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Background: COVID-19 is associated with higher mortality among patients who have comorbidities. However, ev-
idences related to COVID-19 among post liver transplant recipients are scarce and evolving. Methods: Adult In-
dian patients who had undergone liver transplantation at our centre since 2006 and were under regular
follow-up, were contacted either telephonically or on email. Data were recorded related to symptoms and diag-
nosis of COVID-19, need for hospitalization, and need for ICU stay and mortality. Results: Eighty one (3.71%) of
the 2182 adult Liver transplant (LT) recipients on regular follow-up reported SARS-CoV-2 infection between 1st
April 2020 and 31st May 2021. Mean age was 51.3(±9.8) years, and 74(91.4%) were males. Thirty five (43.2%) pa-
tients had one or more comorbidities. Twenty one (25.9%) patients were transplanted less than 1 year ago. Forty
four (54.3% ) patients had mild disease only while 23(28.4%) patients had severe COVID-19 disease. Of the 81 pa-
tients 14 patients died and overall mortality was 17.3% Conclusion: Uncomplicated liver transplant recipients
without comorbidities who acquire SARS-CoV-2 do not have poor outcome. ( J CLIN EXP HEPATOL 2022;12:384–
389)
COVID-19 caused by SARS-CoV-2 has been shown
to be associated with significant morbidity and
high mortality among individuals who have pre-

existing medical conditions such as obesity, diabetes, coro-
nary artery disease, chronic kidney disease and nonalco-
holic fatty liver disease.1,2 Patients who have undergone
liver transplantation are on long-term immunosuppressive
medications which predisposes them to infections.

Recent studies have suggested that patients with liver
disease especially cirrhosis may have high mortality due
to COVID-19.3 The data regarding impact of SARS-CoV-
2 infection in post LT patients is conflicting, and risk fac-
tors for outcome are also not well defined.4 Initial studies
suggested that patients on immunosuppressive medica-
tions, such as liver transplant recipients, are at increased
risk of severe COVID-19 and mortality; however, subse-
s: COVID-19, liver transplant
16.4.2021; Accepted: 12.7.2021; Available online 21 July 2021
or correspondence. Dr.Shweta A Singh, MD Anesthesiology, Direc-
ead Anesthesiology & Critical care, Center for Liver & Biliary Sci-
ax Super Speciality Hospital, Saket, New Delhi, 110017, India.
9810625177.
rshwetasingh29@gmail.com
tions: ARDS: Acute respiratory distress syndrome; CAD: Coronary
sease; CKD: Chronic kidney disease; CNIs: Calcineurin inhibitors;
19: corona virus disease 2019; LDLT: live donor liver transplants;
r transplant; NAAT: nucleic acid amplification test; NAFLD:
holic fatty liver disease; NASH: Nonalcoholic steatohepatitis;
utpatients department; SARS-CoV-2: severe acute respiratory syn-
orona virus-2
oi.org/10.1016/j.jceh.2021.07.005

Indian National Association for Study of the Liver. Published by Else
Journal of Clinical and Exp
quent evidence did not support this finding.5,6 Although
immunosuppression has risk of increased viral replication;
however, on the other hand, it may suppress immune dys-
regulation related cytokine storm in COVID-19. Data on
SARS-CoV-2 infection in liver transplant recipients is
very limited from India, which is one of the worst affected
country in this pandemic. Here we are sharing the clinical
characteristics, demographics and outcomes of SARS-CoV-
2 infection in our post liver transplant population.
METHODS

Patients and follow-up
Ours is a high-volume liver transplant centre in NewDelhi,
India, doing about 250–300 living donor liver transplants
(LDLT) annually, catering to both Indian and interna-
tional patients. Transplant recipients are kept on regular
monthly follow-up for the first year and subsequently at
regular 3–6monthly intervals through regular visits in per-
sons, or telephonically or over emails as most patients re-
turn to their respective hometowns after first few months
of the transplant. At the start of the pandemic, we reached
out to all our post liver transplant patients through email
to advise them on precautions to be taken during the
pandemic and encouraged them to contact us in case of
any health issue. During the pandemic, a close communi-
cation (either telephonically or through email) was main-
tained with them especially because they were
discouraged to travel and physically visit the hospital. All
patients were kept under closed supervision and advised
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individually on precautions they needed to take to
protect from exposure and encouraged to maintain
communication if they developed any symptoms of
SARS-CoV-2 infection. Data related to development of
symptoms, testing for SARS-CoV-2, and need for hospital-
ization and outcomes were recorded through telephonic
communication or emails.

Inclusion criteria
All post–liver transplant recipients (age >18 year at time of
transplant) on regular follow-up since 2006 who were on
follow-up had laboratory confirmed SARS-CoV-2 infection
between 1st April 2020 and 31stMay 2021 were included in
the study.

Exclusion criteria
Patients who had died or were lost to follow-up since
their transplant surgery were excluded from the study.
Patients with typical SARS-COV-2 symptoms; however,
the negative laboratory report were also excluded. The
study was approved by institute's ethical committee.
(Approval number: RS/MSSH/MHIL/SKT-1/MHEC/
CLBS/20–35).

Supervision protocol
Patients were encouraged to self-isolate themselves and get
tested with a reverse transcription polymerase chain reac-
tion (RT-PCR) assay or rapid antigen test for SARS-CoV-
2 when either they or any of their close family members
developed symptoms suggestive of COVID-19 or on con-
tact with confirmed cases as per Indian council for medical
research (ICMR) guidelines. A positive case was defined
based onWHO guidelines with a positive reverse transcrip-
tion polymerase chain reaction (RT-PCR) assay or rapid
antigen test for SARS-CoV-2 in nasopharyngeal swab,
sputum samples or bronchoalveolar lavage (BAL).7 The
choice of the diagnostic test varied according to the local
availability and hospital guidelines where patient con-
sulted. Patients who tested positive for SARS-CoV-2 infec-
tion were referred to the concerned specialist as indicated
and followed closely till recovery or death. For the patients
who were hospitalized, all the necessary information on
treatment or interventions was collected. Detailed clinical
history of risk factors, symptoms and comorbidities was
taken. Record was made if patient received any specific
antiviral therapy for SARS-CoV-2 infection. Details of hos-
pitalization, need for intensive care or respiratory support
and final outcome were obtained. Demographic details,
data regarding baseline immunosuppressive medications
and any alterations made in it after SARS-CoV-2 infection
were also recorded.

Chronic kidney disease (CKD) and its stages were
defined as per standard KDOQI definitions.8
Journal of Clinical and Experimental Hepatology | March–April 2022 | Vol. 1
Severity of COVID-19 was classified according to WHO
and national centre for disease control, India guide-
lines.7,9,10

Mild disease – Upper respiratory tract symptoms (and
or fever) without shortness of breath or hypoxia.

Moderate disease – Any one of the following: 1. respi-
ratory rate >24/min, breathlessness and 2. SpO2: 90% to
<93% on room air.

Severe disease –Any one of the following: 1. respiratory
rate >30/min, breathlessness and 2. SpO2 < 90% on room
air.

Patients were divided into three groups based on inter-
val from liver transplantation till SARS-CoV-2 infection.
Group A of the patients had SARS-CoV-2 infection within
one year of liver transplant. Group B patients were trans-
planted 1–5 year ago, while group C included the patients
who underwent transplant more than 5 year ago.

Primary outcome was survival after SARS-CoV-2 infec-
tion. Secondary outcomes were need for ICU care, need
for mechanical ventilation. All data was recorded in stan-
dardized patient data collection sheets.

Patients who belonged to Delhi and nearby areas were
treated in our centre only while remaining patients were
managed in their hometown and close follow-up was
kept via emails and telephonically. Management protocols
at these different centres although not exactly similar but
were fairly uniform and based on health ministry guide-
lines and evidence-based recommendations of WHO.

After SARS-CoV-2 infection in transplant recipients,
immunosuppressive medications were modified. Dose of
immunosuppression was reduced, and complete with-
holding was avoided. Formost of the cases, mycophenolate
mofetil was stopped in patients with moderate and severe
disease while calcineurin inhibiters (CNIs) were continued
in lower doses. All of the patients with moderately severe or
severe disease received steroids most commonly dexameth-
asone or methylprednisolone. Eleven patients received favi-
piravir. Two patients were given remdesivir, and
convalescent plasma therapy was used in one patient.
Casirivimab + Imdevimab monoclonal antibody combina-
tion was used in one patient. No patient received tocilizu-
mab drug.
Statistical analysis
All categorical data were expressed as frequency or propor-
tions, and continuous data were expressed as mean (SD) or
median (range). Statistical analysis was done using soft-
ware SPSS version 17, Chicago. The data were documented
in a predesigned proformas. The case record forms were
kept at safe places. Computer files were created in Micro-
soft excel for windows. Statistical analysis was done using
software SPSS version 17, Chicago. The normally distrib-
uted variables were expressed as mean � standard devia-
tion (SD), and continuous variables with skewed
2 | No. 2 | 384–389 385



Table 1 Characteristics of Liver Transplant Recipients With
SARS-CoV-2 Infection.

Parameters Results

Patients, n 81

Age, Mean (�SD) 51.34 (�9.8) years

Male n (%) 74 (91.4%)

Female n (%) 7 (8.6%)

Duration since transplant n (%)

Group A- Less than 1 year 21 (25.9%)

Group B �1 to 5 years 36 (44.4%)

Group C- More than 5 years 24 (29.6%)

Pretransplant liver disease n (%))

ALD 24 (29.6%)

NASH 22 (27.2%)

Cryptogenic cirrhosis 15 (18.5%)

HBV cirrhosis 12 (14.8%)

Others 8 (9.9%)

Comorbidities n (%))

No Comorbidities 46 (56.7%)

Diabetes mellitus 22 (27.1%)

DM2 and HTN 6 (7.4%)

Hypertension 3(3.7%)

DM2 CKD 4 (4.9%)

Baseline immunosuppression n (%))

A-Tacrolimus only 11 (13.5%)

B-CNIs + Mycophenolate 59 (72.8%)

C-CNIs + Mycophenolate + Oral prednisolone 10 (12.3%)

D-Everolimus 1 (1.2%)

Specific antiviral therapy for SARS-CoV-2)

Favipravir 11 (13.5%)

Remdesivir 2 (2.4%)

Plasma therapy 1(1.2%)

Casirivimab + imdevimab 1(1.2%)

Symptoms at presentation n (%))

Fever 52 (76.5%)

Cough 35 (52.2%)

Shortness of breath 17 (25.8%)

Diarrhea 7 (10.6%)

Severity of COVID-19

Mild 44 (54.3%)

Moderate 14 (17.3%)

Severe 23 (28.4%)

Hospitalization n (%) 35 (43.2%)

Need for ICU n (%) 28 (34.6%)

Need for mechanical ventilation 17 (20.9%)

Table 1 (Continued )

Parameters Results

Death 14 (17.3%)

CNIs – calcineurin inhibitors.
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distribution as median (interquartile range). Categorical
data were presented as frequency and proportions. The
comparison of continuous variables between two groups
was done using the independent t-test and Mann–
Whitney U test. Categorical variables were analyzed using
the chi-square test and Fisher's exact test. Logistic regres-
sion analysis was done to determine risk factors for mortal-
ity. A P value of <0.05 was considered as statistically
significant.
RESULTS

Demographic characteristics
Of the 3096 patients who underwent liver transplantation
(>95% live donor related transplant) at our centre since year
2006, 2182 adult recipients were under regular follow-up
and in communication with us at the start of the
pandemic. Of these, 88 patients (3.71%) reported SARS-
CoV-2 infection between 1st April 2020 and 31st
November 2020. Six adult patients were excluded from
the analysis as follow-up data about recovery from
COVID-19 was not available. One child transplant recip-
ient was also excluded, and 81 patients were included in
the final analysis. At the time of writing of this manuscript,
India had about 20,621 SARS-CoV-2 laboratory-confirmed
cases per million population which is about 2.06% of the
general population.11 Average age of SARS-CoV-2–infected
patients in our study was 51.3 years, and 74 patients
(91.4%) were males. Twenty-one (25.9%) patients infected
with SARS-CoV-2 underwent liver transplant within one
year (group A). Thirty-six (44.4%) patients received trans-
plant between 1 and 5 year while 24 (29.6%) patients
were transplanted more than 5 year ago.

Pretransplant cirrhosis etiology
All 81 patients received transplant for liver cirrhosis. Most
common etiology of pretransplant cirrhosis was alcohol-
related liver disease (ALD) which was present in 24
(29.6%) patients. NASH related cirrhosis was seen in 22
(27.2%) while 15(18.5%) and 8(9.9%) patients had crypto-
genic and HBV-related cirrhosis, respectively.

Comorbidities
Diabetes mellitus was the most common comorbidity,
which was seen in 22 (27.1%) SARS-CoV-2 infected pa-
tients. Hypertension alone was present in 3(3.7%) patients
while 6 (7.4%) patients had DM2 with hypertension. Four
tion for Study of the Liver. Published by Elsevier B.V. All rights reserved.



Table 2 Comorbidities and Time Since Transplantation in Died
and Survived Group.

Variables Died
(n=)

Survived
(n=)

Total P value

Patients with
comorbidity n (%)

11 (31.4%) 24 (68.5%) 35 (43.2%) 0.003

Patients without
comorbidity n (%)

3 (6.5%) 43 (93.4%) 46 (56.7%)

Less 1 year since
liver transplant
(Group A) n (%)

1 (4.7%) 20 (95.2%) 21 (25.9%) 0.102

1–5 year since
liver transplant
(Group B) n (%)

6 (16.6%) 30 (83.3%) 36 (44.4%)

More than 5 years
since liver transplant
(Group C) n (%)

7 (29.1%) 17 (70.8%) 24 (29.6%)
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patients had chronic kidney disease along with DM2. Out
of these four patients one had stage 2 CKD and other three
patients had stage 3 CKD. Details of patient characteristics
and patient's outcome have been shown in Table 1and
Table 2.

Base line immunosuppression
Most of the patients [59 (72.8%)] were on two immunosup-
pressants, that is, CNIs and mycophenolate mofetil.
10(12.3%) patients were receiving three immunosuppres-
sive drugs calcineurin inhibitors (CNIs), mycophenolate
mofetil and prednisolone. Eleven (13.5%) patients were tak-
ing single immunosuppressive medication (tacrolimus)
only. One patient was on steroids with tacrolimus and ever-
olimus due to recent rejection episode.

Presentation and course of SARS-CoV-2
infection in liver transplant recipients
Most common symptom at presentation was fever (76.5%)
followed by cough (52.2%). Seventeen (25.8%) patients had
shortness of breath at presentation. Diarrhea was seen only
in 7 (10.6%) patients. No patients reported anosmia or dys-
geusia.

Most of the patients had mild disease only which was
present in 44 (54.3%) patients. Moderately severe and se-
vere disease was seen in 14 (17.3%) and 23(28.4%) pa-
tients, respectively. Of the 81 patients 35 (43.2%)
received in hospital care. Patients with mild disease
mostly managed on OPD basis with home isolation.
Some COVID-19 patients with moderately severe disease
also received OPD based care and virtual consultation as
at the peak of pandemic hospitalization became difficult.
Patients with mild disease who contracted SARS-CoV-2
infection during early post-transplant period were
managed in our hospital only.
Journal of Clinical and Experimental Hepatology | March–April 2022 | Vol. 1
28 (34.6%) patients received ICU care and 17 of them
needed mechanical ventilation. Overall, 14(17.3%) patients
died because of COVID-19. All COVID-19 related deaths
occurred secondary to ARDS and respiratory failure. No
patient had liver failure or graft rejection during the course
of COVID-19. No thromboembolic complication was seen
in our patients.

COVID-19 mortality association with time since
transplant
Based on duration since liver transplant, patients were
divided in to three groups. Group A (n = 21) included
the patients who infected with SARS-CoV-2 within one
year of liver transplant. Group B (n = 36) and group C
(n = 24) patients received transplant 1–5 year ago and
more than 5 years ago, respectively. One (4.8%) Patient
died in group A as compared to 6 (16.7%) and 7 (29.2%)
in group B and C respectively. Although mortality was
higher in group C than other two groups, difference was
not statistically significant (P = 0.102).

Mortality in patients with or without comorbidities
In our study group, 35 (43.2%) patients had one or more
comorbidities. Eleven (31.4%) patients died because of
COVID-19 in this group. Only 3 (6.5%) patients death
occurred due to SARS-CoV-2 infection among transplant
recipients without any comorbidity. (P = 0.003).

Predicters of mortality
On logistic regression analysis advanced age and presence
of comorbidities were independent predictors of death due
to COVID-19.
DISCUSSION

In our observational study of 81 liver transplant recipients
with SARS-CoV-2 infection, 14 (17.3%) patients died
because of COVID-19. Most of the patients had mild dis-
ease only and recovered completely.

Eighty-one (3.71%) adult liver transplant recipients re-
ported SARS-CoV-2 infection as compared to the 2.06%
prevalence of laboratory confirmed cases in general popu-
lation. However, true seroprevalence in general population
is likely to be much higher due to undertesting and large
proportion of asymptomatic cases.

Deaths were more common in patients with comorbid-
ities and advance age. Presence of DM2, chronic kidney dis-
ease has been strongly associated with poor outcomes in
individuals with SARS-CoV-2 infection. Thus, rather
than the post–liver transplantation status, it was the pres-
ence of comorbidities, or other risk factors such as
advanced age which may have been responsible for mortal-
ity.

Published data on the course and outcome of COVID-
19 in LT recipients are controversial and still evolving.
2 | No. 2 | 384–389 387
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Complications like pneumonia in COVID-19 are driven by
abnormal immune response, therefore patients on immu-
nosuppressive medications are likely to have a favorable
outcome.6,12 A recent study published by Webb et al
demonstrated that LT recipients are not at risk for higher
mortality in SARS-CoV-2 infection.13 Another study from
India reported favorable outcome of SARS-CoV-2 infection
in liver transplant recipients. In this series, of the 12 adult
LT recipients with COVID-19, one patient died and 11 pa-
tients recovered.14

Although difference in mortality was not statistically
significant in three groups based on duration from liver
transplantation. In our study all patients except one who
died received liver transplant more than one year ago. After
1-year of transplant doses of immunosuppressive medica-
tions are usually significantly reduced. This supports the
hypothesis that patients who are on regular immunosup-
pression may be protected from getting severe COVID-19
disease. Bhoori et al also in the initial months of the
pandemic had described higher mortality among long-
term LT recipients.15

However, in a series of solid-organ transplant recipients,
Coll et al demonstrated that the transplant recipients not
only have increased risk of mortality but are also more
prone to SARS-CoV-2 infection although details of comor-
bidities were not provided in this study.16 Furthermore,
they studied a heterogenous group and did demonstrate
that the independent risk factors for mortality were age
>60 years, acquired nosocomial infection and post–lung
transplantation. In our cohort, none of the patients ac-
quired any nosocomial infection, and the mean age (51.3
years) was lower than 60 years. In another study by Belli
et al COVID-19–related overall mortality was 20% among
LT recipients while 25% of hospitalized patients died.
Average age of patients was higher (63 year) in this study,
and 77% had comorbidities.17 Previously published studies
have also shown that mortality in transplant recipients
mainly occurred in older patients, with comorbidities
and those who were on minimal immunosuppression.5,15

In our study population COVID-19–related mortality
was 17.3%. Although overall mortality in Indian general
population is much lower (1.24%), our study group's
mean age was much higher than general population and,
35% patients had one or more comorbidity. Studies from
India have reported 18.2% mortality in hospitalized
COVID-19 patients.18 Despite being older in age and
higher proportion of comorbidities deaths in our patients
were not higher. In a study from Spain mortality in trans-
plant recipients was 18%, which was lower than matched
general population.19

There are some limitations in our study. Although
testing for SARS-CoV-2 infection was liberal in our coun-
try it may still be underdiagnosed in our study population
as asymptomatic and mildly symptomatic patients who
recovered swiftly may have avoided testing.
388 © 2021 Indian National Associa
We did not compare mortality in our liver transplant re-
cipients with immunocompetent matched COVID-19 pa-
tients. That could have provided better understanding of
role of immunosuppressants in COVID-19–related im-
mune dysregulation. This should be addressed in future
studies. We could not study the impact of individual co-
morbidities on mortality due to limited number of pa-
tients. In addition, details of inflammatory markers and
serum level of immunosuppressive medications were not
included in the study as only 43% patients were hospital-
ized and remaining patients were managed at home.

In conclusion, of the 2182 adult Indian liver transplant
recipients on regular follow-up 81(3.71%) had infection
with SARS-CoV-2 since the occurrence of pandemic.
Most of the patients had only mild disease. The mortality
due to COVID-19 in our study group was 17.3%, and
mostly associated with underlying comorbidities such as
diabetes and advanced age. Our study shows that uncom-
plicated liver transplant recipients who acquire SARS-
CoV-2 do not have poor outcome and immunosuppres-
sion may play a protective role in liver transplant recipi-
ents. However more studies are needed with larger
patients population and matched control groups to reach
a firm conclusion.
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