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Abstract 
The shortage of organ donors mandates the use of liver allograft from anti-HBc(+) donors, especially in areas highly endemic for hepatitis B virus (HBV) infection. The incidence of de novo hepatitis B infection (DNH) is over 30%-70% among recipients of hepatitis B core antibody (HBcAb) (+) grafts without any prophylaxis after liver transplantation (LT). Systematic reviews showed that prophylactic therapy [lamivudine and/or hepatitits B immunoglobulin (HBIG)] dramatically reduces the probability of DNH. However, there are limited studies regarding the effects of active immunization to prevent DNH, and the role of active vaccination is not well-defined. This review focuses on the feasibility and efficacy of pre- and post-LT HBV vaccination to prevent DNH in HBsAg(-) recipient using HBcAb(+) grafts. The presence of HBsAb in combination with lamivudine or HBIG results in lower incidence of DNH and may reduce the requirement of HBIG. There was a trend towards decreasing incidence of DNH with higher titers of HBsAb. High titers of HBsAb (> 1000 IU/L) achieved after repeated vaccination could eliminate the necessity for additional antiviral prophylaxis in pediatric recipients. In summary, active vaccination with adequate HBsAb titer is a feasible, cost-effective strategy to prevent DNH in recipients of HBcAb(+) grafts. HBV vaccination is advised for candidates on waiting list and for recipients after withdrawal of steroids and onset of low dose immunosuppression after transplantation.
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Core tip: De novo hepatitis B virus infection (DNH) can both result in significant morbidity and reduced graft survival after liver transplantation. Utilization of hepatitis B core antibody(+) grafts may increase the risk of DNH. Different approaches to mitigate this risk have been described. There is no widespread consensus regarding the prophylactic measures to reduce the incidence of DNH by active immunization. This review examines the important published studies on DNH, and presents the clinically relevant points in a lucid manner. It also presents an algorithm which is simple to follow, and which has been validated in pediatric patients at our center.
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INTRODUCTION
There is a wide disparity between the number of patients awaiting liver transplantation (LT) and the pool of available donors. Strategies such as living donor LT and using extended criteria donors have been utilized to increase the number of liver grafts. Additionally, many LT programs use liver grafts from hepatitis B core antibody (HBcAb)-positive donors to increase donor organ availability.The acquisition of hepatitis B virus (HBV) infection after transplantation in recipients who are hepatitis B surface antigen (HBsAg)-negative before transplantation has been recognized[1] . The incidence of de novo HBV infection (DNH) among patients receiving HBcAb(−) grafts is low (0%-1.7%) but unacceptably high (38%-100%) among recipients receiving HBcAb(+) grafts without prophylaxis
 ADDIN EN.CITE 
[2-5]
. The mechanism has been well-established that HBV DNA may persist in the serum and liver in low replicating or non-replicative forms following serologic recovery from HBV infection, thereby presenting a risk of DNH[6]. Hence, some centers have suggested to exclude these grafts from HBcAb(+) donors or to limit its use in selected recipients[7] . This strategy is not practical in endemic areas for HBV infection
 ADDIN EN.CITE 
[8,9]
.
  Several strategies have been recommended to prevent DNH in non-HBV recipients who receive HBcAb(+) grafts. Hepatitis B immunoglobin (HBIG) and/or lamivudine have been most commonly used for prophylaxis. Recently, the results have been extensively reviewed
 ADDIN EN.CITE 
[10,11]
. However, the results of active immunization are still not well-documented due to heterogenous data resources and limited case numbers. In this review, we mostly focus on the role of active vaccination before and after LT to prevent DNH.
POST–TRANSPLANT PROPHYLAXIS AGAINST DE NOVO HBV INFECTION 
Lamivudine monoprophylaxis

Studies show that lamivudine monoprophylaxis (100–150 mg/d for long periods) has been an effective strategy against de novo HBV infection (DNH). During a median follow-up of 25 mo (range: 1–69 mo), the incidence of DNH was observed in 2.6% of recipients: 4.0% in recipients with past HBV infection, 3.4% in HBV naive recipients and 0% in recipients with successful pre-LT vaccination[10]. New generations of nucleos(t)ide analogs have been used to replace lamivudine in order to further reduce the probability of DNH. Tenofovir and entecavir seem to be more potent than lamivudine and adefovir in limited cases
 ADDIN EN.CITE 
[12]
. It is worth noting that the lowest probability was observed among recipients with the presence of HBsAb despite no statistical difference. HBV naive recipients were more likely to develop DNH after nucleos(t)ide discontinuation. These observations suggest that the presence of HBsAb alone may not completely prevent DNH but plays a role in combination with antiviral agents to prevent DNH.
HBIG monoprophylaxis
During a median follow-up of 31 mo (range: 3–86 mo), 18% of recipients with HBIG monoprophylaxis developed DNH, of which 27% had discontinued HBIG and 11% had low serum anti-HBs levels (< 50 IU/mL) despite HBIG administration[10]. As to HBV status, DNH developed in 27% of HBV naive recipients and 5.8% of recipients with past HBV infection (P = 0.10) during a median follow-up of 30 mo and 19 mo, respectively. Of importance, DNH developed in none of five recipients with successful pre-LT vaccination during a median follow-up of 35 mo. Although the impact of the recipients’ HBsAb status could not be determined, there was a trend toward decreasing incidence of DNH in combination with the presence of HBsAb. Moreover, a smaller number of recipients with cessation of HBIG had much higher incidence of DNH than recipients with long term HBIG administration (P = 0.0002)[11]. Most centers use HBIG indefinitely to prevent DNH; post-LT vaccination has therefore been utilized to replace the use of HBIG
 ADDIN EN.CITE 
[13]
.
HBIG and lamivudine combination therapy

Since the combination of HBIG with lamivudine was the most widely used treatment approach to prevent post-LT HBV recurrence in patients transplanted for HBV-related liver disease, it was also used as prophylaxis against DNH. However, given the low probability of DNH with lamivudine or HBIG alone, the benefit of HBIG with lamivudine combined prophylaxis was similar to lamivudine alone[10]. There is no clear evidence showing the necessity of using combination therapy.
Pre-LT recipient HBV status
HBV naive recipients receiving HBcAb(+) grafts are highly susceptible to develop DNH without prophylaxis. Recipients of HBcAb(+) grafts had DNH rates of 18% without prophylaxis and 0% with prophylaxis. Recipients with HBsAb and received HBcAb(+) grafts had DNH rates of 4% without prophylaxis and 3% with prophylaxis; whereas, recipients with HBcAb positivity alone had DNH rates of 14% without prophylaxis and 3% with prophylaxis (P = 0.21)[11]. In addition, some centers allocated HBcAb(+) grafts to HBsAb(+) candidates if possible to minimize DNH[14]. These data suggest that the presence of HBsAb either from past infection or active vaccination provides some additional benefits against DNH.
Active immunization against DNH
The long-term use of lamivudine may raise the concern of mutant strain and HBIG is a costly and inconvenient regimen. Non-compliance is a significant factor for failure of prophylaxis. The difference between innate and exogenously administered antibody is unknown. The acquisition of immunity through active vaccination is preferred if both are equally effective. Active vaccination has been suggested against DNH. Although HBsAb alone is not able to eliminate DNH completely, its presence reduces the probability of DNH either in lamivudine or HBIG regimen. In addition, a study indicated that the level of pre-LT HBsAb in children was associated with the response of post-LT booster vaccine
 ADDIN EN.CITE 
[15]
. Therefore, pre-transplant active vaccination for candidates in waiting list is fundamental to avoid DNH.
Pre-transplant vaccination
HBV vaccines are extremely safe and have an efficacy of more than 90% in the general population; the response rate is lower in cirrhotic patients due to the impairment in T-cell dependent function. The results of vaccination in pre-LT candidates have been very disappointing, with response rates of 20%-30%[16]. The accelerated protocol, double-dose schedule and other more immunologic formulation have been proposed to increase the response. A study reported that vaccination with this double-dose schedule can achieve 65% response rate in candidates before transplantation[17]. Age plays an important role in the response to HBV vaccine; especially many pediatric patients for LT have non-parenchymal, cholestatic diseases. In our pediatric series, 72% of recipients were positive for HBsAb at the initial evaluation for transplantation due to the national vaccination program. After pre-LT booster vaccination, all recipients were positive for HBsAb with a median of 784 (8–18736) (IU/L)
 ADDIN EN.CITE 
[18]
. Likewise, 63% of our adult non-HBV patients were positive for HBsAb at the initial evaluation and 93% were positive after double-dose booster vaccination before transplant (unpublished data).
Post-LT vaccination

Although the presence of HBsAb in recipients is protective to a certain degree, a small number of recipients with pre-LT serologic immunity do develop DNH, particularly those whose immunity was based on vaccination (HBsAb alone) rather than prior exposure to HBV[11]. Active vaccination was not absolutely effective to prevent DNH, because it was impossible to maintain an optimal HBsAb titer to prevent DNH during the early post-LT period.
The HBV vaccination response rates are lower during the early post-LT period with intense immunosuppression. Although a double-dose schedule was used, it was difficult to maintain an adequate HBsAb titer[19]. It is generally accepted that the immune system is less capable of mounting effective immune responses in recipients receiving high dose immunosuppression. T- and B-cell responses to antigenic stimulation are impaired through blockade of cellular proliferation by calcineurin inhibitors and steroids as well as by inhibition of cytokine production[20]. To optimize the response, the timing of vaccination appears to be critical. The first 6 months post-LT appears to be a period where mounting immune responses are lowest since the recipients are usually on high dose immunosuppression.
The key factors for successful vaccination are the vaccine doses, the rapid schedule and administration during the low immunosuppression period[21]. As a general rule, vaccination should be administered when the dosages of immunosuppressants have been reduced post-LT, especially after steroid withdrawal. Repeated vaccination after LT in pediatric patients at our center resulted in HBsAb titers higher than 100 IU/L in about 80% cases and over 1000 IU/L in 40% cases
 ADDIN EN.CITE 
[18]
. Similarly, all adult recipients were positive for HBsAb, and approximately 80% patients achieved titers higher than 100 IU/L and 38% had titers over 1000 IU/L (unpublished data). It is not uncommon to observe decline of protective antibodies after LT, particularly if HBsAb is acquired by vaccination. Therefore, routine HBV booster vaccination is advised after steroid withdrawal and when recipients are on low-dose immunosuppression after transplant.
How high of HBsAb is enough

HBsAb level > 10 IU/L after vaccination is considered protective in immunocompetent patients. A plausible explanation for recipients developing DNH despite presence of HBsAb may be that their titers were insufficient to confer protection. HBIG prophylaxis to maintain HBsAb level > 500 IU/L against DNH has been advised
 ADDIN EN.CITE 
[22,23]
. However, the adequate titer of HBsAb to be achieved by vaccination, in order to protect immunosuppressed recipients against DNH is still not well defined (Table 1). HBsAb < 20 IU/L was obviously not protective against DNH
 ADDIN EN.CITE 
[19,24]
. Su et al


[25] ADDIN EN.CITE  found that HBsAb > 200 IU/L by vaccination significantly protects pediatric recipients receiving HBcAb(+) positive grafts from DNH, reducing its incidence to 11%. Another group demonstrated the similar results by HBIG administration[26].  In our study, in combination with lamivudine, vaccination with HBsAb > 1000 IU/L significantly reduced the incidence of DNH from 15.4% to 0% in pediatric patients
 ADDIN EN.CITE 
[18]
. Notably, without antiviral agent prophylaxis, HBsAb > 1000 IU/L completely prevented the development of DNH in pediatric patients with a follow-up of more than 5 years[27]. Likewise, there was no case of DNH in 10 (24.3%) adult recipients with HBsAb > 1000 IU/L[28]. It is generally accepted that the level of HBsAb naturally declines and may even drop rapidly during heavy immunosuppression. These observations theoretically suggest that the higher the levels of HBsAb that can be achieved, the lower the incidence of DNH. In over 107 recipients with HBsAb > 1000 IU/L (Table 1), only one (approximately 0.9%) developed DNH due to escape mutant when post-LT HBsAb dropped to 362 IU/L[26].
Escape mutant
Another major concern for vaccination is the escape mutant of “a” determinant within HBsAg which can develop after HBV vaccination and use of HBIG post-LT
 ADDIN EN.CITE 
[29,30]
. A change of amino acids in the “a” determinant could lead to a structural variation in the epitope of the surface antigen recognized by HBsAb, which affects virus binding with a loss of immunoreactivity despite the presence of HBsAb. The incidence of escape mutant was below 4% in HBV-infected infants who received HBV vaccine or HBIG to an HBV-infected mother but up to 11%–66% in LT recipients who experienced HBV reinfection after HBIG prophylaxis
 ADDIN EN.CITE 
[31]
. Although the incidence of escape mutant in transplant recipients is uncertain, it would be lower compared to the administration of HBIG. Thus, we believe that the benefits of HBV vaccination for prophylaxis against DNH outweigh its potential side effects.
Donor HBsAb status
Whether it is possible to obtain adaptive transfer from donor HBsAb to recipient is not well-established. Both animal and human studies have demonstrated the adoptive transfer of immunity against HBV through LT that may be attributed to the presence of HBV-specific immunocompetent cells of donor origin in liver grafts[32]. However, most studies showed that donor HBsAb did not provide any additional benefits against DNH
 ADDIN EN.CITE 
[18,25]
.
CONCLUSION
Despite the scarcity of evidence-based data due to heterogeneous prophylactic strategy and limited case numbers, some conclusions can be drawn based on these reviews. The presence of HBsAb in combination with antiviral agents or HBIG reduces the incidence of DNH. High titers of HBsAb (> 1000 IU/L) is an effective strategy to prevent DNH without additional prophylaxis, which can be achieved by repeated pre- and post-LT booster vaccination. Therefore, we recommend the following prophylactic strategy to prevent DNH in LT recipients receiving HBcAb(+) grafts (Figure 1). For recipients with pre-LT HBsAb titers > 1000 IU/L, no antiviral agent prophylaxis is required but only a booster vaccination after steroid withdrawal. However, recipients with HBsAb titers below 1000 IU/L require prophylaxis with nucleos(t)ide analogs in addition to booster HBV vaccinations after steroid withdrawal. Nucleos(t)ide analogs may be discontinued when the HBsAb is > 1000 IU/L after post-LT booster vaccination. 
In conclusion, active vaccination in combination with nucelos(t)ide analogues is a simple and cost-effective strategy to prevent DNH. This strategy may reduce the incidence of DNH even if high titers of HBsAb are not achieved. It is advised that active vaccination be administered for non-HBV patients before and after transplantation.
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Figure 1 Algorithm for prophylaxis to prevent de novo hepatitis B virus for recipients of HBcAb(+) grafts. For recipients with pretransplant HBsAb > 1000 IU/L, no antiviral prophylaxis is required. Recipients require nucleos(t)ide analogs if HBsAb is < 1000 IU/L. Post-transplant vaccination is given after steroid withdrawal. Nucleos(t)ide analogs may be discontinued if HBsAb is > 1000 IU/L.
Table 1 Published studies with HBsAb titers in patients receiving HBcAb(+) grafts
	Study
	Patients
	Lamivudine

/HBIG
	Vaccination

Pre/post-LT
	HBsAb

cutoff (IU/L)
	DNH
	Follow-up

(mo)

	Chang et al[24], 2003
	9/pediatric
	HBIG
	Yes/Yes
	20
	50% vs 0%1
	26

	Lin et al


[18] ADDIN EN.CITE , 2007 
	30/pediatric
	lamivudine
	Yes/Yes
	1000
	15.7% vs 0%
	57

	Soejima et al


[13] ADDIN EN.CITE , 2007
	11/adult
	HBIG
	No/Yes
	1000
	0%2
	15

	Park et al[26], 2008 
	14/pediatric
	HBIG
	No/Yes
	100
	7.1%3
	26.5

	Su et al


[25] ADDIN EN.CITE , 2009 
	36/pediatric
	N
	Yes/Yes
	200
	30.7% vs 4.3%
	52

	Liu et al[28], 2010 
	41/adult
	Lamivudine
	Yes/Yes
	1000
	6.4% vs 0%
	52

	Lin et al[27], 2010 
	34/pediatric
	N
	Yes/Yes
	1000
	0%4
	65


1Six out of 7 patients had > 200 IU/L; 2All> 1000 IU/L, 4 patients with cessation of HBIG; 3All> 100 IU/L, one patient with 362 IU/L of HBsAb and escape mutant; 4All > 1000 IU/L without additional prophylaxis. 

HBIG: Hepatitis B immunoglobulin; DNH: de novo hepatitis B infection; LT: Liver transplantation. 
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