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Abstract 

Background: Liver diseases post‑COVID‑19 vaccination is extremely rare but can occur. A growing body of evidence 
has indicated that portal vein thrombosis, autoimmune hepatitis, raised liver enzymes and liver injuries, etc., may be 
potential consequence of COVID‑19 vaccines.

Objectives: To describe the results of a systematic review for new‑onset and relapsed liver disease following COVID‑
19 vaccination.

Methods: For this systematic review, we searched Proquest, Medline, Embase, PubMed, CINAHL, Wiley online library, 
Scopus and Nature through the Preferred Reporting Items for Systematic Reviews and Meta Analyses PRISMA guide‑
line for studies on the incidence of new onset or relapsed liver diseases post‑COVID‑19 vaccination, published from 
December 1, 2020 to July 31, 2022, with English language restriction.

Results: Two hundred seventy‑five cases from one hundred and eighteen articles were included in the qualitative 
synthesis of this systematic review. Autoimmune hepatitis (138 cases) was the most frequent pathology observed 
post‑COVID‑19 vaccination, followed by portal vein thrombosis (52 cases), raised liver enzymes (26 cases) and liver 
injury (21 cases). Other cases include splanchnic vein thrombosis, acute cellular rejection of the liver, jaundice, hepa‑
tomegaly, acute hepatic failure and hepatic porphyria. Mortality was reported in any of the included cases for acute 
hepatic failure (n = 4, 50%), portal vein thrombosis (n = 25, 48.1%), splanchnic vein thrombosis (n = 6, 42.8%), jaundice 
(n = 1, 12.5%), raised liver enzymes (n = 2, 7.7%), and autoimmune hepatitis (n = 3, 2.2%). Most patients were easily 
treated without any serious complications, recovered and did not require long‑term hepatic therapy.
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Background
Vaccinations against coronavirus disease 2019 
(COVID-19) is a crucial step in ending the current 
worldwide pandemic. Vaccines such as Pfizer-BioN-
Tech, Oxford Uni-AstraZeneca, Moderna, Johnson 
& Johnson, Sinovac-CoronaVac, Covishield, and Sin-
opharm have been developed rapidly, determined as 
safe, approved under emergency use authorization 
since early 2020 and had been used widely. As of 1 May 
2022, there have been more than 5  billion of severe 
acute respiratory syndrome coronavirus 2 (SARS-
CoV-2) vaccine doses administered globally [1]. There-
fore, new safety, adverse effects, or toxicity concerns 
related to the COVID-19 vaccination have emerged. 
Adverse reactions to COVID-19 vaccines are com-
monly reported, but most are not hepatically mediated. 
Localized pain, fatigue, headache and muscle ache are 
the most prevalent adverse effects following COVID-19 
vaccination [2]. Liver toxicity is rare with all vaccines 
used to prevent COVID-19, but can occur. A growing 
body of evidence has indicated that portal vein throm-
bosis [3–5], autoimmune hepatitis [6–8], raised liver 
enzymes [9–11] and liver injuries [12, 13], etc., may be 
potential consequence of COVID-19 vaccines. COVID-
19 vaccines are usually administered in 2- or 3-dose 
series over a short time only [14, 15], and the symp-
toms and signs of the COVID-19 infection overshadow 
the mild and transient liver adverse effects that arises 
with some of the vaccines used to prevent COVID-19. 
Furthermore, instances of acute hepatitis [16], raised 
liver enzymes [17, 18] and liver injury [19] have been 
reported in patients with moderate and severe COVID-
19 in which vaccines did not appear to play a role. 
Whether the association between SARS-CoV-2 vac-
cines and those liver diseases is coincidental or causal 
remains to be elucidated.

In light of newer case reports and case-series stud-
ies that were published to describe the incidence of 
hepatotoxicity in patients who received the COVID-19 
vaccines, we provide a systematic review of the cur-
rent literature to delineate the range of liver diseases 
that were elicited following COVID-19 vaccination. We 
expect our review to provide clinicians with a thorough 
understanding of these rare adverse events.

Methods
Design
We followed the Preferred Reporting Items for System-
atic Reviews and Meta-Analyses guidelines PRISMA in 
conducting this systematic review [20]. The following 
electronic databases were searched: PROQUEST, MED-
LINE, EMBASE, PUBMED, CINAHL, WILEY ONLINE 
LIBRARY, SCOPUS and NATURE with Full Text. We 
used the following keywords: (“COVID-19” OR “SARS-
CoV-2” OR “Severe acute Respiratory Syndrome Corona-
virus 2” OR “Coronavirus Disease 2019” OR “2019 novel 
coronavirus”) AND vaccine OR vaccination AND (“liver 
histopathology” OR “liver disease” OR “hepatic disease” 
OR “liver toxicity” OR “hepatotoxicity”). The search was 
limited to papers published in English between 1 Decem-
ber 2020 and 31 July 2022. Based on the title and abstract 
of each selected article, we selected those discussing and 
reporting occurrence of new-onset or relapsed liver dis-
ease following SARS-CoV-2 vaccination.

Inclusion–exclusion criteria
The inclusion criteria are as follows: (1) published case 
reports, case series and cohort studies that focused on 
new-onset or relapsed liver diseases following SARS-
CoV-2 vaccination that included adults as population 
of interest; (2) studies of experimental or observational 
design reporting the incidence of new-onset or relapsed 
liver diseases in patients post-SARS-CoV-2 vaccination; 
and (3) the language was restricted to English. The exclu-
sion criteria are as follows: (1) studies that did not report 
data on new-onset or relapsed liver diseases due to 
SARS-CoV-2 vaccination; (2) studies that did not report 
details on identified new-onset or relapsed liver disease 
cases following COVID-19 vaccination; (3) studies that 
reported new-onset or relapsed liver disease in patients 
with no history of COVID-19 vaccination; and (4) dupli-
cate publications.

Data extraction
Six authors (Saad Alhumaid, Abbas Al Mutair, Ali 
Rabaan, Fatemah M. ALShakhs, Shin Jie Yong, and Hus-
sain Ahmed Alsouaib) critically reviewed all of the stud-
ies retrieved and selected those judged to be the most 
relevant. Data were carefully extracted from the relevant 

Conclusion: Reported evidence of liver diseases post‑COIVD‑19 vaccination should not discourage vaccination 
against this worldwide pandemic. The number of reported cases is relatively very small in relation to the hundreds of 
millions of vaccinations that have occurred and the protective benefits offered by COVID‑19 vaccination far outweigh 
the risks.

Keywords: SARS‑CoV‑2, COVID‑19, Disease, Hepatic, Liver, Pathology, Safety, Side effect, Systematic review, Vaccine, 
Vaccination



Page 3 of 54Alhumaid et al. BMC Gastroenterology          (2022) 22:433  

research studies independently. Articles were categorized 
as case report or case-series studies. The following data 
were extracted from selected studies: authors; publica-
tion year; study location; study design and setting; age; 
proportion of male patients; patient ethnicity; time to 
hospital presentation with liver pathology from day of 
vaccination, medical comorbidities; vaccine brand and 
dose (if 1st dose, 2nd dose or 3rd dose); if liver pathology 
is new-onset or relapsed; patient clinical presentation; 
abnormal laboratory indicators; biopsy examination and 
radiological imaging findings; treatment given; assess-
ment of study risk of bias; and treatment outcome (sur-
vived or died); which are noted in Table 1.

Quality assessment
The quality assessment of the studies was undertaken 
mainly based on the modified Newcastle–Ottawa Scale 
(NOS) to assess the quality of the selected studies [21]. 
Items related to the comparability and adjustment were 
removed from the NOS and items which focus on selec-
tion and representativeness of cases, and ascertainment 
of outcome and exposure are kept [22]. Modified NOS 
consists of five items each requires yes and no response 
to indicate whether bias was likely, and these items were 
applied to single-arm studies [22]. Quality of the study 
was considered good if all five criteria were met, moder-
ate when four were met, and poor when three or less were 
met. Quality assessment was performed by six authors 
(Mohammed Hussain Al Khamees, Yaqoub Yousef Alati-
yyah, Ali Ahmed Alsultan, Hassan N. Alshakhs, Haidar 
Abdullah Al Samaeel, and Rugayah Ahmed AlShayeb) 
independently, with any disagreement to be resolved by 
consensus.

Data analysis
We examined primarily the proportion of confirmed 
cases who suffered liver toxicity due to COVID-19 vac-
cination. This proportion was further classified based 
on the type of liver pathology induced by the COVID-19 
vaccine (i.e., if portal vein thrombosis, autoimmune hep-
atitis or raised liver enzymes etc.). Descriptive statistics 
were used to describe the data. For continuous variables, 
mean and standard deviation were used to summarize 
the data; and for categorical variables, frequencies and 
percentages were reported. Microsoft Excel 2019 (Micro-
soft Corp., Redmond, USA)  was used for all statistical 
analyses.

Results
Study characteristics and quality
A total of 1587 publications were identified (Fig. 1). After 
exclusion of duplicates and articles that did not fulfil 
the study inclusion criteria, one hundred and eighteen 

articles were included in the qualitative synthesis of 
this systematic review. The reports of two hundred and 
seventy-five cases identified from these articles are pre-
sented by groups based on confirmed diagnoses, labora-
tory, biopsy and imaging findings [3–13, 23–128]. The 
detailed characteristics of the included studies are shown 
in Table 1. There were 107 case report [3–12, 23–41, 43–
47, 49–51, 55, 57–59, 61–63, 65–68, 70–125, 127, 128], 
and 11 case series [13, 42, 48, 52–54, 56, 60, 64, 69, 126] 
studies. These studies were conducted in United States 
(n = 20), Italy (n = 15), Germany (n = 10), United King-
dom (n = 9), Japan (n = 6), India (n = 5), Spain (n = 4), 
Saudi Arabia (n = 4), France (n = 4), Austria (n = 3), Swit-
zerland (n = 4), Iran (n = 4), Republic of Korea (n = 3), 
Turkey (n = 2), Ireland (n = 2), Portugal (n = 2), Greece 
(n = 2), The Netherlands (n = 2), Denmark (n = 2), Sin-
gapore (n = 2), Brazil (n = 1), Oman (n = 1), Colom-
bia (n = 1), China (n = 1), Israel (n = 1), Taiwan (n = 1), 
Kuwait (n = 1), Norway (n = 1), Mexico (n = 1), Malay-
sia (n = 1), Thailand (n = 1), Democratic Republic of the 
Congo (n = 1), and Australia (n = 1). Only two studies 
were made within multi-countries (n = 2) [60, 126]. The 
majority of the studies were single centre [3–12, 23–41, 
43–51, 55–59, 61–63, 65–125, 127, 128] and only 8 stud-
ies were multi-centre [13, 42, 52–54, 60, 64, 126]. All 
case reports and case-series studies were assessed for 
bias using the modified NOS. Thirty-two studies were 
deemed to have high methodological quality, 83 moder-
ate methodological quality, and 3 low methodological 
quality; Table 1.

Autoimmune hepatitis
Autoimmune hepatitis (AIH) was the first most-common 
liver disease reported following COVID-19 vaccination 
[eighty-three new onset cases [6–8, 37, 41, 68, 84, 85, 87, 
97, 99, 101–108, 110, 112, 115, 117–120, 123, 124, 126, 
127] and four previously known cases [43, 80, 86, 104]; 
and in fifty-one cases event if new-onset or relapsed was 
not reported [42]] (see Table  1). Most common clinical 
presentations in these AIH cases were fatigue (n = 75) 
[99, 102–104, 112, 118, 119, 124, 126, 127], jaundice 
(n = 68), [6–8, 37, 42, 68, 84, 85, 97, 99, 102, 104–108, 
110, 112, 115, 117, 118, 123, 126, 127], nausea (n = 60) 
[68, 108, 112, 123, 126, 127], abdominal pain (n = 25) [7, 
37, 68, 105, 126], pruritus (n = 10) [6, 37, 99, 101, 105, 
110, 117, 127], itching (n = 10) [126], dark urine (n = 10) 
[6, 7, 68, 84, 103, 104, 106, 108, 110, 123], hepatomegaly 
(n = 6) [6, 7, 85, 102, 103, 123], fever (n = 5) [84, 104, 117, 
123], malaise (n = 4) [84, 85, 97, 112], anorexia (n = 4) 
[8, 102, 104, 112], and yellow eyes (n = 4) [8, 103, 112, 
118]. Four of the AIH cases were asymptomatic [43, 80, 
86, 87]. The median interquartile range (IQR) age of 
this group was 59 [41 to 72], with an increased female 
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predominance in AIH patients diagnosed after COVID-
19 vaccination in most of the studies [n = 90, 65.2%] [6–
8, 43, 68, 80, 84, 86, 87, 97, 99, 103, 105–108, 110, 112, 
115, 118–120, 123, 124, 126], and majority of the patients 
belonged to White (Caucasian) (n = 34, 24.6%) [6, 7, 
41–43, 68, 80, 85–87, 97, 99, 102, 103, 105–108, 112, 120, 
127] and Asian (n = 13, 9.4%) [8, 84, 110, 115, 117–119, 
123, 124] ethnicity. The median (IQR) time between 
the COVID-19 vaccination and time of presentation 
was 14 (7–20) days. Seventy-seven, twenty-nine, and 
twenty-nine of these one hundred-thirty eight cases were 
reported following Pfizer-BioNTech (eight after the first 
dose, eight after the second dose and three after the third 

dose) [6, 41, 43, 68, 84, 87, 99, 105, 106, 112, 115, 119, 
120, 123, 124, 127], Moderna (nine after the first dose 
and three after the second dose) [7, 8, 80, 85, 97, 99, 102, 
103, 107, 108, 117, 126], and Oxford Uni-AstraZeneca 
(three after the first dose, two after the second dose and 
one after the third dose) [37, 86, 99, 101, 115, 126] vac-
cination; respectively. Ten AIH patients had a history of 
thyroid gland disorders [Hashimoto’s thyroiditis (n = 6) 
[42, 103, 106, 112] and hypothyroidism (n = 4) [68, 86, 
104, 127]] and seven patients had no medical history 
(n = 7, 5.1%) [85, 97, 110, 115, 117, 119, 123], however, 
some of the patients had a past medical history of hyper-
tension (n = 17, 12.3%) [6, 101, 112, 118, 126], diabetes 
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mellitus (n = 15, 10.9%) [102, 104, 126], hyperlipidaemia 
(n = 6, 4.3%) [8, 84, 105, 106, 115, 118], and rheumatoid 
arthritis (n = 2, 1.4%) [42]. Some of those AIH cases pre-
sented with a previous known history of hepatic patholo-
gies [undetermined pre-existing liver disease (n = 12, 
8.7%) [126], nonalcoholic fatty liver disease (n = 7, 5.1%) 
[126], primary biliary cholangitis (n = 5, 3.6%) [41, 80, 84, 
115, 126], hepatitis C infection (n = 2, 1.4%) [124, 126], 
liver transplant recipient (n = 2, 1.4%) [43, 126], hepati-
tis B infection (n = 1, 0.7%) [120], autoimmune hepatitis 
(n = 1, 0.7%) [43], jaundice (n = 1, 0.7%) [104], liver cir-
rhosis (n = 1, 0.7%) [41], or hypertransaminasemia (n = 1, 
0.7%) [86]]. Radiological imaging was unremarkable for a 
high number of the AIH cases (n = 22, 15.9%) [6, 8, 43, 
68, 80, 85–87, 97, 99, 102, 104, 105, 108, 110, 115, 117, 
119, 120, 124] or not reported (n = 100, 72.5%) [41, 42, 
126], nevertheless, liver biopsy revealed histopathological 
findings consistent with AIH in all cases except for one 
patient [42]. Patients who suffered AIH post-COVID-19 
vaccination were more likely to have positive antinu-
clear antibodies (n = 92) [6–8, 37, 41, 42, 80, 84–87, 97, 
99, 101–104, 106, 108, 110, 112, 115, 117–119, 123, 124, 
126], elevated immunoglobulin G (n = 89) [7, 8, 37, 41, 
68, 80, 84–87, 97, 101–108, 110, 112, 115, 117–120, 123, 
124, 126], raised liver enzymes (n = 55) [6–8, 37, 41–43, 
68, 80, 84–87, 97, 99, 101–108, 110, 112, 115, 117–120, 
123, 124, 126, 127], raised bilirubin (n = 41) [6–8, 37, 41, 
42, 68, 80, 84, 85, 97, 99, 101–108, 110, 112, 115, 117, 
118, 123, 124], positive anti-smooth muscle antibod-
ies (n = 24) [8, 37, 42, 97, 103, 107, 108, 112, 118, 126], 
or high international normalized ratio (n = 6) [80, 84, 99, 
104]. As expected, most prescribed pharmacotherapy 
agents in these AIH cases were steroids (n = 82) [6–8, 37, 
41, 43, 68, 80, 84–87, 97, 99, 101–108, 110, 112, 115, 118, 
120, 123, 124, 126, 127] and azathioprine (n = 20) [37, 41, 
43, 68, 80, 86, 97, 103, 110, 112, 118, 126], however, phar-
macotherapy was not reported in a high number of these 
AIH patients (n = 12, 8.7%) [42]. Clinical outcomes of the 
AIH patients with mortality were documented in 3 (2.2%) 
[99, 104, 115], while 123 (89.1%) of the AIH cases recov-
ered [6–8, 37, 41, 43, 68, 80, 84–87, 97, 99, 101–108, 110, 
112, 115, 117–120, 123, 124, 126, 127] and final treatment 
outcome was not reported in many AIH patients (n = 12, 
29.3%) [42].

Portal vein thrombosis
Portal vein thrombosis (PVT) was the second most com-
mon liver pathology reported following COVID-19 vac-
cination (fifty-two new-onset cases), with extra-cranial 
thrombosis (n = 21) [3, 5, 52–54, 56, 59, 61, 63–67, 76, 
91, 95, 98, 111], headache (n = 20) [3–5, 31, 51–53, 55, 58, 
64–67, 91, 111, 116], intracranial hemorrhage (n = 17) [3, 
31, 53, 54, 95, 111], abdominal pain (n = 16) [3–5, 52, 53, 

57–59, 61, 65, 76, 91, 96, 98, 116], cerebral venous sinus 
thrombosis (n = 13) [30, 31, 54, 55, 66, 95, 109], vomiting 
(n = 8) [3, 31, 53, 64, 67, 96, 98], fever (n = 8) [52, 53, 58, 
64, 67, 96, 116], nausea (n = 6) [31, 53, 66, 96, 116] and 
seizures (n = 5) [3, 31, 61, 67, 111] as the common clini-
cal presentations in these cases (see Table 1). The median 
interquartile range (IQR) age of this group was 47.5 (32.5 
to 55) years, with an increased female predominance in 
PVT patients diagnosed after COVID-19 vaccination in 
most of the studies [n = 28, 53.8%] [4, 30, 31, 51, 53, 58, 
61, 62, 64, 65, 67, 76, 91, 96, 98, 109, 111, 116], and major-
ity of the patients belonged to White (Caucasian) (n = 44, 
84.6%) [3–5, 30, 49, 51–54, 57, 61–66, 76, 91, 95, 96, 98, 
109, 111, 116] and Indian (n = 6, 11.8%) [31, 55, 56, 59] 
ethnicity. The median (IQR) time between the COVID-19 
vaccination and time of presentation was 10 (7–13) days. 
Forty-five of these fifty-one cases (forty-four after the 
first dose and one after the second dose) were reported 
following Oxford Uni-AstraZeneca vaccination [3–5, 31, 
49, 51, 52, 54–56, 58, 59, 61, 62, 64, 65, 67, 76, 91, 95, 96, 
98, 109, 111]. The remaining six PVT cases were reported 
after Johnson & Johnson COVID-19 vaccination [30, 
53, 57, 63, 66]. Fourteen PVT patients were donors after 
brain death (n = 14, 27.4%) [95, 109] and seven patients 
had no medical history (n = 7, 13.7%) [4, 5, 52, 64, 66], 
however, some of the patients had a past drug history of 
regular intake of oral contraceptive pills (n = 6, 11.5%) 
[31, 51, 53, 54, 64, 111, 116]. Few PVT patients had pre-
existing diabetes mellitus (n = 3) [56, 59, 67], migraine 
(n = 3) [51, 65, 111], thyroid gland disorders [hypothy-
roidism and goiter] (n = 4), and obesity (n = 3) [61, 63, 
116]. Nevertheless, medical history was not reported for 
five PVT cases [3, 30, 62, 91, 98] and there were four PVT 
cases with previously established diagnoses of liver dis-
eases [alcoholic cirrhosis (n = 2), nonalcoholic fatty liver 
disease (n = 1), and hepatitis C (n = 1)] [56, 57]. Radio-
logical imaging shown PVT in almost all the patients 
who were included in this review and thought to have 
had developed PVTs post-COVID-19 vaccination [3–5, 
30, 31, 49, 51–59, 61–67, 76, 91, 95, 96, 98, 109, 111], 
however, only a total of three cases presenting with PVT 
following COVID-19 vaccination were diagnosed based 
on liver histopathology [30, 54, 98, 116]. Patients who 
suffered PVT post-COVID-19 vaccination were more 
likely to have thrombocytopenia (n = 36) [3–5, 30, 31, 49, 
51–55, 57, 58, 61–67, 76, 91, 95, 96, 98, 109, 111], high 
D-dimer (n = 34) [3–5, 30, 31, 49, 51–55, 57, 58, 61–67, 
91, 95, 98, 109], positive antibodies directed against 
platelet factor 4 (n = 23) [3–5, 30, 49, 51–55, 57, 58, 61, 
63, 65, 66, 76, 91, 111], high international normalized 
ratio (n = 10) [31, 53, 57, 63, 64, 67, 91, 98], high activated 
partial thromboplastin time (n = 8) [53, 54, 62, 67, 98, 
109], low haemoglobin (n = 7) [61–63, 67, 76, 96, 98], and 
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raised liver enzymes (n = 7) [51, 57, 58, 65, 67, 91, 96]. As 
expected, most prescribed pharmacotherapy agents in 
these PVT cases were the anticoagulants (n = 26, 51%), 
including unspecified type of heparins (n = 10), unspeci-
fied type of anticoagulants (n = 9), fondaparinux (n = 9), 
argatroban (n = 7), apixaban (n = 5), dalteparin (n = 3), 
rivaroxaban (n = 3), warfarin (n = 1), danaparoid (n = 1), 
or tinzaparin (n = 1) [3–5, 30, 31, 49, 51–53, 55–59, 61, 
63–67, 76, 91, 96, 111, 116]. Many patients were also pre-
scribed intravenous immunoglobulin (n = 19, 37.2%) [3–
5, 30, 31, 49, 52, 53, 55, 57, 58, 61, 63, 65, 66, 76, 91, 111] 
and steroids (n = 11, 21.6%) [5, 49, 52, 57, 58, 61, 63, 64], 
however, pharmacotherapy was not reported in a high 
number of these PVT patients (n = 18, 35.3%) [54, 95, 98, 
109]. Clinical outcomes of the PVT patients with mortal-
ity were documented in 25 (48.1%) [30, 31, 53, 54, 56, 61, 
62, 64, 67, 95, 98, 109], while 23 (44.2%) of the PVT cases 
recovered [3–5, 49, 51–59, 61, 63, 65, 66, 76, 96, 111, 116] 
and few PVT patients were in a coma (n = 3, 5.9%) [64].

Raised liver enzymes
Raised liver enzymes (RLEs) was the third most-common 
disease (twenty-six cases) reported following COVID-
19 vaccination from our review (twenty-four new onset 
cases [9–11, 23, 25–28, 32, 33, 36, 38–40, 46, 70, 77, 79, 
83, 94, 114, 121] and two relapsed cases [89, 93]) (see 
Table  1). Most common clinical presentations in those 
cases who presented with RLEs post-COVID-19 vac-
cination were fever (n = 11) [9, 10, 25, 28, 38, 70, 77, 79, 
83, 114, 121], rash (n = 8) [25, 32, 38, 39, 79, 83, 89, 94], 
oedema (n = 8) [25, 32, 40, 79, 83, 89], weakness (n = 6) 
[26, 28, 46, 77, 79, 83, 89], fatigue (n = 5) [9, 25–27, 83], 
shortness of breath (n = 5) [26, 77, 78, 83, 89], vomiting 
(n = 5) [9, 11, 39, 77, 89], abdominal pain (n = 5) [39, 46, 
83, 89, 121], headache (n = 5) [23, 33, 38, 83, 121], and 
myalgia (n = 4) [9, 25, 38, 77]. The median interquartile 
range (IQR) age of this group was 49 (32.7 to 68.2), with a 
similar gender rate in patients who presented with RLEs 
found after COVID-19 vaccination in all of the stud-
ies [female (n = 13) [10, 11, 27, 28, 32, 33, 36, 39, 40, 78, 
83, 93, 94] and male (n = 13) [9, 23, 25, 26, 38, 46, 70, 77, 
89, 114, 121]], and majority of the patients belonged to 
White (Caucasian) (n = 13, 50%) [9, 11, 23, 25–27, 32, 38, 
46, 77, 83, 93, 94, 121] and Arab (n = 4, 15.4%) [39, 114] 
ethnicity. The median (IQR) time between the COVID-
19 vaccination and time of presentation was 7 (4.5–11.5) 
days. Eleven, nine, and four of these twenty-five cases 
were reported following Pfizer-BioNTech (five after the 
first dose and six after the second dose) [9, 10, 25, 27, 
28, 38–40, 79, 83, 93], Oxford Uni-AstraZeneca (eight 
after the first dose and one after the second dose) [23, 
32, 33, 36, 46, 77, 114], and Moderna (four after the first 
dose) [26, 70, 89, 94] vaccination; respectively. Only two 

cases presented with RLEs were reported after Johnson 
& Johnson COVID-19 vaccination [11, 121]. Six of the 
patients who presented with RLEs had hypertension [11, 
27, 33, 38, 83, 89] and nine patients had no medical his-
tory (n = 9, 34.1%) [9, 10, 26, 28, 32, 39, 40, 46, 121], how-
ever, few of those cases presented with a previous known 
history of hepatic diseases [chronic hepatitis B (n = 1) 
[83], alcohol-associated liver disease (n = 1) [70], chronic 
liver disease (n = 1) [36], portal hypertension (n = 1) [36], 
hepatitis C infection (n = 1) [89], and compensated alco-
holic liver cirrhosis (n = 1) [25]]. Radiological imaging 
was unremarkable for a high number of the cases who 
presented with RLEs (n = 10, 40%) [11, 23, 25, 28, 38, 77, 
79, 83, 93, 94] or not performed (n = 3, 12%) [10, 27, 36], 
nevertheless, few cases shown fatty liver and gallblad-
der polyps (n = 1) [70], liver cirrhosis (n = 1) [89], and 
abruptly collapsed hepatic veins (n = 1) [40]. Liver biopsy 
revealed histopathological findings consistent with leu-
kocytoclastic vasculitis (n = 1) [36], drug reaction with 
eosinophilia (n = 1) [32], giant cell arteritis (n = 1) [23], 
plasmacytoid dendritic cells (n = 1) [10], and dermatomy-
ositis (n = 1) [28]; however, histopathological examina-
tion was not performed in most of the cases (n = 18, %) 
[9, 11, 25–27, 33, 38, 39, 70, 77, 79, 83, 89, 93, 114, 121]. 
Patients who suffered RLEs post-COVID-19 vaccination 
were more likely to have high C-reactive protein (n = 14) 
[10, 11, 23, 25, 32, 33, 36, 38, 70, 89, 114, 121], thrombo-
cytopenia (n = 13) [10, 11, 27, 33, 39, 83, 89, 93, 94, 114, 
121], high lactate dehydrogenase (n = 11) [10, 11, 26, 27, 
33, 36, 39, 46, 83, 89, 93], raised bilirubin (n = 10) [10, 11, 
26, 27, 38, 39, 79, 83, 89, 114], low haemoglobin (n = 7) 
[11, 27, 33, 38, 39, 114], high creatinine (n = 6) [10, 11, 
28, 33, 46, 77, 89], high reticulocyte count (n = 5) [26, 
27, 39, 83, 93], high D-dimer (n = 5) [10, 33, 40, 46, 114], 
raised white blood cells (n = 4) [11, 27, 39, 77], high leu-
kocytes (n = 4) [26, 33, 36, 79], and high ferritin (n = 4) 
[10, 38, 79, 89]. Most prescribed pharmacotherapy agents 
in patients with RLEs post-COVID-19 vaccination were 
steroids (n = 19) [9–11, 23, 25–28, 32, 33, 36, 38, 39, 46, 
70, 78, 83, 93, 94], intravenous immunoglobulin (n = 8) 
[9, 10, 27, 28, 33, 40, 93, 94], and antibiotics (n = 7) [9, 46, 
114, 121]. Clinical outcomes of the RLEs patients with 
mortality were documented in 2 (7.7%) [46, 114], while 
22 (84.6%) of the RLEs cases recovered [9, 10, 23, 25–28, 
32, 33, 36, 38–40, 70, 77, 79, 83, 93, 94, 114, 121] and 
final treatment outcome was not reported in two RLEs 
patients (n = 2, 7.7%) [11, 89].

Acute liver injury
Acute liver injuries (ALIs) was the fourth most-common 
disease (twenty-one cases) reported following COVID-
19 vaccination from our review [sixteen new onset cases 
[12, 13, 44, 99, 113, 122] and five relapsed cases [13]] 
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(see Table  1). Most common clinical presentations in 
patients who presented with ALIs post-COVID-19 vac-
cination were abdominal tenderness (n = 3) [12, 113], 
jaundice (n = 2) [44, 113], yellow eyes (n = 2) [12, 44], 
weakness (n = 2) [12, 44], and vomiting (n = 2) [12, 113]. 
The median interquartile range (IQR) age of this group 
was 61 (41.5–68), with a female predominance in ALIs 
patients diagnosed after COVID-19 vaccination in most 
of the studies [n = 14, 66.7%] [12, 13, 99, 113, 122], and 
ethnicity was not reported for majority of the patients 
(n = 16, 80%) [13]. The median (IQR) time between the 
COVID-19 vaccination and time of presentation was 
24 (7.5–31) days. Sixteen and four of these twenty cases 
were reported following Pfizer-BioNTech [12, 13, 99, 
113, 122] and Moderna [13] vaccination; respectively. 
Only one case presented with liver injury was reported 
after Sinopharm COVID-19 vaccination [44]. Most of 
those cases presented with a previous known history 
of hepatic diseases [chronic liver disease (n = 6) [13], 
AIH (n = 4) [13], cirrhosis (n = 3) [13], hepatitis C virus 
(n = 1) [13], drug-induced liver injury (n = 1) [13], alco-
hol-associated liver disease (n = 1) [99], and liver trans-
plant recipient (n = 1) [99]]. Radiological imaging was 
unremarkable for few cases who presented with ALIs 
(n = 4, 19%) [13, 99, 122], however, liver biopsy revealed 
histopathological findings consistent with AIH in one 
case [13] but biopsy examination was not made for many 
patients (n = 10, 47.6%) [13, 44, 99, 113, 122]. Patients 
who suffered ALIs post-COVID-19 vaccination were 
more likely to have raised liver enzymes (n = 20) [12, 13, 
44, 99, 122], raised bilirubin (n = 15) [12, 13, 44, 99], high 
international normalized ratio (n = 8) [13, 113], positive 
antinuclear antibodies (n = 5) [13], and positive anti-
smooth muscle antibodies (n = 4) [13]. Most prescribed 
pharmacotherapy agents in patients who suffered ALIs 
post-COVID-19 vaccination were steroids (n = 8) [13] 
and N-acetylcysteine (n = 3) [13, 113]. All patients who 
experienced ALIs after COVID-19 vaccination recovered 
(n = 21, 100%) [12, 13, 44, 99, 113, 122].

Splanchnic vein thrombosis
Splanchnic vein thrombosis (SVT) was the fifth most-
common disease (fourteen cases) reported following 
COVID-19 vaccination from our review (fourteen new 
onset cases [47, 48, 50, 60]) (see Table 1). Most common 
clinical presentations in patients who presented with 
SVT post-COVID-19 vaccination were abdominal ten-
derness (n = 2) [47, 50], fatigue (n = 2) [48, 60], nausea 
(n = 2) [47, 60], and headache (n = 2) [50, 60]. The median 
interquartile range (IQR) age of this group was 55 (48.2 
to 61), with a female predominance in SVT patients diag-
nosed after COVID-19 vaccination in most of the studies 
(n = 12, 60%) [47, 48, 50, 60], and all patients belonged to 

the White (Caucasian) ethnicity (n = 20, 100%) [47, 48, 
50, 60]. The median (IQR) time between the COVID-19 
vaccination and time of presentation was 8.5 (6.7–13.2) 
days. Thirteen of these fourteen SVT cases were reported 
following Oxford Uni-AstraZeneca vaccination [47, 48, 
60] and only one case presented with SVT was reported 
after Johnson & Johnson COVID-19 vaccination [50]. 
Unexpectedly, most of the SVT cases had no medi-
cal history (n = 11, 73.3%) [47, 48, 50, 60]. Radiological 
imaging for SVT patients shown cerebral venous throm-
bosis (n = 9) [60], disseminated intravascular coagula-
tion (n = 5) [60] and pulmonary embolisms (n = 3) [60]. 
Patients who experienced SVT post-COVID-19 vaccina-
tion were more likely to have thrombocytopenia (n = 14) 
[47, 48, 50, 60], positive for antibodies directed against 
platelet factor 4 antibodies (n = 13) [48, 50, 60], high 
D-dimer (n = 10) [47, 48, 50, 60], high activated partial 
thromboplastin time (n = 6) [50, 60], high international 
normalized ratio (n = 5) [60], and low fibrinogen (n = 5) 
[50, 60]. Most prescribed pharmacotherapy agents in 
patients who suffered SVTs post-COVID-19 vaccination 
were the heparins (n = 7, 50%) [48, 50, 60], anticoagulants 
(n = 4, 28.6%) [47, 48, 50, 60], and intravenous immuno-
globulin (n = 3, 21.4%) [47, 48, 50]. Clinical outcomes of 
the SVT patients with mortality were documented in 6 
(42.8%) [60], while 8 (57.1%) of the SVT cases recovered 
[47, 48, 50, 60].

Acute cellular rejection of the liver
Acute cellular rejection of the liver (ACRL) was the 
sixth most-common disease (eight cases) reported fol-
lowing COVID-19 vaccination from our review (six 
new onset and two relapsed cases [29, 34, 69, 82]) (see 
Table  1). The median interquartile range (IQR) age of 
this group was 59.5 (52.5–64.7), with a male predomi-
nance in ACRL patients diagnosed after COVID-19 vac-
cination in most of the studies [n = 5, 62.5%] [34, 69], 
and all patients belonged to the White (Caucasian) eth-
nicity (n = 8, 100%) [29, 34, 69, 82]. The median (IQR) 
time between the COVID-19 vaccination and time of 
presentation was 11 (7.5–17.2) days. Four of these eight 
ACRL cases were reported following Pfizer-BioNTech 
vaccination [29, 34, 69] and four of these eight ACRL 
cases were reported after Moderna COVID-19 vaccina-
tion [69, 82]. All of the ACRL cases had previous medical 
history related to the liver [non-alcoholic steatohepati-
tis-related cirrhosis (n = 3) [69], alcohol-related cirrho-
sis (n = 2) [69], history of acute cellular rejection (n = 2) 
[69], autoimmune cirrhosis (n = 1) [29], cryptogenic cir-
rhosis (n = 1) [34], cirrhosis (n = 1) [82], end-stage liver 
disease (n = 1) [29], hepatitis C virus (n = 1) [82], and 
hepatocellular carcinoma (n = 1) [82]]. Liver biopsy for 
the ACRL cases shown typical features consistent with 
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acute liver rejection [mixed portal inflammation of pre-
dominantly mixed activated lymphocytes, bile duct 
injury, and endotheliitis] (n = 7, 87.5%) [29, 34, 69, 82]. 
Patients who experienced ACLR post-COVID-19 vac-
cination were more likely to have raised liver enzymes 
(n = 6) [29, 34, 69, 82], raised bilirubin (n = 5) [34, 69], 
and thrombocytopenia (n = 2) [29, 34]. Most prescribed 
pharmacotherapy agents in patients who suffered ACRL 
post-COVID-19 vaccination were the steroids (n = 12), 
IVIG (n = 2) [29, 34], immunosuppressants (n = 4) 
[tacrolimus(n = 2), everolimus (n = 1) and cyclosporine 
(n = 1)] [69], and mycophenolate mofetil (n = 2) [69, 82]. 
All patients who experienced ACRL after COVID-19 vac-
cination recovered (n = 8, 100%) [29, 34, 69, 82].

Jaundice
Jaundice was the seventh most-common disease (eight 
cases) reported following COVID-19 vaccination from 
our review (six new onset cases [71–75, 81] and two 
relapsed cases [90, 125]) (see Table 1). The median inter-
quartile range (IQR) age of this group was 55 [39 to 60], 
with a similar gender rate in patients who presented with 
jaundice found after COVID-19 vaccination in all of the 
studies [female (n = 4) [73, 75, 81, 90] and male (n = 4) 
[71, 72, 74, 125]], and most patients belonged to the 
White (Caucasian) ethnicity (n = 4, 50%) [73, 81, 90, 125] 
and Arab (n = 2, 28.6%) [71, 75] ethnicity. The median 
(IQR) time between the COVID-19 vaccination and 
time of presentation was 4 (2.2–9.2) days. Six and two of 
these eight jaundice cases were reported following Pfizer-
BioNTech COVID-19 vaccination [72, 73, 75, 81, 90, 125] 
and Oxford Uni-AstraZeneca COVID-19 vaccination 
[71, 74]; respectively. Few of the jaundice cases had no 
medical history (n = 3, 37.5%) [72, 74, 75]. Patients who 
experienced jaundice post-COVID-19 vaccination were 
more likely to have raised bilirubin (n = 7) [72–75, 81, 
90, 125], raised liver enzymes (n = 5) [72, 74, 81, 90, 125], 
thrombocytopenia (n = 4) [71, 72, 74], high reticulocyte 
count (n = 4) [71–73, 75], low Hb (n = 4) [71–73, 75], and 
high LDH (n = 3) [71, 74, 75]. Most prescribed pharma-
cotherapy agents in patients who suffered jaundice post-
COVID-19 vaccination were the steroids (n = 4) [71–73, 
81] and rituximab (n = 3) [71, 72, 75]. All patients who 
experienced jaundice after COVID-19 vaccination recov-
ered (n = 7, 87.5%) [71–75, 81, 125] except one case who 
had a history of portal hypertension, hepatitis B and C, 
and hepatic cirrhosis and patient eventually expired [90].

Acute hepatic failure
Acute hepatic failure (AHF) was reported in four cases 
following COVID-19 vaccination from our review [four 
new onset cases [35, 45, 78, 128]], with abdominal pain 
(n = 3) [45, 78, 128], nausea (n = 2) [35, 78], myalgia 

(n = 2) [45, 78], and fatigue (n = 2) [35, 45] as the com-
mon clinical presentations in these cases (see Table  1). 
The median patient age ranged from 24 to 53  years 
across studies. Two of the AHF cases were males and one 
patient was female [ethnicity: White (Caucasian) = 2 [35, 
45] and Persian = 2 [78, 128]]. AHF occurred in patients 
within 1–10  days due to the use of Pfizer-BioNTech 
COVID-19 vaccination [35, 45] or Oxford Uni-Astra-
Zeneca COVID-19 vaccination [78, 128]. Three of the 
AHF cases had no medical history (n = 3, 75%) [35, 45, 
78]. Patients who experienced AHF post-COVID-19 vac-
cination were more likely to have raised liver enzymes 
(n = 4) [35, 45, 78, 128], raised bilirubin (n = 3) [45, 78, 
128], and high INR (n = 3) [45, 78, 128]. The most pre-
scribed pharmacotherapy agent in patients who suffered 
AHF post-COVID-19 vaccination was the steroids (n = 4, 
100%) [35, 45, 78, 128], and one AHF patient received a 
new liver transplant [45]. Among these AHF patients, 
two patients survived [35, 45] and two patients deceased 
[78, 128].

Hepatomegaly
Hepatomegaly was reported in three cases following 
COVID-19 vaccination from our review (three new onset 
cases [24, 88, 100]) (see Table 1). The median patient age 
ranged from 22 to 69 years across studies. All cases were 
females (n = 3, 100%) [ethnicity: White (Caucasian) = 2 
[88, 100] and Indian = 1 [24]]. Patients developed hepa-
tomegaly within 1–10  days after receiving Oxford Uni-
AstraZeneca (n = 1) [100], Pfizer-BioNTech (n = 1) [88], 
and Covishield (n = 1) [24] COVID-19 vaccination. Two 
patients who developed hepatomegaly post COVID-
19 vaccination had no medical history [88, 100], how-
ever, one patient had a history of infective jaundice [24]. 
Patients who experienced hepatomegaly post-COVID-19 
vaccination were more likely to have thrombocytopenia 
(n = 2) [24, 100], high C-reactive protein (n = 2) [88, 100], 
high erythrocyte sedimentation rate (n = 2) [24, 88], and 
high lactate dehydrogenase (n = 2) [24, 100]. The most 
prescribed pharmacotherapy agent in patients who suf-
fered hepatomegaly post-COVID-19 vaccination was 
the steroids (n = 3, 100%) [24, 88, 100]. All patients who 
experienced hepatomegaly after COVID-19 vaccination 
recovered (n = 3, 100%) [24, 88, 100].

Hepatic porphyria
Hepatic porphyria was reported in a 34  year-old white 
female following the Oxford Uni-AstraZeneca vaccine, 
with development of abdominal pain, red urine, and 
hyponatremia, needing intensive care admission [one 
new onset case [92]] (see Table  1). Patient experienced 
syndrome of inappropriate antidiuretic hormone then 
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acute hepatic porphyria was diagnosed, and the patient 
recovered completely after treatment with hemin [92].

Discussion
A considerable range of liver diseases were observed fol-
lowing COVID-19 vaccination. As the dominant pathol-
ogy reported in our review, AIH is defined as a chronic, 
inflammatory disease of the liver that is characterized 
by circulating autoantibodies and elevated serum globu-
lin levels [129]. AIH occurs globally in all ethnicities and 
affects children and adults of all ages, with a female pre-
dominance [130]. A loss of tolerance against the patient’s 
own liver antigens is regarded as the main underlying 
pathogenetic mechanism, which is probably triggered by 
environmental agents such as pathogens and xenobiot-
ics, in genetically susceptible individuals [130]. Although 
the mechanisms associated with COVID-19 vaccina-
tion and AIH are still unknown, molecular mimicry has 
emerged as the most likely process associated with this 
phenomenon [131]. Indeed, antibodies against the spike 
protein S1 of SARS-CoV-2 had a high affinity against 
some human tissue proteins [132]. As Pfizer-BioNTech, 
Oxford Uni-AstraZeneca, and Moderna vaccines code 
the same viral protein [133], they can trigger autoim-
mune diseases in predisposed patients. Diagnosis of AIH 
is based upon characteristic serologic and histologic find-
ings and exclusion of other forms of chronic liver disease 
[134]. AIH can often be strongly suspected based upon 
clinical and laboratory features, and thus a liver biopsy 
is not always necessary in patients with typical findings 
on noninvasive testing [135]. Findings in liver biopsy cor-
relate with reports of AIH following SARS-CoV-2 vacci-
nation. Necroinflammatory hepatitis was observed in all 
cases of AIH following vaccination with Pfizer-BioNTech 
[6, 41, 43, 68, 84, 87, 99, 105, 106, 112], Moderna [7, 8, 
80, 85, 97, 99, 102, 103, 107, 108], Oxford Uni-Astra-
Zeneca [37, 86, 99, 101], Covishield [104] and Sinovac-
CoronaVac [110] vaccine. AIH is a relatively rare; and 
AIH patients should receive anti-SARS-CoV-2 vaccina-
tion when the disease activity is controlled by immuno-
suppressive therapy [136]. Patients with new acute onset 
of AIH following anti-SARS-Cov-2 vaccine should be 
managed as suggested by current guidelines of Ameri-
can Association for the Study of Liver Diseases [137], 
British Society of Gastroenterology [138] and European 
Association for the Study of the Liver [139] that recom-
mend the initial use of therapy with either glucocorticoid 
monotherapy or a combination of a glucocorticoid and 
azathioprine. The aim of treatment is induction of stable 
remission. Biochemical remission is defined as lowering 
of transaminase and immunoglobulin G levels to normal 
[130] and without treatment, the survival rate in patients 
with symptomatic AIH at five years is approximately 50 

percent [140]. However, with treatment, the 10 year sur-
vival rate is approximately 90 percent [141]. Subsequent 
management will depend on how the patient responds 
to the initial treatment (remission, incomplete response, 
failed treatment, drug intolerance) and whether the 
patient relapses if treatment is withdrawn [137–139].

PVT is defined as the sudden onset of portal venous 
occlusion due to thrombus [142]. PVT can develop in the 
main body of the portal vein or its intrahepatic branches 
and may even extend to the splenic or superior mesen-
teric veins and occlusion may be complete or partial 
[142]. The pathogenesis of PVT associated with the use of 
COVID-19 vaccines against SARS-CoV-2 is suggested as 
the result of the viral proteins and free deoxyribonucleic 
acid in the vaccine binding to platelet factor 4 to gener-
ate a neoantigen that subsequently leads to the develop-
ment of antibodies against platelet factor 4 which activate 
platelets and promote clotting [143]. It should be noted 
the risk of PVT after vaccination against SARS-CoV-2 do 
not appear to be higher than the background risks in the 
general population, a finding consistent with the rare and 
sporadic nature of this syndrome [54]. Anticoagulation 
therapy for patients with acute PVT due to COVID-19 
vaccination is recommended [144]. Therapeutic antico-
agulation is one of the primary treatments for PVT and 
is used unless there is a contraindication such as expand-
ing intracerebral hemorrhage [144]. The choice of anti-
coagulant depends on the patient’s clinical status and 
anticipated need to stop anticoagulation (based on risk of 
bleeding or need for an invasive procedure) [144]. Rapid 
anticoagulation can be achieved by starting PVT patient 
on low molecular weight heparin, with a switch to non-
heparin anticoagulant agents, such as argatroban, danap-
aroid, fondaparinux, or direct oral anticoagulants (such 
as apixaban, edoxaban, or rivaroxaban) once the patient’s 
condition has stabilized and no invasive procedures are 
planned [144]. Administration of intravenous immune 
globulin (IVIG) should not be delayed for PVT post-
COVID-19 vaccination especially for individuals with 
thrombocytopenia [143]. Evidence supporting the use of 
IVIG comes from its use in other forms of autoimmune 
heparin induced thrombocytopenia which is the clos-
est comparison to PVT, and IVIG would be expected to 
have direct antibody-mediated toxic effects [54]. Plasma 
exchange with plasma rather than albumin could also be 
effective in temporarily reducing levels of pathologic anti-
bodies and providing some correction of the coagulopa-
thy in terms of the hypofibrinogenemia [144]. Avoidance 
of platelet transfusions is critical, because such treatment 
would provide a substrate for further antibody-mediated 
platelet activation and coagulopathy [54].

RLEs post-COVID-19 vaccination led to nearly 74.5% 
of cases of liver injuries and about 3.8% cases of AHF. 
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From all the spontaneous reports that we included in 
our review from patients who received Pfizer-BioNTech, 
Oxford Uni-AstraZeneca, Moderna, Johnson & Johnson, 
Sinovac-CoronaVac, Covishield, and Sinopharm vaccines 
worldwide between 1 December 2020 and 31 July 2022, 
there are reports of one hundred and six patients hav-
ing abnormal liver function analysis [6–13, 23, 25–29, 
32–46, 51, 57, 58, 60, 65, 67–70, 72, 74, 77–87, 89–91, 93, 
94, 96, 97, 99, 101–108, 110, 112, 114] and out of these 
who had the RLEs there are seventy nine patients having 
COVID-19 vaccine-induced liver injuries [6–8, 12, 13, 
29, 34, 35, 37, 41–45, 51, 57, 58, 60, 65, 67–69, 72, 74, 78, 
80–82, 84–87, 90, 91, 96, 97, 99, 101–108, 110, 112] and 
ultimately four cases ending up with AHF [35, 45, 78, 99]. 
This systematic review shown the pooled incidence of 
cases with acute liver injuries diagnosed after COVID-19 
vaccination was much higher in women [12, 13, 99, 113], 
which is consistent with a previously reported finding 
that shown female gender is more susceptible for drug-
induced liver injury [145]. This may be related to the fact 
that these drugs often produce drug-induced liver injury 
with autoimmune features, and women are more suscep-
tible to drug-induced AIH [146]. Liver injury, which is 
chronic in nature, increases in severity over time [147]. 
Cirrhosis, fatty liver, fibrosis and cancer are examples of 
chronic liver injuries. However, ALIs occur rapidly and 
may include COVID-19 vaccine-induced liver failure 
[147]. Serum levels of liver enzymes and bilirubin are 
commonly used for the noninvasive diagnosis of liver 
injury. But these diagnostic parameters are not specific 
in nature and cannot be used to identify a specific type 
of liver injury [148]. For instance, liver enzymes may 
increase in people due to no liver injury (e.g., alcohol, 
obesity or muscle damage) [149]. Furthermore, serum 
aminotransferase levels may rise too late for therapeutic 
intervention (e.g., acute toxicity of paracetamol) [150]. 
Therefore, serum RLEs and bilirubin may not delineate 
between different types of liver injury and do not always 
correlate well with the severity of the liver disease and 
prediction of clinical outcome; they are general rather 
than specific indicators. While it is important to recog-
nize and treat RLEs after COVID-19 vaccination, it is 
equally important not to always label these infrequent 
cases with RLEs as serious, particularly when there are 
no objective findings. Most of the identified cases with 
RLEs post-COVID vaccination recovered and should not 
discourage vaccination against SARS-CoV-2.

Patients with chronic liver diseases (CLDs), particularly 
cirrhosis, hepatocellular malignancies, candidates for 
liver transplantation, and immunosuppressed individuals 
after liver transplantation appear to be at increased risk 
of COVID-19 infections, which in turn translates into 
increased mortality [151]. Therefore, vaccination against 

various diseases including COVID-19, administered as 
early as possible in patients with CLDs, is an important 
protective measure [152]. However, due to impaired 
immune responses in these patients, the immediate 
and long-term protective response through immuniza-
tion may be incomplete [152]. Patients with advanced 
CLD have deficiencies in innate and humoral immunity 
[153, 154] and liver transplant recipients require immu-
nosuppressant medications and have blunted antibody 
responses following SARS-CoV-2 vaccinations [155]. 
CLDs patients and liver transplant recipients were shown 
to develop substantially lower immunological response 
and undetectable or suboptimal poor antibody responses 
[155, 156] even after three doses of COVID-19 vaccine 
[157–159]. Currently, effective measures to improve 
immunogenicity to the COVID-19 vaccine in this popu-
lation remain unknown and are urgently needed [155]. 
Although there may be big concerns that COVID-19 vac-
cines could lead to immunologically mediated rejection 
of the liver [29, 34, 69, 82], luckily, acceptance rate for 
COVID-19 vaccination among liver transplant recipients 
is extremely high [160, 161]. It is worth mentioning that 
several controlled trials and case series studies showed 
no increased risk of rejection with standard vaccination 
against SARS-CoV-2 compared with non-vaccinated con-
trols [155, 162–166]. It is important to note that all cases 
of ACRL post-COVID-19 vaccination included in this 
review were easily treated without any serious complica-
tions and these findings should not be used to discourage 
vaccination for COVID-19 in patients with CLDs or liver 
transplant recipients [29, 34, 69, 82]. Vaccination against 
SARS-CoV-2 for patients with CLDs and hepatobiliary 
cancer, as well as for liver transplant recipients is recom-
mended and should be prioritised in household members 
of patients with those liver pathologies, and in healthcare 
professionals caring for these patients [152].

SVT including portal, mesenteric, splenic vein throm-
bosis and the Budd-Chiari syndrome, is a manifestation 
of unusual site venous thromboembolism [167]. SVT 
presents with a lower incidence than deep vein throm-
bosis of the lower limbs and pulmonary embolism, with 
PVT and Budd-Chiari syndrome being respectively the 
most and the least common presentations of SVT [167]. 
SVT represents an extremely rare entity but which can 
be quite severe and worrisome for healthcare providers, 
and perhaps, not that “infrequent” [168]. Because almost 
all SVT and PVT cases reported post-COVID-19 vacci-
nation occurred as a result of Oxford Uni-AstraZeneca 
vaccine use [3–5, 31, 47–49, 51, 52, 54–56, 58–62, 64, 65, 
67, 76, 91, 95, 96, 98, 109, 111], while six PVT cases [30, 
53, 57, 63, 66] and one SVT case [50] were reported after 
Johnson & Johnson COVID-19 vaccination, clinicians 
should be more suspicious to the scarce existence of PVT 
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or SVT in patients with symptoms like severe abdominal 
pain, nausea or vomiting, fatigue, melena, and persistent 
high fevers within the setting of previous exposure to the 
Oxford Uni-AstraZeneca COVID-19 vaccine.

From the one hundred seventy-three cases that were 
evaluated in our review, Oxford Uni-AstraZeneca (79 
cases) [3–5, 23, 31–33, 36, 37, 46–49, 51, 52, 54–56, 58–
62, 64, 65, 67, 71, 74, 76–78, 86, 91, 92, 95, 96, 98–101, 
109, 111, 114], Pfizer-BioNTech (57 cases) [6, 9, 10, 12, 
13, 25, 27–29, 34, 35, 38–41, 43, 45, 68, 69, 72, 73, 75, 
79, 81, 83, 84, 87, 88, 90, 93, 99, 105, 106, 112, 113], and 
Moderna (24 cases) [7, 8, 13, 26, 69, 70, 80, 82, 85, 89, 94, 
97, 99, 102, 103, 107, 108] appear to be the most frequent 
COVID-19 vaccines associated with post-vaccination 
liver disease development (see Fig.  2). The higher num-
ber of cases can be attributed to the immune response 
generated to those COVID-19 vaccines [131, 132, 143] 
or probably due to the fact that the vast majority of cases 
were reported from a select number of countries across 
North America, Europe, and Asia, where Oxford Uni-
AstraZeneca, Pfizer-BioNTech and Moderna vaccines 
have been more accessible and commonly available in 
established vaccination programs [169, 170].

Limitations
First, while most of the evidence discussed were based on 
few case series and many case reports, many of these are 
small and performed in single centers and not necessarily 

generalizable to the current COVID-19 vaccination set-
tings. Second, all studies included in this review were 
retrospective in design which could have introduced 
potential reporting bias due to reliance on clinical case 
records. Third, the study population included adult 
patients and hence its results cannot be generalized to 
pediatric patients. Last, study was not registered in Pros-
pero, an international prospective register of systematic 
reviews, as this might have added extra work and the 
merit was mostly limited to the avoidance of duplication.

Conclusion
A range of liver diseases post-COIVD-19 vaccina-
tion may occur at extremely rare rate and is likely to be 
immune-mediated. Reported evidence of liver diseases 
post-COIVD-19 vaccination should not discourage vac-
cination. The number of reported cases is relatively very 
small in relation to the hundreds of millions of vacci-
nations that have occurred and the protective benefits 
offered by COVID-19 vaccination far outweigh the risks.
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