14.4% vs.
7.4%; p <0.024, all compared with hospitalised adult patients
without cirrhosis).58 S. pneumoniae is also a common cause of
spontaneous bacterial peritonitis in patients with cirrhosis59

(Table 2).

Immunological efficacy of pneumococcal vaccination in CLD
and post-LT
Two vaccines are currently available, the pneumococcal conju-
gate vaccine (PCV13 or Prevnar 13) and the pneumococcal
polysaccharide vaccine (PPSV23 or Pneumovax 23). No large
prospective studies evaluating the immunogenicity of these
vaccines in patients with CLD are available and the few reports in
the literature show varying results. Four decades ago, Pirovino
et al. studied antibody responses to Pneumovax-14 (14-valent
pneumococcal polysaccharide vaccine, no longer available), and
JHEP Reports 2023
found no difference in immunogenicity between alcohol-related
cirrhosis, chronic obstructive pulmonary disease and healthy
volunteer groups.60 More recently, McCashland et al. compared
immune responses to PPSV23 in 45 patients with cirrhosis being
evaluated for LT with 13 age-matched controls at 1 and 6 months
after vaccination, and before and after transplantation. Controls
had higher IgG responses; the cirrhosis group had higher initial
IgM and IgA levels, but these levels declined faster. At 3 months
after LT, antibody levels were at, or below, pre-vaccination
baselines, suggesting that PPSV23 may not be effective for pa-
tients during and after LT.7
Safety and effectiveness of pneumococcal vaccination in CLD
No specific adverse events have been described in patients with
CLD undergoing pneumococcal vaccination. In terms of vaccine
uptake, in a prospective cohort of patients with cirrhosis from
the Mayo clinic followed for 8 years, of all available vaccines, the
rate of uptake of the pneumococcal vaccine was the highest at
the end of the study period (63%, 180 of 285 patients).53 A pro-
tocol for a systematic review of the effectiveness of pneumo-
coccal and influenza vaccines in preventing serious health
complications in adults with CLD has been published, but results
are not yet available.61
Influenza vaccination
Impact of influenza virus in CLD and post-LT
Influenza remains one of the major communicable diseases
worldwide; influenza has been known to infect up to 20% of the
global population (depending on seasonal strain), and approxi-
mately 650,000 deaths are linked to influenza each year. In pa-
tients with cirrhosis, influenza may present with acute
decompensation and ACLF.62,63 Mortality from influenza is also
elevated in cirrhosis, with two studies demonstrating that the
risk of death is 3-4-fold greater than in patients without
cirrhosis.64,65 Mortality rates may also be higher depending on
viral strain; Premkumar et al. reported that 82% of patients with
cirrhosis and confirmed A/H1N1/09 infection died as a result of
respiratory failure, whereas the mortality rate was 40% in a
control group of patients with cirrhosis and influenza-like
pneumonia, who tested negative for A/H1N1/09.66 In LT re-
cipients, non-pulmonary complications such as influenza A
myocarditis, despite prophylactic vaccination, have also been
reported67 (Table 2).
5vol. 5 j 100776
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Immunological efficacy of influenza vaccination in CLD and
post-LT
The production of influenza vaccines is a unique process, since
dominant strains are selected several months before ‘flu season’
based on data from the WHO Global Influenza Surveillance and
Response System. Consequently, each batch of vaccine may have
a slightly different epitope. Currently, two inactivated vaccines
are available (trivalent and quadrivalent). A further live attenu-
ated vaccine is available, but this is not recommended for pa-
tients with CLD or LT recipients. A recent systematic review and
meta-analysis evaluated the serological effect of influenza
vaccination in patients with CLD and reported robust responses.
Although of low quality, it included six studies with a total of 262
patients, with seroconversion rates of 80% for A/H1N1 and 87%
for the B strain in patients with CLD.68 Another study performed
in 20 patients with chronic HBV/HCV-related cirrhosis, and eight
age-matched controls, showed a seroconversion rate of 75-85%
in patients and 100% in controls.69 Regarding LT recipients, the
findings are less clear-cut. A study of 62 LT recipients and 59
adult controls showed response rates of 92-95% and 97-100%,
respectively, 21 days after a single vaccination,70 while another
study showed a 68% response rate after the first vaccination and
more than 80% after a second dose.71 Response may be influ-
enced by time since transplantation, with reported response
rates of 14% at <4 months, 67% at 4-12 months and 86% at >12
months post-LT.72

Safety, clinical efficacy and effectiveness of influenza
vaccination in CLD
In terms of safety, mild and transient erythema at the inoculation
site has been documented with the inactivated vaccines in pa-
tients with CLD, with no differences compared to controls. No
other safety concerns have been described.69 Unusually, the
clinical efficacy of influenza vaccination in CLD has been
addressed in a prospective clinical trial from Korea comparing
198 vaccinated patients with CLD (trivalent vaccine) with 113
unvaccinated controls, demonstrating a higher incidence of
influenza-like illness and complications (p = 0.064) and culture
positivity (p = 0.009) in non-vaccinated patients.73 Additionally,
effectiveness has been addressed in the aforementioned sys-
tematic review and meta-analysis. The risk of hospitalisation
from influenza, following vaccination, decreased from 205/1,000
to 149/1,000 (risk difference −0.06, 95%CI −0.07 to 0.04); vacci-
nated patients were 27% less likely to be admitted to hospital
than unvaccinated patients (risk ratio 0.73; 95%CI 0.66 to 0.80),
without a significant impact on mortality.68
Other vaccines
Herpes zoster vaccine
Herpes zoster (HZ), also known as shingles, represents reac-
tivation of varicella zoster virus (VZV) following primary infec-
tion (chickenpox); it causes a characteristic painful, blistering
dermatomal rash. Complications, although rare, can lead to sig-
nificant morbidity such as persistent neuralgic pain, disability
and occasional neurological issues, e.g. HZ ophthalmicus. The
incidence of HZ in CLD is low but may be slightly higher than in
the general population. Lai et al. demonstrated that episodes of
HZ were slightly increased in patients with cirrhosis (adjusted
hazard ratio [aHR] 1.11; 95% CI 1.004-1.24) compared to sex- and
age-matched individuals without cirrhosis, and further increased
in decompensated stages of the disease (aHR 1.33; 95% CI 1.02-
JHEP Reports 2023
1.74).74 By contrast, Wu et al. did not note any difference in
incidence in patients with CLD compared to the general popu-
lation.75 In LT recipients, HZV is more common, with an inci-
dence ranging from 11 to 18 per 1,000 person-years.76–78 Older
age (>−50 years) at LT and mycophenolate mofetil were inde-
pendent risk factors for infection in a retrospective Korean study
of 993 LT recipients.76

Limited data is available on the use of VZV vaccines in pa-
tients with CLD.79 In non-liver patients, most data exist for the
live attenuated VZV vaccine (Zostavax) although this is not rec-
ommended for patients with CLD or LT recipients. A recombi-
nant, inactive, adjuvanted vaccine is also available (Shingrix). A
recent systematic review and meta-analysis showed that the live
attenuated HZV vaccine was effective in preventing the infection
in people with comorbidities, including two low quality studies
that included patients with CLD (vaccine effectiveness 42-53%).80

Aside from vaccination, post-exposure prophylaxis is recom-
mended for seronegative LT recipients, and HZV immunoglobulin
should be administered as soon as possible following exposure.

Diphtheria, tetanus and pertussis vaccine
There are no data available on the impact of tetanus, diphtheria
or Bordetella pertussis infection in patients with CLD or LT re-
cipients, and data on the effectiveness of the vaccine is also
limited. The DTP (diphtheria, tetanus and pertussis) vaccine is
recommended in early childhood in most countries, and conse-
quently the only available data are in this population. A paedi-
atric study comparing vaccine effectiveness in patients with
chronic hepatic failure, LT recipients and controls found that LT
recipients achieved similar rates of protection as controls, and
patients with chronic hepatic failure actually had higher anti-
body titres to diphtheria and polio than the control group.81

Therefore, recommendations in CLD and LT are similar to those
in the general population.

Measles, mumps and rubella vaccine
Similarly, limited data are available on the risk of measles,
mumps or rubella infection in patients with CLD or LT recipients.
Two studies evaluated the prevalence of immunity in paediatric
LT recipients, showing that immunity is low (22-54% of patients
are measles non-immune, and 63% are varicella non-immune
after LT).82,83 Risk factors for measles seronegativity were
younger age at transplant (p = 0.02) and greater time from
transplant to testing (p = 0.04).83 The MMR (measles, mumps and
rubella) vaccine is typically recommended in childhood, hence
recommendations in adults with liver disease are similar to those
in the general population.

Human papillomavirus vaccine
Human papillomaviruses (HPVs) have been causally linked to
certain human cancers, such as cervical carcinoma. Additionally,
anecdotal reports suggest differing effects on the risk of HCC in
patients with HPV infection.84,85 The HPV vaccine (Gardasil, a
recombinant, subunit, adjuvanted vaccine) has been in clinical
use for around a decade, although policies regarding adminis-
tration vary between countries, and it is not usually administered
beyond early adulthood. No specific literature regarding the
immunogenicity or effectiveness of the HPV vaccine in patients
with CLD or LT recipients is available. However, Gardasil is rec-
ommended in organ transplant recipients, owing to the
increased risk of HPV-associated malignancy.86
6vol. 5 j 100776



Meningococcal and haemophilus influenzae vaccines
As noted above, bacterial infections are more common, and more
severe, in patients with CLD. There are few data concerning the
incidence of meningococcal infection in CLD per se, and cirrhosis
does not appear as an important underlying factor in larger co-
horts of patients with meningitis. However, case series in
cirrhosis suggest that bacterial meningitis is associated with high
morbidity and mortality, and may present in an atypical
fashion.87,88 By contrast, the incidence of meningococcal infec-
tion does not seem to be elevated in LT recipients. Vaccination
guidance from the ACIP (Advisory Committee on Immunization
Practices) recommends that patients with CLD, or LT recipients
undergoing splenectomy for other medical conditions, should
undergo meningococcal (both types) and haemophilus influen-
zae vaccination.

Tuberculosis vaccine
Tuberculosis remains the leading, fatal infectious disease
worldwide. A number of studies have demonstrated a markedly
increased risk of tuberculosis in patients with cirrhosis compared
to the general population (14-15-fold)89,90 (Table 2). In addition,
the prognosis of these patients is poor, with a case-fatality rate of
27% at 30 days and 48% at 1 year according to a Danish nation-
wide population-based study.89 In addition, the greatest chal-
lenge in patients with CLD is managing tuberculosis therapy
since most first-line therapies are hepatotoxic and baseline liver
function is often deranged.91 BCG (Bacille Calmette-Guérin) is
the only licensed vaccine against Mycobacterium tuberculosis.
This vaccine is not widely used in the United States or Europe
and, where it is currently used, it is usually administered to in-
fants with the aim of preventing childhood tuberculosis (there is
no evidence for protection in adulthood). Consequently there are
no data supporting the use of BCG in patients with cirrhosis or LT
recipients, thus it is not recommended for adults with CLD or LT
recipients.
COVID-19 vaccination
Impact of COVID-19 in CLD and post-LT
The COVID-19 pandemic has posed the largest public health
challenge in living memory. As with many other infections, pa-
tients with liver disease have been disproportionately affected by
COVID-19, with an �3-fold higher risk of COVID-19-related
mortality in patients with CLD than in those without CLD, and
a further increased risk in patients with established cirrhosis
(�5-fold).92–104 Between 20% and 50% of patients with cirrhosis
present with acute decompensation or ACLF.6,93 Alcohol-related
liver disease, non-alcoholic fatty liver disease and infection
with HCV have also been associated with severe COVID-19 and
higher mortality rates, while autoimmune liver disease (AILD) or
LT were not associated with an increase incidence of infection or
worse clinical outcomes. The mechanism of disease progression
is likely related to the exaggerated release of inflammatory cy-
tokines and the activation of inflammasome pathways in target
cells which trigger pro-inflammatory cell death following SARS-
CoV-2 infection.105 In patients with cirrhosis, hepatocytes are
predisposed to pro-inflammatory cell death while in patients
under immunosuppressive therapy, this inflammatory response
may be decreased.106–110

Hepatocellular carcinoma is a common complication of CLD,
and these patients may be at particularly increased risk of severe
COVID-19. However, data in this population are variable. On the
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one hand, data from an international registry demonstrated that
the presence of HCC was not independently associated with
mortality, however, in a multicentre US-based cohort, HCC was
an independent predictor of death from COVID-19.6,111

In addition, antiviral drugs for SARS-CoV-2 infection can
induce liver injury. Administration of lopinavir-ritonavir has
been associated with hepatotoxicity, even in low-dose boost
regimens, and should be used with caution in patients with CLD.
Both remdesivir and tocilizumab also contributed to raised liver
enzyme levels in 10% of patients. Most clinical trials of SARS-
CoV-2-directed therapies excluded patients with CLD, and thus
clinical experience in CLD is limited to case reports.112,113
Immunological efficacy of COVID-19 vaccination in CLD and
post-LT
As is widely known, several COVID-19 vaccines were approved
with emergency use authorizations between 2020 and 2022.
These include mRNA vaccines (BNT162b2 Pfizer-BioNTech and
mRNA-1273 Moderna), an adjuvanted recombinant protein vac-
cine (NVX-CoV2372 Novavax) and vaccines that use a
replication-incompetent adenovirus vector (Ad26.COV2.S Jans-
sen/Johnson & Johnson and AZD1222 Oxford-AstraZeneca).
However, almost all of the pivotal studies which led to the
emergency use authorization for these vaccines excluded pa-
tients with CLD and LT recipients, hence most available data are
from investigator-initiated studies from the last 2 years. Data are
accumulating and suggest impaired vaccine responses in certain
subgroups of patients with CLD. Two studies from the US and
Italy demonstrate significantly lower anti-spike IgG responses in
patients with cirrhosis compared to controls after two doses of
mRNA vaccine.114,115 Similarly, a prospective multicentre study of
437 patients with CLD and 144 healthy volunteers who had
received two doses of inactivated whole-virion SARS-CoV-2
vaccines showed a lower rate of neutralising antibody (nAb)
positivity in patients with CLD than in controls (90%), without
significant differences between non-cirrhotic CLD (77%),
compensated cirrhosis (79%) and decompensated cirrhosis
(77%).116 By contrast, both a multicentre study of 381 patients
with non-alcoholic fatty liver disease (very few with advanced
CLD) receiving two doses of inactivated vaccine, and a recent
prospective study from Greece of patients receiving two doses of
mRNA-based vaccines, showed adequate seroconversion rates in
patients with non-cirrhotic CLD (88-96%) and in those with
cirrhosis (97%).117,118 It remains unclear if disease severity or
other biological factors such as inflammation determine vaccine
response in cirrhosis. Further data are available from China,
where Sinovac inactivated vaccines (CoronaVac, BBIBP-CorV,
WIBP-CorV) led to nAb positivity in 72% and 66% of patients
with compensated and decompensated cirrhosis, respectively;
Child-Pugh grade B/C was an independent predictor of negative
serological response.119 However, these vaccines are not available
in Europe or North America, and larger studies in cirrhosis are
urgently required to identify factors predicting poor vaccine
response.

In patients with HCC, data on the immunogenicity of COVID-
19 vaccines are limited. In a Chinese multicentre prospective
study in patients with HCC who received two doses of inacti-
vated whole-virion COVID-19 vaccines (CoronaVac, BBIBP-CorV,
and WIBP-CorV), only 61% had positive nAbs at 45 days
following the second dose.120 On the balance of current data, it
seems that severity of liver disease, rather than presence of HCC,
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Fig. 1. Overview of vaccination in cirrhosis focused on future de-
velopments: Vaccination technology and platforms. Vaccine responses in
cirrhosis are reduced as a consequence of cirrhosis-associated immune
dysfunction; moreover, the consequences of infection are greater in these
patients with higher rates of organ failure and mortality. Several advances in
vaccine therapeutics may positively influence outcomes in patients with
cirrhosis, such as: personalised vaccine therapy using systems biology ap-
proaches, novel vaccine platforms (e.g. mRNA technology), greater under-
standing of vaccine adjuvants, and modulation of inflammatory response (e.g.
albumin or gut microbiome-directed therapeutics).
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determines vaccine response, but as in other vulnerable disease
groups better correlates of protection are required to guide
booster dosing. EASL and AASLD recommend prioritising vacci-
nation against SARS-CoV-2 in patients with HCC, considering the
phase of the malignant disease, therapy, age and comorbidity. In
addition, it is not recommended to interrupt locoregional or
systemic therapy for HCC for the purpose of vaccination.121,122

The picture for LT recipients is clearer, with reduced immu-
nogenicity demonstrated in several studies, with different vac-
cine types.123–126 In a study of 492 LT recipients and 307 controls
matched by age and sex, detectable antibodies were observed in
only 75% of patients after 3 months following the second dose of
BNT162b2. Older age (>40 years, p = 0.016), shorter time from LT
(<5 years, p = 0.004), and immunosuppression with antimetab-
olites (p = 0.029) were associated with nonresponse. LT re-
cipients showed lower antibody titres than the control group
(103 vs. 261 AU/ml, p <0.0001).127 In addition, immunosuppres-
sion with mycophenolate seemed to be associated with lower
long-term antibody responses in LT recipients.128 The first
studies evaluating immune responses after three doses have
shown promising results with no serious adverse events or acute
rejection episodes in LT recipients.129

Clinical effectiveness of COVID-19 vaccination in CLD and
post-LT
There remains a need for data concerning the effectiveness of
COVID-19 vaccination in vulnerable populations, including those
with CLD and LT recipients, to inform public health policy
(shielding, booster regimens etc.) in case of future COVID-19
waves and also to guide the use of antivirals (e.g. ritonavir-
boosted nirmatrelvir) and monoclonal nAbs (e.g. tixagevimab/
cilgavimab). Existing data primarily comes from large database
studies; a US Veteran’s Affairs database study on 20,037 patients
with cirrhosis who received at least one dose of mRNA vaccine
demonstrated reduced protection from COVID-19 infection
compared with healthy individuals (65% reduction after one
dose, 79% reduction after two doses), which was further reduced
in patients with decompensated cirrhosis compared with
compensated cirrhosis (50% vs. 67%).130 A similar large dataset of
nearly 3,500 patients with cirrhosis who developed COVID-19
demonstrated that vaccination was associated with lower risk
of death (aHR 0.21, 95% CI 0.10-0.42).131 In LT recipients, a further
registry study of 2,151 solid organ transplant recipients,
including 603 (28%) LT recipients, demonstrated an almost 80%
reduction in the incidence of symptomatic COVID-19 vs. unvac-
cinated solid organ transplant recipients.132 An early case series
of 19 LT recipients with COVID-19 infection also supports
favourable outcomes in fully vaccinated patients.133

Currently, most liver societies recommend that patients with
CLD and LT recipients receive initial COVID-19 vaccination and
booster dosing. As of September 2022, the only authorized
booster is one dose of mRNA bivalent vaccine (Moderna or
Pfizer) >−2 months after the primary series or most recent
booster.121,122 It is not recommended to withhold immunosup-
pression prior to or after COVID-19 vaccine administration for
the purposes of increasing the likelihood of vaccine efficacy. LT
candidates should receive a COVID-19 vaccine prior to trans-
plantation whenever possible. If a COVID-19 vaccine is not
administered prior to transplantation, the optimal time to
administer the vaccine is at least 3 months post-LT. However,
unanswered questions remain for patients with CLD and LT re-
cipients, such as clarifying durability of protection (to inform
JHEP Reports 2023
future booster regimens) and identifying factors that predict
breakthrough infection in these populations.
Safety of COVID-19 vaccination
The safety of COVID-19 vaccines remains a focus of great public
and media interest. Vaccines are generally well tolerated, with
pain at the injection site as the most frequent adverse event.120

However, documented serious adverse events are rare. The
most well-described is myocarditis/pericarditis with mRNA and
recombinant protein vaccines, although the incidence is
extremely low at 10.6 per million. Other serious complications
reported with adenoviral vaccines are Guillain-Barré syndrome
and thrombosis or thrombocytopenia with an incidence of 7.8
and 3.0 per million, respectively.122 Additionally, a rare autoim-
mune hepatitis-like syndrome following COVID-19 vaccination
has been described, with 32 cases documented in the literature
until November 2021.134 This syndrome appears amendable to
corticosteroid therapy with favourable outcomes.134 In patients
with pre-existing AILD, there has consequently been concern
8vol. 5 j 100776



that vaccination may induce a disease flare. Data are limited;
Shroff et al. reported on a series of 16 patients with COVID-19
vaccine-related liver injury, of whom six had pre-existing
AILD.135 Further data are needed, but there is no suggestion
that COVID-19 vaccination should be withheld in these patients.

Solid organ rejection post-COVID-19 vaccination is extremely
rare but has also been described. A systematic review and meta-
analysis including studies until May 2022 found 56 cases of acute
rejection following COVID-19 vaccination. Allograft rejections
occurred for cornea (n = 38, 67.8%), liver (n = 11, 19.6%), kidney
(n = 6, 10.7%) and pancreas (n = 1, 1.8%) transplant recipients.15

Most patients were easily treated and recovered without any
serious complications or requirement for long-term allograft
rejection therapy. Therefore, there is again no suggestion that
COVID-19 vaccination should be discouraged post-LT, since the
benefits of vaccination far outweigh the risks.
Opportunities in the post-COVID era
The COVID-19 pandemic has ushered in an era of unprecedented
research and development into vaccination technology and
platforms, which will have spillover benefits for vaccination
against other communicable diseases. Most of the rapidly
approved vaccines against SARS-CoV-2 were developed using
novel platforms, such as viral vectors or mRNA, due to the flex-
ibility and greater speed of development afforded by such
technology. These platforms are here to stay and will be rapidly
adopted into other disease areas, including liver disease (Fig. 1).

The immunobiology of adjuvants has also advanced rapidly in
recent years. As noted, adjuvants are common additions to
inactivated vaccines, and HBV vaccines with novel adjuvants are
currently being trialled. Moreover, mRNA vaccines have further
expanded insights into mechanisms of action of vaccine adju-
vants, since the lipid nanoparticle-mRNA complex appears to
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independently stimulate innate immune signalling through
MDA-5 receptors and thus requires no additional adjuvant.136

Advances in vaccine platform and adjuvant technologies will
have clear benefits for patients with poor vaccine responses,
including those with CLD and LT recipients.

Furthermore, systems biology, or systems vaccinology in this
case, encompasses a multi-omics approach to comprehensively
analyse immune responses to vaccination, and thus provides
insight into mechanisms of poor response. These approaches
have moved the field on from single, typically serological, mea-
sures of vaccine immunogenicity, and have already provided
insights into the nature of COVID-19 vaccine responses.137 Future
studies using systems vaccinology in liver disease may provide a
surrogate transcriptional correlate of protection, to guide per-
sonalised approaches to vaccination and public health policy.

Finally, vaccine immunogenicity may be context dependent.
Increasingly, we are aware of the impact of systemic inflamma-
tion, largely gut-derived, in cirrhosis. The gut microbiome is
emerging as a central regulator of immunity, and recent human
data demonstrates that manipulating the microbiome with
broad-spectrum antibiotics results in decreased influenza vacci-
nation responses.138 Consequently, addressing dysbiosis may be
a novel therapeutic approach to augmenting vaccine responses
in cirrhosis. Similarly, albumin is known to have immunomod-
ulatory effects in cirrhosis,139 and co-administration with vac-
cines may be an option worth testing in patients with cirrhosis.
Of note, albumin levels have been shown to independently
predict response to HBV vaccination in populations without liver
disease.140

To conclude, the COVID-19 pandemic has markedly acceler-
ated vaccine research and development, which will benefit
vulnerable patients, such as those with CLD or LT recipients, in
the future. As the science-fiction writer William Gibson wrote,
“The future is already here - it’s just not evenly distributed”.
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