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Abstract
AIM: To investigate the incidence of de novo  hepatitis 
B virus (HBV) infection after pediatric living donor liver 
transplantation (LDLT) and to analyze the risk factors 
associated with this de novo  HBV infection. 

METHODS: The clinical and laboratory data of children 
who underwent LDLT from June 2010 to September 
2012 in First Center Hospital in Tianjin, China, were 
retrospectively included in the study. Intrahepatic HBV 
DNA in donors and recipients was quantified by real-
time polymerase chain reaction using DNA extracted 
from formalin-fixed, paraffin-embedded tissues. 

RESULTS: Between June 2010 to September 2012, 32 

consecutive pediatric patients underwent LDLT in our 
institute. Thirty LDLT patients (13 girls and 17 boys) 
were followed up for a median of 15 mo, of whom 
53.3% (16/30) were hepatitis B core antibody (HBcAb) 
positive and 36.7% (11/30) were hepatitis B surface 
antibody (HBsAb)/HBcAb positive before transplanta-
tion. Sixteen of the children received HBcAb-positive al-
lografts, and 43.7% (7/16) of the grafts were found to 
be intrahepatic HBV DNA positive. De novo  HBV infec-
tion developed in 16.1% (5/30) of the children within 
a median of 11 mo after transplantation. All five of the 
HBV-infected children had received HBcAb-positive al-
lografts, four of which were intrahepatic HBV DNA posi-
tive. Two of the children developed de novo  HBV infec-
tion despite the preoperative presence of both HBsAb 
and HBcAb 

CONCLUSION: In pediatric recipients, positive intra-
hepatic HBV DNA in allografts could be a risk factor for 
de novo  HBV infection from HBcAb-positive allografts. 
HBsAb/HBcAb positivity in pediatric LDLT patients be-
fore transplantation exhibited only weak effectiveness 
in protecting them against de novo  HBV infection from 
HBcAb-positive allografts.

© 2014 Baishideng Publishing Group Inc. All rights reserved.
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Core tip: We reported our experience of de novo  hepa-
titis B virus (HBV) infection after pediatric living donor 
liver transplantation (LDLT), which showed that the in-
cidence of de novo  HBV infection in pediatric LDLT was 
16.7% in our center. Among hepatitis B core antibody 
(HBcAb)-positive allografts, 43.7% were intrahepatic 
HBV DNA positive. Positive intrahepatic HBV DNA in al-
lografts was predictive of de novo  HBV infection after 
LDLT in children who were given HBcAb-positive al-
lografts. Hepatitis B surface antibody/HBcAb positivity 



exhibited weak effectiveness in preventing children 
receiving HBcAb-positive allografts from de novo  HBV 
infection. Lamivudine prophylaxis therapy is essential 
to prevent de novo  HBV infection in pediatric patients 
from HBcAb-positive allografts with positive intrahepatic 
HBV DNA.
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INTRODUCTION
It is well known that the use of  hepatitis B core antibody 
(HBcAb)-positive liver allografts carries a 48%-58% risk 
of  de novo hepatitis B virus (HBV) infection in HBV-naïve 
patients without a prophylaxis strategy[1,2]. Hence, many 
authors have suggested prohibiting or restricting the use 
of  HBcAb-positive allografts in certain groups of  re-
cipients. However, this approach is not practical in HBV-
endemic areas, such as China, where almost 10% of  the 
general population is hepatitis B surface antigen (HBsAg) 
positive and approximately 50% of  the adults are HBcAb 
positive[3-5]. In China, HBcAb-positive allografts have not 
been a remarkable problem in adults because HBV-relat-
ed disease is a dominant indication for liver transplanta-
tion (LT) for adults, and it has been reported that the 
HBV serological status of  the donors did not affect the 
graft survival rate if  the recipients had a similar HBV sta-
tus[6]. However, HBcAb-positive donors pose a difficult 
problem in pediatric liver transplants because non-HBV-
related liver disease is the main indication for pediatric LT 
in China[7,8]. Although there have been great achievements 
in adult and pediatric living donor liver transplantation in 
recently years all over the world[6,7,9], little data are avail-
able on de novo HBV infection in pediatric patients who 
receive allografts from HBcAb-positive donors, and 
pertinent risk factors analysis has rarely been performed. 
The aim of  our study is to investigate the prevalence of  
de novo HBV infection in pediatric liver transplant recipi-
ents and to analyze the risk factors associated with the 
development of  de novo HBV infection in these patients.

MATERIALS AND METHODS
Patients enrolled
Between June 2010 to September 2012, 32 consecutive 
pediatric patients who underwent living donor liver trans-
plantation (LDLT) in the organ transplantation depart-
ment of  the First Center Hospital in Tianjin, China, were 
recruited retrospectively. Exclusion criteria included lost 
to follow-up, incomplete data or death within 3 mo of  
LDLT. 

The medical records of  all enrolled patients were 
reviewed, including the following: age, gender, date of  
liver transplant, and vaccination status; HBV serological 
markers in recipients and donors before and after trans-
plantation, including HBsAg, hepatitis B surface antibody 
(HBsAb), hepatitis B e antigen (HBeAg), hepatitis B e 
antigen antibody (anti-HBe), and HBcAb; serum HBV 
DNA before and after transplantation (a value less than 
100 IU/mL was considered negative); pediatric model of  
end-stage liver disease (PELD) score before transplanta-
tion; blood transfusion, level of  immunosuppressants, 
dosage of  steroids, biochemical levels; and follow-up 
time. All clinical data were followed up as of  October 
2013.

Immunosuppressants
The immunosuppressive regimen in these patients were 
maintained as tacrolimus (TAC) combined with cortico-
steroids in the first 6 mo. Intravenous basiliximab (10 mg) 
was used intraoperatively and on the fourth postoperative 
day. The blood trough level of  TAC after transplantation 
was kept in the range of  10-15 ng/mL in the first month, 
then 5-8 ng/mL. Corticosteroid was withdrawn gradually 
within 6 mo after liver transplantation in all patients. 

Quantification of intrahepatic HBV DNA 
Samples of  donor and recipient liver tissues were tested 
for occult HBV DNA according to previously reported 
techniques[9,10]. Briefly, DNA was extracted from freshly 
cut sections of  formalin-fixed, paraffin-embedded liver 
tissues, with a thickness of  5 µm and an area of  almost 
20 mm2, using the QIAamp DNA FFPE Tissue kit 
(56404, Qiagen GmbH, Hilden, Germany) according to 
the manufacturer’s protocol. The storage time of  the se-
lected liver tissues varied from 1 year up to 3 years. DNA 
was eluted in 100 µL of  Buffer ATE and was stored at 
-70 ℃ until the time of  analysis. A 50-µL aliquot was 
put aside for the quantification of  total HBV DNA and 
β-actin DNA. The remaining 50 µL was treated with 40 
units of  Plasmid-Safe adenosine triphosphate-dependent 
DNase (Epicentre Technologies, Madison, WI, United 
States) for 30 min at 37 ℃ to digest relaxed circular and 
single-stranded forms of  HBV DNA. The DNase en-
zyme was inactivated by incubation at 70 ℃ for 30 min. 

Ten liver samples from HBsAg-positive recipients 
were collected as positive controls. Ten liver specimens 
from HBV-uninfected patients [HBsAg and HBcAb 
negative with undetectable HBV DNA in serum by poly-
merase chain reaction (PCR)] were analyzed as negative 
controls.

An external standard curve was constructed by using 
10-fold serial dilutions of  a plasmid of  known concen-
tration carrying the entire HBV genome (genotype B) 
for real-time PCR analysis. A linear relationship was ob-
served over the plasmid concentration range of  102-108 

copies/mL. The standard curve was included in each 
real-time PCR run for total HBV DNA and HBV co-
valently closed circular DNA (cccDNA), and the inter-
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run correlation coefficient of  the standard curve was 
routinely greater than 0.990. All real-time PCR analysis 
was performed in an ABI PRISM 7500 sequence detec-
tor system (Applied Biosystems, Foster City, CA, United 
States).

Total HBV DNA was measured using a primer set lo-
cated within the S gene. The primer and probe sequences 
are as follows: forward primer (nt 361-381), 5’-CA-
CATCAGGATTCCTAGGACC-3’; reverse primer (nt 
419-398), 5’ GCAGCAGGATGCATAGGAAGAT-3’; 
and TaqMan probe (nt 382-396), 5’-TCTGCGGCGTTT-
TAT-3’. HBV cccDNA was measured using a pair of  
cccDNA-selective primers and a probe that targets the 
gap region between the two direct repeat regions of  
the viral genome. The primer and probe sequences are 
as follows: forward primer (nt 1596-1612), 5’-TCTG-
CACGTCGCATGGA-3’; reverse primer (nt1678-1652), 
5’-CAGAGAGTCCAAGAGTCCTCTTATGT-3’; 
and TaqMan probe (nt1624-1638), 5’-CCGCCCAC-
CAGTTCT-3’. A reporter dye (6-carboxy-fluorescein, 
FAM) was attached to the 5’ end and a quencher dye 
(non-fluorescent quencher, NFQ) was incorporated at 
the 3’ end of  the probe. Briefly, real-time PCR was per-
formed in a 20-µL reaction mixture containing 10 µL 
of  TaqMan Universal PCR Master Mix (ABI; Roche, 
Branchburg, NJ, United States), 1.5 mmol/L MgCl2, 0.6 
pmol of  each primer, 0.3 pmol of  the probe, and 5 µL of  
extracted DNA. Real-time PCR was performed with an 
initial 2-min incubation at 50 ℃ for uracil-N-glycosylase 
activity, which was followed by a 10-min incubation at 
95 ℃. Subsequently, 40 cycles of  95 ℃ for 15 s and 60 ℃ 
for 60 s were performed. All specimens were run in du-
plicate, and negative and positive controls were included 
in each run. 

Quantification of  β-actin was used to estimate the 
amount of  genomic DNA in each liver sample. β-Actin 
amplification was performed by real-time PCR using the 
TaqMan β-actin control kit (PE Applied Biosystems, 
Foster City, CA, United States). Serial dilutions of  human 
genomic DNA served as standards for the β-actin quan-
tification. The conversion factor of  6.667 pg of  human 
genomic DNA per cell was used. The amount of  HBV 
DNA in the liver tissues was expressed as copies per cell.

Follow-up
After liver transplantation, HBV serological and virologi-
cal markers were routinely monitored every 3 mo in the 
first year and every 6 mo thereafter and observed for ab-
normal liver function. De novo HBV infection was defined 
as detectable serum HBsAg (with or without biochemical 
features of  hepatitis) and histologic and immunohisto-
chemical confirmation of  HBV by liver biopsy after liver 
transplantation in those who were negative for serum 
HBsAg before liver transplantation. 

The performance of  this study was approved by the 
Ethical Affairs Committee of  Tianjin First Central Hos-
pital and it adhered to the tenets of  the Declaration of  
Helsinki. Written informed consent was obtained from 

the patients’ parents or guardians.

Statistical analysis
Data are presented as mean ± SD or as median and range 
as appropriate. Independent t tests or Mann-Whitney 
rank sum tests were used for continuous variables. Cat-
egorical variables were compared with the χ 2 test. All sta-
tistical analyses were performed by SPSS (Version 17.0, 
SPSS, Inc., Chicago, IL, United States). A P-value less 
than 0.05 was considered statistically significant. 

RESULTS
Patient demographics and baseline characteristics 
Between June 2010 to September 2012, 32 patients were 
admitted to our center for LDLT diagnosed as biliary 
atresia. Two patients were excluded from the study be-
cause of  death from multiple organ failure (unrelated to 
HBV) within 3 mo after LT, leaving 30 eligible patients 
finally. A flow-chart summary of  the patients enrolled is 
presented in Figure 1. 

The median age of  the patients was 12 mo (range: 6-57 
mo), including 13 girls and 17 boys. The average PELD 
score before LT was 17 ± 4. All 30 children received one 
dose of  HBV vaccine at birth, but none of  them received 
the other two doses of  HBV vaccine owing to hyperbili-
rubinemia or malnutrition. 

Among the 30 pediatric patients, the median follow-
up period was 15 mo (range: 4-40 mo), and all patients 
survived through the last follow-up except one who died 
of  fulminant hepatic failure caused by HBV and Epstein-
Barr virus co-infection, even though they were receiving 
active antivirus therapy with acyclovir and entecavir for 
4 mo after LDLT, 2 wk after de novo HBV infection was 
diagnosed.

All transplants involved living donors, and the aver-

13161 September 28, 2014|Volume 20|Issue 36|WJG|www.wjgnet.com

Figure 1  Flow chart of children enrolled. LDLT: Living donor liver transplan-
tation; HBcAb: Hepatitis B core antibody; HBV: Hepatitis B virus. 
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Children transplanted (n  = 32)

Died during early time 
after LDLT (n  = 2)

Patients analyzed (n  = 30)

HBcAb(+) allograft 
(n  = 16)

HBcAb(-) allograft 
(n  = 14)

Allograft HBVDNA (+) 
(n  = 7)

Allograft HBVDNA (-) 
(n  = 9)

De novo  HBV infection 
(n  = 4)

De novo  HBV infection 
(n  = 1)



fection diagnosis was 25 mo. Among the five children, 
two were HBV naive, one was HBsAb positive, and the 
remaining two were HBsAb/HBcAb positive before LT. 
Abnormal liver function was observed in two of  the five 
children when de novo HBV infection was diagnosed, one 
of  whom died of  fulminant hepatic failure, as mentioned 
above, and the other survived with normal liver function 
at the last follow-up. The other three children had normal 
liver function through the last follow-up (Table 1). None 
of  the children in this group received antiviral treatment 
because of  young age and the risk of  virus mutation. 

Risk factors analysis for de novo HBV infection 
The children were divided into two groups according to 
the HBcAb status of  the donors: the HBcAb(+) group (n 
= 16) and the HBcAb(-) group (n = 14). The de novo HBV 
infection rates of  the two groups were analyzed, which 
showed that HBcAb positivity in allografts was a risk fac-
tor for de novo HBV infection after LT (P = 0.02). Other 
donor and patient factors analyzed showed no significant 
differences between the two groups. Of  the donors, age, 
gender, and preoperative HBsAb positive rate were simi-
lar between the two groups. Of  the pediatric recipients, 
no significant differences were observed in age, gender, 
pre-LT PELD score, and pre-LT HBV serum markers 
(HBcAb/HBsAb, HBcAb, and HBsAb statuses), amount 
of  blood transfusion, dosage of  corticosteroids, trough 
level of  TAC, and follow-up time between the two 
groups (Table 2). 

Analysis of the effect of allograft HBcAb positivity on de 
novo HBV infection
To analyze the effect of  HBcAb-positive allografts on the 
occurrence of  de novo HBV infection after LT, the 16 chil-
dren who received HBcAb-positive allografts were classi-
fied as a de novo HBV infection (+) group (n = 5) and a de 
novo HBV infection (-) group (n = 11). The incidence of  
de novo HBV infection in children with HBcAb-positive 
allografts was 31.3% (5/16). 

Factors that might affect the incidence of  de novo 
HBV infection from HBcAb-positive allografts were 
analyzed. Of  the donors, the basic characteristics of  age, 
gender, and HBsAb status were similar between the two 

age age of  the donors (17 female and 13 male patients) 
was 32 years. Before transplantation, the rates of  HBcAb, 
HBsAb, and HBsAb/HBcAb positivities in the pediatric 
patients were 53.3% (16/30), 66.7% (20/30), and 36.7% 
(11/30), respectively, whereas in the donors, the rates 
were 53.3% (16/30), 66.7% (20/30), and 46.7% (14/30), 
respectively. Both serum HBsAg and HBV DNA before 
transplantation were negative in all of  these recipients 
and donors.

Characteristics of patients with de novo HBV infection
During the follow-up period, 16.1% (5/30) of  children 
experienced de novo HBV infection after a median of  
11 mo (range: 3-25 mo) after LDLT, with both serum 
HBsAg and HBV DNA being positive. The median age 
of  the five children at the time of  their de novo HBV in-
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Table 2  Demographic and clinical characteristics of children 
according to donor hepatitis B core antibody status

Characteristic HBcAb(+) 
donor

(n  = 16)

HBcAb(-) 
donor

(n  = 14)

P  value

Donors
Gender (n, M/F) 7/9 9/5 0.261
Age (yr) 35 (20-55) 32 (22-54) 0.884
HBsAb (+/-) 14/2 9/5 0.134
Recipients
Age (mo) 11 (7-43) 12 (6-57) 0.787
Gender (n, M/F)   9/7 8/6 0.981
PELD score 16 ± 3 17 ± 4 0.378
Preoperative HBcAb (n, +/-) 11/5 5/9 0.070
Preoperative HBsAb (n, +/-) 11/5 7/7 0.300
Preoperative HBsAb/HBcAb (n, +/-)   9/7   3/11 0.052
Blood transfusion
RBC (mL)   502 ± 284   534 ± 224 0.379
FFP (mL)   404 ± 177   424 ± 210 0.753
Dose of corticosteroid/body weight 
(mg/kg)

44 ± 7 42 ± 8 0.359

Trough value of TAC
First 3 mo (ng/mL) 8.1 ± 5.6 7.8 ± 4.6 0.789
3 mo later (ng/mL) 6.7 ± 3.2 6.4 ± 2.3 0.661
Follow-up (mo) 15 (4-40) 16 (14-30) 0.228
De novo HBV infection (n, +/-) 5/11 0/14 0.022

Rao W et al . De novo  HBV infection after pediatric LDLT

Table 1  Characteristics of children with de novo  hepatitis B infection after liver transplantation

Pre-operation data (serum) Allograft De novo  HBV infection HBV status follow-up

No. HBsAb 
(IU/mL)

HBcAb 
(IU/mL)

HBVDNA 
(IU/mL)

HBsAb 
(IU/mL)

HBcAb 
(IU/mL)

HBVDNA/
cccDNA 

(copies/cell)

Time 
after LT 
(mo)

HBsAg 
(IU/
mL)

Serum 
HBVDNA 
(IU/mL)

Liver 
enzymes

HBsAb 
(IU/mL)

Serum 
HBVDNA 
(IU/mL)

Liver 
enzymes

Follow-
up (mo)

1 < 2 1.04 < 100 251.8 0.010 2.57/0.08    25.4 1348 1.62 × E8 N 4745 1.62 × E8 N 35.3
2 < 2 1.36 < 100 462.4 0.007 Neg/neg    10.6      164.9 1.12 × E2 AN 5791 1.62 × E8 N 17.0
3 < 2 0.98 < 100 262.5 0.339 1.50/0.09 12 3608 2.90 × E9 N 3608 2.9 × E9 N 16.8
4 164.4 0.03 < 100 < 2 0.007 12.4/0.15      3.4      746.1 7.14 × E8 AN 1866 7.14 × E8 AN   4.0
5   31.4 0.23 < 100 210.0 0.009 3.61/0.09      8.7 2345 1.46 × E8 N 3213 1.46 × E8 N 15.2

HBsAb: Hepatitis B surface antibody; HBcAb: Hepatitis B core antibody; HBV: Hepatitis B virus; cccDNA: Covalently closed circular DNA; LT: Liver 
transplantation; N: Normal; AN: Abnormal.

M/F: Male/female; HBV: Hepatitis B virus; PELD: Pediatric model of end-
stage liver disease; HBcAb: Hepatitis B core antibody; HBsAb: Hepatitis B 
surface antibody; RBC: Red blood cell; FFP: Fresh frozen plasma.



groups (P > 0.05, Table 3). Of  the pediatric recipients, 
no significant differences were observed in terms of  
their age, gender, PELD score before LT, HBV serology 
(HBcAb/HBsAb, HBcAb, and HBsAb status before LT), 
blood transfusion, dosage of  corticosteroids, trough level 
of  TAC, and follow-up time between the two groups (P 
> 0.05, Table 3). However, a higher rate of  positive in-
trahepatic HBV DNA in grafts was observed in children 
who developed de novo HBV infection than in children 
who did not (4/1 vs 3/8, P = 0.04). 

Intrahepatic HBV DNA and cccDNA were detect-
able in 43.7% (7/16) of  the HBcAb-positive allografts. 
The median values of  intrahepatic HBV DNA and HBV 
cccDNA were 3.87 copies per cell (range: 0.5-12.4 copies 
per cell) and 0.09 copies per cell (range: 0.07-0.15 cop-
ies per cell), respectively. The median intrahepatic HBV 
DNA level in the samples of  the positive control group 
was 172.9 copies per cell (range: 20.0-1444.64 copies per 
cell), which was significantly higher than that in HBcAb-
positive allografts (P < 0.01). None of  the patient sam-
ples in the negative control group were intrahepatic HBV 
DNA positive: all of  the 16 naive livers were intrahepatic 
HBV DNA and cccDNA negative. 

DISCUSSION
Without any prophylaxis treatments, the incidence of  
de novo HBV infection in the pediatric patients in our 
study was 16.7% (5/30), whereas the incidence was 

15.3%-23.9% in previous studies[7,12,13]. In our study, 
53.3% (16/30) of  the donors were positive for HBcAb, 
which is consistent with the epidemiologic data for HBV 
in China[5]; and 43.7% (7/16) of  the HBcAb-positive al-
lografts were intrahepatic HBV DNA positive, which is 
similar to the findings of  previous studies carried out in 
Italy (62.5%)[14] and Japan (72.7%)[15]. Our study is the first 
to demonstrate that positive intrahepatic HBV DNA in 
allografts can predict de novo HBV infection in children 
who receive HBcAb-positive allografts. Furthermore, HB-
sAb/HBcAb positivity in the pediatric recipients before 
LT exhibited weak effectiveness in protecting the children 
who received HBcAb-positive allografts from de novo HBV 
infection, which contradicts previous findings in adults[1,2].

In our cohort, 60% (16/30) of  the children had been 
exposed to HBV before LT, which is a significantly higher 
rate than the rate observed in previous studies[7,16].The 
higher HBV exposure rate before LT is not unexpected, 
because those children were diagnosed as having biliary 
atresia early after birth, and the majority of  them were 
hospitalized repeatedly before LT; besides, the execu-
tion of  the immunization protocol tended to be far from 
satisfactory for this particular group of  children in China 
because of  severe jaundice or malnutrition. All 30 chil-
dren in our study received one dose of  recombinant HBV 
vaccine (10 µg) within 24 h of  birth, but none of  them 
ever received the other two doses of  the vaccine. In ad-
dition, a number of  studies have found that a high titer 
of  circulating HBsAb from active immunization before 
LT can prevent de novo HBV infection in pediatric LT 
recipients[12,17,18]. Since Sep. 2012, the pediatric candidates 
for LT had been enrolled in a program of  hepatitis B vac-
cination in our center, while the clinical effects remained 
to be confirmed in the further study. In our opinion, an 
uncompleted immunization prophylaxis protocol could 
lead to a higher risk of  HBV infection, and strict execu-
tion of  the HBV immunization protocol should be ad-
vocated among infants with biliary atresia, especially in a 
highly HBV-endemic area. Despite a high HBV exposure 
rate before LT, all of  the 16 naive livers in the HBcAb(+) 
allograft group were negative for intrahepatic HBV DNA, 
consistent with a previous study’s finding that intrahepatic 
HBV DNA was detectable in only a small proportion of  
HBcAb-positive recipients (5/30, 16.7%)[14].

There are several possible transmitted ways for de 
novo HBV infection after LT, including an HBcAb-posi-
tive allograft[19], reactivation of  intrahepatic HBV in HB-
cAb-positive recipients[20], transfusion, and contact with 
hospital personnel[21]. Similarly to previous studies[7,12], 
an HBcAb-positive allograft was a risk factor for de novo 
HBV infection in the pediatric patients in our center (P 
= 0.02, Table 1). However, it is clear that the presence of  
circulating HBcAb does not always reflect the presence 
of  HBV genomes in the liver tissue of  HBcAb-positive 
patients. Without any prophylaxis, 31.2% (5/16) of  the 
children receiving HBcAb-positive allografts experi-
enced de novo HBV infection, which is also in agreement 
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Table 3  Demographics and clinical characteristics of children 
with hepatitis B core antibody-positive allografts according to 
de novo  hepatitis B virus infection status after living donor 
liver transplantation

Characteristics De novo  HBV 
infection 
(n  = 5)

De novo  HBV 
infection-free 

(n  = 11)

P  value

Donors
Age (yr) 38 (22-55) 30 (27-50) 0.223
Gender (n, M/F) 3/2   5/6 0.590
HBsAb (n, +/-) 4/1 10/1 0.541
Intrahepatic HBV DNA 
(n, +/-)

4/1   3/8 0.043

Recipients
Age (mo) 14 (10-18) 10 (8-43) 0.113
Gender (n, M/F) 2/3 6/5 0.590
PELD score 17 ± 3 17 ± 4 0.469
Preoperative HBcAb (n, +/-) 3/2 3/8 0.610
Preoperative HBsAb (n, +/-) 2/3 2/9 0.350
Preoperative ant-HBs/HBcAb (n, 
+/-)

2/3 7/4 0.377

Blood transfusion
RBC (mL)   420 ± 220   540 ± 172 0.216
FFP (mL)   416 ± 184   400 ± 183 0.908
Dose of prednisone/bodyweight 
(mg/kg)

46 ± 6 43 ± 8 0.318

Follow-up (mo) 17 (4-35) 14 (12-40) 0.356

M/F: Male/female; HBV: Hepatitis B virus; PELD: Pediatric model of end-
stage liver disease; HBcAb: Hepatitis B core antibody; HBsAb: Hepatitis B 
surface antibody; RBC: Red blood cell; FFP: Fresh frozen plasma.
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with previous studies carried out with pediatric patients 
(25%-52.4%)[7,12]. To our knowledge, our study is the 
first to investigate the correlation between de novo HBV 
infection in pediatric LT patients and the presence of  
intrahepatic HBV DNA in allografts, and confirms that 
intrahepatic HBV DNA positivity is a risk factor associ-
ated with de novo HBV infection in pediatric LT patients 
with HBcAb-positive allografts (P = 0.04, Table 2). In-
trahepatic HBV DNA and HBV cccDNA have been re-
ported to persist in HBcAb-positive patients after acute, 
self-limited infections[22,23] or after HBsAg clearance in 
chronic infections[24], and these viral DNAs could be 
a potential reservoir for viral reactivation after LT. It 
has been reported that as many as 58% of  HBV-naïve 
patients were HBsAg positive after accepting HBcAb-
positive liver grafts, and this finding is the basis for the 
general agreement on performing antiviral prophylaxis in 
HBV-naïve patients to prevent de novo HBV infection if  
they received HBcAb-positive allografts[1,2,25]. In China, 
HBcAb-positive allografts will be a difficult problem to 
avoid for a long time to come, particularly in pediatric 
patients. Our study suggests that the presence of  intra-
hepatic HBV DNA in allografts can be a potential cri-
terion for predicting de novo HBV infection in pediatric 
LT patients receiving HBcAb-positive allografts, which 
can increase the use of  this type of  allografts in clinical 
applications and reduce the risk of  virus mutation from 
the use of  antiviral drugs. 

It is interesting that in our study preoperative HB-
cAb/HBsAb positivity in children exhibited only weak 
effectiveness in preventing de novo HBV infection ac-
quired from HBcAb-positive allografts (P = 0.337), 
which is inconsistent with the results from studies in 
adults[1,2]. A considerable number of  studies carried out 
in adults found that HBcAb/HBsAb-positive transplant 
recipients had the lowest risk of  developing de novo HBV 
infection from HBcAb-positive allografts (< 4%), and 
that such HBcAb/HBsAb-positive recipients may need 
no prophylaxis at all[1,2]. Recently, Loggi et al[26] found that 
patients who successfully controlled their HBV infection 
before LT were able to re-evoke an effective antiviral re-
sponse when they received an HBsAb-positive allograft, 
and that the majority of  them showed robust HBsAb 
production and/or virus-specific T-cell responses. Re-
garding children, there is very little information about the 
protective effect of  pre-transplant HBcAb/HBsAb posi-
tivity in preventing de novo HBV infection. In our opinion, 
differences in immune status between adults and children 
could be the main cause of  the discrepancy between our 
and other findings. Considering that the sample size of  
our cohort is a little small, in the future more studies are 
needed to identify our view.

For adults, it has become clear that lamivudine (LAM) 
monotherapy is essential to prevent de novo HBV infec-
tion from HBcAb-positive allografts in HBV-naïve 
recipients[27]; no prophylaxis therapy is needed for HB-
cAb/HBsAb-positive recipients; prophylaxis antiviral 
therapy is still controversial in recipient single-positive 
for HBcAb or HBsAb[1,2,25]. In contrast, limited data are 

available on pediatric LT recipients. In addition, long-
term antiviral prophylaxis in children will significantly 
increase disease burden, induce resistance mutations to 
antiviral drugs, and reduce compliance, which may affect 
the patients’ quality of  life and prognosis. Some authors 
explored the use of  HBV vaccine and demonstrated that 
a high titer of  HBsAb yielded good protection against 
de novo HBV infection[12,17,18]. However, those studies had 
short follow-up periods and small sample sizes. In our 
study, four of  the seven children who received HBcAb-
positive allografts with positive intrahepatic HBV DNA 
experienced de novo HBV infection. Because the treatment 
of de novo HBV infection after pediatric LT has not been 
well documented yet, prophylaxis therapy after LT is es-
sential to prevent de novo HBV infection in those children 
who received intrahepatic HBV DNA-positive allografts. 
Considering that LAM can be safely used in children 
older than 2 years[28], we recommend that LAM be used 
to prevent de novo HBV infection from HBcAb-positive 
allografts with positive intrahepatic HBV DNA. At the 
same time, all the pediatric patients in a highly HBV-
endemic area are recommended to receive active immuni-
zation for achieving high HBsAb titers before LT.

Our study has several limitations. First, in our study, 
formalin-fixed, paraffin-embedded liver tissues were used 
to detect HBV DNA, not frozen liver tissues, which may 
cause a lower sensitivity of  HBV DNA detection[29], and 
a higher rate of  intrahepatic HBV DNA positivity may 
be expected in this study. However, it has been confirmed 
in other studies that HBV DNA levels are comparable 
between fresh frozen tissues and formalin-fixed, paraffin-
embedded tissues[30]. Second, this was a retrospective 
cohort study with a relatively limited sample size. Despite 
these limitations, our study is the first to have investigated 
the prevalence of  intrahepatic HBV DNA positivity in 
HBcAb-positive allografts and analyzed its correlation 
with de novo HBV infection in pediatric LT patients, and 
our findings have provided preliminary data for further 
clinical research in this area.

In conclusion, the incidence of  de novo HBV infec-
tion in pediatric LDLT was 16.7% in our center. Among 
HBcAb-positive allografts, 43.7% were intrahepatic HBV 
DNA positive. Our results suggest that positive intrahe-
patic HBV DNA in allografts was predictive of  de novo 
HBV infection after LDLT in children who received 
HBcAb-positive allografts. HBsAb/HBcAb positivity 
exhibited weak effectiveness in preventing children who 
received HBcAb-positive allografts from de novo HBV 
infection. Besides, LAM prophylaxis therapy is apparently 
essential to prevent de novo HBV infection in pediatric 
patients from HBcAb-positive allografts with positive in-
trahepatic HBV DNA.
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COMMENTS
Background
It is well known that the use of hepatitis B core antibody (HBcAb)-positive liver 
allografts carries a 48%-58% risk of de novo hepatitis B virus (HBV) infection in 
HBV-naïve recipients without a prophylaxis strategy. However, this approach is 
not practical in HBV-endemic areas, such as China, where almost 10% of the 
general population is hepatitis B surface antigen (HBsAg) positive and approxi-
mately 50% of the adults are HBcAb positive. In China, HBcAb-positive donors 
pose a difficult problem in pediatric liver transplants because non-HBV-related 
liver disease is the main indication for pediatric liver transplantation (LT). Little 
data are available on de novo HBV infection in pediatric patients who receive 
grafts from HBcAb-positive donors, and pertinent risk factors analysis has rarely 
been performed. 
Research frontiers
There are several possible routes for de novo HBV infection after LT, including 
an HBcAb-positive allograft, reactivation of intrahepatic HBV in HBcAb-positive 
recipients, transfusion, and contact with hospital personnel. In addition, a 
number of studies have found that a high titer of circulating HBsAb from ac-
tive immunization before LT can prevent de novo HBV infection in pediatric LT 
recipients. Besides, intrahepatic HBV DNA and HBV covalently closed circular 
DNA (cccDNA) have been reported to persist in HBcAb-positive patients after 
acute, self-limited infections or after HBsAg clearance in chronic infections, and 
these viral DNAs could be a potential reservoir for viral reactivation after LT.
Innovations and breakthroughs
To author’s knowledge, the study is the first to investigate the correlation 
between de novo HBV infection in pediatric LT patients and the presence of 
intrahepatic HBV DNA in allografts, and confirms that intrahepatic HBV DNA 
positivity is a risk factor associated with de novo HBV infection in pediatric LT 
patients with HBcAb-positive allografts. Besides, an uncompleted immunization 
prophylaxis protocol could lead to a high risk of HBV infection, and strict execu-
tion of the HBV immunization protocol should be advocated among infants with 
biliary atresia, especially in a highly HBV-endemic area.
Applications
The study is a retrospective cohort study which suggests that positive intrahe-
patic HBV DNA in allografts is predictive of de novo HBV infection after LDLT in 
children who receive HBcAb-positive allografts and provides preliminary data 
for further clinical research in this area, although with a relatively limited sample 
size. 
Terminology
De novo HBV infection: detectable serum HBsAg (with or without biochemical 
features of hepatitis) and histologic and immunohistochemical confirmation of 
HBV by liver biopsy in those who were negative for serum HBsAg before liver 
transplantation. cccDNA: a stable chromatinized episome form of HBV, which is 
long-lasting persistent in the nucleus of the infected hepatic cells. 
Peer review
This is an excellent manuscript that, presents suitable method and obtains 
results that can aid in clinical practice. The results are interesting and suggest 
that intrahepatic HBV DNA positivity is a risk factor associated with de novo 
HBV infection in pediatric LT patients with HBcAb-positive allografts.
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