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o the Editor: 

During the ongoing coronavirus disease 2019 (COVID-19) pan- 

emic globally, patients with chronic liver diseases (CLD), par- 

icularly cirrhosis, hepatobiliary malignancies, candidates for liver 

ransplantation (LT), and immunosuppressed LT recipients appear 

o be at increased risk of infections, which leads to an increase 

n mortality [1–6] . Apart from physical distancing, quarantine and 

solation, vaccination is crucial for the restraining of the epidemic 

nd the protection from severe acute respiratory syndrome coron- 

virus 2 (SARS-CoV-2) infection and aggravation of COVID-19 [ 7 , 8 ]. 

 recent prospective, multicenter, open-label study in China has 

emonstrated the safety of inactivated whole-virion SARS-CoV-2 

accines in patients with CLD; however, these patients had de- 

reased response (76.7%-78.9%) to SARS-CoV-2 vaccines compared 

ith healthy subjects (90.3%), which might be associated with 

he impairment in immunity in the population with CLD [9] . This 

aises the concern in the safety and immunogenicity of COVID- 

9 vaccination among LT recipients in China since this population 

ay have more suppressed immunity [ 8 , 10 , 11 ]. Herein, we prelimi-

ary investigated the influence of COVID-19 vaccination on general 

afety, graft function, host immunogenicity of vaccination among 

T recipients in a large transplantation center in China. 

In this single-center cohort study, adult LT recipients regularly 

ollowed up with normal graft function at the Affiliated Hospital of 

ingdao University from December 2020 to July 2021 were inves- 

igated, and those completing the full COVID-19 vaccination sched- 

le (two doses from Beijing Institute or three doses from Anhui In- 

titute) were included. Data were expressed as median (interquar- 

ile range) or number (percentage). 
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In total, 62 LT recipients were included. The median age of 

hese participants was 55 years, and the majority were males 

 n = 53, 85.5%) and Chinese Han population ( n = 60, 96.8%). The

edian time from LT to the first vaccination was 49.8 (28.3-81.6) 

onths. The most common indications of LT were hepatocellular 

arcinoma ( n = 28, 45.2%). Chronic hepatitis B infection was the 

ost common etiology of liver disease ( n = 45, 72.6%). 

Fifty-seven (91.9%) participants received the inactivated vaccine 

two doses from Beijing Institute) and 5 (8.1%) cases of recom- 

ined vaccine (three doses from Anhui Institute). Local site reac- 

ions included pain at the injection site (13/62 after the first dose), 

welling (2/62 after the first dose) and pruritus (1/62 after the sec- 

nd dose). Systemic reactions such as fever (4/62) were uncom- 

on, although more-than-baseline fatigue was reported by 3/62 

nd 4/62 cases after the first and second dose, respectively. During 

he follow-up period, LT recipients experienced no events of sus- 

ected or confirmed graft rejection, compromised graft function, 

eurological events, nor severe allergic reaction. 

The liver and kidney function tests prior to and after the full 

oses of SARS-CoV-2 vaccination were assessed ( Table 1 ). The over- 

ll serum levels of liver and kidney function indicators were all 

omparable and within the normal range. 

Tacrolimus was used as the backbone of the immunosup- 

ressive regimen in 51 (82.3%) cases. Sirolimus was used in 11 

ases (17.7%), mostly in combination with antimetabolic drugs or 

acrolimus (5 cases and 4 cases, respectively). For the 51 cases 

aking tacrolimus, the blood levels of drug concentration were 

omparable before [4.30 (3.10-6.45) ng/mL] and after [3.75 (3.05- 

.96) ng/mL] the vaccination ( P = 0.632). For the 11 cases taking 

irolimus, they also had comparable blood levels of sirolimus con- 

entration before and after vaccination [3.92 (3.57-4.31) vs. 3.63 

3.03-6.80) ng/mL, P = 0.668]. 

To evaluate the influence of COVID-19 vaccination on the im- 

une state in LT recipients, the changes of the immune cells in- 

luding myeloid cell lineage and lymphocyte lineage were exam- 

ned ( Table 1 ). For the myeloid cell lineage, eosinophil count was 
a. Published by Elsevier B.V. All rights reserved. 
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Table 1 

Liver, kidney function test and immune status assessment prior to and after the full doses of COVID-19 vaccination in liver transplan- 

tation recipients. 

Parameters Before vaccination ( n = 62) After vaccination ( n = 62) P value 

ALT (U/L) 19.0 (15.0-29.5) 19.0 (15.3-26.5) 0.055 

AST (U/L) 20.0 (16.5-23.5) 20.0 (16.8-27.3) 0.705 

ALP (U/L) 70.0 (60.0-88.5) 75.5 (61.0-91.3) 0.684 

GGT (U/L) 27.0 (19.0-57.0) 26.0 (17.5-47.5) 0.276 

Total bilirubin (μmol/L) 17.7 (12.6-24.3) 21.1 (12.6-25.3) 0.346 

Direct bilirubin (μmol/L) 4.5 (3.5-5.5) 4.5 (3.3-5.3) 0.793 

Albumin (g/L) 44.2 (41.6-46.4) 45.1 (42.1-46.8) 0.435 

Globulin (g/L) 25.6 (23.7-27.8) 26.8 (24.8-29.6) 0.103 

Cholinesterase (U/L) 8754.0 (7588.5-9412.0) 9063.0 (7334.5-10 127.0) 0.514 

Albumin/globulin 1.7 (1.6-1.9) 1.7 (1.5-1.9) 0.361 

Serum creatinine (μmol/L) 100.0 (90.3-109.0) 102.5 (87.5-108.8) 0.392 

BUN (mmol/L) 5.5 (4.8-7.4) 5.7 (4.9-6.6) 0.573 

Uric acid (μmol/L) 363.0 (313.5-432.8) 381.0 (333.3-412.3) 0.891 

BUN/Creatinine 14.4 (12.4-16.3) 13.9 (12.3-16.1) 0.643 

White blood cells ( × 10 9 /L) 5.09 (4.11-5.95) 5.31 (4.13-6.44) 0.358 

Neutrophils ( × 10 9 /L) 2.64 (2.29-3.57) 2.95 (2.31-4.12) 0.186 

Lymphocytes ( × 10 9 /L) 1.67 (1.37-2.18) 1.47 (1.25-2.00) 0.139 

Monocytes ( × 10 9 /L) 0.40 (0.32-0.48) 0.38 (0.27-0.49) 0.889 

Eosinophils ( × 10 9 /L) 0.10 (0.05-0.21) 0.07 (0.04-0.16) 0.043 

Basophils ( × 10 9 /L) 0.03 (0.02-0.04) 0.03 (0.02-0.03) 0.272 

Hemoglobin (g/L) 151.00 (143.25-157.50) 148.50 (140.30-160.80) 0.866 

Platelet ( × 10 9 /L) 152.00 (134.00-200.50) 165.00 (131.25-202.00) 0.485 

CD3 + T cell (%) 73.50 (64.55-79.10) 74.05 (65.80-79.63) 0.102 

CD4 + T helper cell (%) 34.00 (28.30-41.90) 34.40 (28.03-41.88) 0.170 

CD8 + T suppressor cell (%) 28.50 (22.55-35.60) 28.95 (25.75-37.60) 0.500 

CD4 + /CD8 + T cell ratio 1.25 (0.80-1.59) 1.22 (0.89-1.47) 0.372 

CD3 + HLADR- inactivated T cell (%) 64.60 (54.45-73.70) 67.35 (64.60-73.35) 0.021 

CD3-CD19 + B cell (%) 10.40 (7.75-14.60) 10.10 (5.98-12.50) 0.186 

CD3-CD56 + NK cell (%) 11.60 (8.10-18.25) 16.85 (10.78-20.85) 0.126 

CD3 + HLADR + activated T cell (%) 3.60 (2.70-5.30) 2.50 (1.88-3.83) 0.031 

CD3 + CD25 + T cell (%) 2.50 (1.90-3.45) 2.85 (2.03-3.40) 0.725 

CD3-HLADR + activated B/NK cells (%) 11.50 (8.20-14.75) 8.80 (7.45-12.55) 0.018 

CD4 + T cell (/μL) 472.50 (339.50-660.75) 539.00 (300.00-683.00) 0.694 

CD45 + CD3 + CD8 + T cell 497.00 (337.00-707.00) 402.00 (273.50-575.00) 0.799 

ALT: alanine aminotransferase; AST: aspartate aminotransferase; ALP: alkaline phosphatase; GGT: γ -glutamyl transpeptidase; BUN: 

blood urea nitrogen; NK cell: natural killer cell. 

Table 2 

Comparison of the clinical and laboratory data for the LT recipients with positive and negative serological response. 

Parameters Negative ( n = 10) Positive ( n = 7) P value 

Age (yr) 54.3 (48.1-61.0) 55.1 (51.9-61.9) 0.887 

Male 10 (100%) 7 (100%) / 

Body mass index (kg/m 

2 ) 25.2 (23.5-26.9) 21.8 (20.6-26.1) 0.230 

Months after LT 51.5 (42.7-89.0) 59.9 (39.4-82.5) 0.962 

Chinese Han population 10 (100%) 7 (100%) / 

Chronic hepatitis B 10 (100%) 7 (100%) 

Hepatocellular carcinoma before LT 6 (60.0%) 4 (57.1%) / 

Hypertension 4 (40.0%) 3 (42.9%) / 

Diabetes 1 (10.0%) 2 (28.6%) / 

Fatty liver disease 5 (50.0%) 1 (14.3%) / 

Coronary or cerebrovascular disease 1 (10.0%) 1(14.3%) / 

Serum creatinine (μmol/L) 109.0 (99.5-113.5) 88.0 (84.0-94.0) 0.003 

Immunosuppressive regimen / 

Tacrolimus alone 4 (40.0%) 4 (57.1%) 

Cyclosporin alone 0 0 

Sirolimus alone 1 (10.0%) 1 (14.3%) 

Tacrolimus + MMF 3 (30.0%) 1 (14.3%) 

Tacrolimus + sirolimus 0 0 

Sirolimus + MMF 1 (10.0%) 1 (14.3%) 

MMF + cyclosporin 0 0 

Tacrolimus + corticosteroid 1 (10.0) 0 

Tacrolimus + MMF + corticosteroid 0 0 

Drug level of tacrolimus (ng/mL) ∗ 3.2 (2.8-5.4) 4.9 (2.8-8.9) 0.412 

Drug level of sirolimus (ng/mL)# 3.17 3.83 / 

Immune state assessment 

White blood cells ( × 10 9 /L) 5.36 (4.77-6.90) 4.71 (4.16-7.27) 0.414 

Neutrophils ( × 10 9 /L) 3.02 (2.68-4.23) 2.62 (2.28-3.68) 0.282 

Lymphocytes ( × 10 9 /L) 1.60 (1.19-2.18) 1.60 (0.90-2.84) 1.000 

Monocytes ( × 10 9 /L) 0.42 (0.29-0.47) 0.42 (0.31-0.54) 0.662 

( continued on next page ) 
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Table 2 ( continued ) 

Parameters Negative ( n = 10) Positive ( n = 7) P value 

Eosinophils ( × 10 9 /L) 0.10 (0.05-0.22) 0.07 (0.05-0.15) 0.582 

Basophils ( × 10 9 /L) 0.04 (0.02-0.04) 0.02 (0.01-0.03) 0.142 

CD3 + T cell (%) 72.10 (55.80-79.20) 65.20 (48.60-75.85) 0.432 

CD4 + T helper cell (%) 33.70 (28.60-39.10) 28.00 (21.95-42.15) 0.530 

CD8 + T suppressor cell (%) 26.30 (24.80-29.70) 28.50 (23.75-32.25) 0.530 

CD4 + /CD8 + T cell ratio 1.30 (1.04-1.43) 1.10 (0.81-1.45) 0.755 

CD3 + HLADR- inactivated T cell (%) 63.90 (46.60-73.00) 53.80 (42.75-63.55) 0.268 

CD3-CD19 + B cell (%) 9.60 (8.00-14.10) 11.10 (7.60-15.60) 0.755 

CD3-CD56 + NK cell (%) 9.50 (9.10-24.10) 20.40 (7.75-31.75) 0.432 

CD3 + HLADR + activated T cell (%) 5.50 (4.40-5.80) 6.40 (2.90-10.40) 0.639 

CD3 + CD25 + T cell (%) 1.80 (1.40-2.40) 2.50 (1.65-3.75) 0.268 

CD3-HLADR + activated B/NK cells (%) 10.00 (7.90-19.10) 13.90 (10.65-18.10) 0.432 

CD4 + T cell (/μL) 526.00 (320.00-737.00) 603.50 (313.25-812.25) 0.945 

∗ There were 8 and 5 patients with negative and positive serological response taking tacrolimus, respectively. # There 

were 2 and 2 patients with negative and positive serological response taking sirolimus, respectively. LT: liver transplanta- 

tion; MMF: mycophenolate mofetil. 
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ecreased significantly (from 0.1 × 10 9 to 0.07 × 10 9 ); however, 

he overall indexes were within the normal range. For the lym- 

hocyte lineage, CD3 + HLADR + activated T cell (3.60% vs. 2.50%), 

nd CD3-HLADR + activated B/NK cells (11.50% vs. 8.80%) were de- 

reased significantly while the CD3 + HLADR- inactivated T cells 

64.60% vs. 67.35%) were increased significantly. Similar with the 

yeloid cell lineage, they were all within normal range despite of 

he changes. 

Of the 62 LT recipients, 17 had blood samples taken 10-20 days 

fter the full vaccination. Seven (41.2%) cases had positive serology 

f neutralizing total antibody against the COVID-19 (nCoVNTAb) 

9] , with a median level of 13.7 (12.8-29.2 AU/mL) AU/mL. The re- 

ponse rate was similar to the previous study of mRNA SARS-CoV-2 

accine among LT recipients [11] , yet lower than that reported in 

atients with CLD in China [ 7 , 9 ]. 

The comparison of the clinical and laboratory data of LT recipi- 

nts with positive and negative nCoVNTAb is presented in Table 2 . 

lthough within the normal range, participants with negative 

erology had significantly higher serum creatinine: 109.0 (99.5- 

13.5) μmol/L in the negative serology group vs. 88.0 (84.0-94.0) 

mol/L in the positive serology group ( P = 0.003). This is in line

ith the recent reports that impaired renal function was associ- 

ted with a negative response to SARS-CoV-2 vaccine among solid 

rgan transplantation recipients [ 11 , 12 ]. Comparisons of tacrolimus 

r sirolimus level, time from transplant, sex, body mass index, eti- 

logy of liver disease or comorbidities did not yield statistically 

ignificant differences in immunogenicity. No significant change of 

mmune state was found before and after the vaccination. By mul- 

ivariate analysis, no factors were identified as significantly asso- 

iated with negative serological response, which might largely be 

ttributed to the small sample size taking the COVID-19 antibody 

est. 

In conclusion, the COVID-19 vaccination in LT recipients is safe. 

e would like to reiterate our strong recommendation to vaccinate 

n this population even if immunocompromised patients may yield 

 decreased response to vaccination. Future studies should address 

nterventions to improve vaccine responses in this population, in- 

luding additional booster doses or immunosuppression modula- 

ion. 
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