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� Study comparing 3 vs. 2 doses of an mRNA vaccine among patients
with cirrhosis during the Delta and Omicron surge.

� 3 doses associated with 81% reduction in COVID-19, 100% reduction
in severe/critical COVID-19.

� Protection greater in patients with compensated than decom-
pensated cirrhosis.

� 3 doses of the Pfizer BNT162b2 superior to 3 doses of Moderna
mRNA-1273 vaccine.
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Third dose of COVID-19 mRNA vaccine appears to overcome vaccine
hyporesponsiveness in patients with cirrhosis
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Background & Aims: Cirrhosis is associated with immune dys- population, suggesting that the third dose can overcome vaccine

regulation and hyporesponsiveness to several vaccines including
those against COVID-19. Our aim was to compare outcomes be-
tween patients with cirrhosis who received 3 doses of either the
Pfizer BNT162b2 mRNA or Moderna mRNA-1273 vaccines to a
propensity-matched control group of patients at similar risk of
infection who received 2 doses.
Methods: This was a retrospective cohort study of patients with
cirrhosis who received 2 or 3 doses of a COVID-19 mRNA vaccine
at the Veterans Health Administration. Participants who received
3 doses of the vaccine (n = 13,041) were propensity score
matched with 13,041 controls who received 2 doses, and studied
between July 18, 2021 and February 11, 2022, when B.1.617.2
(delta) and B.1.1.529 (omicron) were the predominant variants.
Outcomes were aggregated as all cases with COVID-19, symp-
tomatic COVD-19, with at least moderate COVID-19, or severe or
critical COVID-19.
Results: Receipt of the third dose of a COVID-19 mRNA vaccine
was associated with an 80.7% reduction in COVID-19 (95% CI
39.2-89.1, p <0.001), an 80.4% reduction in symptomatic COVID-
19, an 80% reduction in moderate, severe or critical COVID-19,
(95% CI 34.5-87.6%, p = 0.005), a 100% reduction in severe or
critical COVID-19 (95% CI 99.2-100.0, p = 0.01), and a 100%
reduction in COVID-19-related death (95% CI 99.8-100.0, p =
0.007). The magnitude of reduction in COVID-19 was greater
with the third dose of BNT 162b2 than mRNA-1273 and among
participants with compensated rather than decom-
pensated cirrhosis.
Conclusions: Administration of a third dose of a COVID-19
mRNA vaccine was associated with a more significant reduc-
tion in COVID-19 in patients with cirrhosis than in the general
words: COVID-19 vaccines; booster dose; BNT162b2 mRNA; mRNA-1273; chronic
r disease; hepatic decompensation.
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hyporesponsiveness in this population.
Lay summary: Cirrhosis is associated with decreased respon-
siveness to several vaccines, including those against COVID-19. In
this study of 26,082 participants with cirrhosis during the delta
and omicron surge, receipt of the third dose of the vaccine was
associated with an 80% reduction in COVID-19, a 100% reduction
in severe/critical COVID-19, and a 100% reduction in COVID-19-
related death. These findings support the importance of a third
dose of mRNA vaccine among patients with cirrhosis.
Published by Elsevier B.V. on behalf of European Association for the
Study of the Liver.
Introduction
Administration of 2 doses of an mRNA vaccine was associated
with decreased immunogenicity, a delayed but modest reduction
in COVID-19 infection, and an excellent reduction in COVID-19-
related hospitalization or death in patients with cirrhosis early
in the pandemic.1,2 However, since the initial identification of the
SARS CoV-2 virus, there have been changes in the prevalence of
variants of concern, including the B.1.617.2 (delta) and B.1.1.529
(omicron) variants, resulting in decreased vaccine efficacy in the
general population.3,4 Two mRNA vaccines, the Pfizer BNT 162b2
and the Moderna mRNA-1273 vaccines were approved by the
FDA in the United States. Both vaccines were initially approved
under emergency use authorization as a 2-dose regimen. Sub-
sequently, the FDA recommended that a third dose of an mRNA
vaccine be administered to transplant recipients, patients with
malignancies on chemotherapy, and those on immunosuppres-
sive therapies; however, no specific recommendations were
made for patients with cirrhosis. Though a third dose of an
mRNA vaccine is now recommended for the general adult pop-
ulation in the United States, there is limited data about the
additional benefit of a third dose of an mRNA vaccine, compared
to 2 doses alone, for patients with cirrhosis.

Cirrhosis is associated with immune dysregulation and vac-
cine hyporesponsiveness.5,6 The above, combined with the
increased community prevalence of variants of concern, can
reduce vaccine effectiveness among patients with cirrhosis. It is
unknown whether administering a third dose will enhance the
22 vol. 77 j 1349–1358
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effectiveness of COVID-19 vaccination and help overcome the
vaccine hyporesponsiveness associated with cirrhosis.

The aim of this study was to determine the association of
receipt of a third dose of the BNT162b2 mRNA or 1273-mRNA
vaccine with COVID-19, symptomatic COVID-19, and moderate,
severe or critical COVID-19 amongst patients with cirrhosis,
compared to a propensity-matched group of patients who
received only 2 doses.

Patients and methods
Study design
This was a retrospective cohort study using the Veterans Out-
comes and Costs Associated with Liver disease (VOCAL) cohort,
with over 120,000 well-characterized Veterans with cirrhosis
from the Veterans Health Administration corporate data ware-
house, based on ICD9-CM or ICD10-CM primary or secondary
codes for cirrhosis (ICD9-CM 571.5, ICD10-CM: K70.3x) recorded
at 2 outpatient or 1 inpatient encounter(s) between January
2008 and December 2018, with follow-up to February 11th,
2022.7 Details of COVID-19 vaccine administration, and SARS-
CoV-2 infections and clinical course were identified from the
Veterans Affairs (VA) COVID-19 shared data resource and indi-
vidual chart review.8,9 Institutional review boards at each
participating VA medical center approved the study and waived
the requirement for informed consent.

Inclusion and exclusion criteria
Eligibility criteria included patients with cirrhosis aged 18 years
or older who were alive on the date of the first administration of
a COVID-19 mRNA vaccine in the VA (12/18/20). We excluded
liver transplant recipients, unvaccinated or partially vaccinated
patients, and patients who received a COVID-19 vaccine other
than mRNA. This resulted in the retention of participants who
received either 2 or 3 doses of the BNT162b2 mRNA or the
mRNA-1273 vaccines between December 18, 2020, and February
11th, 2022. Since the earliest date of administration of the third
dose of an mRNA vaccine in this cohort was July 18, 2021, and the
earliest start of patient follow- up for outcomes was 8/1/2021,
the period under study and the outcomes reported in this
manuscript had no overlap with studies from the VOCAL cohort
published early in the pandemic.1,8

Variables
The participants who received 3 doses of an mRNA vaccine were
matched to participants who received only 2 doses of an mRNA
vaccine on a priori selected baseline factors associated with se-
vere COVID-19 infection. These variables included age group (5
categories),10 sex,11 race/ethnicity,12 comorbidities as measured
by the cirrhosis comorbidity score (circom),13,14 hypertension,13

chronic kidney disease,13 chronic obstructive pulmonary dis-
ease,13 region of participant location within the United States
(Northeast, Southeast, Midwest, South, Northwest, and South-
west),15 prior documented positive SARS-CoV-2 PCR, the time of
receipt of the second dose,15 alcohol use as measured by the
alcohol use disorders identification test-concise (AUDIT-C)
scores,16,17 alcohol-associated liver disease (either alone, or
associated with another etiology),16,17 BMI,18 current or former
smoking status,19 and severity of liver disease estimated by
electronic Child-Turcotte-Pugh (eCTP) score.16,17,20 Race and
ethnicity were self-reported and captured by a 2-question
1350 Journal of Hepatology 20
format, and their use was based on data showing the possible
association of race with vaccine hesitancy.12

Laboratory values for vaccinated patients and controls were
obtained from a date closest to the baseline date, which was
defined as the receipt of the third dose of the vaccine or the
identical matched assigned date for those who received 2 doses.
We obtained BMI, and AUDIT-C scores closest to the baseline
date. Tobacco use was classified as current use, former use, or
lifetime non-use from the corporate data warehouse, and
comorbidities were assessed using the circom, which has been
validated in patients with cirrhosis.14 Alcohol-associated
cirrhosis was defined using ICD codes, as described and vali-
dated in Veterans, and used in the matching based on data
showing the etiology of alcohol as a prognostic marker in pa-
tients with cirrhosis and COVID-19.16,17

According to population-based genomic surveillance data
from the Center for Disease Control, the prevalence of the delta
variant increased from <10% in April 2021, to >99% in August
2021, and remained the predominant variant in the United
States, until the appearance of the omicron variant in December
2021.21 The omicron variant was identified in all 50 states in the
United States by December 2021 and became the predominant
variant in January and February 2022.

Outcomes
The baseline date was defined as the date of the third dose of
vaccine for those who received 3 doses. Each matched control
(who receive 2 doses) was assigned the same baseline date.
Outcomes of participants in both groups were assessed, with a
positive SARS-CoV-2 PCR starting 14 days after the baseline date,
until the end of the study period or death. Outcomes were
aggregated as all cases with symptomatic COVD-19, cases with at
least moderate COVID-19, or cases of severe, or critical COVID-19.
All outcomes were defined based on the chart review of every
participant with a positive SARS-CoV-2 PCR. The severity of
COVID-19 was defined using WHO definitions as asymptomatic,
mild, moderate, severe, or critical COVID-19. COVID-19-related
death was defined as death due to COVID-19 within 60 days of
the first positive SARS-CoV-2 PCR.

The time to events was calculated from the baseline date to
the event.

Statistical analysis
Propensity score matching was used to ensure comparability of
the 3 and 2-dose mRNA vaccine groups. Among the above vari-
ables used to calculate propensity scores (PS), an exact match on
the variables of age group, sex and the month of administration
of the second dose of the mRNA vaccine were included. Based on
the derived PS scores, a 1:1 PS matching of the 3- and 2-dose
vaccine groups was processed using the nearest neighbor
greedy matching algorithm.22 The groups were evaluated after
PS matching for covariate balance using the standardized mean
differences, with standardized differences of 0.1 or less between
variables for participants in the 3- or 2-dose vaccine groups
considered acceptable. Descriptive statistics were compared be-
tween the 2 groups for both the matched and full samples, and p
values were calculated using Wilcoxon tests comparing the
median of continuous variables or Chi-squared tests for binary
and categorical variables.

Univariable and multivariable Cox proportional-hazards
models were fit for the time from 14 days after the receipt of
22 vol. 77 j 1349–1358



the third dose (or after assigned date for the 2-dose group) to
positive SARS-COV-2 PCR, to assess the adjusted association of
receipt of the third dose of vaccine to outcomes. This was
controlled for age,10 race/ethnicity,12 alcohol as the etiology of
liver disease,17,18 diabetes mellitus,13 current or former smoking
status, circom, and CTP class.

Cumulative incidence curves were estimated for the 3-dose
and 2-dose vaccine groups. Patients were censored at death or
the end of study (2/11/22). Vaccine efficacy was calculated as 1-
adjusted risk ratio; where the adjusted risk ratio is the ratio of
risk of a positive SARS CoV-2 PCR among the 3-dose group,
relative to the risk after the baseline date among the 2-
dose group.

Statistical significance was defined as p <0.05. Statistical
analysis was performed using SAS 9.4 (SAS Inc, Cary NC).

Results
Baseline characteristics
Eligibility criteria included patients with cirrhosis aged 18 years
or older who were alive on the date of the first administration of
a COVID-19 mRNA vaccine in the VA (n = 65,861). Liver trans-
plant recipients (n = 1,923), unvaccinated or partially vaccinated
patients (n = 27,090), and patients who received a COVID-19
vaccine other than an mRNA vaccine (n = 366) were excluded.
Participants with cirrhos
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Fig. 1. Study flow chart. PS, propensity score.
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This resulted in 36,482 participants who received either 2 or 3
doses of either the BNT162b2 mRNA or the 1273 mRNA vaccines
between December 18, 2020 and February 11th, 2022 (Fig. 1).

We then performed a PS matching, and 14,264 participants
with cirrhosis who received 3 doses were matched with 14,264
who received 2 doses. Participants who died after the second
dose of the vaccine and before the date of the assigned third dose
were excluded (n = 1,223), along with their matched participants
in the 3-dose vaccine group. Thus, 13,041 participants in the 3-
dose vaccine group and 13,041 participants in the 2-dose vac-
cine group were included in the final analytic sample (Fig. 1
and Table 1).

The median age of the PS-matched sample was 63.2 years
(IQR 10.1). The cohort was predominantly male (96.6%) and
white (59.1%); however, a significant proportion (23.6%) was
black. The median BMI was 29.3, and 42% of the cohort had
alcohol-associated cirrhosis. The mRNA-1273 vaccine was
administered in 50.8% (n = 18,723) of the cohort, while the
BNT162b2 was administered to 49.2% (n = 17,759) of participants.

In the overall cohort (before PS matching), participants who
received 3 doses of an mRNA vaccine were more likely to have
received the mRNA-1273 vaccine (51.6% vs. 48.5%, p <0.001).
There were differences in the geographical distribution of the
participants between the 2 groups, as highlighted in Table 1.
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Table 1. Descriptive statistics for study patients.

Before PS matching After PS matching

Full 3 Dose 2 Dose

p value

Full 3 Dose 2 Dose

p value(N = 36,842) (n = 18,431) (n = 18,051) (N = 26,082) (n = 13,041) (n = 13,041)

Vaccination type, n (%) <0.0001 <0.0001
BNT162b2 17,759 9,306 (51.6%) 8,453 (45.9%) 12,978 6,812 (52.2%) 6,166 (47.3%)
mRNA-1273 18,723 8,745 (48.5%) 9,978 (54.1%) 13,104 6,229 (47.8%) 6,875 (52.7%)

Location, n (%) <0.0001 0.8516
Northeast 6,100 2,743 (15.2%) 3,357 (18.2%) 4,271 2,167 (16.6%) 2,104 (16.1%)
Southeast 6,271 3,275 (18.1%) 2,996 (16.3%) 4,562 2,262 (17.4%) 2,300 (17.6%)
Midwest 8,184 3,714 (20.6%) 4,470 (24.3%) 5,743 2,884 (22.1%) 2,859 (21.9%)
South 7,661 3,986 (22.1%) 3,675 (19.9%) 5,502 2,753 (21.1%) 2,749 (21.1%)
Northwest 2,797 1,560 (8.6%) 1,237 (6.7%) 2,036 1,002 (7.7%) 1,034 (7.9%)
Southwest 5,469 2,773 (15.4%) 2,696 (14.6%) 3,968 1,973 (15.1%) 1,995 (15.3%)

Prior COVID-19 infection, n (%) 1,743 828 (4.5%) 915 (5.1%) 0.0098 1,149 578 (4.4%) 571 (4.4%) 0.8327
Etiology, n (%) <0.0001 0.1106
Autoimmune hepatitis 61 36 (0.2%) 25 (0.1%) 46 27 (0.2%) 19 (0.2%)
Alcohol 9,489 4,559 (24.7%) 4,930 (27.3%) 6,690 3,454 (26.5%) 3,236 (24.8%)
HBV 464 247 (1.3%) 217 (1.2%) 334 177 (1.4%) 157 (1.2%)
HCV 9,351 4,947 (26.8%) 4,404 (24.4%) 6,778 3,372 (25.9%) 3,406 (26.1%)
HCV + alcohol 5,838 2,821 (15.3%) 3,017 (16.7%) 4,069 2,036 (15.6%) 2,033 (15.6%)
HFE 61 38 (0.2%) 23 (0.1%) 41 25 (0.2%) 16 (0.1%)
NAFLD 11,122 5,726 (31.1%) 5,396 (29.9%) 8,040 3,904 (30.0%) 4,136 (31.7%)
PBC 37 21 (0.1%) 16 (0.1%) 23 14 (0.1%) 9 (0.1%)
PSC 59 36 (0.2%) 23 (0.1%) 37 20 (0.2%) 17 (0.1%)

Sex, n (%) 0.2999 1.0000
Male 35,231 17,414 (96.5%) 17,817 (96.7%) 25,290 12,645 (97%) 12,645 (97%)
Female 1,251 637 (3.5%) 614 (3.3%) 792 396 (3%) 396 (3%)

Age (years), median (IQR) 63.2 (10.1) 63.1 (10) 63.1 (9.9) <0.0001 63.1 (10) 62.8 (10.5) 63.5 (9.7) 0.5698
Race, n (%) <0.0001 0.8969
White 21,551 11,138 (61.7%) 10,413 (56.5%) 15,659 7,748 (59.4%) 7,911 (60.7%)
Black 8,661 3,797 (21%) 4,864 (26.4%) 5,917 2,882 (22.1%) 3,035 (23.3%)
Hispanic/Latino 2,964 1,390 (7.7%) 1,574 (8.5%) 2,103 1,059 (8.1%) 1,044 (8%)
Other 2,893 1,518 (8.4%) 1,375 (7.5%) 2,108 1,185 (9.1%) 923 (7.1%)
Unknown 413 208 (1.2%) 205 (1.1%) 295 167 (1.3%) 128 (1%)

BMI, median (IQR) 29.2 (7.8) 29.3 (7.9) 29.2 (7.6) <0.0001 29.2 (7.7) 29 (7.9) 29.4 (7.8) 0.4311
Diabetes, n (%) 18,809 8,874 (49.2%) 9,935 (53.9%) <0.0001 13,294 6,644 (51%) 6,650 (51%) 0.9408
Current smoker, n (%) 23,164 11,557 (64%) 11,607 (63%) 0.0375 16,563 8,257 (63.3%) 8,306 (63.7%) 0.5285
Alcohol, n (%) 15,327 7,947 (44%) 7,380 (40%) <0.0001 10,773 5,267 (40.4%) 5,506 (42.2%) 0.4027
AUDIT-C score, n (%) <0.0001 0.1535
Low 28,293 13,668 (75.7%) 14,625 (79.4%) 20,256 10,176 (78%) 10,080 (77.3%)
High 8,189 4,383 (24.3%) 3,806 (20.7%) 5,826 2,865 (22%) 2,961 (22.7%)

Cirrhosis comorbidity, n (%) <0.0001 0.1880
0 3,994 2,023 (11.2%) 1,971 (10.7%) 3,000 1,531 (11.7%) 1,469 (11.3%)
1+0 8,831 4,645 (25.7%) 4,186 (22.7%) 6,418 3,251 (24.9%) 3,167 (24.3%)
1+1 9,019 4,557 (25.3%) 4,462 (24.2%) 6,495 3,217 (24.7%) 3,278 (25.1%)
3+0 1,694 796 (4.4%) 898 (4.9%) 1,235 646 (5%) 589 (4.5%)
3+1 12,754 5,931 (32.9%) 6,823 (37%) 8,833 4,348 (33.3%) 4,485 (34.4%)
5+0 21 13 (0.1%) 8 (0%) 9 3 (0%) 6 (0.1%)
5+1 169 86 (0.5%) 83 (0.5%) 92 45 (0.4%) 47 (0.4%)

CKD, n (%) 9,019 4,813 (26.1%) 4,206 (23.3%) <0.0001 6,251 3,175 (24.4%) 3,076 (23.6%) 0.1509
eCTP class, n (%) <0.0001 0.2119
A 29,678 14,485 (80.2%) 15,193 (82.4%) 21,313 10,746 (82.4%) 10,567 (81%)
B 6,156 3,223 (17.9%) 2,933 (15.9%) 4,310 2,066 (15.8%) 2,244 (17.2%)
C 648 343 (1.9%) 305 (1.7%) 459 229 (1.8%) 230 (1.8%)

Baseline lab results, median (IQR)
Alanine aminotransferase (IU/ml) 41 (46) 41 (47) 41 (46) 0.2864 41 (47) 40.5 (46.5) 41 (46) 0.6283
Platelet count (x10E9/L) 151 (90.8) 151 (91) 150 (88.3) 0.0125 151 (89.7) 150 (92.9) 152 (88.7) 0.1861
Creatinine (mg/dl) 0.9 (0.3) 0.9 (0.3) 0.9 (0.3) <0.0001 0.9 (0.3) 0.9 (0.3) 0.9 (0.3) 0.8336
Total bilirubin (mg/dl) 0.8 (0.6) 0.8 (0.6) 0.8 (0.6) <0.0001 0.8 (0.6) 0.8 (0.7) 0.8 (0.6) 0.3291
International normalized ratio 1.1 (0.2) 1.1 (0.2) 1.1 (0.2) 0.0002 1.1 (0.2) 1.1 (0.2) 1.1 (0.2) 0.8155
MELD-Na 8 (5) 8 (5) 8 (5) <0.0001 8 (5) 8 (5) 8 (5) 0.2247

Statistical method/test applied: Chi-Square test (categorical variables); Wilcoxon median test (continuous variables). Values in bold denote statistical significance (p <0.05).
AUDIT-C, alcohol use disorders identification test-concise; CKD, chronic kidney disease; eCTP, electronic Child-Turcotte-Pugh; HFE, hemochromatosis; MELD-Na, model for
end-stage liver disease-sodium; NAFLD, non-alcoholic fatty liver disease; PBC, primary biliary cholangitis; PS, propensity score; PSC, primary sclerosing cholangitis.
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Participants who received 3 doses of an mRNA vaccine were
more likely to be white (61.7 vs. 56.5%), smokers (64 vs. 63%, p =
0.04), have alcohol-related liver disease (44.0 vs. 40.0, p <0.001),
1352 Journal of Hepatology 20
have a high AUDIT-C score (24.3 vs. 20.7%, p <0.001), and a higher
BMI (29.3 vs. 29.2, p <0.001). These patients were also less likely
to be black (21.0 vs. 26.4%, p <0.001), have a prior SARS CoV-2
22 vol. 77 j 1349–1358



infection before the second dose of the mRNA vaccine (4.5 vs.
5.1%, p = 0.01), to be diabetic (49.2 vs. 53.9%, p <0.001), or have
CTP A cirrhosis (80.2 vs. 82.4%, p <0.001).

Both groups were well balanced after PS matching for all the
above variables, and laboratory values, including platelet count,
total bilirubin, and international normalized ratio (Table 1, Fig. 2).
A history of prior COVID-19 was present in 578 (4.4%) partici-
pants in the 3-dose, and 571 (4.4%) in the matched 2-dose arm.
For participants with prior COVID-19, the time from initial
COVID-19 to the second dose of the mRNA vaccine was similar
between the 2 groups (141.0 in the 3-dose vs. 150.0, p = 0.06).
Similarly, the time from initial COVID-19 to the second infection
in those who were infected twice was also similar between the
2 groups.

Temporal trends of receipt of the third dose of vaccine and
development of COVID-19 among study participants
The earliest administration of the third dose of the mRNA vaccine
in the study population was July 18th, 2021. Fig. S1 indicates that
the number of third dose administrations to the study partici-
pants, increased from 7 in July 2021 (partial month) to a peak of
3,989 in November 2021, and then dropped to 976
in January 2022.

Fig. S2 shows the number of participants who developed
COVID-19 during each study week. Since only 7 participants
received the third dose in July 2021 (matched with 7 in the 2-
dose group), and the outcome of COVID-19 was assessed start-
ing 14 days after the third dose, there were no participants with
COVID-19 in the first 8 weeks of the study period. Subsequently,
the number of participants who developed COVID-19 in the 2-
dose group exceeded that among the 3-dose group in every
week except one.

Association of receipt of 3 vs. 2 dose BNT162b2 or mRNA-1273
vaccines and COVID-19
A total of 68 participants had a positive SARS-CoV-2 PCR 14 days
or more after receiving the third dose (or the assigned 3rd dose
among controls). The incidence of a positive SARS-CoV-2 PCR
was 0.08% (11 out of 13,041) in the 3-dose group, compared to
0.44% in the 2-dose vaccine group (57 out of 13,041, p <0.001).
This translated to an 80.7% reduction in the 3-dose group (95% CI
39.2-89.1, p <0.001). Similar differences were noted with symp-
tomatic COVID-19, with 9 participants developing symptomatic
COVID-19 in the 3-dose compared to 46 in the 2-dose group,
translating to an 80.4% reduction in the 3-dose group (95% CI
36.8-88.9%, p <0.0001) (Table 2).

The associations with moderate, severe or critical COVID-19
were also similar. Three participants in the 3-dose group fell
into this category, compared to 15 in the 2-dose group. This
equated to an 80.0% reduction in the 3-dose group (95% CI 34.5-
87.6%, p = 0.005). No vaccinated individual in the 3-dose group
developed severe or critical COVID-19, compared to 7 in the 2-
dose group. Receipt of the third dose of an mRNA COVID-19
vaccine was associated with a 100% reduction in severe or crit-
ical COVID-19 (95% CI 99.2-100.0, p = 0.01).

COVID-19-related death was a rare event in both groups, with
only 2 deaths in the 2-dose arm and none among those who
received 3 doses. One participant died 207 days after the second
dose of the mRNA-1273 and the second 251 days after the second
dose of the BNT162b2 vaccine, respectively. Both patients had
compensated cirrhosis, were treated with the standard of care at
Journal of Hepatology 20
the time of infection (remdesivir and dexamethasone), and died
following critical COVID-19. Receipt of the third dose of an mRNA
vaccine was associated with a 100% reduced hazard of COVID-19-
related death (95% CI 99.8-100.0, p = 0.007).

Adjusted analysis
On a multivariable analysis using Cox proportional-hazard
models, factors associated with a positive SARS-CoV-2 PCR
included race other than non-Hispanic white (adjusted hazard
ratio [aHR] 1.51, 95% CI 1.29-1.88, p = 0.02). After adjusting for
potential confounders, receiving 3 doses of a COVID-19 mRNA
vaccine was associated with an 81% reduction in COVID-19 (aHR
0.19, 95% CI 0.10-0.36, p <0.001) compared to participants who
received 2 doses (Table 3 and Fig. 3).

Receipt of 3 doses of a COVID-19 mRNA vaccine was also
associated with an 81% reduction in symptomatic COVID-19 (aHR
0.19, 95% CI 0.09-0.39, p <0.001), an 80% reduction in moderate,
severe or critical COVID-19 (aHR 0.20, 95% CI 0.06-0.70, p = 0.01),
and a 100% reduction in severe or critical COVID-19 (aHR 0.0, 95%
CI 0.0-0.08, p = 0.01) compared to participants who received 2
doses (Table 3 and Fig. 3).

Comparison of BNT162b2 vs. mRNA-1273 vaccines
To investigate whether the type of mRNA vaccine and the receipt
of the third dose is associated with the development of COVID-19
(or varying severities of it), we added to the model an interaction
term of vaccine effectiveness by type of vaccine (Table 4). This
model demonstrates a statistically significant interaction be-
tween vaccine effectiveness of the third dose and the type of
vaccine. Therefore, the null hypothesis that the hazard ratios for
the BNT162b2 and mRNA-1273 vaccines are similar was rejected
(since p value of the interaction term was <0.05).

The receipt of 3 doses of the BNT 162b2 mRNA vaccine was
associated with a highly significant 96% reduction in COVID-19
infection (aHR 0.04, 95% CI 0.01-0.27, p = 0.001), a 91% reduc-
tion in symptomatic COVID-19 (aHR 0.01-0.71, p = 0.02), a 100%
reduction in moderate, severe or critical COVID-19 (aHR 0.00,
95% CI 0.00-0.04, p <0.001), and a 100% reduction in severe or
critical COVID-19 (aHR 0.0, 95% CI 0.00-0.02, p <0.001) compared
to participants who received 2 doses (Table 4).

The differences between 3- and 2-dose regimens were less
pronounced with the mRNA-1273 vaccine; receiving 3 doses of
the mRNA-1273 vaccine was associated with a 61% reduction in
COVID-19 (aHR 0.39, 95% CI 0.18-0.84, p = 0.002), but not with
symptomatic COVID-19 (aHR 0.44, 95% CI 0.16-1.21, p = 0.11), or
moderate, severe or critical COVID-19 (aHR 0.62, 95% CI 0.11-
3.48, p = 0.58). However, like the BNT162b2 vaccine, receiving a
third dose of the mRNA-1273 vaccine was associated with a 100%
reduction in severe or critical COVID-19 (aHR 0.00, 95% CI 0.00-
0.07, p <0.001) compared to participants who received 2 doses.

Association of receipt of mRNA vaccine and COVID-19
infections among patients with compensated and
decompensated cirrhosis
To investigate whether the association of receipt of the third
dose and COVID-19 (or varying severities of it) was different
among patients with compensated and decompensated cirrhosis,
we added to the model an interaction term of vaccine effec-
tiveness by hepatic compensation status (Table 4). This model
demonstrates a statistically significant interaction between vac-
cine effectiveness of the third dose and hepatic compensation,
22 vol. 77 j 1349–1358 1353
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and the null hypothesis that the hazard ratios for compensated
and decompensated cirrhosis are similar was rejected (since p
value of the interaction term was <0.05). This supports that
vaccine effectiveness between the 3- and 2-dose regimen is
different among participants with compensated and decom-
pensated cirrhosis.

Among 21,313 participants with compensated cirrhosis,
receipt of the third dose of an mRNA vaccine was associated with
Table 2. Number of participants with COVID-19, and severity of COVID-19, af

BNT162b2/mRNA-1273 Vaccine 3 Dose 2 Dose

COVID-19 infection
No. 68
Event, no. 11 57
No. at risk 13,041 13,041
Incidence, % 0.08 0.44

Symptomatic
No. 55
Event, no. 9 46
No. at risk 13,041 13,041
Incidence, % 0.07 0.35

Moderate + severe + critical
No. 18
Event, no. 3 15
No. at risk 13,041 13,041
Incidence, % 0.02 0.12

Severe + critical
No. 7
Event, no. 0 7
No. at risk 13,041 13,041
Incidence, % 0.00 0.05

COVID-19-related death
No. 2
Event, no. 0 2
No. at risk 13,041 13,041
Incidence, % 0.00 0.02

Statistical method/test applied: Fisher`s exact test.
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a significant reduction in COVID-19 (aHR 0.05, 95% CI 0.01-0.17, p
<0.0001), symptomatic COVID-19 (aHR 0.08, 95% CI 0.02-0.28, p
<0.0001), moderate, severe or critical COVID-19 (aHR 0.15, 95% CI
0.06-0.27, p <0.0001), and a 100% reduction in severe or critical
COVID-19 (aHR 0.0, 95% CI 0.00-0.08, p <0.0001) compared to
controls (Table 4).

A total of 4,769 participants with decompensated cirrhosis
received 3 or 2 doses of a COVID-19 mRNA vaccine. Among
ter administration of 3 vs. 2 doses of an mRNA vaccine.

Comparative efficacy of 3 Dose vs.
2 Dose COVID-19 mRNA vaccine, % (95% CI)

p value

80.7 (39.2–89.1)
<.0001

80.4 (36.8–88.9)
<.0001

80.0 (34.5–87.6)
0.0047

100.00 (99.2–100.0)
0.0081

100.00 (99.8–100.0)
0.0072
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Table 3. Predictors of COVID-19 after full vaccination among participants who received 3 vs. 2 doses of an mRNA vaccine.

Number of events Number of events: COVID-19 severity based on chart review

COVID-19 Symptomatic Moderate + severe + critical Severe + critical

aHR (95% CI) p value aHR (95% CI) p value aHR (95% CI) p value aHR (95% CI) p value

Total number of patients 26,082 26,082 26,082 26,082
Number of events 68 55 18 7
2 Dose mRNA vaccine 57 (0.44%) 46 (0.35%) 15 (0.12%) 7 (0.05%)
3 Dose mRNA vaccine 11 (0.08%) 9 (0.07%) 3 (0.02%) 0 (0.00%)

Vaccine
2 Dose mRNA vaccine REF REF REF REF
3 Dose mRNA vaccine 0.19 (0.10–0.36) <0.0001 0.19 (0.09–0.39) <0.0001 0.20 (0.06–0.70) 0.0113 0.00 (0.00–0.00) <0.0001

Age 1.03 (0.99–1.06) 0.1128 1.02 (0.99–1.06) 0.2007 1.07 (1.02–1.12) 0.0058 1.07 (1.01–1.13) 0.0193
Race other than
non-Hispanic white

1.51 (1.29–1.88) 0.0150 1.55 (0.31–2.01) 0.0905 1.35 (0.10–2.20) 0.0946 1.30 (0.35–2.54) 0.2677

Alcohol-associated
cirrhosis

1.15 (0.55–1.62) 0.8387 1.13 (0.51–1.70) 0.8131 1.54 (0.18–2.58) 0.2575 1.36 (0.14–2.12) 0.2251

Diabetes 1.30 (0.80–2.11) 0.2852 1.33 (0.77–2.28) 0.3035 2.80 (0.88–8.92) 0.0815 1.98 (0.83–11.81) 0.4546
Current/former smoker 1.84 (0.51–2.37) 0.4774 1.84 (0.49–2.44) 0.5190 1.89 (0.33–2.41) 0.8170 1.83 (0.43–2.61) 0.9667
Cirrhosis comorbidity
0 REF REF REF REF
1+0 1.34 (0.11–2.03) 0.0574 1.23 (0.06–1.89) 0.0330 n.a. n.a. n.a. n.a.
1+1 1.78 (0.78–4.06) 0.1696 1.54 (0.65–3.64) 0.3217 2.44 (0.52–11.47) 0.2599 2.35 (0.23–24.37) 0.4736
3+0 1.35 (0.43–4.21) 0.6058 1.56 (0.49–4.98) 0.4558 2.85 (0.45–17.95) 0.2644 1.97 (0.13–30.07) 0.6261
3+1 1.91 (0.40–3.10) 0.8307 1.92 (0.39–3.15) 0.8393 1.09 (0.21–5.70) 0.9227 n.a. n.a.

eCTP class
A REF REF REF REF
B or C 1.58 (0.88–2.85) 0.1267 1.48 (0.75–2.93) 0.2547 1.04 (0.31–3.49) 0.9468 1.14 (0.34–4.04) 0.9929

Values in bold denote statistical significance.
Statistical method/test applied: Cox proportional-hazards model.
References were: race (non-Hispanic white); no alcohol-associated cirrhosis; no diabetes; non-smoker/former smoker.
aHR, adjusted hazard ratio; eCTP, electronic Child-Turcotte-Pugh.
participants with decompensated cirrhosis, receipt of 3 doses of
an mRNA vaccine was not associated with a statistically signifi-
cant decrease in COVID-19 (aHR 0.30, 95% CI 0.08-1.09, p = 0.07)
or symptomatic COVID-19 (aHR 0.52, 95% CI 0.10-2.63, p = 0.43),
but was associated with a 79% reduction in moderate, severe or
critical COVID-19 (aHR 0.21, 95% CI 0.09-0.41, p = 0.0001), and a
100% reduction in severe or critical COVID-19 among participants
with decompensated cirrhosis (aHR 0.00, 95% CI 0.00-0.04,
p <0.0001).

Discussion
Due to the limited inclusion of participants with cirrhosis and
chronic liver disease in clinical trials, data on the effectiveness of
COVID-19 vaccination rely on post-approval real-world data. Our
data suggests that receipt of a third dose of an mRNA vaccine is
associated with an 80% decrease in overall COVID-19, an 80%
decrease in symptomatic COVID-19, and an 80% decrease in
moderate, severe or critical COVID-19, with a 100% decrease in
severe or critical COVID-19. This decrease is notable, particularly
because the comparison group is those who received 2 doses;
therefore, the overall decrease in COVID-19 when comparisons
are made with unvaccinated or partially vaccinated participants
is likely to be even greater. Notably, receiving a third dose of an
mRNA vaccine was associated with a 100% reduction in severe or
critical COVID-19. Most importantly, only 2 COVID-19-related
deaths were noted in the study (both in the 2-dose arm), high-
lighting the high efficacy of both 2- and 3-dose vaccination in
preventing COVID-19-related death in patients with cirrhosis.

Although we did not have healthy individuals to compare in
the VOCAL database, the reduction in SARS-CoV-2 infection
Journal of Hepatology 20
associated with the third dose in this study is greater than that
described in the healthy population. A study by Accorsi et al.
found that the likelihood of vaccination with 3 mRNA vaccine
doses (vs. 2 doses) was significantly lower among both omicron
(odds ratio, 0.34) and delta (odds ratio, 0.16) cases than in SARS-
CoV-2–negative controls.23 Although not a head-to-head com-
parison, this suggests that the third dose of the vaccine in
cirrhosis exceeds the effectiveness described in the literature
among healthy participants and may be able to overcome vac-
cine hyporesponsiveness in cirrhosis, similar to that observed
among recipients of the hepatitis B vaccine.

We observe interesting differences between compensated and
decompensated cirrhosis. The third dose of an mRNA vaccine is
associated with a highly significant difference in overall and
symptomatic COVID-19 in those with compensated cirrhosis.
However, the protection associatedwith the 3-dose regimenswas
lower among participants with decompensated cirrhosis, prob-
ably reflecting the greater degree of vaccine hyporesponsiveness
in this population. However, thefindings are reassuring in that the
third dose was associated with a significant reduction in severe
and critical COVID-19 among bothpatientswith compensated and
decompensated cirrhosis. Although not a head-to-head compari-
son, the data suggests that the decrease in COVID-19with the third
dose appears to be greater for the Pfizer BNT 162b2 vaccine than
theModernamRNA-1273 vaccine. This cannot be explained by the
higher effectiveness of a 2-dose regimen of the mRNA-1273 vac-
cine because the infection rate among participantswho received 2
doses of the Pfizer BNT 162b2 was 9.10 per 100 person-month,
while that for those who received the Moderna 1273-mRNA vac-
cine was 11.97 per 100 person-month.8
22 vol. 77 j 1349–1358 1355
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Fig. 3. Adjusted time from the receipt of 3rd dose (or assigned date of 3rd dose) of a COVID-19 mRNA vaccine to a COVID-19-related endpoint. (A) COVID-19
infection, (B) symptomatic COVID-19, (C) moderate, severe, or critical COVID-19, (D) severe or critical COVID-19 in participants with cirrhosis. Statistical method/
test applied: Cox proportional-hazards model (with interaction terms).
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Our data add to the growing body of literature on COVID-19
vaccines in chronic liver disease.1,2,24,25 Although patients with
cirrhosis and liver transplant recipients do not consistently
generate antibodies to spike protein, the real-world efficacy ap-
pears to be higher, suggesting a potential role of T cell-
mediated responses.2,9

The data also supports recommendations from experts and
liver societies on vaccinating patients with cirrhosis.26–28

We acknowledge the following limitations of our observa-
tional study. First, the study may be affected by residual con-
founding due to differences between participants who received 3
vs. 2 doses, especially regarding the differential risk of COVID-19
exposure. Second, while our study was able to capture data on
vaccine administration outside the VA system, this could be
incomplete. It is also possible that patients were diagnosed with
COVID-19 outside the VA system. Since we included only pa-
tients who were actively engaged with VA care, we believe that
the likelihood of these events would be low and similar among
the 2 groups. A third limitation is that our Veteran cohort is
limited in the proportion of females; however, no sex-based
differences in vaccine efficacy have been described. Fourth,
though the VOCAL cohort has been well characterized,
1356 Journal of Hepatology 20
participants may have unrecognized comorbidities, including
exposure to immunosuppressive drugs, that were not captured
using ICD codes. Fifth, we acknowledge the lack of measurement
of anti-spike antibodies or T-cell response to COVID-19. Sixth,
while mRNA vaccines have been predominantly administered in
the West, most participants in developing countries have
received viral vector vaccines that have demonstrated effec-
tiveness in patients with cirrhosis.29 Because we excluded par-
ticipants who received the Janssen Ad.26.COV2.S vaccine, we
cannot make recommendations regarding boosters after viral
vector vaccines. Finally, because of the recent introduction of the
third dose of the vaccine, we had a relatively short follow-up. A
longer follow-up is needed to assess if this association is sus-
tained for the omicron BA.5 variant, which has limited cross-
reactivity to prior strains, and whether additional COVID-19
mRNA vaccine boosters are needed in the future.

The data we present also has relative strengths. This is a large
cohort of participants with cirrhosis who have been well char-
acterized. By assigning a date of the third dose to each matched
participant in the 2-dose arm and including the date of receipt of
the second dose and patient location in the PS matching, the
study was able to balance the exposure of participants in the 2
22 vol. 77 j 1349–1358



Table 4. Adjusted hazard ratio of COVID-19 infection after full vaccination among those who received 3 vs. 2 doses by type of vaccine (BNT162b2/mRNA-
1273) and by compensation status.

Number of events Number of events: COVID-19 severity based on chart review

COVID-19 Symptomatic Moderate + severe + critical Severe + critical

Total number of patients 26,082 26,082 26,082 26,082
Number of events 68 55 18 7

aHR (95% CI) p value aHR (95% CI) p value aHR (95% CI) p value aHR (95% CI) p value

Compensated cirrhosis
3 Dose mRNA vaccine HR1 0.05 (0.01,0.17) <0.0001 REF REF REF
2 Dose mRNA vaccine REF 0.08 (0.02,0.28) <0.0001 0.15 (0.06,0.27) <0.0001 0.00 (0.00,0.08) <0.0001

Decompensated cirrhosis
3 Dose mRNA vaccine HR2 0.30 (0.08,1.09) 0.0672 0.52 (0.10,2.63) 0.4316 0.21 (0.09,0.41) <.0001 0.00 (0.00,0.04) <.0001
2 Dose mRNA vaccine REF REF REF REF

Null hypothesis: HR1 = HR2 p = 0.0110 p = 0.0377 p = 0.2066 p <0.0001

aHR (95% CI) p value aHR (95% CI) p value aHR (95% CI) p value aHR (95% CI) p value

Vaccination: BNT162b2
2 Dose mRNA vaccine REF REF REF REF
3 Dose mRNA vaccine HR3 0.04 (0.01,0.27) 0.0011 0.09 (0.01,0.71) 0.0217 0.00 (0.00,0.06) <0.0001 0.00 (0.00,0.03) <0.0001

Vaccination: mRNA-1273
2 Dose mRNA vaccine REF REF REF REF
3 Dose mRNA vaccine HR4 0.39 (0.18,0.84) 0.0163 0.44 (0.16,1.21) 0.1125 0.62 (0.11,3.48) 0.5849 0.00 (0.00,0.08) <0.0001

Null hypothesis: HR3 = HR4 p = 0.0308 p = 0.1713 p <0.0001 p = 0.9559

Values in bold denote statistical significance.
Statistical method/test applied: Cox proportional-hazards model (with interaction terms).
HR1: aHR of 3 doses vs. 2 doses for patients with compensated cirrhosis.
HR2: aHR of 3 doses vs. 2 doses for patients with decompensated cirrhosis.
HR3: aHR of 3 doses vs. 2 doses for patients who received BNT162b2.
HR4: aHR of 3 doses vs. 2 doses for patients who received mRNA-1273.
aHR, adjusted hazard ratio.
arms to similar variants and ensure similar follow-up time. The
study sample was more diverse, with a higher proportion of
black individuals (23%). The study was performed at a point in
time where there were comparable numbers of participants in
the 3- and 2-dose groups and when the community prevalence
of variants of concern including the B.1.617.2 (delta) and B.1.1.529
(omicron) variants, were high.

In summary, our findings show that the receipt of the third
dose of either the BNT162b2 mRNA or the mRNA-1273 vaccines
is associated with an 80% decrease in the development of COVID-
19, symptomatic COVID-19, and moderate, severe or critical
COVID-19, and a 100% reduction in severe or critical COVID-19
and COVID-19-related death, compared to participants with
cirrhosis who received only 2 doses. These findings support
recommendations for administering the third dose of an mRNA
COVID-19 vaccine in patients with cirrhosis and suggest that a
third dose can overcome the vaccine hyporesponsiveness in
these patients.
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