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1  |  INTRODUC TION

The COVID- 19 (coronavirus disease 2019) pandemic has impacted 
solid organ transplantation (SOT) in multiple ways. As the pandemic 
continues to evolve without any sign of respite, transplant centers 
have initiated SOT despite the pandemic. The timing of transplan-
tation and organ procurement after SARS- CoV- 2 (severe acute 

respiratory syndrome coronavirus- 2) infection is vital for the candi-
date’s outcomes and donor's health. For patients with end- stage heart 
or lung disease who contract COVID- 19 and recover while waitlisted, 
the International Society of Heart and Lung Transplantation recom-
mends waiting at least 14 days after the initial diagnosis and two suc-
cessive negative polymerase chain reaction (PCR)- based tests 48 h 
apart before transplantation. This timeframe is based on the higher 
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COVID- 19 (coronavirus disease 2019) has impacted solid organ transplantation (SOT) 
in many ways. Transplant centers have initiated SOT despite the COVID- 19 pandemic. 
Although it is suggested to wait for 4 weeks after COVID- 19 infection, there are no 
data to support or refute the timing of liver transplant after COVID- 19 infection. Here 
we describe the course and outcomes of COVID- 19- infected candidates and healthy 
living liver donors who underwent transplantation. A total of 38 candidates and 33 
potential living donors were evaluated from May 20, 2020 until October 30, 2020. 
Ten candidates and five donors were reverse transcriptase- polymerase chain reaction 
(RT- PCR) positive for severe acute respiratory syndrome coronavirus- 2 (SARS- CoV- 2) 
pretransplant. Four candidates succumbed preoperatively. Given the worsening of 
liver disease, four candidates underwent liver transplant after 2 weeks due to the 
worsening of liver disease and the other two candidates after 4 weeks. Only one 
recipient died due to sepsis posttransplant. Three donors underwent successful liver 
donation surgery after 4 weeks of COVID- 19 infection without any postoperative 
complications, and the other two were delisted (as the candidates expired). This re-
port is the first to demonstrate the feasibility of elective liver transplant early after 
COVID- 19 infection.
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acuity of heart-  and lung-  waitlisted patients and lesser opportuni-
ties for organ availability.1 The American Society of Transplantation 
(AST) recommends at least 28 days of symptom resolution prior 
to procuring an organ from a COVID- 19- positive donor. However, 
they do not comment on the duration in the recipient.2 Further, the 
AST guidance recommends at least one negative nucleic acid test 
(NAT) from the respiratory tract within 3 days prior to transplant.3 
Although it is suggested to perform living donor liver transplanta-
tion (LDLT) in patients with a high Model for End- Stage Liver Disease 
score (MELD > 25) or patients with fulminant liver failure, the tim-
ing of surgery after COVID- 19 infection in a recipient is not known.4 
There are few reports of deceased donor liver transplants 2– 70 days 
after COVID- 19 infection.5- 8 However, there is a paucity of data on 
managing COVID- 19 patients who are awaiting LDLT and the timing 
of liver transplantation and organ procurement from a living donor. 
Here we describe the course and outcomes of COVID- 19 candidates 
and healthy living liver donors who underwent LDLT at our center.

2  |  METHODS

We performed a retrospective analysis of candidates and donors 
who underwent LDLT from May 20, 2020 until October 30, 2020. 
If the candidate or donor had symptoms suggestive of COVID- 19 
(fever, dyspnea, cough, or any gastrointestinal symptoms of recent 
onset) anytime while on the waitlist, they were directed to undergo 
computed tomography (CT) of the chest, SARS- CoV- 2 RT- PCR (re-
verse transcriptase- polymerase chain reaction), and antibody test-
ing. Each donor and candidate would undergo two RT- PCR tests 
24 h apart, with CT screening of chest and antibody testing before 
elective surgery (even in the absence of symptoms). Patients and do-
nors were scheduled for surgery if both the RT- PCR results were 
negative, CT was normal, and antibodies were negative, or only IgG 
was positive. If the candidate was RT- PCR positive and/or IgM anti-
body positive, the surgery was postponed for 14 days. If the donor 
was positive or both the candidate and donor were positive, and the 
candidate was stable, the surgery was postponed for 4 weeks. In 

case the candidate was worsening (rise in MELD score), we would 
assess for the feasibility of surgery after 2 weeks with RT- PCR test-
ing, symptom assessment, CT chest, and antibody testing (Figure 1).

For RT- PCR, two separate nylon flocked swabs were taken from 
the nasopharynx and oropharynx into viral transport medium vial. 
The extraction of RNA and amplification was done by the RT- PCR 
apparatus (Allplex 2019- nCoV Assay). SARS CoV- 2 antibody assay 
(Abbott Laboratories) was done using a chemiluminescent micropar-
ticle immunoassay intended for the qualitative detection of IgM or 
IgG antibodies to SARS CoV- 2. We considered the day of RT- PCR 
positive and/or IgM positive as the first day of infection irrespective 
of symptoms.

COVID- 19 Reporting and Data System (CO- RADS) is a categor-
ical assessment scheme for pulmonary involvement of COVID- 19 
based on CT. CO- RADS assesses the suspicion for pulmonary in-
volvement of COVID- 19 on a scale from 1 (very low) to 5 (very high).9 
CO- RADS 4/5 is considered as COVID- 19 positive even in the ab-
sence of a positive test.

3  |  RESULTS

A total of 38 candidates and 33 potential living donors were evalu-
ated during the study period. Of them, 10 candidates (Cases #1– 10) 
and five donors were RT- PCR positive for SARS- CoV- 2 pretransplant 
(Figure 2). Of the 10 candidates, four patients were symptomatic for 
COVID- 19, and the rest were diagnosed incidentally prior to surgery 
(Table 1). Given the worsening of liver disease, four patients under-
went transplant after 2 weeks (Cases #1– 4), and the other two pa-
tients after 4 weeks (Cases #5 and 6). Six of the recipients who could 
undergo LDLT had mild to moderate severity of COVID- 19. The other 
four candidates (Cases #6– 10) had moderate to severe disease and 
succumbed pretransplant. The mean MELD score at transplant listing 
was 21 ± 3, and MELD on the day of surgery was 25 ± 5 (p = .009) 
among six patients who underwent transplant. Biochemical variables 
and inflammatory markers of the candidates at the time of surgery are 
detailed in Table 2.

F I G U R E  1  Protocol for liver 
transplant after a SARS- CoV- 2 infection. 
CT, computed tomography; LT, liver 
transplantation; RT- PCR, reverse 
transcriptase- polymerase chain reaction; 
SARS- CoV- 2, severe acute respiratory 
syndrome coronavirus- 2 [Color figure can 
be viewed at wileyonlinelibrary.com]
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Only one of the five donors was symptomatic with cough, and 
the rest were incidentally detected preoperatively. All the donors 
had mild disease and were managed conservatively for COVID- 19. 
Three donors underwent successful surgery without any postop-
erative complications (the other two recipients were delisted). We 
performed antibody testing in Cases #1– 6 (recipient candidates) and 
three potential donors prior to surgery. Two candidates (#1 and #2) 
were negative for antibodies (both IgM and IgG) at the time of sur-
gery, and the rest of the individuals who underwent surgery (candi-
dates #3– 6 and three donors) were IgG positive.

3.1  |  Timeline of COVID- 19 in candidates who 
underwent liver transplant

The mother (donor) of candidate #1 presented with complaints of sore 
throat and cough for 4 days (8 days prior to surgery). Her RT- PCR was 
positive. She was isolated and managed conservatively. After 12 days, 
the candidate (#1) presented with dyspnea on exertion and tense as-
cites, which was initially thought to be due to COVID- 19. His SpO2 
was 97%, and his CT chest was suggestive of no active disease (CO- 
RADS- 1). He had worsening of ascites, rise in bilirubin, and was also 
found to be RT- PCR positive. Ascitic tapping relieved his dyspnea. He 
recovered with symptomatic treatment within 48 h. Given the wors-
ening of liver disease (MELD: increased to 29 from 22), we performed 
LDLT after 17 days when he cleared his virus (2 × RT- PCR negative), 
and the CT scan was normal.

Candidates #2 and #3 were incidentally detected to be 
COVID- 19 positive prior to elective surgery and later underwent 
surgery on days 15 and 16, respectively, due to worsening liver dis-
ease. Candidate #2 had a rise in MELD from 19 to 24. He was treated 
with remdesivir. Repeat RT- PCR after 14 days (two samples) was 
negative, and CT was suggestive of CO- RADS- 2 at the time of sur-
gery. Candidate #3 developed hepatic encephalopathy (serum po-
tassium was 3.4 meq/dl) with an increase in MELD score by 3 points. 
She was treated with remdesivir for 5 days. She also underwent one 
session of plasma exchange for rising bilirubin and was bridged to 
liver transplant after 16 days. Prior to surgery, she was SARS- CoV- 2 
IgG positive.

Candidate #4 was incidentally detected to be RT- PCR positive 
and IgM+ prior to planned elective surgery. Though he had mild 
COVID- 19, he developed worsening of MELD score from 22 to 28 

and underwent liver transplant at day 16 when he was RT- PCR neg-
ative and IgG positive.

Candidate #5 presented with complaints of cough and fever for 
2 days prior to surgery and was found to be RT- PCR positive. His donor 
(elder sister) was simultaneously detected RT- PCR positive, although 
she was asymptomatic. The candidate recovered with symptomatic 
management. As the candidate was stable, we waited for 4 weeks 
before surgery. Candidate #6 and his donor (wife) were incidentally 
detected to be COVID- 19 positive prior to surgery. Since the candi-
date was stable, we waited for 4 weeks. The course of four candidates 
(#6– 10) who succumbed pretransplant is shown in Figure 3.

3.2  |  Posttransplant management

Intraoperatively, all the six recipients received 10 mg/kg of methyl-
prednisolone, and postoperatively, from day 1, we initiated 1 mg/kg 
of methylprednisolone and gradually tapered over 8 days to 30 mg 
oral prednisolone. Tacrolimus was initiated on day 1 after surgery to 
achieve a trough level of 8– 10 ng/ml. Mycophenolate mofetil (MMF) 
was introduced on day 2 after surgery for all the six recipients at a 
dose of 0.5 g/day in two divided doses and escalated up to 2 g/day 
in two divided doses. Recipient #1 did not tolerate the higher dose 
of MMF (developed cytopenia on 2 g/day) and is on 1 g/day of MMF. 
Recipient #2 developed fever and biliary leak. SARS- CoV- 2 RT- PCR 
was negative, and CT chest was normal. He succumbed to sepsis 
and graft dysfunction at day 24 posttransplant. Recipient #3 devel-
oped reactivation of herpes labialis on day 12, for which prednisolone 
dose was reduced to 10 mg/day, and aciclovir therapy was initiated. 
Recipient #4 developed tacrolimus toxicity and is being managed with 
steroids and MMF. Recipient #5 developed acute cellular rejection 
on day 42 and was pulsed with steroids after sepsis screening was 
negative. Postsurgery graft function stabilized in all patients except 
in candidates #1 and #4, who had a very gradual decline in bilirubin 
levels (Figure 4).

4  |  DISCUSSION

In this case series, we report the feasibility of early liver transplant 
after COVID- 19 infection in a selected group of patients. Although it 
is suggested to wait for 4 weeks after COVID- 19 infection, there are 

F I G U R E  2  Flowchart depicting 
the candidates and donors screened/
transplanted during the study period
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no data to support or refute liver transplant timing after COVID- 19 
infection.10 Further, it is difficult to postpone the surgery for 4 weeks 
in LDLT due to organ availability and the ethical concern of trans-
planting those who might succumb if not transplanted soon enough. 
COVID- 19 can induce the worsening of liver disease even in the ab-
sence of respiratory symptoms.11 We performed LDLT after 2 weeks 
for four candidates due to deterioration of liver disease and a rise in 
MELD score. The other two were transplanted after 4 weeks as the 
donor was also positive, and the candidates were stable. Patients with 
mild COVID- 19 can safely undergo liver transplant without any added 
complications after 14 days, provided the patient is asymptomatic, RT- 
PCR is negative twice 24 h apart with a normal chest CT with or with-
out IgG antibodies. The viral load in COVID- 19 peaks during the first 
week of illness and then gradually declines over the second week.12,13 
Furthermore, both IgG and IgM antibodies start to increase around 
day 10 after symptom onset.12 In our series, the candidates cleared 
the virus within 15 days though the antibodies were not present in 
all cases. While we required patients to have both a negative RT- PCR 
and a waiting period of 14– 28 days after COVID- 19 infection prior to 
transplant, it is unknown if both or one of these was the reason for 
successful outcomes.

Liver injury is well known in COVID- 19 and is multifactorial.14,15 
There are some concerns regarding the transmission of the virus 
from COVID- 19- positive donor to the recipient.16- 18 There is, how-
ever, no evidence currently to support the productive infection of 
the liver with SARS- CoV- 2, and liver injury is probably a bystander 
phenomenon. Hence, the risk of SARS- CoV- 2 transmission from 
asymptomatic or minimally symptomatic donors is likely very 
low.19,20

Although we regularly screened the candidates and donors for 
COVID- 19 symptoms (irrespective of the contact history), unfor-
tunately, many of our patients and donors were asymptomatic and 
were diagnosed through routine pretransplant screening. The liberal 
way of performing two COVID- 19 RT- PCR tests, CT thorax and anti-
body testing, may help identify infected individuals and improve the 
outcomes. But it is associated with a cost burden of approximately 
150$ in our setting.

The limitation of the study is the small sample size and retrospec-
tive analysis. Further prospective studies are required to compare 
the outcomes of non- COVID- 19 candidates/donors vs. COVID- 19 
candidates/donors. It is also unknown if donors can also undergo 
surgery early after mild and asymptomatic COVID- 19 infection. 

F I G U R E  3  Timeline of COVID- 19 in 
candidates who succumbed pretransplant. 
Candidates 7 and 8 succumbed to 
liver disease, and candidates 9 and 10 
succumbed to COVID- 19. ACLF, acute 
on chronic liver failure;ALF, acute 
liver failure; COVID- 19, coronavirus 
disease2019; CRRT, continuous renal 
replacement therapy; HAV, hepatitis A 
virus; MELD, Model for End- Stage Liver 
Disease; RT- PCR, reverse transcriptase- 
polymerase chain reaction [Color figure 
can be viewed at wileyonlinelibrary.com]

F I G U R E  4  Change in serum total 
bilirubin after liver transplant in recipients 
(#1– 6) from postoperative day 1 to  
day 30 

www.wileyonlinelibrary.com
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However, this report is the first to demonstrate the feasibility and 
safety of liver transplant early after COVID- 19 infection.
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