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The incidence of de novo hepatitis B virus (HBV) infection (DNHB) among patients
receiving hepatitis B core antibody positive (HBcAb +ve) grafts is unacceptably high
without prophylaxis (38%-100%). Therefore, it is of utmost importance to carry
out effective prophylactic strategies. Two HBV naive pediatric recipients in our
center received HBcAb +ve liver grafts from living donors. One was a case of familial
hypercholesterolemia and the other suffered from recurrent hepatoblastoma. Our
prophylactic regimen in management of those recipients included pre-operative HBV
vaccination targeting a hepatitis B surface antibody (HBsAb) titer >1000 IU/L and
both intra and post-operative hepatitis B immunoglobulin (HBIg) supplementation
targeting HBsAb titer of > 1000 IU/L in the first week then maintaining it above
200 IU/L in the following period. This was combined with NUCs in the first post-LT
year. Both were stopped after the first post-LT year switching to HBV vaccine alone
thereafter. Strict monitoring of HBsAb titer and HBV viral markers was undertaken.
Untill the last visit of both patients (56- and 18-months post-LT), all their HBV markers
were negative and their HBsAb titer was maintained at 1000 IU/L. We conclude that
HBcAb positive grafts can be used safely in pediatric LT if an adequate prophylactic
regimen is followed.

Abbreviations: AST: Aspartate Transaminase; ALT: Alanine Transaminase; BMI: Body
Mass Index; cm: Centimeter; CMV: Cytomegalovirus; CT: Computed Tomography;
EBV: Ebestien Bar Virus; ECHO: Electrocardiography; Hb: Hemoglobin; HBcAb:
Hepatitis B Core Antibody; HBV: Hepatitis B Virus; HBsAb: Hepatitis B Surface
Antibody; HCV-Ab: Hepatitis C Virus-Antibody; Ig: Immunoglobulin; Kg: Kilogram;
LT: liver Transplantation; PCR: Polymerase Chain Reaction; PET: Positron Emission
Tomography; TLC: Total Leucocyte Count
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Introduction

Liver transplantation (LT) is the only cure for end-stage pediatric
liver disease. In spite of the fact that good long-term outcome has
been achieved in pediatric recipients, many questions still remain
unanswered. One of the unsolved issues is the long-term prevention
and management of de novo hepatitis B virus (HBV) infection
(DNHB) [1]. The use of hepatitis B core antibody positive (HBcAb
+ve) liver grafts is a promising strategy to expand the donor pool,
however, the potential risk of DNHB is one of the major concerns of
using this type of liver grafts. So far, the experience of using HBcAb
+ve grafts in pediatric LT is limited [2]. Several different approaches
for DNHB prophylaxis have been used in recipients of HBcAb
+ve livers according to the preference and experience of each
institution. These include nucleos(t)ide analogues (NUCs), hepatitis
B immunoglobulin (HBIg) or a combination of both [3] and HBV
vaccination [4]. We describe our experience in the management
of 2 pediatric HBV naive recipients of HBcAb +ve liver grafts from

living donors, who are following at Dr. Yassin Abdel Ghaffar Charity

Center for Liver Disease and Research in Egypt.
Casel

A male child, HH, who was referred to us at the age of
5.6 years for LT. He was diagnosed with homozygous familial
hypercholesterolemia. His cholesterol level was persistently
above 700 mg% in spite of medical treatment. His sister died at
age of 6 years with the same condition. Both of his parents had
hypercholesterolemia so they were not suitable for graft donation.
The only available donor was his uncle, who during LT work-up was
found to be HBcAb +ve but HBsAg -ve, HBsAb -ve and HBV DNA
-ve. He was otherwise completely suitable for donation. The pre-
operative work up and donor data are presented in Tables 1 & 2.
HH underwent LT on 16.6.2016. Our prophylactic regimen against
DNHB involved preoperative, intraoperative, and postoperative

prophylactic work up.
Table 1: Pre-operative work up of both recipients.
Case 1 Case 2
Gender Male Male
Age at LT (years) 5.6 15.5
Diagnosis Homozygous familial hypercholesterolemia Hepatoblastoma
Indication for LT Not responding to medical treatment Recurrent hepatoblastoma
Child score Child A Child A
Weight (kg) (Percentile) 18 (50t 43 (39
Height (cm) (Percentile) 111 (50t -75%) 148 (below 3™)
BMI 14.6 19.6
EX. hepatomegaly Absent Present
EX. splenomegaly Absent Absent
ABO blood group 0+ A+
Hb % 9.06 134
TLC x 103 (cells/cmm) 7.3 7.6
Platelets 430 44
AST (1U/L) 28 95
ALT (IU/L) 14 51
Albumin (g/dL) 4 4.4
Total bilirubin (mg/dl) 0.2 0.8
Direct bilirubin (mg/dl) 0.06 0.3
International normalized ratio 1.2 1.28
Creatinine (mg/dl) 0.5 0.63
HBsAD (Titer IU/L) Positive (>1000) Positive (704.7)
HBcAb Negative Negative
HCV-Ab Negative Negative
PCR-HCV Negative Negative
CMVIgM Negative Negative
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CMV IgG Positive Positive
EBV IgM Negative Negative
EBV IgG Positive Positive
Abdominal ultrasound
Hepatomegaly Absent Present
Splenomegaly Absent Present
Focal lesions Absent Present (3FL)
Ct portography
Portal vein Patent Patent
Hepatic vein Patent Patent
IVC Patent Patent
ECHO Mild mitral regurge Normal
Mild aortic regurge
Contrast ECHO Normal Normal

Pulmonary function test

Mild obstructive lung disease

Mild impaired pulmonary function

Special tests

Cardiac multislice-CT: normal coronaries

Whole body PET/CT:

Dobutamine stress ECHO: negative for ischemic
heart disease

-FDG avid multifocal hepatic malignancy.

-No FDG avid distant lesions

Routine immunization schedule

Completed

Completed

HBV vaccine

Two doses before LT

Double adult dose before LT

Note: AST: Aspartate Transaminase; ALT: Alanine Transaminase BMI: Body Mass Index; cm: centimeter; CMV: Cytomegalovirus;
CT: Computed Tomography; EBV: Ebestien Bar Virus; ECHO: Electrocardiography; Hb: Hemoglobin; HBcAb: Hepatitis B Core
Antibody; HBV: Hepatitis B virus, HBsAb: Hepatitis B Surface Antibody; HCV-Ab; Hepatitis C Virus-Antibody; Ig: Immunoglobulin;
Kg: Kilogram; LT: liver Transplantation; PCR: Polymerase Chain Reaction; PET: Positron Emission Tomography; TLC: Total

Leucocyte Count

Table 2: Data of the donors of both cases.

Donor data Case 1 Case 2
Age at LT (years) 31 45
Weight (kg) 85 184
Height (cm) 172 67
Body mass index (kg/m?) 28.7 19.8
Gender Male Male
Relation to recipient Uncle Father
ABO blood group 0+ A-
ABO. comptability Identical Compatible
HBc IgM Negative Negative
HBc IgG Positive Positive
HBs Ag Negative Negative
HBV-DNA Negative Negative
HCV-Ab Negative Negative
CMV IgM Negative Negative
CMV IgG Positive Positive
EBV IgM Negative Negative
EBV IgG Positive Positive
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Pre-Operative

HH had received HBV vaccine in infancy as part of the national
vaccination program. His HBsAb titer before LT was zero. Two
booster doses of the vaccine were given aiming at HBsAb titer of
1000 IU/L. The patient reached the target titer before LT.

Intraoperative

50 IU/kg HBIg through intramuscular (IM) route were given
during a hepatic phase.

Post-Operative

In the first week: HBIg was given daily for 4 days aiming at
keeping the HBsAb titer above 1000 IU/L. Lamivudine at dose
of 3 mg/kg/day was started on day 1 post-LT. In the first year
postoperative: both Lamivudine and HBIg were used. HBsAb titer
was monitored every 2 weeks in the first 3 months then monthly
thereafter until the end of the first year post-LT aiming to maintain
HBsAb level above 200 IU/L. A dose of 200 IU HBIg was given if the
HBsAD level fell below 200 IU/L. Five more such doses of HBIg were
needed in the first year post-LT to maintain the target HBsAD titer.
HBcAb, HBV DNA and HBsAg were assessed every 2 to 3 months so
long liver enzymes were normal but at any time they increased. In
the second year post-LT we stopped both lamivudine and HBIg and
gave only HBV vaccine. A double dose vaccine was given only once.
Since then and up till now he needed no more doses as his HBsAb
titer has been always maintained above 1000 IU/L. Follow up for
HBsAD titer, HBsAg, HBcAb and HBV DNA is done every 3 months.

Immunosuppressive Regimen

HH received methylprednisolone 10 mg/kg intra-operatively
then changing to 2 mg/kg/day oral prednisone and tapering
it to complete withdrawal after 3 months. Maintenance
immunosuppression was with tacrolimus and mycophenolate
mofetil. HH cholesterol level had dropped markedly after LT but
it did not reach the normal level. So he was put on statins. Since
then his cholesterol was normal most of time. On his last visit on
21.2.2021 all his HBV markers were negative. His HBsAb titer was

>1000 IU/L.
Case 2

Male patient, MA, 15.5 years old, had recurrent hepatoblastoma
and was referred to our center for LT. He was diagnosed at the
age of 12 years to have hepatoblastoma. Left hepatectomy was
done and he received chemotherapy. At the age of 14 years, tumor
recurrence occurred, and MA had undergone resection for segment
V plus cholecystectomy and received chemotherapy. One year
later, at age of 15 years, tumor recurrence occurred again, and he
received 2 doses of chemotherapy. Then he was referred for salvage
LT.The only available donor was his father who was discovered

during donor pre-operative work up to be HBcAb+ve but negative
for HBsAg, HBsAb and HBV DNA. With the lack of another suitable
donor and the need for urgent LT because of the bad condition of
the recipient and the aggressiveness and frequent recurrences of
the tumor, we had to accept the father as a donor. Pre-operative
assessment and donor data are summarized in Tables 1 & 2. The
patient underwent LT on 15.1.2018. A strict prophylactic regimen
was followed. Pre-operative: MA had also received HBV vaccine in
infancy as part of the national vaccination program but the HBsAb
titer was found to be <2 IU/L. After double adult dose HBV vaccine,
the HBsAb reached 704.7 1U/L. With his immunosuppressed state
and the urgency of LT in this case, we couldn’t wait till the target
pre-operative HBsAb titer (1000 IU/L) was reached.

Intraoperative

The recipient was injected with 50 IU/kg HBIg through IM
route during the anhepatic phase.

First Post-Operative Week

MA had received HBIg daily for 4 days aiming at keeping the
HBsAb titer above 1000 IU/L. Oral Entecavir at dose of 0.015 mg/
kg/day was started on day 1 post-LT.

In the First Postoperative Year

Both Entecavir and HBIg were used. Monitoring of HBsAb titer
and the other HBV markers was as in case 1. A dose of 540 [U HBIg
was given if the HBsAb level fell below 200 IU/L. Seven more doses
of HBIg were required in the first year post-LT to maintain the
target HBsAD titer. According to the decision of the oncologists he
received 2 cycles of chemotherapy 1.5 months after LT.

On the Second Year Post-LT

Entecavir and HBIg were discontinued, and the patient received
double adult HBV vaccine dose only once. He was lost to follow up

1.5 years post-LT.
Immunosuppressive Regimen

MA received methylprednisolone 10 mg/kg intraoperative,
then 2 mg/kg/day prednisolone tapering it to complete withdrawal
after 1 year. Maintenance immunosuppression was with tacrolimus
monotherapy. One-year post-LT a recurrent hepatic focal lesion and
bilateral pulmonary nodules appeared and he started palliative
treatment. On his last visit on 13.1.2020 all his HBV markers were
negative. His HBsAb titer was >1000 IU/L. Sadly, he passed away 2
years after LT.

Discussion

The reported incidence of DNHB infection among patients

receiving HBcAb +ve grafts is unacceptably high without
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prophylaxis (38%-100%) as such grafts carry a high risk of occult
HBV infection (defined as detectable intrahepatic HBV DNA in
a HBsAg -ve person) [5]. Therefore, it is of utmost importance
to carry out effective prophylactic strategies to prevent DNHB
infection in children receiving HBcAb +ve grafts. Living related LT
is an elective surgery, where the recipient, donor and surgical team
have the chance for good preparation. Yet, it is not always easy to get
a healthy suitable donor. We were faced by this problem in 2 of our
pediatric patients, where the only available donors were healthy
but were HBcAb +ve. One recipient was a case of homozygous
familial hypercholesterolemia, a dominant trait carried by both
parents and the other suffered from recurrent hepatoblastoma
where intervention at the proper time was imperative.

On screening for hepatitis B virus infection in Egyptian blood
donors negative for HBsAg, the prevalence of isolated HBcAb in
tested samples was 13.3%. The overall prevalence of HBV DNA in
healthy blood donors among isolated anti-HBc-positive individuals
was 10% [6]. Our prophylactic regimen in management of recipients
of HBcAb +ve grafts was similar to a great extent to that adopted
by Tianjin First Central Hospital in China [7] but ours included
preoperative booster doses of HBV vaccine targeting HBsAb titer
above 1000 IU/L. Previous studies in both adult and pediatric
HBcAb +ve liver graft recipients indicated that a preoperative
HBsAD titer 21000 IU/L was effective in protecting recipients from
HBV infection [8]. Lin, et al. reported 15.4% incidence of DNHB in
patients whose HBsAb titers were between 100 and 1000 IU/L.
No DNHB was seen in patients who'’s anti-HBsAb titers were kept
above 1000 IU/L in that study [9]. This high titer would presumably
neutralize the potential viral antigen coming from the HBcAb
+ve grafts [10,11]. The high HBsAb titer that was attained pre-
operatively made it possible to use a lower intraoperative HBIg dose
(50 IU/kg) than the one used in other studies [12,7]. In addition, a
study in children indicated that the level of pre-LT HBsAbD titer was
associated with the response to post-LT booster vaccine [13].

Case no.1 successfully reached the pre-operative target titer of
HBsAb, while case no.2 didn’t. As he had severe primary disease
LT had to be performed although the target HBsAb titer was not
reached. Our preoperative regimen provided the initial protection
against DNHB infection, whereas the postoperative regimen
provided a continuous protection as well as a salvage method for
patients who did not meet the preoperative criterion. On the first
year both children received a combination of HBIg and NUCs for one
year aiming to maintain the HBsAbD titer above 200 IU/L as post-
operative HBsAb titer of <200 IU/L may increase the risk of DNHB
[14]. The need to administer HBIg on long term is highly expensive,
also the long-term use of lamivudine may raise the concern of

mutant strains [5,15], so we shifted to active immunization with

HBV vaccine starting from the second year post-LT. Because HBV
vaccine response rates are lower in the early post-LT period, we
used HBIg for maintenance of sufficient anti-HBsAb levels during
the first post-transplant year, when the level of immunosuppression
is highest.

In the study of Park, et al. the median follow-up duration after
vaccination was 26.5 months, and a median of 2.03 doses of vaccine
per year was required for the maintenance of anti-HBs titers
greater than at least 100 IU/1 (4) while our patients were followed
for 56 months in case 1 and 18 months in case 2, and only one
double dose vaccine was required by each during the whole follow
up period. Yoshizawa, et al. [16] reported that in the pediatric
population post-LT double dose vaccination was effective in more
than 80% of cases and a high titer of 1000 IU/L could be achieved
even if pre-LT vaccination was not performed [16]. It is of not
worthy to mention that in the first post-LT year, case 2 compared
to casel had a more rapid decay in HBsAb titer (1 month vs 3
months) and also needed more doses (7 doses) with higher HBsAb
levels to maintain the target titer >200 IU/L. this may have been
related to his immunosuppressed state specially that he received
2 chemotherapy cycles starting 1.5 months post-LT. Children
treated for cancer are immunosuppressed during treatment and
for a variable period after completion of chemotherapy. There is
a reduction of vaccine-antigen specific antibody concentration for
some time after the cessation of chemotherapy as chemotherapy is
toxic for lymphocytes [17,18].

Early steroid withdrawal and low maintenance level of
tacrolimus makes effective DNHB prophylaxis possible [19]. Steroid
was considered to increase the risk of post-LT HBV infection as it
may stimulate the glucocorticoid responsive element present in
the viral genome thus further up regulating HBV gene expression
[20]. Lifelong prophylaxis, continuous monitoring, and compliance
are imperative for success of the prophylactic regimen. During
the follow up period, HH and MA did not develop DNHB. Lifelong
monitoring of HBV serologic status is necessary in these patients
because DNHB has been known to occur late in the post-LT period
[21]. probably due to development of escape mutants where there
is loss of immunoreactivity against the variant despite presence of
HBsAb.

Conclusion

Pre-operative vaccination with HBV vaccine targeting HBsAb
titer >1000 IU/L followed by intra and post-operative HBIg
supplementation combined with NUCs in the 1 post-LT year and
switching to HBV vaccine thereafter was an effective prophylactic
regimen against DNHB infection in our pediatric recipients
receiving HBcAb +ve grafts. HBcAb +ve grafts can safely be used in
pediatric LT if an adequate prophylactic regimen is followed.
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