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Background & Aims: The development of COVID-19 vaccines
has progressed with encouraging safety and efficacy data. Con-
cerns have been raised about SARS-CoV-2 vaccine responses in
the large population of patients with non-alcoholic fatty liver
disease (NAFLD). The study aimed to explore the safety and
immunogenicity of COVID-19 vaccination in NAFLD.

Methods: This multicenter study included patients with NAFLD
without a history of SARS-CoV-2 infection. All patients were
vaccinated with 2 doses of inactivated vaccine against SARS-CoV-
2. The primary safety outcome was the incidence of adverse
reactions within 7 days after each injection and overall incidence
of adverse reactions within 28 days, and the primary immuno-
genicity outcome was neutralizing antibody response at least 14
days after the whole-course vaccination.

Results: A total of 381 patients with pre-existing NAFLD were
included from 11 designated centers in China. The median age was
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39.0 years (IQR 33.0-48.0 years) and 179 (47.0%) were male. The
median BMI was 26.1 kg/m? (IQR 23.8-28.1 kg/m?). The number of
adverse reactions within 7 days after each injection and adverse re-
actions within 28 days totaled 95 (24.9%) and 112 (29.4%), respec-
tively. The most common adverse reactions were injection site pain
in 70 (18.4%), followed by muscle pain in 21 (5.5%), and headache in
20 (5.2%). All adverse reactions were mild and self-limiting, and no
grade 3 adverse reactions were recorded. Notably, neutralizing an-
tibodies against SARS-CoV-2 were detected in 364 (95.5%) patients
with NAFLD. The median neutralizing antibody titer was 32 (IQR 8-
64), and the neutralizing antibody titers were maintained.
Conclusions: The inactivated COVID-19 vaccine appears to be
safe with good immunogenicity in patients with NAFLD.

Lay summary: The development of vaccines against coronavirus
disease 2019 (COVID-19) has progressed rapidly, with encour-
aging safety and efficacy data. This study now shows that the
inactivated COVID-19 vaccine appears to be safe with good
immunogenicity in the large population of patients with non-
alcoholic fatty liver disease.

© 2021 European Association for the Study of the Liver. Published by
Elsevier B.V. All rights reserved.

Introduction
Coronavirus disease 2019 (COVID-19) has caused a devastating
global pandemic since early 2020."> We read with interest the
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recent article by Cornberg et al.,! in which they summarized the
data on vaccine safety, immunogenicity, and efficacy in patients
with chronic liver diseases, hepatobiliary cancer and liver
transplant recipients. The development of severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) vaccines has pro-
gressed at an unprecedented rate with encouraging safety and
efficacy data emerging from clinical trials.>~> Despite the large
number of clinical trials of COVID-19 vaccines, only a few par-
ticipants with pre-existing liver diseases were included."® Con-
cerns have been raised recently about SARS-CoV-2 vaccine
responses in the large population of patients with non-alcoholic
fatty liver disease (NAFLD),">” who may be uniquely susceptible
to COVID-19 infection and disease progression.®"' The study
aimed to explore the safety and immunogenicity of COVID-19
vaccination in patients with NAFLD in a large Chinese cohort.

Patients and methods

This multicenter study included patients with NAFLD without a
history of SARS-CoV-2 infection, from 11 designated centers in the
network of Chinese Portal Hypertension Alliance (CHESS) between
4 QOctober 2020 and 26 February 2021, with a final follow-up on
March 18, 2021. NAFLD was diagnosed by liver biopsy and/or clin-
ical findings. All patients were vaccinated with 2 doses (0.5 ml/
dose) of inactivated vaccine against SARS-CoV-2 (Beijing Institute
of Biological Products Co., Ltd.). Blood samples were collected at
least 14 days after the whole-course vaccination. Neutralizing an-
tibodies were detected by magnetic particle chemiluminescence
immunoassay using SARS-CoV-2 neutralizing antibody detection
kit (Beijing Hotgen Biotech Co., Ltd.). The primary safety outcome
was the incidence of adverse reactions within 7 days after each
injection and the overall incidence of adverse reactions within 28
days, and the primary immunogenicity outcome was neutralizing
antibody response at least 14 days after the whole-course vacci-
nation. Continuous variables were presented as median (IQR), and
categorical variables were presented as n (%). The study was
approved by the ethics committees of participating centers.

Results

A total of 381 patients with pre-existing NAFLD were included in
the analysis. The median age was 39.0 years (IQR 33.0-48.0
years) and 179 (47.0%) were male. The median BMI was 26.1 kg/
m? (IQR 23.8-28.1 kg/m?). Of these, 348 (91.3%) patients were of
Han ethnicity. Comorbidities other than NAFLD were present in
53 (13.9%) patients, consisting of 42 (11.0%) hypertension, 14
(3.7%) diabetes, 4 (1.0%) arrhythmia and 1 (0.3%) asthma. Base-
line characteristics are summarized in Table 1.

The number of adverse reactions within 7 days after each
injection and adverse reactions within 28 days totaled 95 (24.9%)
and 112 (29.4%) of patients, respectively. The most common
adverse reactions were 70 (18.4%) injection site pain, followed by
21 (5.5%) muscle pain, 20 (5.2%) headache, and 18 (4.7%) fatigue.
All adverse reactions were mild and self-limiting, and no grade 3
adverse reactions were recorded. The median interval between
the completion of whole-course vaccination and the detection of
neutralizing antibodies was 39.0 days (IQR, 35.0-50.0 days).
Notably, neutralizing antibodies against SARS-CoV-2 were
detected in 364 (95.5%) patients with NAFLD. The median
neutralizing antibody titer was 32 (IQR 8-64). The adverse re-
actions and immunogenicity outcomes of COVID-19 vaccination
in patients with NAFLD are shown in Table 2. According to the
locally weighted scatterplot smoothing, the neutralizing
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Table 1. Baseline characteristics of study cohort.

Characteristics Patients (n = 381)

39.0 (33.0-48.0)

Age, median (IQR), years
Age groups, years

18-29, n (%) 50 (13.1)
30-44, n (%) 203 (53.3)
45-59, n (%) 128 (33.6)
Sex
Female, n (%) 202 (53.0)
Male, n (%) 179 (47.0)
Body mass index, median (IQR), kg/m? 26.1 (23.8-28.1)
Ethnicity
Han ethnicity, n (%) 348 (91.3)
Manchu ethnicity, n (%) 19 (5.0)
Hui ethnicity, n (%) 4 (1.0)
Mongolian ethnicity, n (%) 4(1.0)
Other, n (%) 6(1.6)
Any comorbidity, n (%) 53 (13.9)
Hypertension, n (%) 42 (11.0)
Diabetes, n (%) 14 (3.7)
Arrhythmia, n (%) 4(1.0)
Asthma, n (%) 1(0.3)
Other, n (%) 3(0.8)

Table 2. Safety and immunogenicity of COVID-19 vaccination in patients
with NAFLD.

Characteristics Patients (n = 381)

Total reactions within 7 days after each injection

Any, n (%) 95 (24.9)
Grade 3, n (%) 0(0)
Injection site adverse reactions
Pain, n (%) 70 (18.4)
Induration, n (%) 7 (1.8)
Redness, n (%) 5(1.3)
Swelling, n (%) 5(1.3)
Itch, n (%) 3(0.8)
Systemic adverse reactions
Muscle pain, n (%) 21 (5.5)
Headache, n (%) 20 (5.2)
Fatigue, n (%) 18 (4.7)
Fever, n (%) 8(2.1)
Nausea, n (%) 7 (1.8)
Oropharyngeal pain, n (%) 5(1.3)
Joint pain, n (%) 3(0.8)
Cough, n (%) 2 (0.5)
Rhinorrhea, n (%) 2 (0.5)
Diarrhea, n (%) 2(0.5)
Chill, n (%) 2 (0.5)
Vomiting, n (%) 1(0.3)
Hypersensitivity, n (%) 1(0.3)
Syncope, n (%) 1(0.3)
Appetite impaired, n (%) 1(0.3)
Dyspnea, n (%) 1(0)
Pruritus, n (%) 0(0)
Total adverse reactions within 28 days
Any, n (%) 112 (29.4)
Grade 3, n (%) 0(0)
Antibody responses after whole-course vaccination
Neutralizing antibody titer, median (IQR) 32 (8-64)
Seroconversion of neutralizing antibodies, n (%) 364 (95.5)

antibody titers were maintained over the time since whole-
course vaccination (Fig. 1).

Discussion
This multicenter study showed that COVID-19 vaccination
appeared to be safe and effective in patients with NAFLD. There
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Fig. 1. Correlation between the time since whole-course vaccination and
the neutralizing antibody titer. General trend line is shown in black and was
calculated using the locally weighted scatterplot smoothing algorithm.

were no serious adverse reactions and neutralizing antibody
responses appeared to be robust in patients with NAFLD who
completed vaccination. Although the results of large-scale phase
Il trials have been released for a variety of COVID-19 vaccines,
data on patients with pre-existing liver diseases are extremely
limited, consisting of 0.6% (217) of 37,706 participants in the
BNT162b2 mRNA COVID-19 vaccine trial and 0.6% (196) of 30,351
participants in the mRNA-1273 COVID-19 vaccine trial.*° Similar
to the general population, side effects related to the COVID-19
vaccine in patients with NAFLD were mild and self-limiting,
and no serious adverse events were reported. Compared to
participants in the phase II trial of the same COVID-19 vaccine
used in our study,’ patients with NAFLD showed a comparable
neutralizing antibody seropositivity rate after the whole-course
vaccination (95.5% vs. 97.6%, respectively). More importantly,
our study showed that the titers of neutralizing antibodies in
patients with NAFLD persisted over time. However, our study has
several limitations. First, there was a lack of baseline information
on histopathological grade/stage of NAFLD, liver function and
neutralizing antibodies considering the retrospective nature of
the study. Second, although the inactivated vaccine produced
neutralizing antibody responses in the majority of patients with
NAFLD, whether this could protect patients with NAFLD from
SARS-CoV-2 infection remains unknown. A larger prospective
follow-up study for robust evidence of efficacy (i.e., protection
against severe disease and death) is needed. In conclusion, the
inactivated COVID-19 vaccine appears to be safe with good
immunogenicity in patients with NAFLD.
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