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Review article

Efficacy, iImmunogenicity, and
safety of COVID-19 vaccines in
individuals with liver cirrhosis: a
rapid review and meta-analysis

The emergence of coronavirus disease 2019 (COVID-19) vaccines has been a remarkable
advancement. However, the efficacy, immunogenicity, and safety of these vaccines in in-
dividuals with liver cirrhosis require careful evaluation due to their compromised immune
status and potential interactions with underlying liver disease. The present study aimed
to evaluate the safety and efficacy of COVID-19 vaccines in liver cirrhosis patients. In the
present study, we searched international databases, including Google Scholar, PubMed,
Scopus, Embase, and Web of Science. The search strategy was carried out by using key-
words and MeSH (Medical Subject Headings) terms. STATA ver. 15.0 (Stata Corp., USA)
was used to analyze the data statistically. The analysis was performed using the random-
effects model. We also used the chi-square test and I* index to calculate heterogeneity
among studies. For evaluating publication bias, Begg's funnel plots and Egger’s tests were
used. A total of 4,831 liver cirrhosis patients with COVID-19 were examined from 11 stud-
ies. The rate of hospitalization in the patients with liver cirrhosis was 17.6% (95% confi-
dence interval [Cl], 9%—44%). The rate of fever in the patients with liver cirrhosis was 4.5%
(95% Cl, 0.9%-8.1%). The rate of positive neutralizing antibodies in the patients with liver
cirrhosis was 82.5% (95% Cl, 69.8%—95.1%). Also, the rates of seroconversion after the
second vaccination in patients with liver cirrhosis and the control group were 96.6% (95%
Cl, 92.0%-99.0%), and 99.7% (95% Cl, 99.0%—100.0%), respectively. COVID-19 vaccines
have demonstrated promising efficacy, immunogenicity, and safety profiles in individuals
with liver cirrhosis, providing crucial protection against COVID-19-related complications.

Keywords: COVID-19 vaccine, Liver cirrhosis, Efficacy, Immunogenicity, Safety

The coronavirus disease 2019 (COVID-19) pandemic, caused by the severe acute re-
spiratory syndrome coronavirus 2 (SARS-CoV-2), has emerged as a significant global
health crisis, resulting in a substantial number of cases and fatalities reported world-
wide [1,2]. In response to the global COVID-19 pandemic, the development and wide-
spread distribution of highly effective vaccines have played an indispensable role in
effectively controlling the transmission of the virus and reducing the severity of COV-
ID-19 [3]. However, it is well established that individuals with underlying medical con-
ditions such as liver cirrhosis are more susceptible to adverse outcomes from respira-
tory infections. Consequently, it is of paramount importance to gain a comprehensive
understanding of the effectiveness, immunogenicity, and safety of COVID-19 vaccines,
particularly in this vulnerable and at-risk population [4].

Liver cirrhosis is a chronic liver disease characterized by the gradual accumulation of fi-
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brous tissue and the subsequent impairment of liver function. It
typically arises as a consequence of long-term liver damage
caused by various etiologies, including viral hepatitis, alcohol
abuse, or metabolic disorders [5]. This condition is associated
with a high mortality rate, highlighting the critical importance
of understanding its diverse causes and the potential implica-
tions for patient outcomes [6,7]. Patients with liver cirrhosis fre-
quently experience immune dysfunction, impaired clearance
of pathogens, and increased susceptibility to infections. Conse-
quently, they are classified as a high-risk group, particularly
prone to experiencing severe complications in the event of
SARS-CoV-2 infection [8].

In the battle against the pandemic, a glimmer of hope has
arisen through the development of multiple COVID-19 vac-
cines, encompassing messenger RNA (mRNA)-based vaccines
(e.g, Moderna [Moderna, Cambridge, MA, USA] and Pfizer-Bi-
oNTech [Pfizer, New York, NY, USA]), vector-based vaccines
(e.g., Oxford-AstraZeneca [AstraZeneca, Cambridge, UK] and
Johnson & Johnson [Johnson & Johnson, New Brunswick, NJ,
USA]), and protein subunit vaccines (e.g., Novavax [Novavax
Inc., Gaithersburg, MD, USA]). However, the specific response
of individuals with liver cirrhosis to these vaccines remains
largely unexplored, highlighting the need for further investiga-
tion and understanding in this vulnerable population [9,10].

Efficacy of a vaccine pertains to its capacity to prevent CO-
VID-19 infection or mitigate its severity. Imnmunogenicity, on
the other hand, measures the vaccine’s ability to induce an
immune response, including the production of neutralizing
antibodies and T-cell responses. Given that individuals with
liver cirrhosis may have altered medication metabolism and
compromised liver function, it is crucial to assess the poten-
tial side effects or adverse events associated with immuniza-
tion in this population. Safety evaluation is of paramount im-
portance in ensuring the well-being of individuals with liver
cirrhosis who receive the COVID-19 vaccine [11].

Extensive studies assessing the effectiveness of COVID-19
vaccinations in the general population have consistently re-
vealed high success rates in preventing symptomatic COV-
ID-19 infections and reducing the occurrence of severe dis-
ease [12-14]. However, it remains unclear whether the same
level of protection is achieved in individuals with liver cirrho-
sis, given their compromised immune function. Additionally,
factors such as age, etiology of liver cirrhosis, severity of liver
disease, and presence of comorbidities may further influence
vaccine response in this population [15].

Immunogenicity data on COVID-19 vaccines in individuals

with liver cirrhosis are limited but essential for understanding
the effectiveness of these vaccines in inducing a robust im-
mune response. Preliminary studies have shown that some
patients with liver cirrhosis may have a blunted immune re-
sponse to vaccination, including reduced antibody produc-
tion. This raises concerns about the overall vaccine effective-
ness and the potential need for additional booster doses or al-
ternative vaccination strategies [16].

Furthermore, the safety profile of COVID-19 vaccines in in-
dividuals with liver cirrhosis needs careful evaluation. Vacci-
nation-related adverse events and potential hepatotoxicity
should be closely monitored in this population, considering
their underlying liver dysfunction and altered drug metabo-
lism [15]. Therefore, the primary objective of this study was to
comprehensively evaluate the efficacy, immunogenicity, and
safety of COVID-19 vaccines in individuals diagnosed with
liver cirrhosis.

Search strategy

A comprehensive literature search was conducted in July 2023
to identify relevant studies that provide data on the efficacy,
immunogenicity, and safety of COVID-19 vaccines specifically
in patients with liver cirrhosis. One of the authors conducted a
comprehensive search across multiple databases, including
Web of Science, Medline, Embase, and Google Scholar. The
search utilized a combination of keywords, synonyms, abbre-
viations, MeSH (Medical Subject Headings) terms, and vari-
ous combinations. The keywords included “COVID-19 OR
SARS-CoV-2 OR 2019-nCoV OR Coronavirus disease 2019 OR
2019 Novel Coronavirus’, “Cirrhosis OR Liver Cirrhosis OR
Liver Cirrhoses OR Hepatic Cirrhosis’, and “Vaccination OR
Vaccines OR Vaccine”

Study selection

The inclusion criteria for our review encompassed the fol-
lowing: (1) original articles written in English and (2) studies
specifically investigating seroconversion after the second
vaccination in both control subjects and patients with liver
cirrhosis. Conversely, review articles, editorial articles, book
chapters, and case reports were excluded from our analysis.
The flow diagram provides a visual representation of the se-
lection process, illustrating the studies that were included in
our analysis (Fig. 1).

Screening and data extraction
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The identified publications were independently evaluated by
two authors based on the predefined inclusion and exclusion
criteria. Initially, titles and abstracts were screened to deter-
mine their relevance. Subsequently, the full texts of the select-
ed publications were carefully assessed by the same two au-
thors. In cases where there was a discrepancy in the selection,

a third reviewer reviewed the articles to reach a consensus.
Only the articles chosen by both authors were included in the
study, ensuring a rigorous evaluation process. The required
data from each included study were independently extracted
by two authors. The extracted data included the first author’s
name, country of affiliation, study design, year of publication,

Identification of studies via databases
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111 Records detected from databases
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Fig. 1. A flow chart of studies selection in this study.

Table 1. Risk of bias assessment of the included studies

> Reports excluded:

- Inappropriate results (n=21)

- Review article, books, or conferences
papers (n=2)

Selection Comparability Outcome
Outcome Adjustment
Study (Ref) Exposed Nonexposed Ascertainment by age and Outcome  Follow-up Adequacyof Overall . .
. . . absent at Risk of bias
representation  selection of obesity nodal status  assessment  length follow-up score
study start
or stage

Ivashkin et al. 1 1 1 1 1 1 1 1 8 High
[18](2022)

Wang et al. 1 - - 1 1 1 1 1 6 Moderate
[19](2022)

Ruether et al. 1 1 1 1 1 1 1 7 High
[20](2022)

Bakasis et al. 1 1 1 1 1 1 1 7 High
[21](2022)

Goel et al. 1 1 - 1 1 1 1 1 7 High
[22](2022)

Diaz etal. 1 1 1 1 1 1 1 7 High
[23](2022)

Willuweit et al. 1 1 1 1 1 1 1 1 8 High
[24](2022)

Singh etal. 1 1 - 1 1 1 1 6 Moderate
[25](2023)

Giambra et al. 1 - 1 1 1 1 1 1 7 High
[26](2022)

Stroffolini etal. 1 1 1 1 1 1 1 7 High
[27](2023)

lavarone et al. 1 1 - 1 1 1 1 6 Moderate
[28](2023)
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gender and age of the patient(s), sample size, study design,
type of vaccine, number of vaccine doses, control group, ad-
verse effects, and seroconversion after the second vaccination.
In instances where discrepancies arose in the extracted data,
all conflicting items were reviewed by a third author to ensure
accuracy and consistency.

Risk of bias in included studies (quality assessment)

The risk of bias in each individual study was assessed using
the Newcastle-Ottawa Scale [17], where a score of 9 points for
case-control and cohort studies indicates excellent quality
and low risk of bias. The quality of the studies was categorized
as low (scores 1-3), moderate (scores 4-6), and good (scores

Begg's funnel plot with pseudo 95% confidence limits
70 |

65 |-

Mean age (yr)
3

50 , ° | L I
0 2 4 6
SE of mean age

Fig. 2. Publication bias diagram in the studies, the circles show the
weight of the studies. SE, standard error.

Table 2. Characterizations of articles reviewed in the present study

Author (Ref) Country Study design liver cirrhosis
Ivashkin et al. [18] (2022) Russia Retrospective cohort study 89
Wang et al. [19] (2022) China The multicenter, prospective, 553
open-label study
Ruether et al. [20] (2022) Germany  Prospective cohort study 53
Bakasis et al. [21] (2022) Greece  Prospective study 38
Goel etal. [22] (2022) India Prospectively enrolled 131
Diaz et al. [23] (2022) Chile Prospective study 2,050
Willuweit et al. [24](2022) ~ Germany  Prospective study 110
Singh et al. [25] (2023) India Prospective study 88
Giambra et al. [26] (2022) [taly Prospective study 179
Stroffolini etal. [27](2023)  ltaly Multicenter observational 1,358
study, prospectively study
lavarone et al. [28] (2023) Italy Prospective single-center study 182

SD, standard deviation.

Sample size of Mean age+SD

7-9) [18-28] (Table 1).

Risk of bias across studies

To assess publication bias, we conducted Begg’s and Egger’s
tests. All p-values less than 0.05 were deemed indicative of
significant publication bias (Fig. 2).

Statistical analysis

The effect size and the corresponding 95% confidence inter-
vals (CI) were calculated using STATA ver. 15.0 (Stata Corp.,
College Station, TX, USA). To evaluate the heterogeneity within
each group, the inconsistency index (I?) was employed. High
heterogeneity was defined as an I value greater than 50% or a
p-value less than 0.05. In instances of high heterogeneity, a
random-effects model was utilized to estimate the pooling ef-
fect and the corresponding 95% CI. Conversely, a fixed-effect
model was employed in cases of low heterogeneity.

A total of 4,831 liver cirrhosis patients with COVID-19 were
examined from 11 studies [18-28] (Table 2). The pooled age
of liver cirrhosis patients with COVID-19 was 58.03 years
(range, 53.81-62.25 years). Two studies were excluded due to
sensitivity analysis [18,23]. The rate of hospitalization among
patients with liver cirrhosis was estimated to be 17.6% (range,
9%-44%). The rate of fever in the patients with liver cirrhosis
was 4.5% (range, 0.9%-8.1%). Regarding the presence of neu-

. No. of vaccine
Type of vaccine

(yr) doses
59 Sputnik V 2
54 CoronaVac, BBIBP-CorV, and WIBP-CorV 2
538495 mRNA/MRNA, BNT162b2, mRNA-1273, 2
AZD1222/AZD1222, AZD1222/mRNA
67 Pfizer-BioNTech BNT162b2 or the Moderna 2
mRNA-1273
50 ChAdOx1 2
69 BNT162b2 mRNA (Pfizer/BioNTech), Vaxzevria 2
55 (Oxford-AstraZeneca), 2
CoronaVac (Sinovac Life Sciences)
53.3+10.08 Covishield (ChAdOx1-nCOV)
66.4+11.1 mRNA-based vaccine BNT162b2 3
64.2+132 Covishield (ChAdOx1nCoV-19) 3
61 BNT162b2 2
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tralizing antibodies, the rate of positive results in liver cirrho-
sis patients was found to be 82.5% (range, 69.8%-95.1%). Fur-
thermore, the rate of seroconversion after the second vacci-
nation in patients with liver cirrhosis was determined to be
96.6% (range, 92.0%-99.0%) (Fig. 3). In the control group, the
rate of seroconversion after the second vaccination was nota-
bly higher at 99.7% (range, 99.0%-100.0%) (Fig. 4).

There was no observed correlation between sample size

and seroconversion after the second dose of vaccination. Ad-
ditionally, no correlation was found between age and sero-
conversion following the administration of the second vac-
cine dose. The results indicate the absence of publication bi-
as among the studies included in the analysis.

Study ID Seroconversion after % Weight
second dose (95% Cl)
Ruether et al. [20] (2022) é # 1.00 (1.00-1.00) 13.97
Bakasis et al. [21] (2022) E* 0.97 (0.94-1.01) 12.24
Goel et al. [22] (2022) 20 0.99 (0.98-1.01) 13.57
Willuweit et al. [24] (2022) :* 0.96 (0.92-1.00) 1.94
Giambra et al. [26] (2022) -o-i» 0.93(0.89-0.97) 11.82
Singh et al. [25] (2023) -+~ 0.92(0.86-0.98) 9.92
Stroffolini et al. [27] (2023) * | 090(0.88-0.91) 1357
lavarone et al. [28] (2023) :0 0.97 (0.95-0.99) 12.96
Overall (?=96.6%, p=0.000) 0.96 (0.92-0.99) 100.00
-101 0 1.01

Fig. 3. Seroconversion after the second vaccination in patients with liver cirrhosis. The square reflects the effect estimate of each study with
over 95% confidence interval (Cl), with the square sizes proportionate to the weight allocated to the study within the meta-analysis. Weights

are from random effect analysis.

Study ID

Ruether et al. [20] (2022)
Bakasis et al. [21] (2022)
Willuweit et al. [24] (2022)
Giambra et al. [26] (2022)
lavarone et al. [28] (2023)

Overall (*=99.7%, p=0.000)

Estimates (95% Cl) % Weight
i# 1.00 (1.00-1.00) 8.67

i# 1.00 (1.00-1.00) 14.24

): 0.99 (0.97-1.01) 18.00

50 1.00 (1.00-1.00) 29.30

50 1.00 (1.00-1.00) 29.79
1.00(0.99-1.00)  100.00

-1.01

0 1.01

Fig. 4. Seroconversion after the second vaccination in the control group. The square reflects the effect estimate of each study with over 95%
confidence interval (Cl), with the square sizes proportionate to the weight allocated to the study within the meta-analysis.
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The present study aimed to assess the efficacy, immunogenic-
ity, and safety of COVID-19 vaccines in individuals with liver
cirrhosis. Understanding the vaccine response in this vulner-
able population is crucial for optimizing vaccination strate-
gies and minimizing the risk of severe COVID-19 outcomes.
Although the results showed a decreased antibody titer in pa-
tients with liver cirrhosis after receiving the COVID-19 vac-
cine, the efficacy, immunogenicity, and safety of COVID-19
vaccines in these patients reach a similar level of protection as
the general population.

With regard to vaccine efficacy, the existing data on COV-
ID-19 vaccines in the general population have consistently
demonstrated high efficacy rates in preventing symptomatic
COVID-19 and severe disease. However, there is a notable
scarcity of data specifically examining the efficacy of these
vaccines in individuals with liver cirrhosis. This knowledge
gap necessitates further investigation to determine the extent
to which COVID-19 vaccines effectively protect individuals
with liver cirrhosis from the virus and its associated compli-
cations [16]. Due to the compromised immune function seen
in individuals with liver cirrhosis, it is essential to determine if
they achieve a similar level of protection through COVID-19
vaccines. Future research should focus on assessing the effec-
tiveness of these vaccines specifically in this population, con-
sidering factors such as the cause and severity of liver cirrho-
sis, as well as any coexisting medical conditions. Such studies
would provide valuable information about the vaccine re-
sponse in individuals with liver cirrhosis, allowing for the de-
velopment of tailored vaccination strategies to meet their
specific requirements [16].

Immunogenicity data plays a crucial role in understanding
the immune response elicited by vaccines, including the pro-
duction of neutralizing antibodies and T-cell responses. Early
research indicates that individuals with liver cirrhosis may
exhibit a diminished immune response to vaccination, result-
ing in reduced antibody production. This observation can be
attributed to their compromised immune function and im-
paired ability to clear pathogens efficiently [29]. Nevertheless,
it is crucial to acknowledge that vaccine immunogenicity is a
multifaceted process influenced by a multitude of factors, and
itis expected that there will be individual variations in the im-
mune response.

It is of utmost importance to conduct thorough safety as-
sessments to monitor potential adverse events and hepatotox-

icity related to vaccination, especially considering the presence
of underlying liver dysfunction and altered drug metabolism in
individuals with liver cirrhosis. Although the existing safety da-
ta from clinical trials and post-marketing surveillance in the
general population have generally indicated a favorable safety
profile for COVID-19 vaccines, specific attention should be giv-
en to this vulnerable population to ensure their safety and well-
being [30]. Nonetheless, there is a lack of specific safety data
available for individuals with liver cirrhosis. Therefore, it is cru-
cial to closely monitor and evaluate adverse events, particular-
ly those related to liver function, in this population to ensure
the safety of vaccination. A multidisciplinary approach involv-
ing hepatologists, infectious disease specialists, and pharma-
covigilance systems can facilitate the collection of comprehen-
sive safety data and provide valuable insights to guide vaccina-
tion strategies for individuals with liver cirrhosis [31].

A systematic review and meta-analysis by Luo et al. [32] in
2023 explored the immunogenicity and safety of COVID-19
vaccines in liver transplant recipients. The review included 19
studies with a total of 4,191 patients. The review showed that
liver transplant recipients had a lower humoral immune re-
sponse rate after two doses of vaccination than healthy con-
trols (risk ratio, 0.68; 95% CI, 0.59-0.77; p<0.01) [32]. On the
contrary, the results of our study showed that the rates of se-
rum conversion after the second vaccination were not signifi-
cantly different in patients with liver cirrhosis and the control
group.

In line with the findings reported by Li et al. [33] in 2022 in
their study on transplant recipients, our study observed lower
rates of seroconversion after COVID-19 vaccinations in pa-
tients with liver cirrhosis compared to the general population.
The use of immunosuppressants was identified as a significant
risk factor for reduced seroconversion, with varying outcomes
depending on the specific types of immunosuppressants used.
However, it is important to note that there was significant het-
erogeneity among the studies included in the review, under-
scoring the need for larger and more rigorous studies to pro-
vide a clearer understanding of vaccine immunogenicity in
this population. Regarding safety, the meta-analysis did not
find any significant increase in adverse events or liver-related
complications associated with COVID-19 vaccination in pa-
tients with liver diseases.

It is important to acknowledge the limitations of the current
literature regarding COVID-19 vaccines in individuals with liver
cirrhosis. The majority of studies conducted thus far have pri-
marily focused on the general population, with limited specific
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data available for individuals with liver cirrhosis. The small
sample sizes in existing studies restrict the generalizability of
their findings. Additionally, the heterogeneity of liver cirrhosis
etiology and severity further complicates the interpretation of
results. To address these limitations, future studies should strive
for larger sample sizes, stratify patients based on the character-
istics of their liver disease, and implement standardized proto-
cols for vaccine evaluation in this specific population. Such ef-
forts will enhance our understanding of the efficacy, immuno-
genicity, and safety of COVID-19 vaccines in individuals with
liver cirrhosis.

To summarize, the available evidence suggests that COVID-19
vaccines in individuals with liver cirrhosis provide a compara-
ble level of efficacy, immunogenicity, and safety to the general
population, despite lower antibody titers observed in patients
with liver cirrhosis after vaccination. It is crucial to closely mon-
itor vaccine-related adverse events and hepatotoxicity in this
vulnerable population to ensure their safety during vaccination.
Future studies should aim for larger sample sizes, standardized
protocols, and long-term follow-up to generate robust data that
can guide evidence-based recommendations for COVID-19
vaccination in individuals with liver cirrhosis. These efforts will
help optimize the vaccination strategies and outcomes for this
specific population.
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