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Coronavirus Disease 2019 and Liver 
Transplantation: Lessons from the First 
Year of the Pandemic
Meaghan M. Phipps  and Elizabeth C. Verna
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Over the last year, the novel coronavirus disease 2019 (COVID- 19) has continued to spread across the globe, causing signifi-
cant morbidity and mortality among transplantation candidates and recipients. Patients with end- stage liver disease awaiting 
liver transplantation and patients with a history of liver transplantation represent vulnerable populations, especially given the 
high rates of associated medical comorbidities in these groups and their immunosuppressed status. In addition, concerns sur-
rounding COVID- 19 risk in this patient population have affected rates of transplantation and general transplantation prac-
tices. Here, we explore what we have learned about the impact of COVID- 19 on liver transplantation candidates and recipients 
as well as the many key knowledge gaps that remain.
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The novel coronavirus disease 2019 (COVID- 19), the 
clinical syndrome caused by the severe acute respira-
tory syndrome coronavirus 2 (SARS- CoV- 2), has had 
a profound impact on all aspects of transplantation in 
the United States and worldwide. The infection con-
tinues to spread at an alarming rate around the world, 
having reached over 3.3  million deaths globally and 
over 580,000 deaths in the United States alone as of 
May 2021.(1) Although mortality from COVID- 19 is 
primarily related to pulmonary complications, there are 
numerous extrapulmonary manifestations of the disease, 
including gastrointestinal and hepatic.(2- 5) Patients with 
preexisting medical comorbidities including chronic 

liver disease (CLD) and cirrhosis are likely to be at high 
risk of severe disease and death when compared with 
healthy patients and those without liver disease.(6,7) 
There has been significant interest in the outcomes of 
patients with COVID- 19 among liver transplantation 
candidates and recipients, as well as the impact the pan-
demic has had on the rates and logistics of the trans-
plantation itself. Here, we review what we have learned 
in the first year of this pandemic about the impact of 
COVID- 19 in liver transplantation and identify key 
knowledge gaps to guide research in this area.

The Impact of the 
COVID- 19 Pandemic 
on the Practice of Liver 
Transplantation
Many aspects of health care have changed dramatically 
during the pandemic, with practices in liver trans-
plantation being no exception. Most centers rapidly 
converted to telehealth for the majority of their pa-
tient visits.(8) In the first quarter of 2020, there was a 
significant impact of the pandemic on the number of 
liver transplantations performed (Fig.  1), number of 
additions to the liver transplantation waiting list, and 
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number of liver transplantation waitlist inactivations as 
the pandemic evolved throughout the United States.(9) 
Adding  additional complexity, these data must be 
interpreted in the context of the virtually simultane-
ous change in the liver allocation system in February 
2020.(10) This initial decline in transplantation activ-
ities was likely fueled by concerns about donor and 
recipient safety, as well as the safety of the transplanta-
tion teams and unknowns about the resources available 
in transplantation centers as the virus spread geo-
graphically and access to viral testing was very  limited. 
In  addition, there was a notable increase in number 

of waitlist  inactivations because of COVID- 19 pre-
cautions at this same time. Between March 15, 2020 
and April 30, 2020, states with the highest incidence 
of COVID- 19 cases saw 33% fewer new listings for 
liver transplantation than expected, with 34% fewer 
deceased donor liver transplantations (DDLTs). Over 
this period, transplantation centers in these states had 
59% more waitlist deaths than expected.(11)

Interestingly, even within geographic areas with 
similar COVID- 19 rates, there were significant vari-
ations in transplantation practices between individual 
centers. When changes in adult DDLT in the month 
preceding and following the onset of widespread 
COVID- 19 infection in the United States were evalu-
ated, there was an 11.0% decrease in deceased donors 
from February 2020 to March 2020 overall, with a 
resultant decrease in adult DDLTs nationally of 24.7%. 
When region and center were considered, there was 
much greater variability seen in 2020 compared with 
2019 when looking at transplantation practices within 
the same region, despite similar rates of COVID- 19 at 
these centers. This was observed among regions with 
high and low rates of COVID- 19, although notably 
with some of the highest within- region variability seen 
in that with the highest burden of COVID- 19 cases 
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(such as region 9).(12) It is not clear what accounts for 
these differences, though it is possible that center- 
specific resources, COVID- 19 transmission among 
transplantation team members, and center leadership 
philosophy regarding risk may have played a role.

Despite the risks and unknowns, these early effects 
of the pandemic on transplantation and waitlist rates are 
largely seen only in the first 2 months of the pandemic. 
Subsequently, even as COVID- 19 cases spread between 
states, waitlist registrations, rates of transplantation, 
and waitlist mortality were very near that expected in 
new high- incidence areas.(11) Some of this restoration 
of transplantation volume may be attributed to the rapid 
implementation of guidance surrounding COVID- 19 
from the United Network for Organ Sharing (UNOS) 
as well as medical societies.(13,14) With the adoption of 
COVID- 19 testing in donors and recipients based on 
society guidelines, increased access to personal protective 
equipment, and especially now with health care workers 
having been offered vaccination against COVID- 19, 
concerns about risk of transmission to the transplan-
tation team in the perioperative period are diminished. 
Figure 1 shows the number of liver transplantations per-
formed in the United States from January 2020 to May 
2021, highlighting key events related to COVID- 19.(15)

There was a particularly sharp initial decline in liv-
ing donor liver transplantation early in the pandemic, 
which has also subsequently recovered. As reported 
also in countries where living donor liver transplan-
tation is the main source of liver allografts,(16- 18) with 
improved safety protocols and testing, these operations 
are likely safe if the local hospital resources are not 
overwhelmed. Overall, we believe living donor liver 
transplantation evaluation and programming should 
continue, especially in the context of widespread vac-
cination, with additional precautions as described 
here for donor testing to ensure safety of the potential 
donor, recipient, and transplantation team.

CLD, Cirrhosis, and Liver 
Transplantation Candidates
Since the early reports of the clinical characteris-
tics of COVID- 19, it has been clear that liver injury 
as measured by both elevations in liver enzymes and 
post- mortem pathology has been common, perhaps 
a particular threat to patients with decompensated 
liver disease.(19- 23) Liver enzyme elevations have been 
reported in up to 63.0% of patients hospitalized with 

COVID- 19 infection, with a more severe disease 
course including higher rates of intensive care unit 
(ICU) admission, intubation, renal replacement ther-
apy, and mortality seen in patients with marked eleva-
tions.(2,5,24- 26) In addition, there have been reports of 
less common but more severe forms of liver disease in 
the context of COVID- 19 that could create additional 
indications for liver transplantation, including acute 
liver failure(27) as well as progressive cholangiopathy.(28)

Patients with CLD and cirrhosis have also been 
greatly affected by COVID- 19 (Table  1). While 
patients with CLD do not appear to be overrepre-
sented in the largest epidemiological cohorts,(29) it 
does appear that patients with CLD overall are at 
increased risk of severe disease and death.(6,7) This has 
been demonstrated in large data set analyses, where 
CLD is associated with increased rates of hospitaliza-
tion and a significantly higher risk of mortality when 
compared with patients without liver disease, with the 
greatest risk among patients with cirrhosis.(6,29) From 
subsequent studies with more granular patient data, it 
is likely that both the etiology of CLD and the disease 
severity impact this risk, and it is possible that cirrhosis 
is underdiagnosed in these larger data sets.(30- 32)

The earliest multicenter cohorts to explore out-
comes among patients with cirrhosis, though relatively 
small, were from China and Italy, the first epicenters 
of the pandemic.(33- 35) Following these initial reports, 
larger studies from the United States and multinational 
cohorts have further refined our understanding of the 
relationship between CLD, cirrhosis, and COVID- 19 
outcomes. The first of these is the COVID- 19 in 
Chronic Liver Disease (COLD) consortium, which 
included 867 patients across 21 US centers with CLD 
(71.5% with cirrhosis, 10.7% with decompensated 
cirrhosis) and confirmed SARS- CoV- 2 infection. In 
this cohort, decompensated cirrhosis was associated 
with an increased risk of severe COVID- 19 infection 
and higher mortality. Higher mortality was also seen 
in alcohol- related liver disease (ALD), patients with 
hepatocellular carcinoma (HCC), and several medical 
comorbidities including older age, diabetes mellitus, 
hypertension, chronic obstructive pulmonary disease, 
and current smoking.(30) Similar findings were seen in 
the SECURE- Liver Registry (formerly SECURE- 
Cirrhosis) and the COVID- Hep registry, which 
included 745 patients with CLD from 29 countries. 
Within this cohort, patients with cirrhosis (n = 386) 
had a mortality rate of 32.0% compared with only 
8.0% in patients with CLD but no cirrhosis. Among 
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patients with cirrhosis, there was a stepwise increase in 
mortality with increasing Child- Turcotte- Pugh (CTP) 
class. Multivariable analysis showed older age, cirrho-
sis (with any CTP class), and ALD to be associated 
with increased risk for mortality.(31)

However, it is also clear that this literature must be 
interpreted in the context of carefully selected control 
groups to understand what is driving these outcomes. 
In a US- based multicenter study comparing patients 
with cirrhosis and COVID- 19 with 2 age-  and sex- 
matched comparator groups, patients with cirrho-
sis and COVID- 19 had higher mortality than those 
without cirrhosis with COVID- 19, but similar mor-
tality rates when compared with patients with cirrhosis 
without COVID- 19, perhaps indicating that cirrhosis 
itself is driving the high inpatient mortality rates.(36) 
In a recent international study comparing outcomes 
among patients with autoimmune hepatitis (AIH) and 
COVID- 19 with a propensity score– matched cohort of 
patients with other etiologies of CLD and COVID- 19, 
cirrhosis was again identified as the strongest predictor 
for severe COVID- 19 in patients with AIH.(37)

Treatment of COVID- 19 in 
Transplantation Candidates
Data for the treatment of COVID- 19 specifically 
among patients with cirrhosis and decompensated cir-
rhosis are limited. There remain concerns about the 
potential hepatotoxicity of several SARS- CoV- 2 ther-
apies, particularly remdesivir and interleukin 6 (IL6) 
inhibitors such as tocilizumab. Remdesivir has been 
associated with elevation in aspartate aminotransfer-
ase and/or alanine aminotransferase in 10.0%-11.0%  
of patients treated for SARS- CoV- 2 in the trials to 
date, though grade 3- 4 elevations in liver enzymes 
were rare and not greater than those in the control 
populations in the phase 3 trials.(38- 44) However, rem-
desivir is currently recommended to be discontinued 
among patients with liver enzyme elevation over 10 
times the upper limit of normal or if symptomatic liver 
disease is diagnosed.(45) The use of remdesivir in pa-
tients with CLD and cirrhosis has not been reported 
outside of 1 case report, where a patient with decom-
pensated cirrhosis received the medication without 
adverse effects.(46)

There are also numerous studies regarding 
tocilizumab- related hepatotoxicity in the rheuma-
tology literature, including reports of up to 71.0% of 

patients with liver injury in this context.(47- 49) In the tri-
als currently published of tocilizumab for the treatment 
of COVID- 19, liver enzyme elevations were reported 
in over 15.0% of patients, although these reflect only 
significant enzyme elevations.(50- 52) In other series, 
for example, liver enzyme elevations were seen in over 
80.0% of patients who received tocilizumab during 
their hospitalization.(53) However, it is challenging 
to understand whether there is a direct tocilizumab- 
related liver injury in many cases given the many com-
peting etiologies of acute liver injury (ALI) in this 
population, especially among hospitalized patients.

Despite these concerns, there have been no reports to 
suggest that patients with CLD and cirrhosis should not 
receive these COVID- 19- directed therapies. Given the 
significant mortality associated with severe COVID- 19, 
the increased risk of severe disease in the context of liver 
enzyme elevation, and the limited therapeutic options 
available, it will be important to report outcomes among 
these patients who receive these agents.

SARS- CoV- 2 Testing of 
Donors and Recipients at 
Transplantation
Screening of donors (both deceased and living) and re-
cipients at the time of transplantation is now widely 
performed, although not yet standardized outside of 
society consensus statements.(13,14,54,55) All patients 
who present for transplantation should be tested for 
SARS- CoV- 2 with a nasopharyngeal polymerase 
chain reaction (PCR) test prior to undergoing the 
operation. Current recommendations advise against 
transplantation in recipients with active COVID- 19 
and recommend proceeding to transplantation ideally 
2- 3 weeks after symptoms have resolved and only if at 
least 1 nasopharyngeal PCR test is negative, with some 
physicians recommending 2 negative tests.

All donors should also undergo a nasopharyngeal 
PCR test prior to acceptance of the organ offer. In 
lung transplantation donors a lower respiratory spec-
imen is also required,(56) with this policy change being 
implemented after a case of SARS- CoV- 2 transmis-
sion from a lung transplantation donor to recipient 
was reported.(57) Potential living donors with prior 
SARS- CoV- 2 infection should have at least 1 nega-
tive SARS- CoV- 2 RNA test; if repeat testing remains 
positive, proceeding to donation should be considered 
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only if they are asymptomatic and the infection was 
between 21 and 90  days prior to donor evaluation, 
as this is felt to reflect viral shedding and not new or 
active infection.(58)

One unique challenge in testing is the prolonged 
viral shedding that has been observed in patients with 
end- stage liver disease, especially among those with 
nonalcoholic fatty liver disease, where PCR testing can 
remain positive beyond the period expected in the gen-
eral population.(59,60) In addition, for patients who can-
not wait, including those with acute liver failure or high 
Model for End- Stage Liver Disease (MELD) scores, it 
has been debated whether it is safe to proceed without 
negative testing, especially in the absence of respiratory 
symptoms. There has been 1 published report describing 
transplantation of a patient with COVID- 19 in the set-
ting of acute liver failure thought to be due to Wilsonian 
crisis. The patient had symptomatic COVID- 19, 
including respiratory manifestations, and immediately 
after transplantation received remdesivir. At 3- month 
follow- up, the patient had recovered from COVID- 19 
and had good graft function.(61) In carefully selected 
patients with risks of transplantation deferral outweigh-
ing those of decompensation from COVID- 19, liver 
transplantation may be considered. However, further 
studies are needed to better understand the risks and 
benefits of proceeding to transplantation to establish 
clear guidelines and recommendations.

Safety concerns related to SARS- CoV- 2 infection in 
donors and recipients include both ongoing manifesta-
tions of COVID- 19, which is increasingly recognized to 
have a prolonged effect, and concerns about immuno-
logic events including rejection in the early postoperative 
period. Early in the pandemic, there were small num-
bers of case reports describing patients who successfully 
underwent DDLT after recovery from SARS- CoV- 2 
infection.(62- 64) In these reports, all patients recovered 
with negative PCR tests prior to transplantation, with 
the earliest transplantation occurring 36 days after onset 
of symptoms. In 1 case where the patient’s induction 
immunosuppression regimen consisted of only steroids 
and a calcineurin inhibitor, the patient experienced 
acute rejection requiring thymoglobulin and high- dose 
steroids, without subsequent adverse events.(64) There 
have since been larger case series describing both living 
donors and recipients with positive SARS- CoV- 2 RT- 
PCR as recently as 2 weeks before transplant, without 
COVID- 19– related complications.(65,66)

Data surrounding safety in donor SARS- CoV- 2 
positivity are more limited. There has been 1 case 

report of a patient with neutralizing antibodies to 
SARS- CoV- 2 who received a liver allograft from a 
patient who tested positive for SARS- CoV- 2 at the 
time of procurement, with good graft function at 
2- month follow- up.(67) However, there has also been 
a fatal case of transmission of SARS- CoV- 2 in a lung 
transplantation recipient, highlighting the need for 
ongoing vigilance in this area. While it continues to 
be debated whether the SARS- CoV- 2 virus is actively 
replicating in the liver in humans, the presence of the 
angiotensin- converting enzyme 2 (ACE2) receptor on 
hepatocytes and cholangiocytes(68) as well as the grow-
ing evidence that the virus can infect these cells and 
cause virally mediated liver injury(23,69,70) does raise the 
possibility of the liver allograft as a potential reservoir 
of virus that could be transmitted.(71)

Outcomes of COVID- 19 
in Liver Transplantation 
Recipients
Numerous studies have reported patient outcomes in 
liver transplantation recipients with SARS- CoV- 2 
infection. Major findings are summarized in Table 2. 
Early studies from the United States and Europe de-
scribed the clinical course of solid organ transplanta-
tion (SOT) recipients with COVID- 19, with mortality 
rates approaching 20% in this patient population.(72- 74)

As rates of COVID- 19 have continued to climb, 
there have been additional studies from multicenter 
consortia and large data sets. In the multicenter cohort 
from the COLD consortium including 15 medical cen-
ters in the United States, the mortality rate was 22.3%, 
similar to the early studies described. In this cohort, 
72.3% of patients required hospitalization and 26.8% 
required ICU- level care.(75) Risk factors for death in 
this group included the presence of diabetes mellitus as 
well as ALI in the graft at the time of presentation. In 
a subsequent multicenter cohort from 2 international 
registries, increased age, serum creatinine, and nonliver 
cancer were associated with increased mortality rate in 
liver transplantation recipients with COVID- 19. In 
propensity score– matched analysis (comparing liver 
transplantation recipients with COVID- 19 to patients 
with COVID- 19 without a history of liver transplan-
tation), liver transplantation itself was not associated 
with death.(76) There was similarly no difference in 
the observed risk of mortality, thrombosis events, and 
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ICU- level care in a recent large, multicenter research 
network study comparing outcomes in liver trans-
plantation recipients with COVID- 19 to those with 
COVID- 19 without a history of liver transplantation.(77)

Thus, despite initial concerns that the virus would 
be much more severe among our immunosuppressed 
transplantation recipients, it appears that when 
matched for other risk factors, transplantation status 
does not seem to be predictive of outcomes. There have 
been similar findings in the SOT literature in gen-
eral,(78) raising important questions about the role of 
a hyperimmune response in the pathogenesis of severe 
COVID- 19 and whether there are specific types or 
degrees of immunosuppression that may be helpful.

Management of COVID- 19 
in Liver Transplantation 
Recipients
The approach to management of liver transplantation 
recipients with COVID- 19 is shown in Fig. 2. Overall, 

treatment of COVID- 19 is largely the same as in non-
liver transplantation recipients(79); however, large- scale 
safety data of COVID- 19 treatments in liver trans-
plantation recipients are lacking. In some of the studies 
discussed earlier where COVID- 19- targeted therapy 
was investigated, medications including remdesivir 
and anti- IL6- receptor monoclonal antibodies were ad-
ministered to liver transplantation recipients without 
clear adverse events.(72,76,80- 82) Larger patient cohorts 
are needed to further study the safety and efficacy of 
these therapies in this patient population.

As in the general population, treatment recommen-
dations are currently based on the severity of illness, 
including whether the patient is hospitalized and the 
level of supplemental oxygen that is required (Fig.  2). 
For outpatients with asymptomatic or mild disease, an 
important treatment consideration is the use of mono-
clonal antibodies. Bamlanivimab- etesevimab is the 
most recent monoclonal antibody combination, with 
emergency- use authorization granted by the Food and 
Drug Administration as of February 2021 for nonhos-
pitalized patients with mild to moderate COVID- 19 
and high risk of disease progression however this is no 

FiG. 2. Algorithm for treatment of COVID- 19 infection among liver transplantation recipients.(79) *Requiring supplemental oxygen. 
†Not recommended for routine use if the patient is on mechanical ventilation (200 mg IV followed by 100 mg IV daily × 4 days or until 
discharge, may extend to 10 days if no improvement). ‡Dexamethasone 6 mg (IV or po) once daily × 10 days or until discharge (can use 
alternative steroid formulations at equivalent doses if dexamethasone is not available). §Within 3 days of hospital admission (if requiring 
oxygen delivery through high- flow nasal cannula or noninvasive ventilation) or within 24 hours of ICU admission; 8 mg/kg of actual body 
weight (up to 800 mg) IV once. ||If unable to tolerate corticosteroids (4 mg po once daily × 14 days or until discharge).

•

•

•
•
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longer recommended by the FDA due to decreased effi-
cacy against specific variants and is no longer available. 
Immunocompromised patients including transplanta-
tion recipients are eligible for this treatment,(83,84) though 
again specific studies in this population have not been 
performed. We currently recommend the use of mono-
clonal therapies for outpatients when available, though 
treatment in the outpatient setting can be logistically 
challenging and we encourage enrollment of transplan-
tation recipients in trials of these agents when available.

For patients who are admitted to the hospital and/or 
have moderate or severe disease as defined by their oxy-
gen requirement, current treatment recommendations 
include the use of remdesivir and corticosteroids,(79) 
including in transplantation recipients. Additional 
therapies that are currently available include the use of 
baricitinib when steroids are not tolerated, though this 
is less frequently used and there are no reports to date 
of the use of this agent among transplantation recipi-
ents for COVID- 19. In addition, successful and safe 
use of convalescent plasma has been described in SOT 
recipients in small case series, mostly in those thought 
to be at risk of progressing to severe infection.(85- 89) 
While no safety concerns have been reported with the 
use of convalescent plasma in transplantation recipi-
ents, there are no data that convalescent plasma is of 
particular benefit, either in the general population or 
in transplantation recipients.(79)

An additional area of interest in the management of 
SARS- CoV- 2 infection in liver transplantation recipi-
ents is the approach to immunosuppression. In one of 
the first studies to detail immunosuppression in liver 
transplantation recipients, baseline immunosuppres-
sion using mycophenolate was associated with severe 
COVID- 19, especially at doses higher than 1 g per 
day(74); one proposed mechanism for severe disease with 
mycophenolate is the possibility of a synergistic effect 
of mycophenolate and COVID- 19 depleting T lym-
phocytes.(74,90) This association was not seen with cal-
cineurin inhibitors or everolimus, and in fact one other 
study showed tacrolimus to be associated with a positive 
effect on patient survival.(91) However, this has not been 
seen in subsequent studies investigating immunosup-
pression in transplantation recipients with COVID- 19, 
including a large multicenter cohort of SOT recipients 
where various measures of immunosuppression inten-
sity did not show an association with mortality risk.(80) 
In cohorts of liver transplantation recipients alone, rates 
of immunosuppression modification ranged from 44% 
to 49.4%, with more severe disease associated with 

a greater likelihood of change in immunosuppres-
sion.(75,92) In these studies, only 1 patient had acute cel-
lular rejection, and changes in immunosuppression were 
not associated with the risk of ALI or risk of mortal-
ity.(75) Patient outcomes were not impacted by immuno-
suppression reduction or discontinuation.

It has also been postulated COVID- 19 may impact 
immunosuppression levels, with a multicenter study 
of SOT recipients reporting increased serum tacroli-
mus concentrations at the time of presentation with 
COVID- 19 compared with baseline(93); however, this 
area needs further exploration, as does the significance 
of prolonged viral shedding and high viral burden 
among this patient population.(94)

Finally, an important consideration in the man-
agement of liver transplantation recipients with 
COVID- 19 is the approach to abnormalities in 
liver tests and the presence of ALI. In data from 
the multicenter COLD consortium including 112 
adult liver transplantation recipients, the incidence 
of ALI was lower in liver transplantation recipients 
when compared with age-  and sex- matched controls 
with CLD and COVID- 19. However, among liver 
transplantation recipients, rates of ICU admission 
and mortality were higher in patients with ALI.(75) 
ALI and abnormalities in liver tests present a unique 
challenge in liver transplantation recipients, where 
COVID- 19 and rejection can coexist. Reports of 
concomitant acute cellular rejection and acute hep-
atitis secondary to COVID- 19 have been described 
in a liver allograft recipient,(95) highlighting the 
importance of liver biopsy in select circumstances, 
given that the laboratory abnormalities for rejection 
and COVID- 19 may be indistinguishable from one 
another.

COVID- 19 Vaccination 
in Liver Transplantation 
Candidates and Recipients
The safety and efficacy of the currently available 
SARS- CoV- 2 vaccines continue to be studied among 
liver transplantation candidates and recipients. Given 
the high rates of morbidity and mortality in this popu-
lation associated with infection, there have been broad 
recommendations in support of vaccination in both of 
these populations.(96,97) Both the American Society 
of Transplantation and American Association for the 
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Study of Liver Diseases have released guidelines on 
COVID- 19 vaccination in liver transplantation candi-
dates and recipients.(97,98)

It is recommended that all transplantation can-
didates and their household contacts receive the 
COVID- 19 vaccine. The vaccine series should be 
completed at least 2 weeks prior to transplantation, 
if possible. SOT recipients are known to have a low-
ered response to vaccination in general(99- 101) therefore, 
prioritization of vaccination in the pretransplantation 
population is especially important. While there are 
not yet robust data regarding antibody and cellular 
immune responses to these vaccines among patients 
with cirrhosis, some clinical efficacy data are emerging 
in real world datasets.

A large cohort of patients with cirrhosis from the 
Veterans Administration was recently studied who 
received at least 1 dose of the vaccine (n = 20,037) 
compared with 20,037 propensity- matched controls 
to assess the association between vaccination and new 
COVID- 19 infection and COVID- 19 hospitaliza-
tion and death.(102) By 28 days after the initial dose, 
receipt of 1 dose of an mRNA vaccine was associated 
with a 64.8% reduction in COVID- 19 infections and 
100% protection against hospitalization or death due 
to COVID- 19 infection. Receipt of a second dose 
was associated with a 78.6% reduction in COVID- 19 
infections and 100% reduction in COVID- 19– related 
hospitalization or death after 7 days.

In transplantation recipients, COVID- 19 vaccina-
tion is also recommended, although concerns regarding 
the efficacy of the vaccine in this population have been 
raised. SOT recipients have a lower antibody- related 
response to natural infection,(103) with factors such as 
time from transplantation and number of immuno-
suppressive agents being predictive of antibody non-
response. Similar data have now been reported with 
antibody response to vaccination as well. In a study of 
658 transplantation recipients, only 14.9% of patients 
mounted a detectable antispike antibody response 
after dose 1, and 54.3% after dose 2.(104,105) Risk fac-
tors for lack of antibody response included antimetab-
olite immunosuppression. Reduced cellular immune 
response to vaccination has also been described 
in renal transplantation recipients compared with 
healthy controls,(106) though some patients without 
documented antibody responses may have significant 
cellular responses.(107) As a result, several groups have 
now studied administration of a third dose of mRNA 
vaccines in an attempt to improve antibody responses 

in transplant recipients. In France, a third dose of 
mRNA vaccine for immunocompromised patients 
including transplant recipients has been recom-
mended since April 2021, resulting in documentation 
of higher antibody response rates after the third dose 
in this group. In an initial cohort of 101 solid organ 
transplant recipients, 40% had detectable antibodies 
before the third dose, which increased to 68% 4 weeks 
after the third dose.(108) Subsequently, a prospective 
randomized controlled trial from Canada comparing 
2-  and 3- dose vaccine regimens also confirmed higher 
antibody response rates in the 3- dose arm, including 
increased titers of neutralizing antibodies.(109) As a 
result of these and other studies, the FDA recently 
authorized a third dose of mRNA vaccination in 
immunocompromised patients, including transplant 
recipients, and this is now also recommended by the 
CDC.(110)

The ideal timing for vaccination in liver trans-
plantation recipients who receive standard induction 
immunosuppression is unknown. Risk of acquiring 
COVID- 19 must be balanced with the potential ben-
efits of waiting longer to vaccinate after transplan-
tation in an effort to optimize vaccine response. In 
particular, for patients who require B or T cell ablative 
therapies after transplantation, it may be reasonable 
to wait until 3 months after these treatments to begin 
vaccination.

Concerns have been raised about safety of vac-
cination, including low rates of allergic reactions, 
thrombotic events, myocarditis, and others. While 
there have been no reports to date of adverse effects 
of vaccination, thrombosis or otherwise, that are 
specifically common in liver transplantation can-
didates or recipients, additional safety and efficacy 
data in this population will be important with a 
focus on both thrombotic and immune- mediated 
events.

What We Have Learned and 
Key Remaining Knowledge 
Gaps
COVID- 19 has had a significant impact on liver 
transplantation candidates and recipients, as well as 
the practices surrounding liver transplantation. Our 
knowledge has improved greatly since the first US case 
was described over a year ago, in March 2020. Despite 
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an initial decline in liver transplantations performed, 
transplantation metrics have improved throughout the 
year and perhaps exceeded projections. The transplan-
tation community made rapid adjustments includ-
ing shifting to telehealth, implementing measures to 
protect clinical teams from exposures, and facilitating 
donor and recipient testing such that after a whole year, 
there have been no reported cases of viral transmission 
with COVID- 19 in the recipient of a liver allograft. In 
addition, the community has worked together to de-
scribe risk factors for severe COVID- 19 and outcomes 
among liver transplantation candidates and recipients 
with SARS- CoV- 2 infection, and have successfully 
treated these patients for COVID- 19, balancing the 
risks and benefits of immunosuppression modifica-
tion specifically in our liver transplantation recipients. 
Perhaps most remarkably, we are now seeing our trans-
plantation candidates and recipients undergo vaccina-
tion, offering hope of a preventative strategy, even if the 
response is not as robust as in the general population.

Despite these tremendous accomplishments, there 
remain several key gaps in knowledge which should 
guide future studies and research. In particular, more 
data are needed in the following high- priority areas:
1. Safety and efficacy of COVID- 19 treatment 

strategies in patients with cirrhosis and in liver 
transplantation recipients.

2. Safety and efficacy of prevention of COVID- 19 
with vaccination in patients with cirrhosis and in 
liver transplantation recipients, including charac-
terization of cellular immune responses and rates 
of infection following the vaccine, understanding 
of the risk of rejection and/or hepatitis flare with 
vaccination, and risk of SARS- CoV- 2 infection.

3. Impact of the specific immunosuppression regi-
mens and intensities on COVID- 19 outcomes and 
vaccine responses.

4. Risk assessment of donors and recipients with re-
cent or active SARS- CoV- 2 infection in the peri-
transplantation period.

5. The long- term outcomes of liver transplantation 
candidates and recipients with COVID- 19, includ-
ing the proportion with prolonged symptoms.
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