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Sars-Cov-2 

1.231.987new cases in last 
24hrs
456.797.217 cumulative cases
6.043.094 cumulative deaths



Dall’inizio della pandemia, in Italia:
- Circa 8.800.000 casi
- Circa 140.000 decessi





2020



Centro Trapianti di Fegato di Padova 
Impatto del COVID19 sulla mortalità in lista d’attesa per trapianto di fegato a Padova

Gestione della Lista d’Attesa per Trapianto di Fegato a Padova Anno 2020 - A cura di Burra & Germani in press



Deceased Donation Activity

• Hold on DDLT program

Up to 1 month:
The Americas 46%
Europe 50%
Africa/Australia/Asia 29%

>1 month: 
The Americas 54%
Europe 50%
Africa/Australia/Asia 71%

% of Centers with Higher DCD Activity: 2019 
vs 20202019 2020 P-value

The Americas 40% 25% NS
Europe 50% 24% 0.013
Africa/Australia
/Asia -- --

ALF remained exemption  to the hold
The Americas 53%

Europe 55%
Africa/Australia/Asia 31%

Russo FP et al 2022 J Hepatology



Incidence and outcome of SARS-CoV-2 infection on solid organ 
transplantation recipients: A nationwide population-based study 

Trapani al 2021 Am J Transpl
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transplantation had a 60-day CI of mortality lower compared to kid-
ney (Adjusted-OR 0.41 [0.17–0.98], p = .045) (Table 6).

4  |  DISCUSSION

The risk factors for SARS-CoV-2 infection and the categories of pa-
tients at a greater risk of more intense and prolonged disease mani-
festation, as well as worse outcome, are currently of great interest. 
Presently, the virus is only known to present varying degrees of 
severity, from flu-like symptoms to death.9,18 SOTRs are on chronic 
immunosuppressive therapy and are more likely to experience res-
piratory virus infections, with faster disease progression, and bacte-
rial or fungal super-infection. COVID-19 appears to progress more 
rapidly in such patients, increasing the rates of ICU admission and 
death.19 Literature data are still quite fragmented, either presented 
as clinical cases or limited to a single type of organ transplant. Even 
the largest cases concerning all solid organ transplants still have lim-
ited numbers and in any case most refer to the first months of the 
pandemic. Our study analyzed 450 SOTRs and provides a broader 

overview, by outlining the characteristics of this population and 
their most significant involvement in SARS-CoV-2 infection. The cu-
mulative incidence of SARS-CoV-2 infection in SOTRs turns out to 
be three times higher than that estimated for the Italian population, 
highlighting that SOTRs were more at risk of infection than Non-
SOTRs. The predominant role of the Lombardy region, which acted 
as the gateway of infection in Italy, cannot be ignored, since it had to 
face a sudden and very rapidly spreading epidemic,20-22 represent-
ing 39% of the total COVID+ cases and for half of infected SOTRs. 
However, the significant number of transplant patients residing in 
the region should be also considered (17.8%). Older COVID+ SOTRs, 
predominantly males, were more often in a critical/severe state and 
hospitalized compared to Non-SOTRs.

Unfortunately, the underreported data (over 50% of missing 
data) do not allow us to provide more detailed information about 
comorbidities and we are able to confirm only that SARS-CoV-2 in-
fection occurs more frequently when two or three comorbidities are 
associated. By detailing by type of organ transplant, heart recipients 
appear to be at greatest risk of infection, while liver recipients ap-
pear to have the lowest risk. In a recent national cohort study con-
ducted in England, Ravanan et al reported similar incidence data 
both overall and by type of organ.23

The most remarkable finding of our analysis is also that the 
30- and 60-day CI of mortality of COVID+ SOTRs was twice 
higher when compared to Non-SOTRs. The Italian mortality rate 
is already reported as being higher than in other countries: the 
WHO data released at the time of our analysis (June 22, 2020) 
reported a case fatality rate of 5.3% globally, 5.3% in the USA and 
7.6% in European Regions. Among these, Italy was reported to be 
the second, after France (19.1%), for mortality rate (14.5%).1,24 This 
higher CFR in Italy could be partly explained by the demographic 
structure of the Italian population and by testing policies applied 
in most of the regions in the initial months of pandemic, target-
ing only symptomatic cases resulting in underestimated incidence 
rates of infection and consequently overestimated CFR, in rela-
tion to infected cases. From 4 May 2020, when Italy entered the 
transition phase and a test-track-trace strategy was adopted, test-
ing policy was broadened to asymptomatic close contacts and to 
various screening programmes (e.g., ahead of hospital admission 
of other causes).25 Therefore, as no specific recommendations re-
garding SOTR testing have been issued nationwide, the data re-
ported in our study are well representative of ongoing infection 
transmission and its evolution. Certainly, a factor that may have 
influenced a higher CI of mortality rate is the choice to define as-
sociated deaths in a very inclusive manner.26,27 Finally, most of 
the COVID+ SOTRs (51.8%) and most of registered deaths (56.1%) 
have been reported in Lombardy region, a circumstance which has 
probably affected the mortality data reported in our study.

In the specific case of the transplanted population, similar mor-
tality rate was reported in several case series, such as a Spanish 
study which reported a 28% lethality rate and two American stud-
ies, conducted on kidney transplants, which reported a 30% lethality 
rate.28-30 More recently, the UK cohort study described an overall 

FI G U R E 2 Kaplan-Meier cumulative incidence curves for mortality. 
(A) Time to death in COVID+ patients: SOTRS and Non-SOTRs. (B) 
Time to death in COVID+ SOTRs: kidney, liver, heart, lung, and pancreas 
recipients 
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Groups to be prioritised for COVID-19 
Vaccination

Russo FP et al 2021 DLD
Cornberg M et al 2021 J Hepatology

• Advanced liver disease
• Liver transplant
• Hepatobiliary cancer
• Immunosuppressed chronic liver disease



Groups to be prioritised for COVID-19 
Vaccination

Russo FP et al 2021 DLD
Cornberg M et al 2021 J Hepatology

• Partners
• Caregivers 
• Relatives residing with the patients 

should be encouraged due to the following concerns: 
- (i) the response to other vaccinations is reported to be weaker in
the patients who have undergone transplantation

- (ii) reduced transmission from vaccinated patients is expected,
even if not demonstrated as yet. 



High acceptance rate of COVID-19 vaccination 
in liver transplant recipients 

Giannini and Marenco 2021 J Hepatology

High acceptance rate of COVID-19 vaccination in liver transplant
recipients

To the Editor:
We read with great interest the article by Cornberg et al., recently
published in the Journal of Hepatology, reporting the European
Association for the Study of the Liver (EASL) position on the use
of coronavirus disease 2019 (COVID-19) vaccines in patients
affected by chronic liver diseases, and in particular in liver
transplant recipients.1 Indeed, despite evidence suggesting that
severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
infection is not associated with an increased risk of death in
patients who received a liver transplant, these patients more
frequently required ICU admission and invasive-ventilation
compared to matched controls, and therefore do represent a
subset of patients that can be considered especially frail, and at
high-risk of severe complications of COVID-19.2 Actually, the
EASL position paper suggests that the benefit and potential
risks of vaccination against COVID-19 should be weighed indi-
vidually, and that patients with additional risk factors for severe
complications, such as advanced age and comorbidities, should
be prioritised.1,3 Furthermore, the registration studies of the
various vaccines against COVID-19 approved by the EMA and
FDA did not include patients who had received solid organ
transplantation or immune-suppression, and therefore neither
the efficacy or safety of the available COVID-19 vaccines have
been described in liver transplant recipients, nor can a particular
type of vaccine be suggested on a sound basis for these pa-
tients.4–6 Lastly, there is recent evidence that the
immunogenicity of vaccines against COVID-19 is lower in liver
transplant recipients compared to healthy controls, and that
age, lower glomerular filtration rate, and enhanced immune-
suppression are predictors of poor response to vaccination.7

Taking all these considerations into account we wondered
how the proposal of vaccination against COVID-19 would be
received by liver transplant recipients, given the evidence
recently provided by a global survey showing that the overall
proportion of individuals willing to receive vaccination against
COVID-19 in the general population was 71.2%, with a range
between 55% and 90%.8 Thus, we evaluated the candidacy for
COVID-19 vaccination in 283 patients who underwent liver
transplantation at our liver transplant centre. The COVID-19
vaccination program for liver transplant recipients was carried
out using an mRNA-based vaccine (BNT162b2, Pfizer-Bio-NTech),
and the vaccination schedule was reserved via a web-based
program following a visit with a transplant hepatologist (S.M.)
who provided detailed information regarding the vaccination
against COVID-19, with the support of material freely available
on the webpage of the Italian Association for the Study of the
Liver (AISF).9 Vaccinations were carried out at a dedicated facility
within our hospital. Among these 283 liver transplant patients,
vaccination could not be offered to 17 patients for the

following reasons: 6 patients recently received a graft (within
3 months), 5 patients were being followed-up at other liver
transplant centres in Italy, 3 patients had recently tested positive
for COVID-19, 1 patient had been vaccinated before liver trans-
plantation, 1 patient was hospitalised for complications of liver
disease recurrence, and 1 patient was incarcerated. Overall,
among the 266 patients who were offered COVID-19 vaccination
at our Unit (189 males; median age 62 years; range 27-84 years),
9 patients (3.4%) did not receive the vaccine for the following
reasons: 5 patients categorically refused vaccination against
COVID-19 due to concerns regarding the potential for severe
adverse events, despite having received adequate information
and having previously received the vaccinations recommended
in liver transplant patients, 2 patients reported concerns over the
potential harms of the vaccine – they did not formally refuse
vaccination but requested more time to ponder their decision, 1
patient required further work-up for previous allergic reactions
to vaccination, and 1 patient was temporarily abroad, while 257
patients (96.6%) accepted and underwent vaccination (Fig. 1). All
in all, only 5 patients (1.9%) firmly refused COVID-19 vaccination,
while in the remaining 4 patients the potential barriers to
vaccination could be lifted either by providing further details
regarding the vaccination or following resolution of medical and
logistical issues.

Therefore, we have demonstrated that the acceptance rate for
COVID-19 vaccination among liver transplant recipients is
extremely high, at least 96.6%, and that patients reporting a firm
opposition to vaccination represent only a minority of potential
vaccine recipients (1.9%). This acceptance rate was higher than
expected in the general population, despite potential concerns
regarding the lack of safety results available in large series of

17 patients excluded:
- 6 patients transplanted within 3 months
- 5 patients being followed-up at other centres
- 3 patients with recent COVID-19
- 1 patient vaccinated before transplantation
- 1 patient hospitalised for liver disease 
   recurrence
- 1 patient incarcerated

9 patients did not receive vaccination:
- 5 patients refused due to concerns regarding 
potential adverse events
- 2 patients required more time to decide
- 1 patient needed medical re-evaluation
- 1 patient was temporarily abroad

283 liver transplant recipients

266 patients offered vaccination

257 patients received vaccination

Fig. 1. Flow of liver transplant patients who were offered vaccination
against COVID-19.

Received 11 May 2021; received in revised form 17 May 2021; accepted 17 May 2021;
available online 28 May 2021
https://doi.org/10.1016/j.jhep.2021.05.009

Journal of Hepatology 2021 vol. 75 j 483–496

Letters to the Editor



Seroconversion After Coronavirus Disease 
2019 Vaccination in Patients Awaiting 
Liver Transplantation: Fact or Fancy? 

Calleri et al 2021 Liv Transpl
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were used. Before transplant, 84.6% received 2 doses 
of Comirnaty, 3.9% received 2 doses of Moderna, and 
11.5% received 1 dose of Comirnaty because of previ-
ous COVID- 19 infection.

The LT patients underwent immunosuppression with 
steroids, tacrolimus, and mycophenolate mofetil. At the 
end of the study period follow- up, 12 were retested for 
IgG anti- SARS- CoV- 2 at a median time from trans-
plant of 37 days (IQR, 33- 58 days). The median IgG 
titer was 1165 BAU/mL (IQR, 425- 2080 BAU/mL) 
before transplant and dropped to 207 BAU/mL (IQR, 

36- 732 BAU/mL) after the operation (P = 0.04). At 
the end of the study follow- up, none of the patients or 
controls developed COVID- 19 infection.

SAFETY
No serious adverse event was reported in the control 
or pre- LT group. In the pre- LT group, 43.8% expe-
rienced pain and swelling at the injection site, 14.6% 
fatigue, 11.2% headache, 13.0% fever, and 3.4% muscle 
and joint pain. In the control group, 43.3% experienced 

FIG. 1. (A) IgG titers anti- SARS- CoV- 2 with median and IQR in pre- LT candidates at baseline (T0, available for 52 patients), after 
completion of 2 vaccine doses at T1 (available for all 79 enrolled patients) and at T2 (available for 45 patients); (T0 versus T1, P < 0.001; 
T1 versus T2, P = 0.33). (B) Individual variations of IgG anti- SARS- CoV- 2 from T0 to T1 and T2 after completion of 2 vaccine doses 
in 36 pre- LT candidates (T0 versus T1, P < 0.001; T1 versus T2, P = 0.11). Liaison SARS- CoV- 2 TrimericS IgG assay (DiaSorin, 
Saluggia, Italy) was used; cutoff value for positivity, 34 BAU/mL.
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Paper Number of LT
patients

Type of SARS-CoV-2 vaccine Positive
serological
response rate

Antibody titer compared to control
group

Factors related to
reduced response rate

Guarino et al 365 Pfizer- BioNTech BNT162b2 74.8% 214.79±143 vs. 314.32±94.1 AU/ml
(p<0.0001)

Age >65yrs, higher BMI,
shorter time from LT,
immunos. regimens with
multiple drugs,
antimetabolite T

Rabinowich et al 80 Pfizer- BioNTech BNT162b2 47.5% 95.41±92.4 vs. 200.5±65.1) AU/ml
(p<0.001)

Age, lower eGFR, high dose
predn. in the past 12, triple
therapy immunos., MMF

Strauss et al 161 Pfizer- BioNTech BNT162b2
Moderna mRNA-1273

81% 81.9-250 U/ml, no control antimetabolite ther., type of
vaccine

Rashidi-Alavjeh et al 43 Pfizer- BioNTech BNT162b2 79% 552.7 vs. >2080
BAU/ml
(p=0.0001)

MMF

Boyarsky et al 129 (cohort of 658
SOT)

Pfizer- BioNTech BNT162b2
Moderna mRNA-1273

79.8% SOT:age, type of organ,
years since TR,
antimetabolite therapy, type
of vaccine

Marion et al 58 (cohort of 367
SOT)

Pfizer- BioNTech BNT162b2
Moderna mRNA-1273

50% No clinical data

Mazzola et al 58 (cohort of 143
SOT)

Pfizer- BioNTech BNT162b2 37.5% SOT: age>60, type of
organ, treated with
corticoids, triple- therapy
immunosu., T <2 years,
diabetic patients

Ruether et al 141 (cohort of 194
pts, 53 cirr)

Pfizer- BioNTech BNT162b2
Moderna mRNA-1273
Astra Zeneca

anti-S RBD 73.9%
or the anti-S Trimer
63.0%

163 (12-1060)
154 (1-1723)

age >65y and arterial
hypertension , vaccination
failure was less likely with
CNI monotherapy

Fernandez Ruiz et al 14 (cohort of 44
patients, 28 kidney
transplant, and 2
double organ)

Moderna mRNA-1273 anti-S 57.1%

N-Ab activity 47.5%

MMF,
Time from transplant >6
years, age>55 years

D’Offizi et al 61 BNT162b2 or mRNA-1273 anti-S 77 %

N-Ab activity 57.5% Burra and Russo Liv Int in press



Low immunogenicity to SARS-CoV-2 vaccination among
liver transplant recipients

Graphical abstract

80 liver transplant 
recipients

25 healthy controls

47.5%

100%

p <0.001

Pfizer-BioNTech
BNT162b2

SARS-CoV-2 S1/S2 IgG antibody titer
Positive antibody 

response

Predictors of vaccination failure  
in liver transplant recipients:

*Mean (±SD)

95.41 (±92.4) 

200.5 (±65.1) 

p <0.001

Age
OR 1.3 (1.17-1.95) 

Lower eGFR
OR 0.8 (0.47-0.95)

Medications:

Mycophenolate mofetil (OR 1.8, 1.15-3.47)

High dose prednisone (OR 1.8, 1.58-4.61)

Triple therapy immunosuppression 

(OR  1.73, 1.21-2.52)

Immunogenicity to SARS-CoV-2  vaccination among liver transplant recipients

AU
/m

l

Control Study

Highlights

! Liver transplant recipients exhibited reduced response to the SARS-
CoV-2 mRNA-based vaccine.

! Neutralizing antibody was detected in only 47.5% of patients
following vaccination.

! Antibody titers were significantly lower compared to the control
group.

! Age, renal function and immunosuppression were associated with
lower immunological response.

Authors

Liane Rabinowich, Ayelet Grupper,
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Oren Shibolet, Helena Katchman
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lianer@tlvmc.gov.il (L. Rabinowich).

Lay summary
The Pfizer-BioNTech BNT162b2
SARS-CoV-2 vaccine elicited sub-
stantially inferior immunity in liver
transplant recipients. Less than half
of the patients developed sufficient
levels of antibodies against the vi-
rus, and in those who were positive,
average antibody levels were 2x
less compared to healthy controls.
Factors predicting non-response
were older age, renal function and
immunosuppressive medications.

https://doi.org/10.1016/j.jhep.2021.04.020
© 2021 European Association for the Study of the Liver. Published by Elsevier B.V. All rights reserved. J. Hepatol. 2021, 75, 435–438

Short Communication

Low immunogenicity to SARS-CoV-2 vaccination among
liver transplant recipients

Rabinowich et al J Hepatology 2021
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Effectiveness of SARS-CoV-2 vaccination in liver transplanted
patients: The debate is open!

To the Editor:
Data about the immunogenicity of SARS-CoV-2 vaccination in
solid organ transplant recipients are lacking. This population was
excluded from clinical trials and lower response to vaccination is
a well-known problem in immunocompromised solid organ re-
cipients. In this scenario, we read with great interest the article
“Low immunogenicity to SARS-CoV-2 vaccination among liver
transplant recipients” by Rabinowich L. et al.1 recently published
in Journal of Hepatology evaluating the immunogenicity of the
Pfizer-BioNTech BNT162b2 SARS-CoV-2 vaccine in liver trans-
plant (LT) recipients. They showed that only 47.5% of patients
developed neutralizing antibody titers, 10-20 days after receiving
the second dose.1 Similar results have been described in recent
reports on SARS-CoV-2 vaccination in solid organ trans-
plant recipients.2–4

We would like to share our preliminary results about a pro-
spective study evaluating the effectiveness of SARS-CoV-2
vaccination (in terms of immunogenicity and safety) in a
cohort of adult liver transplanted patients regularly followed up
at 2 referral hospitals in Southern Italy (Cardarelli Hospital and
Federico II Academic Hospital). All liver transplanted recipients
had stable graft function prior to vaccination. Participants signed
written informed consent. The study was approved by the Fed-
erico II Institutional Review Board (n. 214/2021). No patient

transplanted during the COVID-19 pandemic received a liver
from a SARS-CoV-2-positive donor; however, information about
previous SARS-CoV-2 infection in the donors was not available.
We enrolled 365 LT patients undergoing Pfizer-BioNTech
BNT162b2 SARS-CoV-2 vaccination. All patients had a negative
history for COVID-19 and tested negative for anti–SARS-CoV-2
antibodies in the 7 days preceding the first dose injection. Four
weeks after the second vaccine dose, blood samples were
collected for analysis of anti-Spike protein IgG using LIAISON
SARS-CoV-2 S1/S2-IgG chemiluminescent assay (DiaSorin, Italy)
(range < 3.8 to >400 AU/ml [positive >−25 AU/ml]). The vaccina-
tion was well tolerated, and no major adverse events occurred in
any of the enrolled patients. Protective levels of antibodies were
detected in 273/365 patients (74.8%) with a mean value of 214.79
± 143 AU/ml. In the 92 patients with negative serology, statisti-
cally significant associated factors were: older age (>65 years),
higher BMI, shorter time from transplantation and immuno-
suppressive regimens with multiple drugs and antimetabolite
therapy (see Table 1 for details). These preliminary results are
partially in line with Rabinowich et al.1 who reported negative
serologic response in older patients (>63 years), those receiving a
high dose of prednisone in the past 12 months, and regimens
including antimetabolites and triple immunosuppressive ther-
apy. Furthermore, we compared the serology of LT patients with

Table 1. Characteristics of LT recipients stratified according to the serologic response after 2 doses of the BioNTech BNT162b2 SARS-CoV-2 vaccine.

Characteristics Overall (n = 365) SARS-CoV-2
seronegative (n = 92)

SARS-CoV-2
seropositive (n = 273)

p value

Age, years (mean ± SD) 62.52 ± 12.97 65.01 ± 9.32 61.68 ± 13.9 <0.0001*
<40 years, n (%) 28 (7.6%) 1 (1.08%) 27 (9.8%) <0.0001**
40-65 years, n (%) 150 (41.1%) 43 (46.7%) 107 (39.2%) 0.071**
>65 years, n (%) 187 (51.23%) 48 (52.17%) 139 (50.9%) 0.036**

Male, sex, n (%) 279 (76.4%) 73 (79.3%) 206 (75.4%) 0.06**
BMI, kg/m2 (mean ± SD) 26.56 ± 4.52 27.7 ± 7.09 26.77 ± 4.59 0.031*
Time from transplantation, years (mean ± SD) 14.08 ± 8.84 11.94 ± 8.72 14.79 ± 8.77 <0.001*
<1 year, n (%) 7 (1.91%) 5 (5.4%) 2 (0.7%) <0.0001**
1-5 years, n (%) 69 (18.9%) 22 (23.9%) 47 (17.21) 0.0025**
5-10 years, n (%) 58 (15.89%) 15 (16.3%) 43 (15.75%) 0.058**
>10 years, n (%) 231 (63.21%) 50 (54.3%) 181 (66.3%) <0.0001**

Immunosuppressive therapy, n (%)
Calcineurin inhibitor 299 (81.9%) 72 (78.3%) 227 (83.1%) 0.19**
Antimetabolite 132 (36.2%) 49 (53.3%) 83 (30.4%) <0.0001**
mTOR inhibitor 85 (23.3%) 30 (32.6%) 55 (20.1%) 0.021**

Single immunosuppressive agent, n (%) 218 (59.7%) 34 (36.9%) 184 (67.3%) <0.0001**
Two or more immunosuppressive agents, n (%) 147 (40.3%) 58 (63.1%) 89 (32.7%) <0.0001**
Steroids, n (%) 28 (7.6%) 9 (9.8%) 19 (6.9%) 0.07**
LT, liver transplantation.
*Kruskal-Wallis test.
**Chi squared, Fisher exact test

Keywords: COVID-19; Sars-CoV-2 vaccination; liver
transplantation; immunosuppression.
Received 25 June 2021; received in revised form 26 July 2021; accepted 26 July 2021;
available online xxx
https://doi.org/10.1016/j.jhep.2021.07.034

Journal of Hepatology 2021 vol. - j 1–2

Letter to the Editor

Characteristics of LT recipients stratified according to the serologic
response after 2 doses of the BioNTech BNT162b2 SARS-CoV-2 vaccine 
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Serological and T-cell response after second SARS-CoV-2 vaccination in 
cirrhotic patients, LT recipients, and healthy controls

Risk factors for no or low humoral immune
response in LT recipients

Parameters investigated by univariate and multi-
variate binary logistic regression analysis as potential
predictors for a low immune response after the sec-
ond SARS-CoV-2 vaccination in LT recipients are given
in Table 2 and Supplementary Table 2. Independent
prognostic factors for no or only a weak antibody
response were age >65 years (odds ratio [OR], 4.57;
95% confidence interval [CI], 1.48-14.05) and arterial
hypertension (OR, 2.50; 95% CI, 1.10-5.68), whereas
calcineurin inhibitor monotherapy was a positive
prognostic factor for a response as compared with
other immunosuppressive regimens (OR, 0.36; 95%
CI, 0.13-0.99) (Figure 3). In the LT cohort, only 19.2%
of patients were >65 years, but 59.6% of patients
<65 years attained anti-S trimer titers above 100
BAU/mL (Supplementary Table 3). Of note, laboratory
values were not considered for multivariate analysis
because of limited baseline values (n ¼ 42). However,
the seroconversion rate (31.6% vs 60.6%; P ¼ .044)
and median antibody titers (P ¼ .039) significantly
differed between LT recipients with B-lymphocytes
below and above the reference value (80/ml)
(Figure 3F). For easy clinical use, we added a table to
estimate the relative risk of no or low immune
response in case of multiple risk factors
(Supplementary Table 4).

Special patient groups

LT recipients who obtained heterologous vaccination.
A significantly better immune response was found in LT
recipients with mixed (AZD1222/mRNA, n ¼ 11) as
compared with homologous mRNA vaccination (n ¼ 121)
in terms of the level of antibody titers and IFN-g titers
(Supplementary Figure 6, Supplementary Table 5).
Similarly, significantly higher anti-SARS-CoV-2 antibody
responses were detectable in cirrhotic patients and
controls after heterologous vaccination.

Immune response according to Child-Pugh class. There
were no differences between patients with varying Child-
Pugh classes with regard to the humoral and cellular im-
mune response based on the seroconversion rate
(Supplementary Table 6) and the level of antibody titers or
IFN-g production (Figure 4A and B), and vaccination side
effects (Supplementary Figure 1C and D), respectively.
Compared with LT recipients, higher antibody titers were
found in both patients with compensated (Child-Pugh class
A) and decompensated liver cirrhosis (Child-Pugh class B
and C). Also, no differences in the antibody titers were
found in the subgroup of cirrhotic patients after TIPS im-
plantation (n¼ 9; 18.9%) compared with patients without
TIPS (Supplementary Table 6).

Convalescents with a booster vaccination. All nine
convalescents (2 LC, 3 LT, 4 controls) received an mRNA-
based vaccine. All subjects developed very high anti-
SARS-CoV-2 titers with a 29- to 76-fold increase
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Figure 2. Serological and T-cell response after second SARS-CoV-2 vaccination in cirrhotic patients, LT recipients, and
healthy controls. (A) Anti-S Trimer; (B) anti-S RBD; (C) IFN-g release. Statistical analysis was performed by Mann-Whitney test.
Solid horizontal lines indicate medians and interquartile range; dotted horizontal lines indicate cutoff values for no response,
low positive, and positive response. The respective proportions are provided as bar graphs. (D) Anti-S Trimer; (E) anti-S RBD ;
(F) IFN-g release.
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Serological and T-cell response after second SARS-CoV-2 vaccination in 
cirrhotic patients, LT recipients, and healthy controls

infection, and an additional 20% of patients were
considered to have only a suboptimal immune response.

In this study, we used 2 different immunoassays to
determine the humoral immune response: the more
commonly used anti-S RBD assay (Roche Elecsys) and
the anti-S rrimer assay (DiaSorin LIAISON). The latter
assay was previously shown to correlate highly with the
current gold standard for detection of neutralizing anti-
bodies.8 Here, both assays showed a very high correla-
tion in patients and controls (r ¼ 0.94).

In addition, we also evaluated the T-cell immune
response by assessing the ex vivo IFN-g release after
spike-specific stimulation of T-cells in a commercial,
standardized IGRA assay. It has been suggested that the
vaccine-induced T-cell response may have a protective

effect even in the absence of a detectable vaccine-
induced B-cell response by limiting the extent of viral
replication and by supporting long-term immunological
memory.13 Therefore, solid organ transplant (SOT) re-
cipients with a strong T-cell response may be protected
against a severe course of SARS-CoV-2 infection even in
the absence of a seroconversion.14 Our results demon-
strate a spike-specific T-cell response only in around
one-fifth (22%) of LT recipients without seroconversion,
being in line with previously reported results in cardio-
thoracic (20%), and kidney transplant recipients
(29.8%).15,16 Q13Furthermore, in 54% of the patients with
liver cirrhosis who attained seroconversion, the IFN-g
release in the IGRA was below the cutoff. Whether this
correlates with a lower protection against COVID-19
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Figure 3. All values were measured with anti-S trimer (BAU/mL). (A) Age groups "65 years and >65 years. (B) Normal blood
pressure vs arterial hypertension. (C) eGFR <45 mL/min vs #45 mL/min. (D) CNI mono vs CNI plus additional immunosup-
pressive drugs. (E) MMF vs no MMF as an additional drug to CNI. (F) Baseline B-lymphocytes <80 and #80 per ml. Statistical
analysis was performed by Mann-Whitney test. Solid horizontal lines indicate medians and interquartile range; dotted hori-
zontal lines indicate cutoff values.
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Figure 4. Comparison of humoral and cellular immune responses in cirrhotic patients. (A) Anti-S Trimer (BAU/mL). (B) IFN-g
release (mIU/mL). Statistical analysis was performed by Mann-Whitney test. Solid horizontal lines indicate medians and
interquartile ranges; dotted horizontal lines indicate cutoff values.
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Higher Proinflammatory Cytokines Are Associated With Increased Antibody Titer
After a Third Dose of SARS-CoV-2 Vaccine in Solid Organ Transplant Recipients
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RESULTS

Cohort Characteristics

A total of 93 SOTRs participants were included in the 
study along with 16 HCs. The SOTR cohort (50% <60 y 

of age) was older than the HCs (100% <60 y of age) with 
more females (54% versus 31%) (Table  1). The SOTR 
cohort was subdivided into those who received a 2-dose 
vaccine regimen (SOTR dose 2) and those who received a 
third dose (SOTR dose 3). Both SOTR groups were similar 

TABLE 1.
Demographic and clinical characteristics of the cohort

 
SOTR dose 2

(N = 58), n (%)
SOTR dose 3

(N = 35), n (%) P a HC (N = 16), n (%)

Age     
 20–39 15 (26) 3 (9) 0.108 7 (44)
 40–59 15 (26) 13 (37) 9 (56)
 60–79 28 (48) 19 (54) 0 (0)
Sex     
 Female 31 (53) 19 (54) 1.000 5 (31)
 Male 27 (47) 16 (46) 11 (69)
Race     
 White 53 (91) 33 (94) 0.417 11 (69)
 Asian 3 (5) 0 (0) 3 (19)
 African American 1 (2) 0 (0) 2 (13)
 Multiple race 1 (2) 1 (3) 0 (0)
 Other 0 (0) 1 (3) 0 (0)
Type of vaccine received     
 First 2 doses     
 BNT162b2 33 (57) 17 (49) 0.665 –
 mRNA-1273 25 (43) 17 (49) –
 Missing 0 (0) 1 (3) –
 Third dose     
 BNT162b2 – 8 (23) – –
 mRNA-1273 – 14 (40) –
 Ad26.COV2.S – 13 (37) –
Graft transplanted     
 Kidney 37 (67) 19 (54) 0.815 –
 Heart 5 (9) 3 (9) –
 Liver 12 (21) 9 (26) –
 Lung 2 (3) 1 (3) –
 Pancreas 0 (0) 1 (3) –
 Multib 2 (0) 1 (3) –
Antirejection medicationc     
 Prednisone 38 (66) 17 (49) 0.130 –
 Calcineurin Inhibitors 52 (90) 28 (80) 0.226 –
 mTOR inhibitors 8 (14) 3 (9) 0.526 –
 Antimetabolites 40 (69) 23 (66) 0.820 –
Treated for rejection in the past 6 mo     
 Not treated 52 (90) 32 (91) 1.000 –
 Was treated 3 (5) 1 (3) –
 Missing 3 (5) 2 (6) –
Postvaccine SARS-CoV-2 IgG     
 Negative 24 (41) 13 (37) 0.827 0 (0)
 Positive 34 (59) 22 (63)d 16 (100)
 Low titer 32 (55) 19 (54) 1.000 0 (0)
 High titer 26 (45) 16 (46) 16 (100)

One participant was included in both SOTR dose 2 cohort and SOTR dose 3 cohort.
aP-value comparing SOTR dose 2 and SOTR dose 3 cohort were computed using 2-tailed Fisher’s exact test.
bIn the SOTR dose 2 cohort, 1 participant received both kidney and heart transplants, and 1 participant received both kidney and liver transplants; in the SOTR dose 3 cohort, 1 participant received 
both kidney and pancreas transplants, and 1 participant received both lung and other specified transplant.
cAntirejection medication use was not mutually exclusive.
dSix participants in the dose 3 cohort were seropositive before receiving a third dose.
HC, healthy control; IgG, immunoglobulin G; mRNA, mRNA; mTOR, mechanistic target of rapamycin; SARS-CoV-2, severe acute respiratory syndrome coronavirus 2; SOTR, solid organ transplant 
recipient.
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HEPCOVIVAC REGISTRY 
Immunological response in patients with liver 
disease vaccinated against COVID-19



Total cohort of Liver disease
n= 357

Liver disease study group
n= 203

Excluded cases:
76 Withdrawn patients
14 Janssen vaccine
44 Nucleocapside positive

Case selection flowchart



Variables Liver disease group [n= 203] Healthy volunteers [n= 132] p-value
Age, median (IQR) 58.0 (53.0 – 65.0) 45.0 (37.0 – 57.0) <0.0001
Gender, n (%)

Male
Female

115 (56.7)
88 (43.3)

37 (28.0)
95 (72.0) <0.0001

BMI (kg/m2), median (95%CI) 26.5 (23.3 – 30.5) 25.8 (23.6 – 27.6) ns

Race, n (%)
Caucasian
Asian
Black
Other

193 (95.1)
3 (1.5)
3 (1.5)
4 (2.0)

Missing

Demographic and clinical features of the study cohort



Comorbidities, n (%)
Diabetes Mellitus 53 (26.1)
Arterial hypertension 63 (31.0)
Obesity 39 (19.2)
Hypertriglyceridemia 13 (6.4)
Hypercholesterolemia 29 (14.3)
Renal insufficiency 8 (3.9)
Asthma 7 (3.4)
Chronic obstructive 
pulmonary disease (COPD) 1 (0.5)

Heart/cardiovascular disease 23 (11.3)
Tobacco 27 (13.3)

Demographic and clinical features – LIVER DISEASE GROUP



Liver disease etiology, n (%)

HCV 59 (29.1)
Alcohol 57 (28.1)
NAFLD 42 (20.7)
HBV 34 (16.7)
AIH 13 (6.4)
PBC 13 (6.4)
HDV 4 (2.0)
PSC 3 (1.5)
Wilson 1 (0.5)
Haemocromatosis 1 (0.5)
Other 11 (5.4)

Liver disease etiology

C irrh o s is
1 2 2  (6 3 .5 )

C h ild -P u g h  A
8 4  (6 8 .9 )

C h ild -P u g h  B
3 3  (2 7 .1 )

C h ild -P u g h  C
5  (4 .1 )



COVID-19 vaccines

L iv e r
d ise ase

P fiz e r
1 2 7  (6 7 .2 )

M o d e rn a
4 1  (2 1 .7 )

A s tra z e n e c a
2 1  (1 1 .1 )

H ea lth y
c o n tro ls

P fiz e r
1 1 0  (8 3 .3 )

M o d e rn a
1 0  (7 .6 )

A s tra z e n e c a
1 2  (9 .1 )

Pearsons’ Chi-square test p<0.01



Neutralizing antibodies - 2 wks after 2nd dose (1st for Astrazeneca)

nAb – T2

p<0.01

MULTIVARIATE *

COVARIABLES OR 95% CI p value

Age, (continuous) 0.98 0.97 – 1.00 ns

Sex, female (vs male) 0.99 0.60 – 1.65 ns

Type of vaccine, (vs Astrazeneca)
Moderna
Pfizer-BioNTech

13.75
4.63

4.20 – 45.0
1.69 – 12.72

<0.0001
<0.01

Condition, liver disease (vs healthy 
controls)

1.88 1.09 – 3.22 <0.05

*Low nAb levels as reference value



IgG (wt) - 2 wks after 2nd dose (1st for Astrazeneca)

IgG – T2

MULTIVARIATE *

COVARIABLES OR 95% CI p value

Age, (continuous) 0.97 0.96 – 0.99 <0.05

Sex, female (vs male) 1.65 0.99 - 2.74 ns

Type of vaccine, (vs Astrazeneca)
Moderna
Pfizer-BioNTech

22.61
5.53

6.36 – 80.32
1.85 – 16.51

<0.0001
<0.01

Condition, liver disease (vs healthy 
controls)

1.28 0.74 – 2.22 ns

*Low IgG levels as reference value



IgG (delta) - 2 wks after 2nd dose (1st for Astrazeneca)

IgG (delta) – T2

MULTIVARIATE *

COVARIABLES OR 95% CI p value

Age, (continuous) 0.99 0.97 – 1.01 ns

Sex, female (vs male) 1.45 0.89 - 2.36 ns

Type of vaccine, (vs Astrazeneca)
Moderna
Pfizer-BioNTech

7.83
3.43

2.62 – 23.43
1.33 – 8.84

<0.0001
<0.01

Condition, liver disease (vs healthy 
controls)

0.79 0.47 – 1.33 ns

*Low IgG (delta) levels as reference value



IgG (delta) - 2 wks after 2nd dose (1st for Astrazeneca)

IgG (omicron) – T2

MULTIVARIATE *

COVARIABLES OR 95% CI p value

Age, (continuous) 0.99 0.97 – 1.00 ns

Sex, female (vs male) 2.02 1.24 – 3.30 <0.01

Type of vaccine, (vs Astrazeneca)
Moderna
Pfizer-BioNTech

4.08
1.98

1.49 – 11.14
0.85 – 4.62

<0.01
ns

Condition, liver disease (vs healthy 
controls)

0.78 0.46 – 1.32 ns

*Low IgG (omicron) levels as reference value

p<0.05



IgG - 2 wks after 2nd dose (1st for Astrazeneca)

ANOVA p<0.0001
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Conclusions

• The first wave of pandemic impacted LT across the world differently, 

especially with detrimental effects on the hit countries. 

• The resilience of the entire transplantation network supported liver 

donation and transplantation.

• High rate of immunization in the waiting list for liver transplantation

• Acceptance rate for COVID-19 vaccination among liver transplant 

recipients is extremely high

• Benefit of third dose 


