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Abstract
BACKGROUND
Given the shortage of suitable liver grafts for liver trans
plantation, proper use of hepatitis B core antibody-positive 
livers might be a possible way to enlarge the donor 
pool and to save patients with end-stage liver diseases. 
However, the safety of hepatitis B virus core antibody 
positive (HBcAb+) donors has been controversial. Initial 
studies were mainly conducted overseas with relatively 
small numbers of HBcAb+ liver recipients, and there are 
few relevant reports in the population of mainland China. 
We hypothesized that the safety of HBcAb+ liver grafts is 
not suboptimal.

AIM
To evaluate the safety of using hepatitis B virus (HBV) 
core antibody-positive donors for liver transplantation in 
Chinese patients.
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and graft survival. We also found that sufficient anti-HBs 
titers in recipients might be a protective factor against de 
novo HBV infection. Combined with proper postoperative 
antiviral prophylaxis, utilization of HBcAb+ grafts is 
feasible.

Lei M, Yan LN, Yang JY, Wen TF, Li B, Wang WT, Wu H, Xu 
MQ, Chen ZY, Wei YG. Safety of hepatitis B virus core antibody-
positive grafts in liver transplantation: A single-center experience 
in China. World J Gastroenterol 2018; 24(48): 5525-5536   
URL: https://www.wjgnet.com/1007-9327/full/v24/i48/5525.htm  
DOI: https://dx.doi.org/10.3748/wjg.v24.i48.5525

INTRODUCTION
At present, liver transplantation is the only curative 
method for end-stage liver diseases. However, the limited 
organs available cannot meet the liver graft demand in 
Chinese patients. The shortage has promoted the enlarge
ment of the donor pool, and accepting non-optimal livers 
offers a possibility to solve this troubling problem[1,2].

China is an area of high-intermediate hepatitis B virus 
(HBV) endemicity, with a prevalence of HBV infection 
close to 8%[3,4], and studies report that the number 
of HBV core antibody positive (HBcAb+) liver grafts is 
up to 50% of the door pool[5-8]. However, liver grafts 
from HBcAb+ donors carry the potential risk of HBV 
transmission, which limits the further use of such grafts, 
especially for patients naïve for HBV infection[9]. Indeed, 
several studies have found HBV covalently closed circular 
DNA (cccDNA) in some HBsAg- & HBcAb+ liver grafts[5,7,10] 
and further verified the association between serum anti-
HBc levels and intra-hepatic HBV cccDNA[11]. Thus, it is 
suggested that post-transplantation immunosuppression 
could trigger cccDNA and enhance its replication[12]. 
Additionally, early reports have confirmed the risk of 
post-transplantation HBV infection in HBcAb+ liver graft 
recipients to be between 33% to 100%[7,10,13-17]. 

However, the lack of a larger study population[18-22], 
the wide variation in postoperative antiviral prophy
laxis[7,20,21,23-25] and the clinical characteristics of the 
patients resulted in the availability of vague information 
concerning the risk of post-transplantation HBV infection 
in HBcAb+ liver graft recipients. Moreover, the outcome 
of recipients receiving HBcAb+ liver grafts has been 
discussed in previous studies with contradictory results. 
The survival rate of recipients with HBcAb+ donors was 
lower than that of recipients with anti-HBc negative 
donors in two United States studies[19,26] in 1997 and 
was confirmed in another investigation 5 years later[18]. 
However, in a similar Spanish study, the difference in 
survival was not statistically significant (68% vs 76%, 
P > 0.05)[27]. And a UNOS-based study conducted in 
2009[17] found that HBsAg- recipients receiving HBcAb+ 
liver grafts had a significantly worse unadjusted graft 
survival, but the difference disappeared in multivariable 

METHODS
We conducted a retrospective study enrolling 1071 
patients who underwent liver transplantation consecutively 
from 2005 to 2016 at West China Hospital Liver Trans
plantation Center. Given the imbalance in several baseline 
variables, propensity score matching was used, and the 
outcomes of all recipients were reviewed in this study.

RESULTS
In the whole population, 230 patients received HBcAb+ 
and 841 patients received HBcAb negative (HBcAb-) liver 
grafts. The 1-, 3- and 5-year survival rates in patients 
and grafts between the two groups were similar (patient 
survival: 85.8% vs  87.2%, 77.4% vs  81.1%, 72.4% vs 
76.7%, log-rank test, P  = 0.16; graft survival: 83.2% 
vs 83.6%, 73.8% vs 75.9%, 70.8% vs 74.4%, log-rank 
test, P  = 0.19). After propensity score matching, 210 
pairs of patients were generated. The corresponding 1-, 
3- and 5-year patient and graft survival rates showed no 
significant differences. Further studies illustrated that the 
post-transplant major complication rates and liver function 
recovery after surgery were also similar. In addition, 
multivariate regression analysis in the original cohort and 
propensity score-matched Cox analysis demonstrated that 
receiving HBcAb+ liver grafts was not a significant risk 
factor for long-term survival. These findings were consis
tent in both HBV surface antigen-positive (HBsAg+) and 
HBsAg negative (HBsAg-) patients.

Newly diagnosed HBV infection had a relatively higher 
incidence in HBsAg- patients with HBcAb+ liver grafts 
(13.23%), in which HBV naive recipients suffered most 
(31.82%), although this difference did not affect patient 
and graft survival (P = 0.50 and P = 0.49, respectively). 
Recipients with a high HBV surface antibody (anti-HBs) 
titer (more than 100 IU/L) before transplantation and 
antiviral prophylaxis with nucleos(t)ide antiviral agents 
post-operation, such as nucleos(t)ide antiviral agents, had 
lower de novo HBV infection risks. 

CONCLUSION
HBcAb+ liver grafts do not affect the long-term outcome 
of the recipients. Combined with proper postoperative 
antiviral prophylaxis, utilization of HBcAb+ grafts is rational 
and feasible.

Key words: Liver transplantation; Long-term outcome; 
Hepatitis B core antibody; Hepatitis B virus infection

© The Author(s) 2018. Published by Baishideng Publishing 
Group Inc. All rights reserved.

Core tip: Considering the shortage of suitable liver grafts 
for liver transplantation, using hepatitis B virus core 
antibody positive (HBcAb+) livers might be a possible 
way to enlarge the donor pool. However, the safety is 
controversial and not widely evaluated in Chinese patients. 
Our retrospective study enrolling 1071 patients found 
that HBcAb+ grafts did not affect the long-term outcome. 
Although post-transplant hepatitis B virus (HBV) infection 
had a relatively higher incidence in HBV surface antigen-
negative patients with such grafts, it did not affect patient 
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analysis. Furthermore, studies concerning the risk of post-
transplantation HBV infection and the long-term graft 
and patient survival in HBcAb+ liver graft recipients were 
mainly conducted overseas, and there are few relevant 
reports on the population of mainland China. Herein, we 
conducted a retrospective study enrolling 1071 patients 
who consecutively underwent liver transplantation from 
2005 to 2016 in the Chinese population and aimed to 
evaluate the safety of utilization of HBcAb+ liver grafts in 
a relatively large number of patients.

MATERIALS AND METHODS
Patients and data collection 
This retrospective study concerns 1112 Chinese patients 
who consecutively underwent liver transplantation from 
2005 to 2016 performed at the West China Hospital Liver 
Transplantation Center. Re-transplantation and multi-
organ transplantation were excluded. We also did not 
include liver transplantations using HBV surface antigen-
positive (HBsAg+) and HCV-positive donors. All liver 
grafts were voluntarily donated after cardiac death or by 
living donors, and all donations were approved by the 
West China Hospital Ethics Committee in accordance with 
the ethical principles of the 1975 Declaration of Helsinki. 
Written informed consent was given by all participants, 
and those receiving HBcAb+ liver grafts were fully in
formed of the possible risks before transplantation. Basic 
information of liver transplantations, the outcome and 
follow-up results were derived from The China Liver Trans
plant Registry.

Post-transplant therapy 
Antiviral prophylaxis was given to all HBV-positive 
recipients, consisting of hepatitis B immunoglobulin 
(HBIG) and/or lamivudine or entecavir. A dosage of 
2000 IU HBIG was intramuscularly injected during the 
anhepatic phase, followed by 800 IU intramuscularly 
daily for the first week, and then weekly for 3 wk, and 
monthly thereafter[28-30]. These patients maintained HBV 
prophylaxis indefinitely.

In HBV-negative recipients, considering that there 
were no practice guidelines on prophylaxis of de novo 
hepatitis B in China until 2016[31], the post-transplant 
antiviral prophylaxis varied from different periods. Gene
rally, HBIG was administered to all patients the same way 
as in HBV-positive recipients, but the lasting time varied 
from 1-6 mo. Eighteen patients additionally received 
nucleos(t)ide analogue reverse transcriptase inhibitors 
(nRTI) including lamivudine (used in 15 patients), teno
fovir (used in 1 patient) and entecavir (used in 2 pa
tients).

The immunosuppressive therapy followed standard 
protocols, consisting of corticosteroids, tacrolimus and 
mycophenolate (1.0 g/d to 1.5 g/d) according to our 
previous report[32]. Methylprednisolone was started at a 
dose of 200 mg daily and was generally withdrawn within 
3 mo. Tacrolimus was started at a dose of 0.05-0.10 

mg/kg per day and was adjusted on the basis of liver 
function and trough concentration[32]. 

Post-transplant follow-up monitoring
All recipients were followed until June 2018 or until 
death or withdrawal. Patients were monitored regularly 
after liver transplantation, including clinical, biochemical 
and virological testing. Ultrasound examination was 
conducted every day for 2 wk after the operation and 
every month after discharge, with computed tomography 
performed every half a year[33]. 

Definitions of some clinical terms
HBV DNA > 100 copies/mL was detectable. Recurrence 
of HBV infection was defined as a detectable serum 
HBsAg and/or viral load (HBV DNA) in patients who were 
HBsAg positive at the time of transplantation, and de 
novo HBV infection was defined as a detectable serum 
HBsAg and/or viral load (HBV DNA) in patients without 
positive serum HBsAg or viral load before transplantation.

Primary non-function was defined according to cri
teria described by Ploeg et al[34] as a graft with poor 
initial function requiring re-transplantation or leading to 
death within 7 d after the primary procedure without any 
identifiable cause of graft failure[34]. Acute rejection was 
defined either by liver biopsy or recovery of liver function 
via high-dose methylprednisolone therapy[32]. If chronic 
rejection was suspected, liver biopsy was performed for 
confirmation[32]. 

Statistical analysis 
Since some continuous covariates presented significant 
differences from the normal distribution, they are shown 
as medians and first and third quartiles. Categorical 
variables are described as absolute numbers and relative 
frequencies. For continuous variables, either the Mann-
Whitney U-test or Student’s-t test were performed, and 
the differences between rates were tested using the Chi 
square test or Fisher’s exact test, if appropriate. The 
Kaplan-Meier method with log-rank test was used for 
cumulative survival analysis. Independent prognostic 
factors were identified using multivariate analysis based 
on the Cox proportional hazards model. The assumption 
for proportional hazard was evaluated using scaled 
Schoenfeld residuals.

Given the differences in the baseline characteristics 
between the two groups (Table 1), propensity score 
matching was used to balance out selection bias and 
potential confounding between the two groups[35]. Propen
sity scores were estimated using a non-parsimonious 
multivariable logistic regression model, which included all 
covariates that might have affected patient assignment 
to different groups. A nearest-neighbor 1:1 matching 
scheme with a caliper width of 0.1 was used for pro
pensity score matching[36]. Statistical inference was 
performed in the matched cohort with the use of a Cox 
proportional-hazards regression model stratified on the 
matched pair to preserve the benefit of matching[36]. 
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Public Health, Sichuan University.
All reported P-values are two-sided, and P-values less 

than 0.05 were considered statistically significant. All 
data were analyzed using SPSS22.0 (IBM Corporation, 
Armonk, NY, United States) and R statistical software, 
version 2.3.15 (R Foundation, Inc.; http://cran.r-project.
org/).

RESULTS
Study population and clinical characteristics
From 2005 to 2016, 1071 liver transplantation patients 
met our inclusion criteria, of which 230 patients received 
HBcAb+ liver grafts and 841 patients received HBcAb- 
liver grafts. The median following time was 48.72 ± 33.37 
mo (range from 0.1 to 128.1 mo). In these patients, 799 
were HBsAg+ (149 receiving HBcAb+ liver grafts and 650 
receiving HBcAb- liver grafts), and 272 were HBsAg- (81 
receiving HBcAb+ liver grafts and 191 receiving HBcAb- 
liver grafts) at the time of transplantation. A flow diagram 
of patient disposition is shown in Figure 1.

The clinical data of the recipients and donors between 

Analyses were further performed on the basis of HBsAg 
status of the recipients (HBsAg+ and HBsAg- recipients). 
Propensity score matching was also conducted in HBsAg+ 
and HBsAg- cohorts. The statistical methods of this study 
were reviewed by Jia-Wei Luo from West China School of 

Factor Before propensity matching After propensity matching
HBcAb+ 

(n  = 230)
HBcAb-

 (n  = 841)
P  value HBcAb+ 

(n  = 210)
HBcAb- 

(n  = 210)
P  value

Baseline characteristic
   Gender (male) 77.4% (178) 80.10% (674) 0.36 80.5% (169) 79.5% (167) 0.90
   Age (yr) 41.03 ± 15.58 42.04 ± 15.19 0.63 40.67 ± 16.57 40.55 ± 15.47 0.94
   BMI 22.1 (19.7-24.2) 22.0 (19.8-24.4) 0.54 22.4 (19.7-24.4) 22.2 (19.7-24.2) 0.8
   MELD 13.0 (9.0-21.0) 13.0 (9.0-20.0) 0.62 14.5 (10.0-20.8) 13.0 (9.0-20.0) 0.25
   CTP 9.0 (7.0-11.0) 8.0 (7.0-10.0) < 0.01 9.0 (7.0-11.0) 9.0 (7.0-11.0) 0.14
   Creatinine (µmol/L) 67.0 (53.1-81.9) 71.9 (59.3-85.3) < 0.01 68.4 (55.9-82.6) 67.5 (53.6-82.4) 0.36
   Total bilirubin (µmol/L) 43.2 (18.8-198.3) 37.8 (18.9-139.9) 0.31 51.2 (22.8-201.9) 40.2 (18.6-195.0) 0.20
   Albumin (g/L) 35.4 (30.9-40.5) 34.6 (30.1-40.1) 0.11 33.8 (30.1-40.1) 35.4 (31.1-41.3) 0.06
   HBV-positive 64.78% (149) 77.28% (650) < 0.01 62.9% (132) 69.0% (145) 0.18
   HCV-positive 1.3% (3) 7.4% (62) < 0.01 0.95% (2) 3.33% (7) 0.18
Etiology
   Liver cancer 48.26% (111) 46.13% (388) 0.57 43.3% (91) 49.5% (104) 0.20
   Acute liver failure 11.30% (26) 4.99% (42) < 0.01 8.57% (18) 11.4% (24) 0.32
   Cirrhosis
   Biliary 9.13% (21) 7.84% (66) 0.53 8.57% (18) 9.05% (19) 0.86
   HBV related 49.13% (113) 55.41% (466) 0.09 56.19% (118) 54.76% (15) 0.76
   HCV related 0.86% (2) 1.90% (16) 0.28 0.95% (2) 2.38% (5) 0.45
   Alcoholic 2.17% (5) 3.21% (27) 0.41 1.90% (4) 0.95% (2) 0.69
   Autoimmune 1.74% (4) 1.07% (9) 0.41 0.95% (2) 0.95% (2) 1.00
Donor
   Gender (male) 74.35% (171) 79.30% (666) 0.12 61.4% (129) 61.9% (130) 0.92
   Age 41.28 ± 13.01 33.66 ± 10.16 < 0.01 39.08 ± 10.59 40.82 ± 12.36 0.12
   BMI 22.7 (20.8-24.6) 22.2 (20.8-23.9) 0.06 22.8 (21.4-24.8) 22.6 (20.8-24.5) 0.37
   Serum Na+ (mmol/L) 143.0 (140.1-153.6) 139.9 (136.2-142.7) < 0.01 141.6 (138.5-143.9) 141.9 (140.0-153.5) 0.23
   Creatinine (µmol/L) 73.1 (54.5-98.5) 74.6 (62.8-84.6) < 0.01 75.3 (63.0-88.5) 74.4 (54.0-95.6) 0.39
   Total bilirubin (µmol/L) 13.8 (9.4-18.9) 15.1 (10.2-23.3) 0.05 14.9 (10.1-21.7) 13.8 (9.4-18.7) 0.25
   Albumin (g/L) 40.3 (32.6-45.3) 41.9 (36.2-46.6) 0.06 42.1 (36.2-46.7) 41.8 (34.9-46.0) 0.12
   ALT (IU/L) 23.0 (16.0-45.0) 28.0 (16.0-47.0) 0.32 27.0 (17.8-46.2) 26.0 (16.0-43.0) 0.10
   AST (IU/L) 27.0 (20.8-42.0) 26.0 (18.0-39.0) 0.15 27.0 (19.0-39.8) 27.5 (20.0-47.0) 0.12
   Cold ischemic time (h) 5.0 (3.2-7.8) 6.0 (5.0-10.0) 0.05 5.5 (4.0-8.0) 5.5 (3.0-7.0) 0.11
   Warm ischemic time (min) 6.0 (3.0-9.0) 4.5 (2.0-6.5) 0.05 6.0 (3.0-10.0) 5.0 (3.0-7.0) 0.08

Data are shown as the mean ± SD or medians with 25th-75th interquartile ranges when presenting significant differences from the normal distribution. For 
continuous variables, either the Mann-Whitney U-test or Student’s-t test was performed, and the differences between rates were tested by Chi square test or 
Fisher exact test, if appropriate. CTP: Child-Pugh score; ALT: Glutamic-pyruvic transaminase; AST: Glutamic oxaloacetic transaminase; MELD: Model for 
end-stage liver disease.

Table 1  Baseline clinical data between hepatitis B virus core antibody positive and hepatitis B virus core antibody negative liver 
graft recipients

Patients included

(n  = 1071)

HBsAg+

HBcAb-

(n  = 650)

patients

grafts

HBcAg- grafts n  = 841

HBcAg+ grafts n  = 230

HBsAg+

HBcAb-

(n  = 149)

patients

grafts

HBsAg-

HBcAb-

(n  = 191)

patients

grafts

HBsAg-

HBcAb-

(n  = 81)

patients

grafts

Figure 1  Flow diagram showing the allocation of hepatitis B virus core 
antibody positive liver grafts and hepatitis B virus surface antigen status 
in the whole cohort.
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the two groups are summarized in Table 1. There were 
differences between the two groups in several baseline 
variables. For example, recipients of HBcAb+ grafts had 
a lower HBsAg+ rate (64.78% vs 77.28%, P < 0.01) and 
a lower HCV-positive rate (1.3% vs 7.4%, P < 0.01). 
HBcAg+ donors were relatively older than HBcAg- donors 
(41.28 ± 13.01 vs 33.66 ± 10.16, P < 0.01). With the 
utilization of propensity score matching, 210 pairs of 
patients were generated, and the characteristics of the 
two groups were balanced (Table 1).

Postoperative mortality
In the original cohort, which included 1071 patients, the 
1-, 3- and 5-year survival rates between the HBcAb+ 
and HBcAb- liver graft recipients were similar (85.8%, 
77.4% and 72.4% vs 87.2%, 81.1% and 76.7%, log-
rank test, χ 2 = 1.97, P = 0.16, Figure 2A). Meanwhile, 
graft survival rates between the two groups were also 
comparable (83.2%, 73.8% and 70.8% vs 83.6%, 
75.9% and 74.4%, log-rank test, χ 2 = 1.65, P = 0.19, 
Figure 2B). Propensity score matching was used for the 
differences in several baseline variables between the two 
groups as noted above, and the 1-, 3- and 5-year patient 
survival rates in the new HBcAb+ and HBcAb- groups 
presented no significant differences (84.1%, 75.2% and 

71.7% vs 87.4%,79.4% and 73.8%, log-rank test, χ 2 
= 1.53, P = 0.21, Figure 2C). The corresponding 1-, 3- 
and 5-year graft survival rates in the HBcAb+ group were 
83.1%,74.3% and 70.7% compared with 85.6%, 77.8% 
and 72.3% in the controls (log-rank test, χ 2 = 1.10, P = 
0.29, Figure 2D).

In HBsAg+ patients, HBcAb+ liver grafts did not have 
deleterious effects on survival when compared with 
HBcAb- grafts (log-rank test, χ 2 = 1.59, P = 0.20, Sup
plement Figure 1A), similar to the HBsAg- recipients (log-
rank test, χ 2 = 0.81, P = 0.37, Supplement Figure 1B). 

To identify the independent prognostic factors, Cox 
regression analysis was conducted in the whole cohort, 
and multivariate regression analysis showed that a 
higher BMI in the recipients was a strong indicator for 
worse patient (P = 0.001) and graft survival (P = 0.001) 
(Table 2). Blood transfusion amount and mechanical 
ventilation time were also shown as risk factors both for 
patient (P = 0.018 and 0.002, respectively) and graft 
survival (P = 0.021 and P = 0.004, respectively) (Table 2). 
However, parallel to the results of the survival curves, the 
multivariate regression analysis did not support HBcAb+ 
liver grafts as an independent risk factor for death or 
graft loss after liver transplantation ( P = 0.675 and P = 
0.982, Table 2).
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Propensity score-matched analysis also revealed that 
receiving HBcAb+ liver grafts was not associated with a 
significantly higher risk of death (Cox regression analysis, 
P = 0.45, 95%CI: 0.73-2.03, Table 3).

Consistent with the above results, both multivariate 
regression analysis in the original cohort and propensity 
score-matched Cox analysis did not support that 
receiving HBcAb positive liver grafts was associated with 
worse outcome for either HBsAg+ or HBsAg- patients 
(Table 3).

During the observation period, 21 patients died in the 
entire cohort within 30 d. In patients receiving HBcAb+ 
liver grafts, 5 patients died because of multi-organ 
failure with sepsis and 3 patients died of abdominal 
hemorrhage, while in the HBcAb- group, patients died 
within 30 d because of multi-organ failure with sepsis 
(n = 8), liver failure due to portal vein embolism (n = 
2) and abdominal hemorrhage (n = 3). The death rates 

within 30 d of the two groups were not significantly 
different [Chi square test, 3.47% (8/230) vs 1.54% 
(13/841), P = 0.10]. None of the causes of death were 
HBV-related. 

Postoperative complications
In the post-transplant observation, no differences be
tween HBcAb+ and HBcAb- graft recipients were observed 
in rates of major complications in either the early stage 
(within 30 d post LT) or the later period (beyond 30 d 
post LT; Tables 4 and 5) 

In the entire cohort, 3 patients with HBcAb+ liver 
graft underwent re-transplantations for primary non-
function (n = 1), biliary complications (n = 1) and portal 
vein embolism (n = 1), while 7 recipients in the HBcAb- 
group underwent re-transplantations for primary non-
function (n = 1), biliary complications (n = 2), portal 
vein embolism (n = 1) and hepatic artery embolism (n = 

Group No. of patients HR (95%CI) P  value

Entire cohort, multivariable-adjusted (n = 1071)
HbcAb-positive grafts 230 1.18 (0.55,2.51) 0.68
HbcAb-negative grafts 841 Reference
Entire cohort, propensity score-matched (n = 210 pairs)
HbcAb-positive grafts 210 1.21 (0.73,2.03) 0.45
HbcAb-negative grafts 210 Reference
HBsAg-positive cohort, multivariable-adjusted (n = 799)
HbcAb-positive grafts 149 1.07 (0.98,1.17) 0.12
HbcAb-negative grafts 650 Reference
HBsAg-positive cohort, propensity score-matched (n = 132 pairs)
HbcAb-positive grafts 132 1.06 (0.93,1.20) 0.37
HbcAb-negative grafts 132 Reference
HBsAg-negative cohort, multivariable-adjusted (n = 272)
HbcAb-positive grafts 81 1.42 (0.71,2.81) 0.32
HbcAb-negative grafts 191 Reference
HBsAg-negative cohort, propensity score-matched (n = 77 pairs)
HbcAb-positive grafts 77 1.37 (0.60,3.14) 0.45
HbcAb-negative grafts 77 Reference

Table 3  Multivariable Cox analysis and propensity score-matched analysis of patient survival

Patient survival Graft survival

Equation variable P  value HR 95%CI P  value HR 95%CI
Recipient
   BMI 0.001 1.006 1.002 1.010 0.001 1.007 1.002 1.011
   MELD 0.942 1.002 0.948 1.059 0.912 1.003 0.949 1.059
   CTP 0.429 1.049 0.835 1.263 0.398 1.046 0.834 1.258
   HBsAb (negative vs positive) 0.208 1.058 0.768 1.347 0.258 1.027 0.739 1.374
Operation
   Anhepatic phase (min) 0.271 1.003 0.997 1.01 0.169 1.004 0.998 1.011
   RBC transfusion (U) 0.018 1.055 1.009 1.104 0.021 1.052 1.006 1.103
After operation
   Mechanical ventilation (h) 0.002 1.003 1.001 1.006 0.004 1.004 1.001 1.006
   Postoperative HBV infection (negative vs positive) 0.502 0.597 0.132 2.695 0.490 0.527 0.118 2.340
Donor
   Age 0.215 1.015 0.991 1.042 0.155 1.018 0.992 1.045
   AST (IU/L) 0.65 1.002 0.993 1.011 0.563 1.002 0.994 1.011
   Na (mmol/L) 0.243 1.016 0.988 1.045 0.408 1.011 0.983 1.041
   Anti HBc-positive (negative vs positive) 0.675 1.175 0.551 2.505 0.982 1.008 0.480 2.118

Table 2  Multivariable Cox analysis for patient and graft survival in the original cohort (n  = 1071)

HR: Hazard ratio; CTP score: Child-Pugh score; WIT: Warm ischemic time Na: Donor’s serum Na+ concentration.
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3). The re-transplantation rates of the two groups were 
1.30% (3/230) and 0.83% (7/841), without a significant 
difference (Fisher exact test, P = 0.45).

Furthermore, postoperative follow-up showed that 
there was no significant difference in liver function re
covering after liver transplantation between the HBcAb+ 
and HBcAb- groups (Figure 3).

HBV infection after liver transplantation
As was noted in the beginning, it is well acknowledged 
that HBcAb+ liver grafts retain the capability to transmit 
HBV, especially to HBsAg- patients[7,9,23], which is one of 
the major concerns in utilization of such grafts. 

First, we analyzed de novo HBV infection in the 
HBsAg negative cohort and its risk factors. We found 
that 9 patients receiving HBcAb+ liver grafts developed 
hepatitis B after a mean time of 15.66 ± 5.52 mo, with 
an infection rate of 13.23% (9/68, 13 patients died within 
1 mo after liver transplantation or without any post-
transplant HBV serological data), whereas no patients 
receiving HBcAb- liver grafts were newly diagnosed with 

HBV after the operation (0/163, 28 patients died within 
1 mo after liver transplantation or without any post-
transplant HBV serological data). Thus, the data indicate 
a higher prevalence of de novo HBV infection in recipients 
of HBcAb+ liver grafts (Fisher exact test, 13.23% vs 0, P 
< 0.0001).

Once the diagnosis of de novo hepatitis B was made, 
anti-viral therapy was switched to entecavir or tenofovir. 
Only one patient died 3 mo after a new diagnosis of 
HBV due to severe rejection-caused multi-organ failure 
without HBV flare-up. The other patients are still alive at 
present. The multivariate regression analysis revealed 
that the occurrence of newly diagnosed HBV infection is 
not an independent threat to patient and graft survival (P 
= 0.502 and 0.490, respectively, Table 2). 

Considering the status of HBV surface antibody (anti-
HBs) and HBV core antibody (anti-HBc), there were three 
different HBV serological statuses in recipients (Figure 4). 
There was a clear tendency that the HBV-naïve patients 
had the highest de novo HBV infection rate (31.82%, 
7/22), while the anti-HBs+ recipients had the lowest de 

Major complication Before propensity matching After propensity matching
Anti-HBc+ 
(n  = 230)

Anti-HBc- 
(n  = 841)

P  value Anti-HBc+ 
(n  = 210)

Anti-HBc- 
(n  = 210)

P  value

Primary non-function 0.43 (1/230) 0.24 (2/841) 0.52 0 0 1.00
Biliary complications 0.87 (2/230) 1.30 (11/841) 0.75 0.47 (1/210) 0.47 (1/210) 1.00
Hepatic artery stenosis/embolism 2.61 (6/230) 1.54 (13/841) 0.26 2.38 (5/210) 1.43 (3/210) 0.72
Portal vein stenosis/embolism 3.91 (9/230) 2.49 (21/841) 0.25 3.33 (7/210) 0.95 (2/210) 0.17
Outflow tract stenosis/embolism 0.87 (2/230) 0.36 (3/841) 0.29 0.47 (1/210) 0.47 (1/210) 1.00
Bacterial infection 21.30 (49/230) 20.33 (171/841) 0.75 8.10 (17/210) 7.62 (16/210) 0.85
Intra-abdominal hemorrhage 7.39 (17/230) 5.35 (45/841) 0.24 5.24 (11/210) 2.38 (5/210) 0.20
Pleural effusion 10.86 (25/230) 15.21 (128/841) 0.09 5.71 (12/210) 3.33 (7/210) 0.24
Celiac effusion 11.74 (27/230) 14.86 (125/841) 0.23 7.62 (16/210) 8.10 (17/210) 0.85
Pneumonedema 0.43 (1/230) 0.36 (3/841) > 0.9 0.47 (1/210) 0.47 (1/210) 1.00

Table 4  Early stage major complications after operation between hepatitis B virus core antibody positive liver graft recipients and 
hepatitis B virus core antibody negative liver graft recipients (within 30 d post liver transplantation) %

Differences between rates were tested by Chi-square test or Fisher exact test, if appropriate.

Major complication Before propensity matching After propensity matching
Anti-HBc+ 
(n  = 230)

Anti-HBc- 
(n  = 841)

P  value Anti-HBc+ 
(n  = 210)

Anti-HBc- 
(n  = 210)

P  value

Acute rejection 11.30 (26/230) 11.05 (93/841) 0.91 9.52 (20/210) 8.10 (17/210) 0.60
Chronic rejection 0.87 (2/230) 0.95 (8/841) > 0.9 0.95 (2/210) 0.95 (2/210) 1.00
GVHD 0.43 (1/230) 0.59 (5/841) > 0.9 0.47 (1/210) 0.47 (1/210) 1.00
Biliary complications 9.56 (22/230) 9.15 (77/841) 0.85 7.14 (15/210) 10.95 (23/210) 0.17
Hepatic artery stenosis/embolism 0.87 (2/230) 0.71 (6/841) 0.68 0.95 (2/210) 2.38 (5/210) 0.45
Portal vein stenosis/embolism 0.87 (2/230) 1.78 (15/841) 0.55 0.95 (2/210) 0.95 (2/210) 1.00
Outflow tract stenosis/embolism 0.43 (1/230) 0.71 (6/841) > 0.9 0.47 (1/210) 0.47 (1/210) 1.00
Tumor recurrence 5.65 (13/230) 4.52 (38/841) 0.51 4.76 (10/210) 6.19 (13/210) 0.52
CMV infection 0.87 (2/230) 0.83 (7/841) > 0.9 0.95 (2/210) 1.90 (4/210) 0.68
Opportunistic infection 2.17 (5/230) 1.43 (12/841) 0.38 1.43 (3/210) 2.38 (5/210) 0.72
Diabetes mellitus 7.82 (18/230) 7.97 (67/841) 0.94 7.14 (15/210) 4.76 (10/210) 0.3
Hypertension 4.78 (11/230) 3.57 (30/841) 0.39 3.33 (7/210) 2.38 (5/210) 0.77
Hyperlipemia 0.43 (1/230) 0.95 (8/841) 0.69 0.47 (1/210) 1.90 (4/210) 0.37

Table 5  Later period major complications after operation between hepatitis B virus core antibody positive liver graft recipients and 
hepatitis B virus core antibody negative liver graft recipients (beyond 30 d post liver transplantation) %

Differences between rates were tested by Chi square test or Fisher exact test, if appropriate. CMV: Cytomegalovirus; GVHD: Graft-vs-host disease.
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novo HBV infection rate (2.56%, 1/39). The comparison 
showed a significant difference (Fisher’s exact test, P = 
0.002). The results suggested that the presence of anti-
HBs in recipients might be a protective factor against 
HBV infection.

Furthermore, the anti-HBs titer at the time of trans
plantation has a significant impact on the outcome of 
the HBV infection. We found that no patients with anti-
HBs titer more than 100 IU/l before surgery (n = 21) 
developed de novo HBV infection, while those whose 
anti-HBs titers were less than 100 IU/l before surgery 
had a de novo infection rate of 19.15% (9/47) (Fisher 
exact test, P = 0.048, Figure 5).

Next, we divided the 68 patients into two groups with 
respect to antiviral prophylaxis: an HBIG monotherapy 
group (n = 50) and an nRTI combination group (n = 18). 
The corresponding de novo HBV infection rates of each 
group were 16.00% (8/50) and 5.55% (1/18). There 
was a higher risk tendency in the HBIG monotherapy 
group compared with the other, but without a significant 
difference (Fisher exact test, P = 0.43).

It is important to note that the only patient who devel
oped HBV positivity in the nRTI combination group had 
an HBIG administration of 3 mo but did not use nRTI 
regularly until 8 mo after surgery and was diagnosed 4 
mo later.

Finally, we also analyzed the recurrence of HBV infec
tion in the HBsAg+ cohort and found that 20 (2.5%) of 
the 799 HBsAg+ patients developed recurrence of HBV 
infection, in which 7 patients received HBcAb+ liver grafts 
and 13 received HBcAb- liver grafts. Thus, the recurrence 
rates between the two groups were 4.7% (7/149) and 
2.0% (13/650); this difference was not statistically signifi
cant (Chi square test, P = 0.06).

DISCUSSION
Recent years have witnessed an increasing trend in 
the utilization of marginal organs, including HBV core 
antigen-positive liver grafts, to address the problem of or
gan shortage[8,37]. In early times, transplantation centers 
adhered to the principle that the occurrence of anti-HBc 

Anti HBc- grafts
Anti HBc+ grafts

M
ea

n 
le

ve
l (
μm

ol
/L

)

140

120

100

80

60

40

20

0

A

Anti HBc- grafts
Anti HBc+ grafts

TB

0 1 3 5 7 10 14 18 6021 30

M
ea

n 
le

ve
l 

2.4

2.2

2.0

1.8

1.6

1.4

1.2

1.0

B

INR

0 1 3 5 7 10 14 18 6021 30

M
ea

n 
le

ve
l (

IU
/L

)

1000

800

600

400

200

0

C

ALT

0 1 3 5 7 10 14 18 6021 30

t /d t /d

M
ea

n 
le

ve
l (

IU
/L

)

2000

1500

1000

500

0

D

AST

0 1 3 5 7 10 14 18 21 30

t /dt /d

Anti HBc- grafts
Anti HBc+ grafts

Anti HBc- grafts
Anti HBc+ grafts
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in liver grafts was a contraindication to organ use in fear 
of deleterious effects[9,18,19]. However, as discussed above, 
the postoperative safety of receiving such grafts has 
become debatable over the following years.

Recent studies conducted in Austrian[20]and Italian[23] 
populations still associated HBcAb+ livers with inferior 
outcomes, but without explained mechanisms. The 
Italian study[23] suggested that HBcAb positivity repre
sents a surrogate marker of suboptimal graft quality. 
Nevertheless, none of the recorded causes of death or 
graft loss differed between HBcAb+ or HBcAb- donors, 
and no graft loss was attributable to recurrence or de 
novo HBV infection, in line with other studies[20,38]. Nota
bly, the authors in both articles[20,23] all acknowledged 
the high prevalence of HCV (20% to 50%) in the study 
population and the high rate of HCV recurrence[23] leading 
to cirrhosis in 20-30% of patients[39] when direct antiviral 
agents were not widely applied in the past. The Austrian 
study[20] also demonstrated that anti-HCV positivity was 

a strong indicator for worse patient survival (HR: 2.38, 
95%CI: 1.18-4.78, P = 0.015), in agreement with an 
earlier report[40]. However, their findings in HCV infection 
rates were not the same as in our Chinese cohort (HCV 
infection rate: less than 8%), which might partially ex
plain the difference in the impacts of HBcAb+ liver grafts. 

In our study, the number of HBcAb+ liver grafts 
was greater than the numbers in most previous stu
dies[7,18-20,22,26-27,41,42], which allows a more reliable con
clusion. Our study was the largest single-center cohort 
of long-term follow-up in a Chinese population, which 
provides an important view in the utilization of such 
grafts.

Although the baseline data of HBcAb+ donors and 
recipients shared similarity in most aspects with HBcAb- 
donors, as a real world study, differences existed between 
the two groups, consisting of a significantly higher Child-
Pugh score and a higher prevalence of acute liver failure 
as transplantation reasons in HBcAb+ graft recipients. 
These differences could be explained as the relatively 
“imperfect” liver grafts, for example, HBcAb+ grafts were 
more likely to be allocated to patients with more severe 
and urgent conditions in short of proper grafts available 
in recent clinical practice. And it was notable that HBcAb+ 
donors were older than HBcAb- donors, which was in 
line with previous studies[7,20,23,26] and reflected a higher 
prevalence of HBV infection and anti-HBc occurrence in 
older people, especially in epidemic areas. 

Considering these confounding factors in a real world 
study, a new cohort of patients was generated in a pro
pensity-score matching method, as we have introduced, 
to achieve appropriate analysis validity, which was neg
lected in most of the previous studies. Additionally, given 
the different HBsAg status in recipients, a subgroup 
analysis was conducted, and survival was compared as in 
the entire population.

Using multiple rigorous strategies, we were able 
to come to a firm conclusion that overall survival with 
HBcAb+ liver grafts was not suboptimal, regardless of the 
HBsAg status of the recipients. 

Monitoring after surgery in our study also showed 
that HBcAb+ grafts did not increase the post-transplant 
complications in either the early stage or the later stage. 
Furthermore, liver function recovered in HBcAb+ grafts at 
the same pace as in HBcAb- grafts. 

Another barrier to HBcAb+ graft utilization is the risk 
of HBV infection in recipients, especially for patients 
naïve to HBV infection[26]. In the era of prophylaxis 
with HBIG and nRTI, the dramatically high prevalence 
of HBV infection in HBcAb+ liver recipients[7,10,13-17] has 
declined (in our cohort, de novo infection: 13.23%). 
Post-transplantation HBV infection did not affect patient 
and graft survival (P = 0.50 and 0.49, respectively, Table 
2), the same as in previous articles[20,23]. Yet, there was 
no consensus on a prophylactic regimen for de novo 
HBV infection until 2015 in the United States[43] and 
2016 in China[31]. Thus, a diverse array of protocols has 
been used worldwide in past time[7,20,21,23-25], from no 
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prophylaxis to the use of nucleos(t)ide antiviral agents, 
HBIG or their combination, resulting in varied HBV 
infection rates in different institutes[7]. In our cohort, there 
was a higher risk tendency of de novo HBV infection in 
the HBIG monotherapy group compared with patients 
with prophylaxis consisting of HBIG and nRTI (16.00% 
vs 5.55%), highlighting the importance of nucleos(t)ide 
antiviral agents in HBV prophylaxis. In addition, recent 
studies suggested that HBIG+ nRTI combination therapy 
did not provide superior protection over nRTI-only 
treatment[7,14,16,24,25,44]. The latest guidelines overseas[43,45] 
also recommend nRTI (lamivudine, entecavir or teno
fovir) as prophylactic agents, excluding HBIG. 

However, it is worth noting that the higher cost and 
lower compliance of HBIG injection prevented its long-
term utilization in patients who were HBV-negative 
before transplantation, varying from weeks to months 
in our study and in other reports[7,14,25,44], which might 
increase the HBV infection rates in HBIG monotherapy 
prophylaxis, as we found above.

Additionally, recipient characteristics in HBV serology 
did have a significant impact on postoperative HBV in
fection when accepting HBcAb+ grafts. In our results, 
HBV-naïve patients had the highest de novo HBV infec
tion rate (31.82%), while the anti-HBs+ recipients had 
the lowest (2.56%), a tendency that was in accord with a 
previous systematic review[7]. Quantitative investigation 
on anti-HBs suggested that patients with an anti-HBs 
titer more than 100 IU/l before surgery had a lower 
risk of hepatitis B (P = 0.048, Figure 5). And in a recent 
study, patients were given HBV vaccinations as active 
immunizations with the aim of achieving anti-HBs > 
1000 IU/L pre-transplant and > 100 IU/L post-transplant, 
which achieved satisfactory preventive results[46]. They 
also suggested that anti-viral prophylaxis could be safely 
discontinued in patients who obtain this immunity. Gene
rally, these findings emphasize the prophylactic role of 
HBsAb and active immunization might be an economical 
alternative prophylaxis in patients who respond appro
priately to vaccination.

Our study has limitations. It is based on retrospective 
data and patients at a single institution, which may 
be subject to bias and confounding, although we used 
multiple strategies (multivariable adjustment and pro
pensity-score matching). In addition, because of the 
retrospective nature of our study, we were unable to 
obtain complete pre-LT HBV vaccination data. Further 
multicenter studies are needed to evaluate the ideal 
prophylaxis to prevent post-transplant de novo HBV in
fection. 

In conclusion, our retrospective study revealed that 
HBcAb+ liver grafts could be used with similar outcomes 
to HBcAb- grafts regardless of the HBsAg status of the 
recipients. Although HBcAb+ liver recipients do have a 
higher de novo HBV infection rate in which HBV-naïve 
patients suffer more often, nucleos(t)ide antiviral agents 
have been regarded as effective antiviral prophylaxis that 
should be widely applied in clinical practice. Furthermore, 
maintaining sufficient anti-HBs titers in recipients might 

also be protective against de novo HBV infection.

ARTICLE HIGHLIGHTS
Research background
Given the shortage of suitable liver grafts for liver transplantation, proper use 
of hepatitis B core antibody-positive livers might be a possible way to enlarge 
the donor pool and to save patients with end-stage liver diseases. However, 
the safety of hepatitis B virus core antibody positive (HBcAb+) donors has been 
controversial. Initial studies were mainly conducted overseas with relatively 
small numbers of HBcAb+ liver recipients, and there are few relevant reports in 
the population of mainland China. 

Research motivation
We performed this study to evaluate the safety of HBcAb+ liver graft recipients 
in a Chinese population and to investigate the feasibility of wide utilization of 
such liver grafts.

Research objectives
The objectives of our study were: (1) to evaluate the long-term survival of 
HBcAb+ liver graft recipients; and (2) to investigate the post-transplant hepatitis 
B virus infection rates of HBcAb+ liver graft recipients and to elucidate possible 
risk factors.

Research methods
We conducted a retrospective study, enrolling 1071 patients who consecutively 
underwent liver transplantation from 2005 to 2016 at West China Hospital Liver 
Transplantation Center. Given the imbalance in several baseline variables, 
propensity score matching was used, and the outcomes of all recipients were 
reviewed in this study.

Research results
Our results revealed that the 1-, 3- and 5-year survival rates in patients and 
grafts between the HBcAb+ and HBcAb- recipients showed no difference (P 
= 0.16 and 0.19, respectively), and receiving HBcAb+ liver grafts was not a 
significant risk factor for long-term survival. Further studies illustrated that post-
transplant major complication rates and liver function recovery after surgery 
were also similar. These findings were consistent in both HBsAg+ and HBsAg- 
patients. Newly diagnosed HBV infection had a relatively higher incidence 
in HBsAg- patients with HBcAb+ liver grafts (13.23%), in which HBV-naïve 
recipients suffered most (31.82%), whereas it did not affect patient and graft 
survival (P = 0.50 and 0.49, respectively). Recipients with high anti-HBs titers 
(more than 100 IU/L) before transplantation and antiviral prophylaxis with 
nucleos(t)ide antiviral agents post-operation had lower de novo HBV infection 
risks.

Research conclusions 
HBcAb+ grafts did not increase the post-transplant mortality, nor did they affect 
post-transplant major complication rates and liver function recovery. HBV-naïve 
recipients suffered post-transplantation de novo HBV infection more often, and 
sufficient anti-HBs titers in recipients might be a protective factor. Combined 
with proper postoperative antiviral prophylaxis, such as nucleos(t)ide antiviral 
agents, utilization of HBcAb+ grafts is rational and feasible.

Research perspectives 
Further multicenter studies are needed to investigate more interval time 
groups with a large sample size on the outcome of HBcAb+ graft recipients. 
The findings of this study should spur more investigators to evaluate the 
ideal postoperative antiviral therapy, which may involve active immunization 
prophylaxis.
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