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Organ transplantation is a life-saving treatment for patients with end-stage organ disease, a severe
condition associated with a high risk of waitlist mortality. It is primarily limited by a shortage of available
organs. Maximising available donors can increase access to transplantation. Transplantation from donors
positive for HBV and HIV has increased in many countries. However, antiviral therapies need to be readily
available for recipients after transplantation to prevent possible reactivation of the virus following the
administration of immunosuppressive therapies. Furthermore, the intentional transmission of a virus has
practical, ethical, and clinical implications. In this review, we summarise the current research, focusing
on grafts from donors positive for the HBV surface antigen, antibodies against the HBV core antigen, and
HIV, to help hepatologists and physicians interested in transplantation to select the best antiviral and/or
prophylactic regimens for after transplantation.
© 2022 European Association for the Study of the Liver. Published by Elsevier B.V. All rights reserved.
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Organ transplantation is the best and most cost-
effective therapy for patients with end-stage or-
gan failure.1 Despite improvements in post-
transplant outcomes through refinements in peri-
operative management and surgical techniques,
waitlist mortality remains high.2 As the number of
donors is considerably lower than that of potential
recipients, the use of expanded criteria grafts has
increased.3 Following a patient-tailored treatment
strategy, transplantation programmes aim to offer
the most suitable graft for the benefit of the indi-
vidual recipient, while also expanding the criteria
for organ acceptance and allocation.

Owing to powerful antiviral therapies, problems
of organ shortage can be overcome by using grafts
affected by HCV, HBV, or HIV.

Following a review on liver transplantation (LT)
from HCV+ donors,4 this manuscript summarises
current research on grafts from donors positive for
hepatitis B surface antigen (HBsAg), antibodies
against the HBV core antigen (HBcAb), and HIV, to
help hepatologists and physicians to select the best
antiviral and/or prophylactic regimen for follow-up
after transplantation. In the first part of this review,
we discuss LT fromHBV+ donors; in the second part,
we discuss non-liver solid organ transplantation and
cell transplantation fromHBV+ donors; finally, in the
last part, we discuss LT from HIV+ donors.

HBV+ donors in the LT setting
HBsAg+ donors
Transplanting livers from HBsAg+ donors might be
an option to increase the number of liver donors,
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especially in endemic areas, such as the Far East
and the Mediterranean basin. The prevalence of
potential HBsAg+ donors (ranging from 0.5% to 7%
of all potential donors) might cause the heteroge-
nous spreading of such an infectionworldwide.5,6 A
recent study from the US reported a prevalence of
0.7% among 38,166 potential donors and high-
lighted the net benefit of routine nucleic acid
testing.7 The number of potential good-quality
grafts from HBsAg+ donors might increase in the
future following the increased availability of high-
barrier nucleos(t)ide analogues (NAs) that can ar-
rest HBV disease progression.

Conversely, regarding HBcAb+ donors, only a
few studies on LT, where grafts from HBsAg+ do-
nors were used, have been published since the first
report in 19945,8–27 (Table S1). HBsAg+ grafts used
to be considered marginal organs due to active
viral infection and the high risk of viral trans-
mission without treatment. However, recently they
have been shown to be safe, with good post-
operative outcomes, especially when good-quality
organs were transplanted through proper donor-
to-recipient matching.28

The HDV status of the donor is unknown during
donor assessment. In case the status of HBsAg+/
HDV+ coinfected livers is known, they are not
allocated due to the high risk of HDV recurrence
after transplantation.29

HBsAg+ and HCV viraemic coinfected donor
livers may be considered for transplantation after
proper (histological) assessment of graft quality.
The advent of direct-acting antivirals (DAAs)
f Hepatology 2022 vol. 77 j 503–515
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against HCV has enabled the transplantation of
HCV viraemic livers, expanding the donor pool
significantly, even for HCV- recipients.4 Donor-
derived HBV transmission, often undiagnosed
during transplantation because of the window
period, should be carefully evaluated in
such cases.30

Recipients of HBsAg+ donors
Allocating HBsAg+ grafts to HBsAg+ recipients is
the most reasonable choice since it does not
significantly change postoperative management
regarding prophylaxis against viral recurrence.29

Transplantation of HBsAg+ grafts into HBsAg-
recipients is performed only during emergen-
cies.19,23 There have been a couple of reported
cases of HCV viraemic, HBsAg- patients, with
decompensated cirrhosis and high model for end-
stage liver disease (MELD) scores, receiving an
HBsAg+ graft without developing rapidly progres-
sive cholestatic hepatitis.10,13 Due to limited data,
strong conclusions cannot be made; the risk is less
pronounced following the introduction of DAAs.
The available information suggests that trans-
plantation of HBsAg+ grafts into HBsAg- recipients
is safe, especially in endemic areas and in cases of
emergency,27 as the high-barrier NAs used for
prophylaxis are highly effective. Effective thera-
peutic options for HDV might enable trans-
plantation from HBsAg+ donors to this subgroup of
HBsAg+
donor*§

HBsAg/HDV+ recipient

HBsAg- HBcAb+ HBsAb+ recipient

Allocation not recommended
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patients, who cannot be provided grafts due to the
risk of viral recurrence and subsequent graft loss.29

Prophylaxis after receiving HBsAg+ grafts
Retrospective studies from around the world pro-
vided optimal survival curves for patients who
received good-quality HBsAg+ grafts when they
maintained a persistently negative viremia post-
operatively.31 Case-control studies19,22,24 did not
find any difference in survival after transplantation
of HBsAg+ or HBsAg- grafts, although a short
follow-up time and the absence of granular data on
the grafts allocated to the controls prevented any
strong conclusion from being drawn.

The reappearance of serum HBsAg after LT
needs to be managed; therefore, antiviral prophy-
laxis, preferably with high-barrier NAs, is impor-
tant. Several cases reported the development of
lamivudine-resistance post-LT, but such cases can
be reduced significantly after applying high-barrier
NAs. The benefits of the administration of long-
term hepatitis B immune globulin (HBIG) and the
timing of withdrawal are debated. Theoretically,
HBIG is not useful because it lacks a neutralising
effect after the reappearance of HBsAg,8,11,12,17,25

and thus, it is not recommended (Fig. 1).
Treatment using tenofovir disoproxil fumarate,

tenofovir alafenamide, and entecavir is currently
preferred, depending on local availability, costs,
pre-transplant treatments, renal function, and
HBsAg+ recipient

cases

High-barrier NA°

arrows indicate that LT is safe and effective; the light-green arrow
cases) or in endemic areas. The red arrow indicates that LT is not
d not be used for transplantation; §donor graft quality should be
therefore, HBIG should not be usedwhen HBsAg reappearance is
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bone health. Potential worsening of renal function
after the co-administration of tenofovir disoproxil
with nephrotoxic drugs (e.g., aminoglycosides,
ganciclovir), as well as potential interactions be-
tween tenofovir alafenamide and some antifungal/
antimycobacterial agents, should be carefully
considered, especially in the early postoperative
phase. The risk of viral resistance to high-barrier
NAs might be an issue in recipients with HBsAg
reappearance after transplantation. Thus, such
cases should be carefully evaluated and managed
following the recommendations currently adopted
for patients with chronic hepatitis B.32

The seroconversion to HBsAb was observed
during follow-up. Loggi et al.13 showed an HBsAg-,
HBcAb+/HBsAb+ patient who turned HBsAg+ 3.5
months after receiving an HBsAg+ graft due to a
reduced HBsAb titre; however, at month 18 post-
LT, HBsAg clearance occurred concomitantly with
the reappearance of a high HBsAb titre. The pre-
vious viral exposure might have elicited the im-
mune response to HBV after LT, but this hypothesis
was not confirmed in other studies.23 More studies
need to be performed to confirm this pathoge-
netic hypothesis.

Regarding postoperative follow-up, patients
receiving HBsAg+ grafts have to be carefully
monitored through per-protocol biopsies or by
using non-invasive tools/serum biomarkers, with
scheduled biochemical and sero-virological as-
sessments (every 3 months in the first year, and
then, every 3–6 months indefinitely, with liver ul-
trasound every 6–12 months).7 Moreover, they
should be provided life-long prophylaxis, which is
associated with an unavoidable increase in costs.
Fortunately, some studies have recently confirmed
the cost-effectiveness of this procedure, especially
for patients with high MELD scores and HBsAg-
recipients who have received livers from HBV+
donors.33 Additional studies are required to
confirm this preliminary report.

Other important issues also need to be
addressed. Further assessment is required to
determine whether these patients are at a higher
risk of de novo or recurrent postoperative hepato-
cellular carcinoma, given that HBV is oncogenic.
The relatives of such patients must be informed
about the risk of infectious disease transmission,
especially if the patient becomes viraemic. Specific
methods of treatment (e.g., HBV vaccination)
should be recommended. Viraemic grafts should be
offered to adherent patients only when a strict
follow-up by the local transplant team is guaran-
teed, and there is a certainty that the prescribed
therapy will be available throughout life.

The transplantation of organs from HBsAg+
living donors has been proposed in very few cases.
For good outcomes, donors should be selected
carefully, and the histological/functional status of
the graft should be extensively evaluated
before surgery.
Journal o
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HBcAb+ donors in LT
The HBcAb+ condition requires prior exposure to
HBV and causes a lifelong hepatocyte infection due
to the presence of covalently closed circular DNA
(cccDNA) in the hepatocyte that cannot be cleared
by the host immune response.34 Therefore, HBcAb+
grafts were viewed as marginal organs. However,
due to the worsening global organ shortage, the
allocation of HBcAb+ livers has increased substan-
tially in endemic countries like those in the Far East
(where the prevalence is roughly 50% of all or-
gans),35,36 the Mediterranean basin (where HBcAb+
grafts comprise about 15% of all organs),37 and in
low-endemic countries, like the USA (where the
prevalence increased from 1.8% in 1994 to 6%
in 2006).38

Determining the optimal allocation of
HBcAb+ grafts
The development of HBV recurrence or a de novo
viral infection significantly affects the survival of
the graft and the patient. After the introduction of a
high-barrier NA, such risks are minimised consid-
erably. Moreover, since the risk varies with the
serostatus of the pre-LT recipient, the current
guidelines recommend tailored prophylactic algo-
rithms.29,39 Transplanting an HBcAb+ graft into an
HBsAg+ recipient might be safe and effective, given
that post-transplant prophylaxis remains the same.
A study showed that HBcAb positivity increased
the risk of post-LT viral recurrence by twofold;
however, in that study, more than 60% of patients
received HBIG monoprophylaxis.40 HBV-naive re-
cipients are at the greatest risk of de novo infection
without prophylaxis, followed by HBcAb+/HBsAb-
and HBcAb-/HBsAb+ patients (47%, 13%, and 9%,
respectively). Conversely, HBcAb+/HBsAb+ re-
cipients have a negligible risk of de novo infection
(1.4%), making antiviral prophylaxis unnec-
essary (Fig. 2).

A recent hypothesis suggested considering the
prognostic value of the HBsAb serostatus of re-
cipients during patient selection for lifelong pro-
phylaxis.41 While an aforementioned systematic
review39 showed that HBsAb detectability through
vaccination reduces, but does not abolish, the risk
of de novo HBV infection, a recent study on the
recipients of LTs from living donors showed that
active pre-operative immunisation can effectively
prevent de novo HBV infection, provided high
HBsAb serum levels are maintained after surgery.42

Determining the best prophylaxis after LT
A monoprophylaxis regimen might be the most
reasonable option for HBsAg- recipients receiving
an HBcAb+ graft. Unlike when receiving HBsAg+
donors, no circulating HBsAg-coated virions
requiring neutralisation by HBIG will be present in
HBsAg- recipients of HBcAb+ grafts. No rando-
mised, comparative studies are available regarding
the choice of NA. Lamivudine has been used as a
f Hepatology 2022 vol. 77 j 503–515 505
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Fig. 2. Prophylactic strategies after liver transplantation using an HBcAb+ graft. Circles indicate the probability of de novo infection without prophylaxis. NA
monoprophylaxis should be proposed to adherent patients with persistently negative HBV DNA and HBsAg for the long-term follow-up after liver trans-
plantation. HBIG, hepatitis B immune globulin; NA, nucleos(t)ide analogue.
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Kidneys from HBV viraemic
donors should only be
transplanted to recipients
with protective HBV im-
munity (HBsAb >10 IU/L)
during transplantation, and
the antibody titre should
be monitored immediately
after transplantation, one
month after transplanta-
tion, and then, every three
months to verify the ne-
cessity of a booster dose of
vaccine or antiviral pro-
phylaxis until HBsAb levels
are above 10 IU/L.
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cost-effective treatment in patients receiving
HBcAb+ grafts. The increased global availability of
high-barrier NAs at low cost has made this a safer
treatment option.36,43 A complete withdrawal of
prophylaxis is not recommended and requires the
evaluation (and monitoring) of intrahepatic
cccDNA; it might be performed when serum bio-
markers, which are reliable surrogates of intra-
nuclear DNA,44 are available.

The impact of HBcAb+ grafts on survival
The impact of HBcAb+ grafts on post-transplant
survival is debated. The development of good
prophylactic strategies has reduced the risk of de
novo infection after LT. Moreover, such occurrences
can be safely and effectively treated with high-
barrier NAs. Therefore, the attention has shifted
from HBV recurrence to the hypothesis that
HBcAb+ status might reflect suboptimal graft
quality. This hypothesis was proposed in a large
prospective study, where the effect of organs
transplanted from HBcAb+ donors on the post-
operative survival of recipients was only consid-
ered after they were allocated to HBsAg- recipients
Journal of Hepatology 2022 vol. 77 j 5
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(mainly hepatitis C recipients).37 A recent study
from a highly endemic HBV-prevalent area
demonstrated a similar 10-year graft survival sta-
tus (76.8% vs. 74.8%, respectively) for HBcAb+ grafts,
without any difference in primary non-function,
graft dysfunction, or hepatocellular carcinoma.36

This study considered both living and deceased
donor LTs, including young donors. Studies have
suggested that HBcAb+ grafts should not be dis-
carded, especially at times of organ shortage.

HBV+ donors in non-liver solid organ
transplantation
HBsAg+ donors
Transplanting an HBsAg+ graft into an HBsAg-
recipient is associated with a significant risk of de
novo infection. In areas endemic for HBV infection,
where HBsAg+ rates are high (10–20%), the exclu-
sion of HBsAg+ donors would considerably reduce
the donor pool.45 This issue is less significant in
western countries where organs from HBsAg+ do-
nors are not transplanted regularly. The successful
transplantation of deceased-donor or living-donor
HBsAg+ kidneys has been reported in several
03–515
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studies, including in recipients with pre-existing
immunity through vaccination or previous HBV
infection (Table 1). A retrospective study compared
the outcomes between kidney transplant (KT) re-
cipients with HBsAb titres above 10 IU/L, who
received either HBsAg+ (with absent or minimal
viral replication; n = 43) or HBsAg- (n = 86) grafts.
Regardless of the status of the HBsAg donors, there
were neither cases of de novo HBV infection nor
significant differences in graft and patient survival
after a median follow-up of 58 months. Moreover,
Table 1. Studies on non-liver solid organ transplantation wi

Study Organ
transplanted

Donor(s)
characteri

Tuncer et al., 2012 Retrospective
study

Kidney 35 HBsAg+
living
donors (wi
undetectab
serum
HBV-DNA)

Chancharoenthana
W et al., 2014

Retrospective,
longitudinal
study

Kidney 43 HBsAg+
donors
(with abse
minimal vi
replication
and 86
HBsAg-
donors

Wang et al., 2021 Retrospective
study

Kidney 83 HBsAg+
donors
(viraemia n
reported;
histology
not reporte

Wang et al., 2004 Retrospective
study

Heart 32 HBsAg+
donors

Chen et al., 2012 Retrospective
study

Heart 3 HBsAg+
donors

Shin et al., 2014 Retrospective
study

Heart 6 HBsAg+
donors

Eichenberger
et al., 2020

Case report Lung 1 HBsAg+
viraemic
deceased
donor

Belga et al., 2020 Case report Lung 1 HBsAg+
with
low-level
HBV-DNA

HBIG, hepatitis B immunoglobulin.
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recipients who received kidneys from HBsAg+ do-
nors with no HBV prophylaxis (n = 20) showed
outcomes comparable to those treated with lam-
ivudine only (n = 21) or lamivudine along with
HBIG (n =2).46 Tuncer et al. highlighted the
importance of HBsAb titre >10 IU/L in recipients
and did not find cases of HBV infection in 35 HBV-
immune patients who underwent KT from HBsAg+
living donors (with undetectable serum HBV DNA)
without antiviral prophylaxis or HBIG administra-
tion.47 The protective role of immunisation was
th HBsAg+ donors.

stics
Recipient(s)
characteristics

Antiviral treatment Post-transplant
outcome

Relevant
findings

th
le

35 HBsAg– recipients
with anti-HBs
titres above
10 IU/L

No use of antiviral
prophylaxis or
HBIG

No cases of
HBV de novo
infection

nt or
ral
)

129 HBsAg-
recipients with
anti-HBs titres
above 100 IU/L

21 HBsAg+ organ
recipients were
treated with
lamivudine.
2 HBsAg+ organ
recipients received
lamivudine in
combina-tion with
HBIG

No cases of
HBV de novo
infection

Regardless of the
HBsAg donor
status, no
significant
differences in graft
and patient
survival after a
median follow-up
of 58.2 months.

ot

d)

83 HBsAg– recipients,
including 20 without
a protective anti-HBs
titre

All recipients
received antiviral
prophylaxis (average
duration 1–3 months)

Two recipients
became HBsAg+
and tested
positive for
HBV-DNA

The 2 patients
who became
HBsAg+ did not
have a protective
anti-HBs titre

2 HBsAg- recipients
without a docume-
nted protective anti-
HBs titre
4 HBsAg+ recipients
26 anti-HBs+
recipients

Only 1 HBsAg- and
anti-HBs- recipient
received post-
operative HBIG
All HBsAg+
recipients received
antiviral
prophylaxis

One of the 2
patients who did
not have previous
HBV infection or
anti-HBs titre
experienced a
hepatitis infection
Becoming HBsAg+

3 HBsAg- recipients
(no information
about anti-HBs titre)

Perioperative HBIG One recipient
became HBsAg+

6 HBsAg- recipients
with a documented
anti-HBs titre (except
for 1 patient whose
serologic data was
missing)

Perioperative HBIG No cases of HBV
de novo infection

1 HBsAg- recipient
with anti-HBs
titres above
100 IU/L

HBIG immediately
before and after
transplantation
daily for 5–7
days. Antiviral
prophylaxis was
started immediately
after surgery.

No de novo HBV
infection (duration
of the follow-up
not mentioned)

1 HBsAg-recipient
without a protective
anti-HBs titre

HBIG immediately
before and after
transplantation
daily for 5–7 days.
Antiviral prophylaxis
was started
immediately after
surgery

HBV serology after
12 months showed
positive anti-HBc
and anti-HBs, but
negative
HBsAg and
HBV-DNA

f Hepatology 2022 vol. 77 j 503–515 507
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further demonstrated in a recent study performed
in a large Chinese cohort. HBsAg- individuals (n =
83), including 20 without a protective HBsAb titre,
underwent KT from HBsAg+ donors. Although all
patients received antiviral prophylaxis (average
duration 1–3 months), after a mean follow-up of 36
months, 2 recipients (2.4%; n = 83) became HBsAg+
and tested positive for HBV DNA. The 2 patients
lacked a protective HBsAb titre.48 These results
confirmed that protective immunity is crucial to
prevent de novo HBV infection.

Based on the available data, although they were
from studies that differed in pre-and post-trans-
plant patient management, we suggest that KT
from HBV viraemic allografts should only be
considered for recipients with protective HBV im-
munity (HBsAb >10 IU/L) at the time of trans-
plantation. The antibody titre should also be
monitored immediately after transplantation, 1
month after transplantation, and then, every 3
months to verify the necessity of a booster dose of
vaccine or antiviral prophylaxis until HBsAb levels
are above 10 IU/L. Moreover, the aforementioned
data suggest that antiviral prophylaxis is not
mandatory in all HBsAg+ graft recipients, but the
assessment of the status of immunosuppression
should be performed, especially for desensitisation
using T cell- and/or B cell-depleting agents.49

Data on the transplantation of thoracic organs
from HBsAg+ donors is limited (Table 1). Most of
the available data are related to heart trans-
plantation from overlapping cohorts living in Ko-
rea. From an analysis of HBsAg+ heart transplants
(n = 41 recipients), only 2 recipients (4.8%) were
reported to be HBsAg+. One out of 3 HBsAb- re-
cipients and 1 out of 7 recipients who were HBcAb+
before transplantation became HBsAg+; neither of
the patients had received HBIG or antiviral pro-
phylaxis. No case of HBsAg positivity was observed
in the group of HBsAb+ recipients.50–52 Data on
lung transplantation from HBsAg+ donors came
from 2 case reports that described emergency
transplantation from 2 HBsAg+ donors with vari-
able levels of serum HBV DNA to an HBsAg- and an
HBcAb- recipient, with no documented immuni-
sation before transplantation in 1 case. In both
cases, the recipients received HBIG daily for 5–7
days immediately before and after transplantation;
entecavir administration was started immediately
after surgery. After 12 months, the HBsAg- recip-
ient was positive for HBcAb and HBsAb, but nega-
tive for HBsAg and HBV DNA. In the HBcAb-
patient, de novo HBV infection was not detected,
but the length of the follow-up was not
mentioned.53,54 However, the use of HBsAg+ grafts
during lung and heart transplantation is currently
restricted and generally limited to emergency
cases. Given the paucity of data on the trans-
plantation of thoracic organs from HBsAg- donors,
no specific suggestions can be made.
Journal of Hepatology 2022 vol. 77 j 5
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HBcAb+ donors
Ideally, HBcAb+ organs should be transplanted into
HBcAb+ and/or HBsAg+ recipients, but this strategy
would yield a small donor pool. Assuming the
appropriate management of recipients, the risk of
HBV transmission from HBcAb+/HBsAg- grafts to
HBV-naïve patients is low/moderate in KT and even
lower in thoracic organ transplantations.28,55,56

Immunisation against HBV infection and HBsAb
titre levels before transplantation are key ways to
minimise the risk of HBV transmission from
HBcAb+ grafts.28

The most robust evidence on the risk of trans-
mission, and related outcomes with HBcAb- re-
cipients is in KT. However, studies on KT are
generally characterised by a lack of information on
the pre-transplant HBV serological status of the
recipients and considerable heterogeneity in
recipient management. In a systematic review of 9
studies comprising 1,385 patients who received KT
from HBsAg+/HBcAb+ donors, HBV serological
markers developed in only 45 patients (3.24%), and
4 patients turned HBsAg+ (rate of seroconversion
was 0.28%) with no evidence of symptomatic
hepatitis. Although they did not investigate the
impact of HBsAb status or the use of antiviral
prophylaxis in recipients, they reported similar
transplant outcomes in patients with HBsAg or
HBcAb seroconversion as for HBsAb+ recipients.57

The largest study that evaluated the status of
HBsAg- kidney recipients from the United Network
for Organ Sharing database between 1994 and
1999 – reported a similar rate of HBsAg acquisition
in 763 recipients of HBcAb+ grafts compared to
24,661 recipients of HBcAb- organs (0.001 vs.
0.003, p = 0.23). In that study, no difference in
survival was found between the recipients of
HBcAb+ and HBcAb- organs after conducting a
multivariable-adjusted analysis.58

In most centres, kidneys are transplanted from
HBcAb+ donors to candidates with documented
immunity to HBV, i.e. with HBsAb >10 IU/L through
vaccination or previous exposure. This titre confers
immunity against de novo HBV infection. In 3
recent studies, no cases of HBsAg seroconversion
were found in 236 HBcAb+ kidney recipients with
protective HBV immunity (HBsAb >10 IU/L) during
transplantation.59–61 Therefore, vaccination can
prevent the risk of transmission in KT. However,
many patients with renal failure have an impaired
immune response, resulting in a suboptimal
response to standard recombinant vaccines.62

Thus, antiviral prophylaxis might still play a role
in non-immune recipients of HBcAb+ grafts, as
suggested by the guidelines.28 The optimal dura-
tion of antiviral prophylaxis is unknown, but the
risk is generally restricted to the early post-
transplantation period (6–12 months).

The administration of HBIG is an alternative to
antiviral prophylaxis. One study reported no cases
03–515
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Key point

Preliminary data suggested
that antiviral prophylaxis
should also be provided to
the hematopoietic stem
cell transplant (HSCT) re-
cipients if they receive
transplants from HBcAb+ve
donors, regardless of the
HBcAb status of the
recipient.
of HBsAg seroconversion following the adminis-
tration of a single dose of HBIG in 18 KT recipients
with HBcAb+ grafts.63 However, further studies are
needed to confirm that the use of HBIG is a safe and
effective alternative to antiviral prophylaxis in non-
immune recipients of HBcAb+ grafts.

Studies on HBV in thoracic transplantation are
limited. An analysis of a large cohort of lung and
heart-lung transplants was performed to compare
the results of 13,233 recipients of organs from
HBcAb- donors with 333 recipients of organs from
HBcAb+ donors. Although 1-year mortality was
higher in the latter group in an unadjusted anal-
ysis, there was no significant difference in 5-year
mortality, and HBcAb status did not affect mortal-
ity 1 and 5 years after transplantation.64 In 2 other
studies, no case of de novo HBV infection was re-
ported among 36 recipients of HBcAb+ lungs who
were vaccinated against HBV before trans-
plantation or received antiviral prophylaxis after
transplantation.65,66 Early studies, including those
on patients who underwent heart transplantation
from HBcAb+ donors without prophylaxis, did not
report any incidence of HBV transmission in co-
horts of more than 80 patients; however, some of
the patients were vaccinated before trans-
plantation.67–70 The indications for prophylaxis in
recipients of non-liver HBV+ solid organs are
summarised in Table 2.

Allogeneic haematopoietic stem
cell transplantation
The treatment of haematological malignancies has
changed substantially in recent decades, and
haematopoietic stem cell transplantation (HSCT)
has become very common. HBV can be transmitted
by HBsAg+ grafts to HBV-naïve recipients or those
who have lost protective immunity. Such trans-
mission is generally fatal because of the primary
disease of the patients and the immunodeficiency
associated with pre-transplant conditioning
therapy and immunosuppressive drugs used after
transplantation to prevent the onset of graft-vs.-
host disease. A high HBV viral load in the donor
and the absence of HBsAb in the recipients are
important risk factors associated with the devel-
opment of HBV-related hepatitis post-HSCT.71,72 In
HBV endemic areas, excluding HBsAg+ donors
significantly limits the use of allogeneic HSCT,
especially when an HBsAg+ donor might be the
only option. A 3-level approach was proposed to
Table 2. Indications for the management of recipients of HB

Donor status HBsAg-/HBsAb- HBsAg+

HBsAg+ Not recommended High-barrier NA p

HBsAg-/HBcAb+ High-barrier NA High-barrier NApr

NA, nucleos(t)ide analogue.
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manage HBsAg+ donor transplantation at the Fifth
European Conference on Infections in Leukaemia
(ECIL-5), which established the possibility of using
organs from such a donor pool provided that
HBsAg- recipients were vaccinated before trans-
plantation and that both the donor and the recip-
ient underwent antiviral therapy to reduce HBV
DNA before HSCT in the donors and suppress HBV
DNA after HSCT in the recipients.73 Following
these recommendations, Hui et al. showed that
HBV-related hepatitis occurred in 2 recipients
(6.9%; n = 29) who received stem cells from
HBsAg+ donors, whereas, in the control group that
underwent HSCT without antiviral prophylaxis,
the incidence was 48% (12 of 25 recipients).74

Another study performed in an Asian cohort,
showed a similar 5-year cumulative incidence of
HBV-related hepatitis among patients who
received stem cells from HBsAg+ donors and
matched control recipients who received stem
cells from HBsAg- donors (8.5% [95% CI −0.9% to
17.9%] vs. 7.9% [95% CI −0.9% to 16.7%]; p = 0.939).
The HBsAg+ donors received antiviral treatment,
and HBIG was administered to the HBsAg- re-
cipients.75 Moreover, Shen et al. demonstrated
that HBIG, combined with long-term antiviral
prophylaxis, effectively prevented de novo HBV
infection in 67 HBsAg- patients who received
grafts from double-positive HBsAg and HBcAb
donors. None of the HBsAg- patients developed
HBV infection after HSCT.76

Therefore, through appropriate management of
donors and recipients, the risk of HBV-related
hepatitis following HSCT from HBsAg+ stem cells
can be reduced. This might enable patients in need
to receive allo-HSCT in HBV-endemic areas. How-
ever, considering the paucity of data, clinical trials
are needed to establish the most effective man-
agement methods when accepting stem cells from
HBsAg+ donors.

Information on the effects of HSCT from HBcAb+
donors to HBV- recipients is lacking. A study re-
ported the absence of HBV transmission in a cohort
of HBV-naïve children undergoing prophylaxis
through vaccination and/or HBIG administration
when receiving HSCT from HBcAb+ donors.77

Another study showed that HBV- recipients
receiving stem cells from HBcAb+ donors had a
10.5% higher risk of developing HBV-related hep-
atitis after transplantation compared to the re-
cipients receiving transplants from HBV- donors.78
V+ grafts in non-liver solid organ transplantation.

Recipient status

HBsAg-/HBsAb+/HBcAb±

rophylaxis Can be used without high-barrier NA prophylaxis, only if careful monitoring
and antiviral therapy at the earliest sign of HBV recurrence

ophylaxis Can be used without high-barrier NA prophylaxis with careful monitoring and
antiviral therapy at the earliest sign of HBV recurrence
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Table 3. Indications for the management of recipients of HBV+ grafts in hematopoietic stem cell transplantation.

Donor status

Recipient status

HBsAg-/HBsAb- HBsAg+ HBsAg-/HBsAb+/ HBcAb±

HBsAg+ Not recommended (In urgent cases: pre transplant
vaccination+ life-long high-barrier NA +HBIG at
transplant in recipients and pre transplant
high-barrier NA in living donor)

High-barrier NA
prophylaxis

Can be used without high-barrier NA prophylaxis, only if careful
monitoring and antiviral therapy at the earliest sign of HBV
recurrence

HBsAg-/HBcAb+ Pre-transplant vaccination+ high-barrier NA+ HBIG
at transplant

High-barrier NA
prophylaxis

Can be used without high-barrier NA prophylaxis if HBcAb-.
NA prophylaxis if HBcAb+

HBIG, hepatitis B immunoglobulin; NA, nucleos(t)ide analogue.

Key point

Transplantation of HIV+
donor organs is increasing
since they are as efficacious
and safe as their HIV-
counterparts.
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In a more recent study from Italy, 11 out of 15 HBV-
patients undergoing allo-HSCT with stem cells
from HBcAb+/HBsAg- donors were treated with
lamivudine. One of the remaining 4 patients who
did not receive lamivudine experienced HBV reac-
tivation.79 Therefore, the transmission of HBV
infection from HBcAb+/HBsAg- donors is possible.
The ECIL-5 had suggested that antiviral prophylaxis
should also be provided to recipients if they receive
transplants from this pool of donors, regardless of
the HBcAb status of the recipient; however, further
studies are needed regarding this. The current in-
dications from a few published studies are sum-
marised in Table 3.

HIV donors in transplantation
A new source of donors for the HIV+ recipient
Combination antiretroviral therapy (cART) has
increased the survival of HIV+ individuals and
changed the status of AIDS from a fatal disease to a
chronic condition. The transplant community has
been relatively slow in recognising this change,80

but the need for transplantation in HIV+ re-
cipients has increased considerably. Owing to cART,
many HIV+ individuals no longer suffer from AIDS
but instead develop end-stage kidney and liver
disease due to the comorbidities associated with
chronic infections. Despite early reluctance to
perform transplantation due to logical concerns
regarding immunosuppressing individuals who
might already be immunosuppressed, several
multicentre trials demonstrated comparable allo-
graft and survival outcomes between HIV- and
HIV+ recipients following kidney,81 liver,82 and
pancreas transplantation.83 Importantly, the nega-
tive impact of HCV/HIV coinfection has been
abrogated with the advent of DAAs.84 This has
significantly increased the number of HIV+ candi-
dates on the waiting lists, which highlights the
importance of new donor sources for HIV+ in-
dividuals waiting for solid organ transplants, as
well as the need to expand the donor pool to new
sources of HIV-infected donor organs.

The increasing demand for solid organ
transplantation in HIV+ recipients
As the status of HIV has changed from a fatal
disease to a chronic condition, the number of
people with well-controlled HIV who are candi-
dates for solid organ transplants has increased
Journal of Hepatology 2022 vol. 77 j 5

dminAigo AdminAigo (rcozzolongo@gmail.com) at Italian Hospital Gas
vier on July 26, 2022. For personal use only. No other uses without perm
considerably.85–87 HIV-associated nephropathy is
a common indication for KT in young HIV-
infected people of African descent,88 and it is
identified through kidney biopsy in approxi-
mately 20% of HIV+ patients in the United
States.89 Coinfection with hepatitis B is associated
with membranous nephropathy, and IgA ne-
phropathy might be directly associated with an
HIV infection.90,91 Progression to end-stage renal
failure is further exacerbated by nephrotoxicity
associated with cART and prophylaxis. Unfortu-
nately, waiting times for KT are long, and dialysis
is associated with poorer allograft and patient
survival.92 Lengthy waiting times might be even
more problematic for HIV-infected recipients.
Although more recent studies have shown an
improvement in the survival duration for HIV-
infected patients on dialysis,93 earlier trans-
plantation from HIV-infected donors can greatly
benefit HIV+ patients. In the US, the HIV Organ
Policy Equity Act (HOPE), which was made a part
of federal law in 2013, has enabled such
early transplantations.94

After the status of an HIV infection changed to a
chronic condition, liver diseases became a leading
cause of death among HIV+ patients with non-
alcoholic fatty liver disease, co-infected with HBV
and/or HCV.95–98 Some studies have shown that
progression to end stage liver disease (ESLD) is
faster in HIV+ people.95,96,99,100 The faster pro-
gression of the disease is exacerbated by drug-
induced hepatotoxicity, the development of
lamivudine-resistant HBV, and immune restoration
hepatitis.101–104 Unfortunately, HIV-infected candi-
dates with ESLD, who are on the waiting list for
transplantation, are often at a high risk of
death.105,106 With an increase in the number of all
potential recipients on LT waiting lists, poor sur-
vival is even more problematic since the MELD
scores necessary for the allocation of a liver are
high. By the time the HIV+ candidate achieves the
MELD score required for allocation of the liver of a
deceased donor, clinical deterioration might be so
severe that they might not meet the inclusion/
exclusion criteria of most transplant centres based
on CD4 counts and HIV viral load. By providing
access to HIV+ donors, the HOPE Act has enabled
transplantation from deceased donors at a lower
MELD score, thus increasing the likelihood of better
post-transplant outcomes.
03–515

troenterologists and Endoscopists Association from 
ission. Copyright ©2022. Elsevier Inc. All rights reserved.



The early experience with HIV-infected
deceased donors
The transplantation of organs from HIV+ deceased
donors (D+)waspioneeredbyDrElmiMuller in Cape
Town, South Africa, in 2008107,108 in response to the
lack of funding for haemodialysis in HIV+ recipients
(R+) in thepublic sector. Basedon the early success of
KT of HIV- donor organs into HIV+ individuals,81 Dr
Muller recognised that organs from HIV+ donors,
who were on life support and met the criteria for
brain death, could potentially be used for trans-
plantation. South Africa has an extremely high inci-
dence of HIV infection, with a prevalence of 19% and
over 7 million HIV+ people.109 Since the HIV+ re-
cipients were largely in the public sector, trans-
plantation was the only survival option; HIV-
infected donors permitted early access to donor or-
gans due to the high prevalence of HIV. In a pilot
study, the first 4 HIV D+/R+ deceased donor trans-
plantswere associatedwith excellent outcomes, and
no evidence of superinfection with more resistant
strains ofHIVoropportunistic infections transmitted
by the D(+) organ was found following kidney
transplantation.107,108 In follow-up studies, long-
term detection of the donor-strain virus was not
observed in 25 HIV D(+)/R(+) recipients in the South
African study, although the donor-strain virus was
sporadically detected in 32% of recipients.110

The safety and efficacy of kidney trans-
plantation in South Africa prompted US centres to
change federal laws, which had prohibited the
utilisation of tissue or organs from HIV-infected
recipients. Based on the 500–600 viable HIV-
infected recipients in the US annually,111 the team
from Johns Hopkins facilitated the rapid passage of
the HOPE Act to permit the transplantation of or-
gans procured from HIV-infected donors.112 This
increased the donor pool substantially, which was
necessary to meet the demand for organs and
reduce the disproportionate mortality observed
among HIV+ individuals on the transplant waiting
lists. A report on HIV+ deceased donor organs in
the US described 92 HIV+ donors between March
2016 and March 2020, with 177 organs donated
(131 kidneys and 46 livers).113 There were no re-
strictions on donor HIV viral load or CD4 counts,
although the presence of an opportunistic infection
suggested a contraindication. Most of the HIV+
donors (90%) were on cART. Major mutations for
drug resistance were present in 42% of donors.
Importantly, integrase strand transfer inhibitors
were present in only 4% of donors, which was
fortunate since antiretroviral therapy in the HIV+
recipients is most frequently based on the inte-
grase inhibitor to minimise the inter-drug in-
teractions between antiretroviral agents and
immunosuppressive agents.

The first NIH multicentre clinical trials (D+/R+)
were initiated for KT recipients in 2018
(NCT03500315) and LT recipients in 2019
(NCT03734393) and included 160HIV+ KT recipients
Journal o
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and 80HIV+ LT recipients. Although results on safety
and efficacy are pending, the OPTN registry reported
the trends during the first 2 years after the HOPE Act
was passed. The 1-year patient and graft survival of
71 (D+/R+) KT and 31 (D+/R+) LT recipients were
comparable to the outcomes of D-/R+ kidney and
liver transplant recipients.114 The chance of super-
infection from the donor HIV strain, donor-derived
infections, and HIV-associated disease in the donor
liver or kidney remains a concern, but the safety and
efficacy data from the US pilot trials performed with
HIV+ donors for liver115 and kidney116 trans-
plantation showed promising results. Importantly,
both pilot studies showed that there was no loss of
viral control following transplantation with an HIV+
donor. The HIV+ KT recipients showed excellent
outcomes after receiving transplants from HIV+ and
HIV- donors, although there was a higher incidence
of rejection in the HIV+ cohort. There were also no
statistical differences in the 1-year outcome
following LT fromeitherHIV+ orHIV- donors, but the
incidences of opportunistic infections, infectious
hospitalisations, and cancers were higher in the
cohort transplanted from HIV+ donors. More defin-
itive data should be available from the HOPE trials
conducted by the NIH in the future. The results of
those trials might help to formulate informed con-
sent. Outside South Africa and the US, there have
been scattered reports of excellent early outcomes
following D+/R+ deceased donor kidney and
liver transplantation.117–121

Liver and kidney transplantations from HIV-
infected living donors can greatly minimise the
time spent on dialysis in ESRD and maximise out-
comes. Similarly, HIV+ donors provide the oppor-
tunity for LT in recipients with lower MELD scores
before a significant deterioration in patient health,
which could terminate transplant candidacy. Un-
fortunately, HIV+ candidates have a 47% lower
chance of receiving a living donation KT compared
to non-affected candidates on the waiting list.122

Since many HIV-infected potential recipients have
HIV-infected partners, the opportunity for trans-
plantations from living donors can increase if
people with well-controlled HIV serve as donors.
Importantly, the HOPE Act also changed federal
laws to permit living HIV+ donors to donate a
kidney or a liver lobe. Although a prospective
clinical trial with HIV+ living kidney donors was
initiated in 2018 (NCT03408106), there are con-
cerns that HIV-infected donors might have a higher
risk of ESRD after donation due to HIV-associated
diseases in the remaining kidney. Muzaale
et al.123 assessed the cumulative incidence of ESRD
in people with well-controlled HIV and no dia-
betes, hypertension, or hepatitis C and compared it
to matched HIV- people. Although there was a
slightly higher risk of ESRD in people with HIV, it
was comparable to other risk factors that were not
contraindications to donation, such as tobacco use.
In the US, the first 2 living donor operations
f Hepatology 2022 vol. 77 j 503–515 511
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HIV+ recipient screening
•  Meet standard criteria for evaluation and
   listing for all recipients
•  Meet HIV center specific criteria with
    respect to HIV viral load and CD4+ count
•  Additional screening, vaccinations, TB
   testing and cervical/anal PAP testHIV+ donor screening

•  HIV Ab(+), nucleic acid testing (+)
•  No restriction on donor HIV viral load
   or CD4+ count, but active opportunistic 
   infection is contraindication
•  If known donor cART profile, ability to
   provide an effective cART post-
   transplant

If eligible
•  Evaluation by HIV provider
•  Maintain/switch to integrase inhibitor
   based regimen
    •  Minimized post-transplant cART and
       immunosuppressive drug interactions
    •  Decreased likelihood of integrase
        inhibitor resistance in HIV+ donor

Fig. 3. The proposed algorithm for management of the HIV-positive solid organ trans-
plantation. cART, combination antiretroviral therapy.
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between HIV- kidney donors and recipients were
performed at Johns Hopkins University in 2019,
with excellent early outcomes.124,125 The first living
donor liver operation between an HIV+ donor
(mother) and her 11-month-old HIV- child with
ESLD, secondary to biliary atresia, was conducted
in South Africa in 2017. The early outcomes, in this
case, were favourable for the donor and the recip-
ient, and HIV was undetectable in the child – who
received cART – 1 year after transplantation.126

In conclusion, the inclusion of HIV+ deceased
donors was initiated in the US by the HOPE Act,
which facilitated earlier transplantation of organs
to the increasing number of HIV+ people suffering
from ESRD and ESLD. Such candidates face higher
waitlist mortality and can greatly benefit from
earlier transplantation made possible by increasing
the donor pool to include HIV+ donors (Fig. 3).
Long-term results from the initial trials in South
Africa and the US are pending, but the early out-
comes of HIV+ donations demonstrated that the
transplantations were safe and efficacious, com-
parable to the transplantations of their HIV-
counterparts. Although transplantations from HIV+
living donors are permitted in the US, the in-
cidences of such transplantations are relatively
low, perhaps due to the greater availability of and
good early outcomes observed with HIV+
deceased donors.

Ethical point of view
Regarding the ethical point of view, the 4 basic
principles that we should consider when assessing
a procedure include autonomy, beneficence, non-
maleficence, and justice.127

By obtaining the patient’s informed consent
(autonomy),128 removing the cause of morbidity,
decreasing the mortality, increasing the patient’s
Journal of Hepatology 2022 vol. 77 j 5
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quality of life (beneficence), using an effective
antiviral therapy after transplantation (non-malef-
icence), and increasing the size of the organ pool to
reduce the suffering of patients with end-stage
organ dysfunction (justice), all the above princi-
ples are met. We recommend that full informed
consent, including detailed information on the
benefits and potential harms, should be discussed
with the transplant candidate and their family.
They should be informed about the potential risk of
transmission of infectious diseases. This consent
should be obtained during waiting list registration.

Conclusions
The disparity between the availability of organs
and the need for them can be addressed by
broadening the criteria for the donation of organs
and expanding the size of the donor pool. Owing to
the development of reliable antiviral therapies,
problems of organ shortage can be overcome by
using grafts affected by HCV, HBV, or HIV. In this
review, we summarised all the data published to
date on the use of these organs, except those pos-
itive for HCV, as mentioned in the introduction.
Transplantations from HBV-+ donors are regularly
performed with the appropriate prophylaxis
schemes prescribed by expert hepatologists from
the transplant centres. However, the donation of
HIV- organs is uncommon, although the safety and
efficacy of such transplantations are comparable to
those from HIV- donors. A multidisciplinary
approach with trained hepatologists and infectious
disease specialists in the local transplant team is
essential to determine the optimal allocation of
infected organs, prescribe the best prophylactic
treatment after transplantation, assess patient’s
adherence, and treat recurrent/de novo infection, if
it occurs. This resembles a tailored approach that
can be implemented as part of modern personal-
ised transplantation strategies.

Abbreviations
cART, combination antiretroviral therapy; cccDNA,
covalently closed circular DNA; ESLD, end stage
liver disease; ESRD, end-stage renal disease;
HBcAb, antibodies against the HBV core antigen;
HBIG, hepatitis B immune globulin; HBsAb, anti-
bodies against HBsAg; HBsAg, HBV surface antigen;
HOPE, HIV Organ Policy Equity; HSCT, haemato-
poietic stem cell transplantation; KT, kidney
transplant; LT, liver transplantation; MELD, model
for end-stage liver disease; NA, nucleos(t)
ide analogues.

Financial support
The authors received no financial support to pro-
duce this manuscript.

Conflict of interest
The authors of this manuscript have no conflicts of
interest to disclose.
03–515

troenterologists and Endoscopists Association from 
ission. Copyright ©2022. Elsevier Inc. All rights reserved.



Please refer to the accompanying ICMJE disclo-
sure forms for further details.

Authors’ contributions
FPR, MV, PB and AG were involved in the concept,
design, and writing the manuscript; AF, NP, and PS
were involved in writing the manuscript. All
Journal o

Downloaded for AdminAigo AdminAigo (rcozzolongo
ClinicalKey.com by Elsevier on July 26, 2022. For personal u
authors were involved in the revision and
approved the final draft of the manuscript.

Supplementary data
Supplementary data to this article can be found
online at https://doi.org/10.1016/j.jhep.2022.03.
007.
References
Author names in bold designate shared co-first authorship

[1] Lewis A, Koukoura A, Tsianos GI, Gargavanis AA, Nielsen AA,
Vassiliadis E. Organ donation in the US and Europe: the supply vs de-
mand imbalance. Transpl Rev (Orlando) 2021;35:100585.

[2] Ivanics T, Abreu P, De Martin E, Sapisochin G. Changing trends in liver
transplantation: challenges and solutions. Transplantation 2021;105:
743–756.

[3] Toniutto P, Zanetto A, Ferrarese A, Burra P. Current challenges and future
directions for liver transplantation. Liver Int 2017;37:317–327.

[4] Weinfurtner K, Reddy KR. Hepatitis C viraemic organs in solid organ
transplantation. J Hepatol 2021;74:716–733.

[5] Wei L, Chen D, Zhang B, Zhao Y, Liu B, Shi H, et al. Long-term outcome
and recurrence of hepatitis B virus following liver transplantation from
hepatitis B surface antigen-positive donors in a Chinese population.
J Viral Hepat 2018;25:1576–1581.

[6] Wang FS, Fan JG, Zhang Z, Gao B, Wang HY. The global burden of liver
disease: the major impact of China. Hepatology 2014;60:2099–2108.

[7] Theodoropoulos N, Kroll-Desrosiers A, Ison MG. Utilization of deceased
organ donors based on HIV, hepatitis B virus, and hepatitis C virus
screening test results. Transpl Infect Dis 2020;22:e13275.

[8] González-Peralta RP, Andres JM, Tung FY, Fang JW, Brunson ME, Davis GL,
et al. Transplantation of a hepatitis B surface antigen-positive donor liver into
a hepatitis B virus-negative recipient. Transplantation 1994;58:114–116.

[9] Franchello A, Ghisetti V, Marzano A, Romagnoli R, Salizzoni M. Trans-
plantation of hepatitis B surface antigen-positive livers into hepatitis B
virus-positive recipients and the role of hepatitis delta coinfection. Liver
Transpl 2005;11:922–928.

[10] Ho JK, Harrigan PR, Sherlock CH, Steinbrecher UP, Erb SR, Mo T, et al.
Utilization of a liver allograft from a hepatitis B surface antigen positive
donor. Transplantation 2006;81:129–131.

[11] Hwang S, Lee SG, Park KM, Kim KH, Ahn CS, Oh HB, et al. Five-year
follow-up of a hepatitis B virus-positive recipient of hepatitis B surface
antigen-positive living donor liver graft. Liver Transpl 2006;12:993–997.

[12] Soejima Y, Shimada M, Taketomi A, Yoshizumi T, Uchiyama H, Ikegami T,
et al. Successful living donor liver transplantation using a graft from a
hepatitis B surface antigen-positive donor. Liver Int 2007;27:1282–1286.

[13] Loggi E, Bihl F, Chisholm JV, Biselli M, Bontadini A, Vitale G, et al. Anti-
HBs re-seroconversion after liver transplantation in a patient with past
HBV infection receiving a HBsAg positive graft. J Hepatol 2009;50:625–
630.

[14] Bahde R, Hölzen JP, Wolters HH, Schmidt HH, Bock CT, Lügering A, et al.
Course of a HBsAg positive liver transplantation in a hepatitis B and D
virus coinfected recipient. Ann Hepatol 2011;10:355–360.

[15] Jiao Z, Zhang Y, Han L, Zeng Y, Yan L. Four-year follow-up of two chronic
hepatitis B recipients of hepatitis B surface antigen-positive cadaveric
liver grafts from asymptomatic carriers. Hepatol Res 2011;41:846–852.

[16] Jiang L, Yan L, Li B, Wen T, Zhao J, Yang J, et al. Successful use of hepatitis
B surface antigen-positive liver grafts in recipients with hepatitis B
virus-related liver diseases. Liver Transpl 2011;17:1236–1238.

[17] Loggi E, Micco L, Ercolani G, Cucchetti A, Bihl FK, Grazi GL, et al. Liver
transplantation from hepatitis B surface antigen positive donors: a safe
way to expand the donor pool. J Hepatol 2012;56:579–585.

[18] Ju W, Chen M, Guo Z, Wang D, Zhu X, Huang J, et al. Allografts positive for
hepatitis B surface antigen in liver transplant for disease related to
hepatitis B virus. Exp Clin Transpl 2013;11:245–249.

[19] Saidi RF, JabbourN, Shah SA, Li YF, BozorgzadehA. Liver transplantation from
hepatitis B surface antigen-positive donors. Transpl Proc 2013;45:279–280.

[20] Choi Y, Choi JY, Yi NJ, Lee K, Mori S, Hong G, et al. Liver transplantation
for HBsAg-positive recipients using grafts from HBsAg-positive deceased
donors. Transpl Int 2013;26:1173–1183.
f Hepatology 2

@gmail.com) at Ita
se only. No other us
[21] Krishnamoorthi R, Manickam P, Cappell MS. Liver transplantation of
hepatitis B surface antigen positive donors to hepatitis B core antibody
recipients: analysis of 27 patients. Minerva Gastroenterol Dietol
2014;60:113–118.

[22] Li Z, Hu Z, Xiang J, Zhou J, Yan S, Wu J, et al. Use of hepatitis B surface
antigen-positive grafts in liver transplantation: a matched analysis of
the US National database. Liver Transpl 2014;20:35–45.

[23] Yu S, Yu J, Zhang W, Cheng L, Ye Y, Geng L, et al. Safe use of liver grafts
from hepatitis B surface antigen positive donors in liver transplantation.
J Hepatol 2014;61:809–815.

[24] Jeng LB, Thorat A, Yang HR, Yeh CC, Chen TH, Hsu CH, et al. Successful use
of hepatitis B surface antigen-positive liver grafts-an effective source for
donor organs in endemic areas: a single-center experience. Ann Transpl
2015;20:103–111.

[25] Ballarin R, Cucchetti A, Russo FP, Magistri P, Cescon M, Cillo U, et al. Long
term follow-up and outcome of liver transplantation from hepatitis B
surface antigen positive donors. World J Gastroenterol 2017;23:2095–
2105.

[26] Lee WC, Chou HS, Lee CS, Wu TH, Wang YC, Cheng CH, et al. Viral activity
and outcome of hepatitis B surface antigen-positive grafts in deceased
liver transplantation. J Viral Hepat 2018;25:874–877.

[27] Lee TC, Kaiser TE, Luckett K, Wima K, Winer LK, Morris MC, et al. Use,
safety, and effectiveness of viremic hepatitis B virus donor livers: a po-
tential opportunity to expand the donor pool. Liver Transpl
2019;25:1581–1584.

[28] Huprikar S, Danziger-Isakov L, Ahn J, Naugler S, Blumberg E, Avery RK,
et al. Solid organ transplantation from hepatitis B virus-positive donors:
consensus guidelines for recipient management. Am J Transpl
2015;15:1162–1172.

[29] Duvoux C, Belli LS, Fung J, Angelico M, Buti M, Coilly A, et al. 2020 po-
sition statement and recommendations of the European Liver and In-
testine Transplantation Association (ELITA): management of hepatitis B
virus-related infection before and after liver transplantation. Aliment
Pharmacol Ther 2021.

[30] Bixler D, Annambhotla P, Montgomery MP, Mixon-Hayden T, Kupronis B,
Michaels MG, et al. Unexpected hepatitis B virus infection after liver
transplantation-United States, 2014–2019. MMWR Morb Mortal Wkly
Rep 2021;70:961–966.

[31] Bortoluzzi I, Gambato M, Albertoni L, Mescoli C, Pacenti M, Cusinato R, et al.
Use of grafts fromanti-HBc-positive donors in liver transplantation: a 5-year,
single-center experience. Transpl Proc 2013;45:2707–2710.

[32] easloffice@easloffice.eu EAftSotLEa, Liver EAftSot. EASL 2017 Clinical
Practice Guidelines on the management of hepatitis B virus infection.
J Hepatol 2017;67:370–398.

[33] Lee TC, Eckman MH, Shah SA. Cost-effectiveness of utilization of hepa-
titis B virus-positive liver donors for HBV-negative transplant recipients.
J Gastrointest Surg 2021;25:1760–1769.

[34] Raimondo G, Locarnini S, Pollicino T, Levrero M, Zoulim F, Lok AS, et al.
Update of the statements on biology and clinical impact of occult hep-
atitis B virus infection. J Hepatol 2019;71:397–408.

[35] Lo CM, Fan ST, Liu CL, Yong BH, Wong Y, Ng IO, et al. Safety and outcome
of hepatitis B core antibody-positive donors in right-lobe living donor
liver transplantation. Liver Transpl 2003;9:827–832.

[36] Wong TC, Fung JY, Cui TY, Lam AH, Dai JW, Chan AC, et al. Liver trans-
plantation using hepatitis B core positive grafts with antiviral mono-
therapy prophylaxis. J Hepatol 2019;70:1114–1122.

[37] Angelico M, Nardi A, Marianelli T, Caccamo L, Romagnoli R, Tisone G,
et al. Hepatitis B-core antibody positive donors in liver transplantation
and their impact on graft survival: evidence from the Liver Match cohort
study. J Hepatol 2013;58:715–723.

[38] Yu L, Koepsell T, Manhart L, Ioannou G. Survival after orthotopic liver
transplantation: the impact of antibody against hepatitis B core antigen
in the donor. Liver Transpl 2009;15:1343–1350.
022 vol. 77 j 503–515 513

lian Hospital Gastroenterologists and Endoscopists Association from 
es without permission. Copyright ©2022. Elsevier Inc. All rights reserved.

https://doi.org/10.1016/j.jhep.2022.03.007
https://doi.org/10.1016/j.jhep.2022.03.007
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref1
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref1
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref1
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref2
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref2
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref2
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref3
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref3
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref4
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref4
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref5
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref5
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref5
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref5
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref6
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref6
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref7
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref7
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref7
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref8
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref8
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref8
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref9
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref9
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref9
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref9
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref10
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref10
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref10
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref11
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref11
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref11
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref12
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref12
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref12
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref13
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref13
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref13
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref13
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref14
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref14
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref14
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref15
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref15
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref15
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref16
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref16
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref16
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref17
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref17
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref17
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref18
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref18
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref18
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref19
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref19
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref20
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref20
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref20
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref21
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref21
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref21
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref21
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref22
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref22
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref22
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref23
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref23
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref23
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref24
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref24
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref24
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref24
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref25
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref25
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref25
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref25
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref26
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref26
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref26
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref27
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref27
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref27
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref27
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref28
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref28
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref28
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref28
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref29
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref29
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref29
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref29
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref29
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref30
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref30
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref30
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref30
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref31
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref31
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref31
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref32
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref32
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref32
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref33
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref33
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref33
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref34
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref34
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref34
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref35
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref35
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref35
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref36
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref36
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref36
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref37
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref37
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref37
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref37
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref38
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref38
http://refhub.elsevier.com/S0168-8278(22)00175-1/sref38


Review
[39] Cholongitas E, Papatheodoridis GV, Burroughs AK. Liver grafts from anti-
hepatitis B core positive donors: a systematic review. J Hepatol
2010;52:272–279.

[40] Joya-Vazquez PP, Dodson FS, Dvorchik I, Gray E, Chesky A, Demetris AJ, et al.
Impact of anti-hepatitis Bc-positive grafts on the outcome of liver trans-
plantation for HBV-related cirrhosis. Transplantation 2002;73:1598–1602.

[41] Fallahzadeh MA, Trotter JF. An experiment of nature: HBV-naive re-
cipients receiving liver grafts with HBV core antibody-positive donors
without antiviral prophylaxis. Transplantation 2020;104:e245–e246.

[42] Wang SH, Loh PY, Lin TL, Lin LM, Li WF, Lin YH, et al. Active immuni-
zation for prevention of De novo hepatitis B virus infection after adult
living donor liver transplantation with a hepatitis B core antigen-
positive graft. Liver Transpl 2017;23:1266–1272.

[43] Terrault NA, Lok ASF, McMahon BJ, Chang KM, Hwang JP, Jonas MM, et al.
Update on prevention, diagnosis, and treatment of chronic hepatitis B:
AASLD 2018 hepatitis B guidance. Hepatology 2018;67:1560–1599.

[44] Testoni B, Lebossé F, Scholtes C, Berby F, Miaglia C, Subic M, et al. Serum
hepatitis B core-related antigen (HBcrAg) correlates with covalently
closed circular DNA transcriptional activity in chronic hepatitis B pa-
tients. J Hepatol 2019;70:615–625.

[45] easloffice@easloffice.eu EAftSotLEa. EASL clinical practice guidelines:
liver transplantation. J Hepatol 2016;64:433–485.

[46] Chancharoenthana W, Townamchai N, Pongpirul K, Kittiskulnam P,
Leelahavanichkul A, Avihingsanon Y, et al. The outcomes of kidney
transplantation in hepatitis B surface antigen (HBsAg)-negative re-
cipients receiving graft from HBsAg-positive donors: a retrospective,
propensity score-matched study. Am J Transpl 2014;14:2814–2820.
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