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Abstract

Background and Aims: Patients develop breakthrough COVID-19 infection
despite vaccination. The aim of this study was to identify outcomes in patients
with cirrhosis who developed postvaccination COVID-19.

Methods: We performed a retrospective cohort study among US veterans
with cirrhosis and postvaccination or unvaccinated COVID-19. Patients were
considered fully vaccinated if COVID-19 was diagnosed 14 days after the
second dose of either the Pfizer BNT162b2, the Moderna 1273-mRNA, or
the single-dose Janssen Ad.26.COV2.S vaccines and partially vaccinated if
COVID-19 was diagnosed 7 days after the first dose of any vaccine but
prior to full vaccination. We investigated the association of postvaccination
COVID-19 with mortality.

Results: We identified 3242 unvaccinated and 254 postvaccination COVID-19
patients with cirrhosis (82 after full and 172 after partial vaccination). In a mul-
tivariable analysis of a 1:2 propensity-matched cohort including vaccinated
(n = 254) and unvaccinated (n = 508) participants, postvaccination COVID-19
was associated with reduced risk of death (adjusted HR [aHR], 0.21; 95% Cl,
0.11-0.42).

The reduction was observed after both full (aHR, 0.22; 95% CI, 0.08-0.63)
and partial (@HR, 0.19; 95% CI, 0.07—0.54) vaccination, following the 1273-
mRNA (aHR, 0.12; 95% CIl 0.04-0.37) and BNT162b2 (aHR, 0.27; 95% ClI,
0.10-0.71) vaccines and among patients with compensated (aHR, 0.19; 95%
Cl, 0.08-0.45) and decompensated (aHR, 0.27; 95% CI, 0.08-0.90) cirrho-
sis. Findings were consistent in a sensitivity analysis restricted to participants
who developed COVID-19 after vaccine availability.

Conclusions: Though patients with cirrhosis can develop breakthrough
COVID-19 after full or partial vaccination, these infections are associated with
reduced mortality.

Abbreviations: aHR, adjusted HR; AUDIT-C, Alcohol Use Disorders Identification Test—Concise; BMI, body mass index; CDC, Centers for Disease Control
and Prevention; CirCom, Cirrhosis Comorbidity Index; CTP, Child-Turcotte-Pugh; eCTP, electronic CTP; IQR, interquartile range; MELD-Na, Model for
End-Stage Liver Disease—Sodium; PS, propensity score; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; VA, Veterans Administration;
VOCAL, Veterans Outcomes and Costs Associated with Liver Disease.
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INTRODUCTION

The availability of effective mMRNA and viral vector—
based vaccines for severe acute respiratory syndrome
coronavirus 2 (SARS-CoV-2) infection has contributed
to a reduction in the COVID-19 pandemic in countries
with a high uptake of vaccination. While receipt of an
mRNA-based COVID-19 vaccine was associated with
a 66.8% reduction in COVID-19 infection after 28 days
of the first dose of an mRNA vaccine in patients with
cirrhosis, this was lower than observed in the general
population.m Therefore, breakthrough infections are
being reported, even among fully vaccinated persons
with cirrhosis.

Most recently, the increase in variants, particu-
larly the B.1.617.2 (delta) variant, has been described
in patients with postvaccination breakthrough in-
fections. While the clinical course and mortality of
COVID-19 in unvaccinated patients have been well
described, there are limited data on postvaccination
COVID-19.123

The aim of this study was to better understand
the clinical characteristics and mortality of patients
with cirrhosis who develop breakthrough COVID-19
after vaccination with either the Pfizer BNT162b2,
the Moderna 1273-mRNA, or the Janssen Ad.26.
COV2.S vaccine compared to a patients with unvac-
cinated COVID-19.

PARTICIPANTS AND METHODS
Study design

This study was conducted in the Veterans Health
System using national data extracted from the Veterans
Outcomes and Costs Associated with Liver Disease
(VOCAL) cohort, which consists of over 120,000 vet-
erans with cirrhosis. The assembly of this cohort has
been described.*°! In response to the SARS-CoV-2
pandemic, the Veterans Administration (VA) created
the national VA COVID-19 Shared Data Resource using
case definitions that were validated across the system
and including all veterans with a confirmed laboratory
diagnosis of SARS-CoV-2 infection, both those tested
within the VA and outside the VA. Institutional review
boards at all participating VA health systems approved
the protocol and waived the need for informed consent.

Inclusion and exclusion criteria

Eligibility criteria included all patients with cirrhosis in
the VOCAL cohort aged 18 years or older diagnosed
with SARS-CoV2 infection based on a positive poly-
merase chain reaction (PCR) between March 1, 2020,

and June 1, 2021. Patients who received a liver trans-
plant prior to SARS-CoV-2 infection were excluded.

Variables

Patients in the VOCAL cohort who received either
the BNT162b2 mRNA, the 1273-mRNA, or the Ad.26.
COV2.S vaccine prior to SARS-CoV-2 infection were
classified as postvaccination COVID-19 (after full or
partial vaccination) or unvaccinated COVID-19, based
on the following criteria.

Patients were considered fully vaccinated if
COVID-19 was diagnosed more than 14 days after
the second dose of the BNT162b2 mRNA or the 1273-
mRNA vaccine or after the single dose of the Ad.26.
COV2.S vaccine,'® partially vaccinated if COVID-19
was diagnosed 7 days after the first dose of a vaccine
but prior to the date of full vaccination, and unvacci-
nated if COVID-19 was diagnosed prior to or within 7
days of the first dose of a vaccine. The cutoff for partial
vaccination was chosen because of data that suggest
an antibody response and reduced SARS-CoV-2 infec-
tion as early as 7 days after the first dose.”]

The baseline was defined as the date of the first pos-
itve COVID-19 PCR obtained by nasal swab. Patients
were considered to have a new infection if they developed
a positive COVID-19 PCR 90 days after the prior infection,
with at least one intervening negative test. Each episode of
SARS-CoV-2 infection was analyzed as a separate event.

Data on demographics (age, sex, racel/ethnicity)
were collected from the Corporate Data Warehouse
(CDW). Participants were drawn from over 130 VA lo-
cations through the United States and categorized into
one of six locations (Northeast, Southeast, Midwest,
South, Northwest, and Southwest). Comorbidities
were assessed using the previously validated Cirrhosis
Comorbidity Index (CirCom),®! and this score incorpo-
rates comorbidities that are associated with increased
risk for COVID-19, including chronic kidney disease
and cancer. Severity of liver disease was assessed
using the electronic Child-Turcotte-Pugh (eCTP) score
and Model for End-Stage Liver Disease—Sodium
(MELD-Na).”®! Alcohol-associated cirrhosis was defined
using International Classification of Diseases codes, as
previously described and validated in veterans.['”

We obtained body mass index (BMI), Alcohol Use
Disorders Identification Test—Concise (AUDIT-C)
scores, and tobacco use, classified as current use, for-
mer use, or lifetime nonuse, from the CDW, closest to
the baseline date.

Laboratory values were obtained closest to baseline
(date of the positive COVID-19 PCR). For hospitalized
patients who did not have labs drawn between baseline
and hospitalization, the labs on the date of hospital ad-
mission were used.
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Outcomes

The primary outcome was death due to any cause
within 60 days of diagnosis of SARS-CoV-2 infec-
tion. Secondary outcomes included COVID-19-related
death, hospitalization for any reason (7 days before
or up to 60 days after first positive COVID-19 PCR),
COVID-19-related hospitalization, and need for me-
chanical ventilation (7 days before or up to 60 days
after first positive COVID-19 PCR). We defined death
within 60 days of COVID-19 diagnosis to avoid inclu-
sion of delayed and unrelated deaths, after recovery
from COVID-19.

Causes of death and hospitalization were abstracted
from the inpatient medical records by two reviewers.
The cause of death or hospitalization was defined as
COVID-19 if the patient was admitted with symptoms
of SARS-CoV-2 infection and the hospital course and
progression was consistent with a clinical course of
COVID-19, and it was defined as cirrhosis-related if
hospitalization or death was due to symptoms of hepatic
decompensation or HCC and unrelated to symptom-
atic SARS-CoV-2 infection. Patients without symp-
tomatic COVID-19 or cirrhosis-related complications,
hospitalized for unrelated reasons such as congestive
heart failure or stroke, were classified as unrelated to
COVID-19 or cirrhosis.

Vaccination status was not disclosed to the review-
ers, and they were instructed to review the hospital
discharge/death summary and clinical notes during
the period of hospitalization. However, the process
was not completely blinded, particularly for patients
who developed COVID-19 prior to vaccine availability.
Hospitalization and mechanical ventilation from 7 days
prior to the first positive PCR were captured as patients
with COVID-19 could be diagnosed shortly after hospi-
talization or initiation of mechanical ventilation.

Statistical analysis

We did propensity score (PS) matching to ensure com-
parability of the postvaccine and unvaccinated patients
with COVID-19.

The PSs were estimated using logistic regression
as the predicted probability of developing postvaccina-
tion COVID-19 by the patient’s baseline characteristics
including age, sex, race, alcohol as etiology of liver
disease, BMI at baseline, smoking history, AUDIT-C,
CirCom, eCTP, and MELD-Na. Included in this PS
matching were exact matching for age, sex, and race.

We then used the Greedy method to select the most
closely matched neighbor among the possible matched
patients. The two groups were evaluated before and
after PS matching, and covariate balance was as-
sessed using the standardized mean differences, with

comparisons presented using Love plots. Standardized
differences of 0.1 or less in variables between the two
groups were considered acceptable matching.

Descriptive statistics were compared between post-
vaccinated and unvaccinated COVID-19 groups for
both matched and full samples, and p values were cal-
culated using the Wilcoxon signed-rank test comparing
medians of continuous variables or chi-squared tests
for binary and categorical variables.

Cox proportional hazards models were fit for time
to death after COVID-19 and time to COVID-19-related
death.

Unadjusted and adjusted HRs (aHRs) controlling for
potential baseline confounders were estimated, and cu-
mulative incidence curves were estimated for the two
groups. Patients were censored at the end of the study
(June 1, 2021).

A sensitivity analysis using different cutoff dates for
partial vaccination, by changing the definition of onset
of partial vaccination from 7 days after the first dose
of mMRNA vaccine to 14 and 21 days, was performed.
We performed an additional sensitivity analysis that
restricted analysis by excluding participants who de-
veloped COVID-19 before vaccine availability. We also
performed a sensitivity analysis by adjusting for prior
COVID-19 infection.

In addition, we performed a stratified analysis
among patients who received an mRNA vaccine, to
identify differences between the BNT162b2 mRNA and
the 1273-mRNA vaccines and their associations with
overall and COVID-19-related mortality. A subgroup
analysis for postvaccination COVID-19 following the
Ad.26.COV2.S vaccine was not performed due to a
low number of events. Stratified analysis was also per-
formed among patients with compensated and decom-
pensated cirrhosis.

Statistical significance was defined as p < 0.05.
Statistical analysis was performed using SAS 4.9 (SAS
Inc.).

RESULTS
Baseline characteristics

A total of 3242 participants with unvaccinated and 254
with postvaccination COVID-19 (82 after full and 172
after partial vaccination) were identified (Figure 1).

The 254 participants with postvaccination COVID-19
were matched to 508 with unvaccinated COVID-19.
The median age of the PS-matched cohort was 63.8
years (interquartile range [IQR], 10.4) in the postvacci-
nation and 64.2 years (IQR, 10.0) in the unvaccinated
COVID-19 cohort. Participants were predominantly
male (n = 832, 96.1%) and White (n = 423, 55.5%), con-
sistent with a veteran population. A higher proportion of
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VOCAL Cohort Patients alive on
01/01/2020 (N = 64,672)

Exclusion:

Patient not infected with COVID -19 (N = 61,053)
- Patients with Liver Transplantation (N = 123)

Infection (N = 3,496)

Patients with Cirrhosis and COVID-19

COVID-19 Infection after Vaccination
(N=254)

Matched Vaccinated Sample (N = 254)

* COVID-19 Infection after Full
vaccination (N = 82)

= COVID-19 Infection after Partial
vaccination (N = 172)

------------- 1:2 Propensity Score Matching ===mm === mm - — - -

COVID-19 Infection in Unvaccinated
Patients (N = 3,242)

Matched Control Sample (N = 508)

Matched Analytic Sample (N = 762)

FIGURE 1 Study flowchart

patients with postvaccination COVID-19 was from the
Northeast (25.6 vs. 13.4%, p = 0.001), while a higher
proportion of unvaccinated COVID-19 was from the
Southeast (17.9 vs. 13.0%, p = 0.001) and the Midwest
(28.2 vs. 22.4%, p = 0.001). As expected, due to their
later occurrence during the pandemic, a greater num-
ber of patients with postvaccination COVID-19 had prior
COVID-19 (n = 38, 15%) compared to unvaccinated
COVID-19 (n = 11, 2.2%, p < 0.0001). Though patients
were matched on the CirCom and not on individual
comorbidities, the two groups were similar in terms of
specific comorbidities such as HIV, cancer, and chronic
kidney disease; however, patients who had a nonliver

solid organ transplant were more likely to have post-
vaccination COVID-19 (4.3 vs. 1.8%, p = 0.03).

Both groups were otherwise well balanced after
PS matching, with no differences in median age, sex,
race/ethnicity, BMI, AUDIT-C scores, active tobacco
use, CirCom, CTP scores, or baseline labs (Table 1;
Figure S1).

Postvaccination COVID-19

Of the 254 who developed postvaccination COVID-19,
49.6% developed after the BNT162b2 mRNA, 47.6%
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TABLE 1 Descriptive statistics for study patients

Propensity-matched sample

postvaccination COVID-19 Unvaccinated COVID-19
Variable (n = 254) (n =508) P
Type of vaccination, n (%) -
Janssen Ad.26.COV2.S vaccine 7 (2.8%) -
Pfizer BNT162b2 mRNA vaccine 126 (47.6%) -
Moderna 1273 mRNA vaccine 121 (47.6%) —
Sex, n (%) 1.0000
Male 244 (96.1%) 488 (96.1%)
Female 10 (3.9%) 20 (3.9%)
Age (years), median (IQR) 63.8 (10.4) 64.2 (10.0) 0.5899
Age group, n (%) 1.0000
<50 21 (8.3%) 42 (8.3%)
50-59.9 55 (21.7%) 110 (21.7%)
60-69.9 126 (49.6%) 252 (49.6%)
70-85 52 (20.5%) 104 (20.5%)
=85 - -
Race/ethnicity, n (%) 0.9177
White 141 (55.5%) 282 (55.5%)
Black 68 (26.8%) 148 (29.1%)
Hispanic/Latino 25 (9.8%) 37 (7.3%)
Other 16 (6.3%) 36 (7.1%)
Unknown 4 (1.6%) 5(1.0%)
Location, n (%) 0.0015
Northeast 65 (25.6%) 68 (13.4%)
Southeast 33 (13.0%) 91 (17.9%)
Midwest 57 (22.4%) 143 (28.2%)
South 47 (18.5%) 106 (20.9%)
Northwest 16 (6.3%) 32 (6.3%)
Southwest 36 (14.2%) 68 (13.4%)
BMI, median (IQR) 29.9 (8.7) 29.5 (8.9) 0.6450
BMI class, n (%) 0.9256
Overweight 84 (33.1%) 185 (36.4%)
Class 1 obesity, BMI 30.0-34.9 62 (24.4%) 109 (21.5%)
Class 2 obesity, BMI 35.0-39.9 40 (15.7%) 84 (16.5%)
Class 3 obesity, BMI > 40.0 25 (9.8%) 46 (9.1%)
AUDIT-C score, n (%) 0.3885
Low 212 (83.5%) 411 (80.9%)
High 42 (16.5%) 97 (19.1%)
Diabetes, n (%) 161 (63.4%) 324 (63.8%) 0.9152
Tobacco use, n (%) 0.9276
Current smoker 59 (23.2%) 111 (21.9%)
Former smoker 78 (30.7%) 167 (32.9%)
Never smoker 112 (44.1%) 219 (43.1%)
Alcohol-associated cirrhosis, n (%) 110 (43.3%) 222 (43.7%) 0177

Cirrhosis comorbidity, n (%) 0.6346
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Propensity-matched sample

postvaccination COVID-19

Unvaccinated COVID-19

TABLE 1 (Continued)

Variable (n = 254)
0 15 (5.9%)
1+0 53 (20.9%)
1+1 55 (21.7%)
3+0 10 (3.9%)
3+1 121 (47.6%)
5+0 -
5+1 -

eCTP class, n (%)
A 195 (76.8%)
B 55 (21.7%)
C 4 (1.6%)

Lab results at diagnosis of COVID-19, median (IQR)

Alanine aminotransferase (IU/ml) 42.2 (48.0)
Platelet count (x10E9/L) 150.7 (89.8)
Creatinine (mg/dL) 1.0 (0.5)
Total bilirubin (mg/dL) 0.8 (0.6)
International normalized ratio 1.1 (0.3)
MELD-Na score 9.0 (7.0)

Treatment of COVID-19, n (%)

Dexamethasone, n (%) 42 (16.5%)

Hydroxychloroquine, n (%) 3 (1.2%)

Remdesivir, n (%) 33 (13.0%)

Tocilizumab, n (%) 3 (1.2%)
Cause of death, n (%)

COVID-19 7 (2.8%)

Cirrhosis 0 (0.0%)

Others 2 (0.8%)
Cause of hospitalization, n (%)

COVID-19 50 (19.7%)

Cirrhosis 16 (6.3%)

Others 41 (16.1%)
Prior COVID-19 infection, n (%) 38 (15.0%)
Chronic kidney disease, n (%) 84 (33.1%)
HIV, n (%) 7 (2.8%)
Cancer, n (%) 107 (42.1%)
Solid Organ (nonliver) Transplantation, n (%) 11 (4.3%)

(n=508) P
30 (5.9%)

93 (18.3%)

120 (23.6%)

25 (4.9%)
234 (46.1%)
2 (0.4%)
4 (0.8%)
0.9370
394 (77.6%)
105 (20.7%)
9 (1.8%)
41.0 (51.9) 0.6806
152.5 (104.9) 0.7194
1.0 (0.4) 0.2835
0.8(0.7) 0.7164
1.1 (0.3) 0.8397
8.0 (6.0) 0.1378
84 (16.5%) 1.0000
7 (1.4%) 0.8219
66 (13.0%) 1.0000
4 (0.8%) 0.5913
<0.0001
57 (11.2%)
15 (3.0%)
6 (1.2%)
0.0163
117 (23.0%)
21 (4.1%)
48 (9.4%)
11 (2.2%) <0.0001
169 (33.3%) 0.9566
11 (2.2%) 0.6128
205 (40.2%) 0.6022
9 (1.8%) 0.0285

Note: Bold indicates significance.

after the 1273-mRNA, and 2.8% after the Ad.26.
COV2.S vaccine. The lower number of postvaccination
COVID-19 after the Ad.26.COV2.S vaccine was con-
sistent with low usage of the Ad.26.COV2.S vaccine
among veterans.

The median time to postvaccination COVID-19
after full vaccination was 27.0 days (IQR, 25.0) after

the second dose of an mRNA or the first dose of the
Ad.26.COV2.S vaccine (Table 2). Of the 172 partici-
pants who developed COVID-19 after partial vaccina-
tion, 38 (22.1%) developed between 7 and 14 days, 42
(24.4%) between 14 and 21 days, 38 (22.1%) between
21 and 28 days, and 54 (31.4%) more than 28 days
after the first dose of the vaccine. Figure 2 shows the
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TABLE 2 Outcomes among patients with postvaccination and unvaccinated COVID-19

Matched

Postvaccination

Unvaccinated

Variable (n = 254)
Event, n (%)
Death within 60 days of COVID-19 9 (3.5%)
COVID-19-related death 7 (2.8%)
Hospitalization 107 (42.1%)
COVID-19-related hospitalization 50 (19.7%)
Mechanical ventilation 4 (1.6%)
Time to event, median (IQR)
Death within 60 days of COVID-19 16.0 (26.0)
COVID-19-related death 16.0 (14.0)
Hospitalization 7.0 (1.0)
COVID-19-related hospitalization 7.0 (1.0)
Mechanical ventilation 13.0 (10.0)

(n = 508) p

78 (15.4%) <0.0001
57 (11.2%) <0.0001
186 (36.6%) 0.1404
117 (23.0%) 0.2925
29 (5.7%) 0.0082
16.0 (19.0) 0.9346
16.0 (11.0) 0.9350
7.0 (2.0) 0.8331
7.0 (2.0) 0.0689
12.0 (11.0) 0.9492

Note: Bold indicates significance.

(A) Unmatched Sample of COVID-19 Infection (N = 3,496)

(B) Matched Sample of COVID-19 Infection (N = 762)

s o ptets Ggposed wh COMD-19

[P ——

FIGURE 2 Number of patients diagnosed over time with unvaccinated (blue) and postvaccination COVID-19 (red) in the (A) overall

cohort and (B) PS- matched cohort

number of patients who developed postvaccination
and the unvaccinated cohort over time, in the over-
all (panel A) and PS-matched (panel B) cohorts. The
number of patients with unvaccinated COVID-19 ex-
ceeded that with postvaccination COVID-19 through-
out the study period.

Among the 508 controls, 504 were unvaccinated at
the time of COVID-19 diagnosis, and 4 were diagnosed
within 7 days of the receipt of the first vaccine dose.

The most common COVID-19-specific therapies
used were dexamethasone (42 [16.5%)] postvaccina-
tion and 84 [16.5%] unvaccinated COVID-19, p > 0.99),
while the second most common was remdesivir (33
[13.0%)] postvaccination and 66 [13.0%] unvaccinated
COVID-19, p > 0.99).

Outcomes

Association of postvaccination COVID-19 with
overall and COVID-19-related death

The unadjusted overall mortality within 60 days of
diagnosis of COVID-19 was lower in the postvacci-
nation compared to the unvaccinated PS-matched
cohort (9 [3.5%] vs. 78 [15.4%)], p < 0.0001) (Table 2).
Similarly, the unadjusted COVID-19-related death
was also lower in the postvaccination group com-
pared to unvaccinated patients (7 [2.8%] vs. 57
[11.2%)], p < 0.0001).

On multivariable Cox regression, older age (aHR,
1.05; 95% CI, 1.02-1.08; p = 0.0002) and use of
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dexamethasone (aHR, 4.43; 95% CI, 2.27-8.65;
p <0.0001), but not patient location, diabetes mellitus,
AUDIT-C score, alcohol-associated cirrhosis, CTP
class, or MELD-Na, were associated with mortality
within 60 days of COVID-19 (Table 3). After adjusting
for potential confounders, postvaccination COVID-19
was associated with reduced overall death within
60 days (aHR, 0.21; 95% CI, 0.10-0.42; p < 0.0001;
Figure 3).

This association of postvaccination COVID-19 and
reduced mortality was observed after both full (aHR,
0.22; 95% ClI, 0.08-0.63; p = 0.005) and partial (aHR,
0.19; 95% ClI, 0.07-0.54; p = 0.002) vaccination (Table
S1).

Predictors of COVID-19-related death were simi-
lar to those for overall death and included older age
(aHR, 1.06; 95% CI, 1.03-1.09; p = 0.0003) and
treatment with dexamethasone (aHR, 3.79; 95% ClI,

TABLE 3 Multivariable HRs for the risk of overall or COVID-19-related death in postvaccination versus unvaccinated COVID-19

Overall death

Variable aHR (95% Cl)
Number of patients 762
Number of events 87
Group
Control REF
Vaccine 0.21 (0.10-0.42)

Location, n (%)

Northeast REF

Southeast 1.22 (0.56-2.65)

Midwest 1.28 (0.62-2.62)

South 0.64 (0.27-1.49)

Northwest 1.97 (0.79-4.90)

Southwest 1.56 (0.71-3.44)
Age 1.05 (1.02-1.08)
BMI 1.00 (0.97-1.03)
Diabetes

No REF

Yes 1.07 (0.65-1.74)
Alcohol

No REF

Yes 1.05 (0.63-1.75)
AUDIT-C score

Low REF

High 1.08 (0.54-2.15)
eCTP

A REF

B 1.18 (0.67-2.09)

C 1.08 (0.19-6.10)
Dexamethasone

No REF

Yes 4.43 (2.27-8.65)
Remdesivir

No REF

Yes 0.62 (0.29-1.33)
MELD-Na 1.03 (0.99-1.08)

COVID-19-related death

p aHR (95% Cl) P

- 762 -

- 64 -
REF

<0.0001 0.23 (0.10-0.53) 0.0005
REF

0.6128 1.55 (0.61-3.93) 0.3524

0.5038 1.47 (0.61-3.53) 0.3863

0.2974 0.83 (0.30—-2.30) 0.7158

0.1435 2.00 (0.66—6.04) 0.2209

0.2671 2.23 (0.90-5.53) 0.0841

0.0002 1.06 (1.03-1.09) 0.0003

0.7580 1.01 (0.98-1.04) 0.5361
REF

0.7991 0.90 (0.52-1.55) 0.7084
REF

0.8453 1.16 (0.66—2.04) 0.6173
REF

0.8289 1.05 (0.47-2.33) 0.9112
REF

0.5588 0.99 (0.51-1.92) 0.9689

0.9288 N/A N/A
REF

<0.0001 3.79 (1.68-8.57) 0.0014
REF

0.2229 1.13 (0.47-2.71) 0.7836

0.1592 1.03 (0.98-1.09) 0.2445

Note: Bold indicates significance.

Abbreviations: N/A, not available; REF, reference.
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(A) CIF Plot for Overall Death

(B) CIF Plot for COVID-19 related Death
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FIGURE 3 Adjusted time from COVID-19 diagnosis to death (A) and COVID-19-related death (B) among patients with cirrhosis and
postvaccination and unvaccinated COVID-19 infection. Abbreviation: CIF, cumulative incidence function

1.68-8.57; p = 0.001) (Table 3). After adjusting for
potential confounders, postvaccination COVID-19
was associated with reduced COVID-19-related
death (aHR, 0.23; 95% CI, 0.10-0.53; p = 0.001;
Figure 3). This association, too, was observed after
both full (aHR, 0.24; 95% CI, 0.08-0.73; p = 0.01)
and partial (aHR, 0.26; 95% CI, 0.08-0.80; p = 0.02)
vaccination (Table S1).

Association of postvaccination COVID-19 with
hospitalization and mechanical ventilation

The unadjusted rates of hospitalization (107 [42.1%)]
in postvaccination vs. 186 [36.6%] in unvaccinated
COVID-19, p = 0.14) and COVID-19-related hospitali-
zation (50 [19.7%] in postvaccination vs. 117 [23.0%)]
in unvaccinated COVID-19, p = 0.29) were similar
(Table 2). On multivariable Cox regression, predictors
of COVID-19-related hospitalization included treatment
with dexamethasone (aHR, 2.15; 95% CI, 1.20-3.85;
p = 0.01) and remdesivir (aHR, 4.75; 95% CI, 2.67—
8.47; p < 0.0001). After adjusting or potential confound-
ers, postvaccination COVID-19 was not associated
with COVID-19-related hospitalization (aHR, 0.88; 95%
Cl, 0.66-1.18; p = 0.41) (Table S2).

The unadjusted rates of mechanical ventilation were
lower in postvaccination COVID-19 compared to unvac-
cinated participants (4 [1.6%)] vs. 29 [5.7%)], p < 0.01)
(Table 2).

On multivariable Cox regression, the use of dexa-
methasone was not associated with mechanical ven-
tilation (aHR, 4.76; 95% CI, 0.88-25.66; p = 0.07).
Postvaccination COVID-19 was associated with re-
duced need for mechanical ventilation within 60 days
(aHR, 0.33; 95% CI, 0.11-0.96; p = 0.04) (Table S2).

Stratified analysis comparing postvaccination
COVID-19 following BNT162b2 mRNA and
1273-mRNA vaccines with overall and
COVID-19-related death

We performed a stratified analysis among pa-
tients who received an mRNA vaccine, to identify
differences in mortality between postvaccination
COVID-19 following the BNT162b2 mRNA and 1273-
mRNA vaccines. Postvaccination COVID-19 following
1273-mRNA was associated with lower overall (aHR,
0.12; 95% CI, 0.04-0.37; p = 0.0002) and COVID-
19-related (aHR, 0.15; 95% CI, 0.03-0.61; p = 0.01)
mortality. Postvaccination COVID-19 following the
BNT162b2 mRNA vaccine was also associated with
a reduction in overall (aHR, 0.27; 95% CI, 0.10-0.71;
p = 0.01) and COVID-19-related (aHR, 0.27; 95% CI,
0.09-0.80; p = 0.02) mortality (Table S3) However,
the differences between the two mRNA vaccines
were not statistically significant.

Stratified analysis comparing postvaccination
COVID-19 with overall and COVID-
19-related death in compensated and
decompensated cirrhosis

We analyzed the association of postvaccination
COVID-19 and death, stratified by compensated
versus decompensated liver disease. Among pa-
tients with compensated cirrhosis, postvaccination
COVID-19 was associated with a reduction in hazard
of death (aHR, 0.19; 95% CI, 0.08-0.45; p = 0.0001)
and COVID-19-related death (aHR, 0.16; 95% ClI,
0.06-0.46; p = 0.0001). Among patients with decom-
pensated cirrhosis, postvaccination COVID-19 was



HEPATOLOGY

| 135

TABLE 4 Clinical features of patients who died after full or partial vaccination

Time from last dose of
vaccine to COVID-19

diagnosis (days)

Cause of
death

Time from last vaccine
dose to death (days)

85

CTP score/
MELD-Na

Etiology of
cirrhosis
NAFLD

Full/partial vaccination

Comorbidities

Agelsex
68/M

COVID-19

77
23

Fully vaccinated

COPD/HTN/obesity/CKD

COPD/HTN

CTP B9/25
CTP A5/7
CTP B8/21
CTP A5/7
CTP A5/11
CTP A5/6
CTP A6/10
CTP A6/22
CTP B8/16

Non-COVID-19

cov

72
76
39

Fully vaccinated

HCV + alcohol

NAFLD
Alcohol

63/M
64/M

D-19

D-19

D-19

59
35

Fully vaccinated

COPD/HTN/obesity/CKD

COPD/HTN

Fully vaccinated

69/M

cov

16
21

ed
ed
ed
ed
ed

20
26
28
22

cov

42

Non-COVID-19
COVID-19

62
57

P ]

Partia

HTN/obesity

CcVv
NAFLD

H
HCV

69/M
65/M

Partia

HTN/obesity/CKD

HTN/obesity

Partia

58/M
48/M

Partia

COPD/HTN/CKD

HCV + alcohol
Alcohol

Partia

HTN/obesity/CKD

67/M

Abbreviations: CKD, chronic kidney disease; COPD, chronic obstructive pulmonary disease; HTN, hyptertension.

associated with a reduction in hazard of death (aHR,
0.27; 95% ClI, 0.08-0.90; p = 0.03) but not COVID-19-
related death (aHR, 0.51; 95% CI, 0.14-1.88; p = 0.31)
(Table S4).

Sensitivity analysis

We performed a sensitivity analysis by restricting in-
clusion to participants who developed COVID-19 after
the availability of vaccines. Because the vaccines
were available on December 18, 2020, the earliest
date of postvaccination COVID-19 after partial vac-
cination was December 25, 2020, which was selected
as the start date for the sensitivity analysis. After
adjusting for potential confounders, postvaccination
COVID-19 was associated with reduced overall (aHR,
0.25; 95% CI, 0.11-0.59; p = 0.001) and COVID-19-
related (aHR, 0.33; 95% CI, 0.13-0.85; p = 0.02)
death (Table S5). Similar to the findings in the pri-
mary analysis, the association of postvaccination
COVID-19 and reduced mortality was observed after
both full (aHR, 0.25; 95% CI, 0.08-0.78; p = 0.001)
and partial (aHR, 0.33; 95% CI, 0.13-0.85; p = 0.02)
vaccination (Table S6).

To account for patients who developed reinfec-
tion after recovery from prior SARS-CoV-2 infection,
we performed a sensitivity analysis, adjusting for this
variable.

Prior SARS-CoV-2 infection was not associ-
ated with mortality (aHR, 0.23; 95% CI, 0.03-1.75;
p = 0.15). A multivariable analysis with inclusion of
prior COVID-19 in the model showed similar asso-
ciations noted in primary analysis. Postvaccination
COVID-19 remained associated with overall (aHR,
0.24; 95% CI, 0.12-0.50; p = 0.0001) and COVID-
19-related (aHR, 0.23; 95% CI, 0.10-0.53; p = 0.001)
mortality (Table S7).

Clinical course of participants who died after
postvaccination COVID-19

A total of 9 participants (3.5%) died following postvac-
cination COVID-19, 4 after full and 5 after partial vac-
cination. Of these, 7 (2.8%) were COVID-19-related, 3
after full and 4 after partial vaccination. The risk factors
and clinical characteristics of these patients are shown
in Table 4. All 7 participants who died from COVID-19
followed a similar course, admitted with symptomatic
COVID-19 pneumonia and respiratory failure, with
no differences between those fully or partially vacci-
nated participants. Two other deaths were unrelated to
COVID-19 or liver disease (one following polymicrobial
bacteremia unrelated to liver disease and one with pul-
monary edema and cardiac arrest following cocaine
use).
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DISCUSSION

While COVID-19 vaccines are highly effective in the
general population, no vaccine is universally suc-
cessful in preventing infection.l'" Patients with cir-
rhosis can become ill, require hospitalization and/or
mechanical ventilation, or even die from COVID-19
infection after vaccination. We have previously shown
the likelihood of COVID-19 among 20,037 patients
with cirrhosis who underwent vaccination within the
VA system.m In this analysis, we focused on clinical
morbidity and mortality associated with 254 patients
who developed postvaccination COVID-19 and com-
pared their outcomes with those with unvaccinated
COVID-19. The findings indicate that patients with
cirrhosis and postvaccination COVID-19 infection can
have serious complications, including hospitalization,
mechanical ventilation, or death (n =9, 3.5% mortality
rate), albeit all at lower rates than those with unvac-
cinated COVID-19.

The association of postvaccination COVID-19 and
reduced mortality was observed after both full and par-
tial vaccination, suggesting that patients with cirrhosis
should be encouraged to take the first dose at the ear-
liest available opportunity.

When the definition of partial vaccination was
changed from 7 days to 21 days after the first dose,
the association of reduced mortality approached that
observed after full vaccination. Although postvaccina-
tion COVID-19 was associated with reduced mortality,
COVID-19-related mortality, and the need for mechan-
ical ventilation, there was no association of a reduction
in overall hospitalization within 60 days or COVID-19-
associated hospitalization. This discordance is likely
because there were no uniform criteria for hospitaliza-
tion across centers, and patients were admitted for a
myriad of reasons including the need for isolation in the
absence of caregivers or for close observation in the
setting of decompensated cirrhosis. The observation
that postvaccination COVID-19 was associated with
reduced need for mechanical ventilation corroborates
less severe disease among those participants who
were hospitalized.

The Centers for Disease Control and Prevention
(CDC) reported that out of 10,262 SARS-CoV-2 vaccine
breakthrough infections in the United States among the
general population, 995 (10%) were hospitalized, and
160 (2%) died."” Hospitalizations and deaths were
COVID-19-related in 706 (71%) and 132 (82%), respec-
tively. Our data suggest rates that are higher than those
in the CDC cohort, with postvaccination COVID-19 in
cirrhosis associated with higher overall (3.5 vs. 2%) and
COVID-19-related (2.8% vs. 1.3%) mortality, as well as
hospitalization (42.1 vs. 10%) and COVID-19-related
hospitalization (19.7% vs. 6.9%), which is consistent
with the higher prevalence of comorbidities among vet-
erans compared to the general population.

Sequencing data were only available in 555 (5%) re-
ported cases in the CDC cohort, with 356 (64%) SARS-
CoV-2 variants of concern, including B.1.1.7 (199; 56%),
B.1.429 (88; 25%), B.1.427 (28; 8%), P.1 (28; 8%), and
B.1.351 (13; 4%).1"%

We noted an association of the use of dexametha-
sone with increased overall and COVID-related mor-
tality in our cohort. The magnitude of this association
was lower when hospitalization was included in the
multivariable model. Only 16.5% of patients in either
group received dexamethasone, and we did not con-
trol for the timing of administration of the medication.
The findings most likely represent confounding by
indication because only hospitalized and the sicker
patients received dexamethasone. The association of
postvaccination COVID-19 and death did not change
if dexamethasone was removed from the multivariable
model.

We also performed a stratified analysis of post-
vaccination COVID-19, by the type of mMRNA vaccine.
Postvaccination COVID-19 following receipt of the
mRNA-1273 vaccine was associated with a numerically
greater but statistically insignificant reduction in overall
and COVID-19-related mortality compared to that fol-
lowing the BNT162b2 mRNA vaccine. Of note, there
are emerging data that the 1273-mRNA vaccine may
be slightly more effective at protection against the delta
variant, presumably due to the higher dose of vaccine
(100 vs. 30 pg)m]; however, our cohort may be under-
powered to detect small differences between the two
mRNA vaccines.["’!

Postvaccination COVID-19 can occur due to either
primary vaccine failure or breakthrough infections de-
spite vaccine response. Primary vaccine failure occurs
when patients do not develop an adequate immune
response despite partial or full vaccination.™ This
has been observed in posttransplant patients, who
mount a diminished antibody response to COVID-19
vaccines.™ Chronic liver disease, particularly decom-
pensated cirrhosis, is associated with vaccine hypo-
responsiveness to several commonly used vaccines,
including hepatitis B, pneumococcal, and influenza
vaccines.['® Our previous data suggest that the reduc-
tion in COVID-19 infection associated with vaccination
is lower and slower in cirrhosis." Our stratified analysis
based on hepatic compensation indicates that among
patients with compensated cirrhosis, postvaccination
COVID-19 was associated with a greater reduction in
hazard of death and COVID-19-related death com-
pared to decompensated cirrhosis. These data are
consistent with the lower association of reduction in
COVID-19 after mRNA vaccines among patients with
decompensated cirrhosis.

Breakthrough infections occur after adequate anti-
body response to the COVID-19 vaccine and have been
attributed to SARS-CoV2 variants such as the delta
variant."”! These infections occur despite an adequate
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antibody response to the vaccine but have been as-
sociated with lower viral loads of SARS-CoV2, which
in turn may explain the reduced severity of COVID-19
infection.'®! Further studies are needed to identify an-
tibody and T-cell responses in patients with cirrhosis
after COVID-19 vaccination and the type of variants in
postvaccination COVID-19 infection.

Limitations

We acknowledge the following limitations to our study.
While we present a relatively large number of patients
with cirrhosis and postvaccination COVID-19 infec-
tions, the numbers reported here are likely to be an un-
dercount as asymptomatic patients were less likely to
be screened."” Asymptomatic COVID-19 may be more
common with postvaccination COVID-19. Due to the
retrospective study design, we were unable to account
for differences in SARS-CoV-2 variants. However, a
sensitivity analysis that restricted analysis to a similar
point of time during the pandemic for postvaccination
and unvaccinated COVID-19 showed similar results.
The veteran cohort is limited in the proportion of
women. The majority of postvaccination SARS-CoV-2
infections in this study was reported following mRNA
vaccines, a reflection of earlier vaccine availability and
greater use of MRNA vaccines within the VA system.

Strengths

The data presented have relative strengths. This is a
large cohort of postvaccination COVID-19 infection in a
well-characterized group of patients with cirrhosis. We
propensity-matched the two groups for various factors
associated with severe COVID-19. Granular data were
available on each patient, which helped to identify the
reasons for testing for COVID-19, details of treatments,
hospitalization, and death by chart review.

In summary, postvaccination COVID-19 in patients
with cirrhosis can be associated with serious outcomes.
Therefore, these patients should be counseled to follow
self-protective behavior to minimize risk.

However, our findings that postvaccination COVID-19
is associated with lower overall and COVID-19-related
mortality and risk of mechanical ventilation should be
encouraging for patients with cirrhosis and the practi-
tioners who care for them. The fact that this association
was observed even after partial vaccination may help
persuade patients with vaccine hesitancy to receive
vaccination.
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