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Abstract
Hepatitis C virus (HCV) related cirrhosis represents liver transplant leading cause in developed, Western and Eastern countries. Unfortunately, liver transplant does not cure recipient HCV infection, since reinfection universally occurs and disease progression is faster after liver transplant. In this review we focus on what happens throughout peri-transplant phase and in the first 6-12 mo after transplant: during this crucial period a completely new balance between HCV, liver graft, recipient immune response and anti-rejection therapy is going to be achieved and it will deeply impact on the subsequent outcomes. Nearly all patients show an early graft reinfection, with HCV viremia reaching and exceeding pre-transplant levels; in this setting, histological assessment is essential to differentiate recurrent hepatitis C from acute or chronic rejection, but the distinction of the two patterns remains often very arduous. Host immune response (mainly cellular mediated) appears to be crucial both in the control of HCV infection and in the genesis of rejection and it is also strongly influenced by immunosuppressive treatment: at present no clear immunosuppressive strategy could be strongly recommended in HCV-positive recipients to prevent HCV recurrence although immunotherapy appears to be ineffective too. Nonetheless it seems reasonable that episodes of rejection and over-immunosuppression are more likely to enhance the risk of HCV recurrence through immunological mechanisms. Both complete prevention of rejection and optimization of immunosuppression should represent the main goals towards reducing the rate of graft HCV reinfection. In conclusion post transplant HCV recurrence remains nowadays an unresolved, thorny problem because many factors remain obscure and need to be better determined.
© 2014 Baishideng Publishing Group Inc. All rights reserved.  
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Core tip: Hepatitis C virus (HCV) graft reinfection universally occurs post-liver transplant and disease progression is accelerated. Differentiating recurrent hepatitis from rejection is essential in this setting but the distinction of the two pathologic patterns remains often very arduous. Host immune response appears to be crucial both in the control of HCV infection and in the genesis of rejection: complete prevention of rejection and optimization of immunosuppression should represent the main goals. A proper graft allocation seems to be crucial to realize an ideal donor-to-recipient matching but many factors around this topic remain to date obscure.
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INTRODUCTION
Since liver transplant (LT) was approved as a life-saving intervention for end-stage liver disease in the ’80 of the past century, decompensated cirrhosis from hepatitis C virus (HCV) has become and will remain the leading cause of LT in developed, Western and Eastern countries[1-3]. Unfortunately, LT does not cure the recipient HCV infection, since reinfection universally occurs and disease progression is accelerated compared to what happens in the non-transplanted population: histologically proven hepatitis C–related cirrhosis can be documented within a mean of five years after transplant and, from that point on, the first episode of decompensation may even occur in less than one year. Graft failure and loss are the unavoidable conclusion for about 30%–35% of patients, resulting in poor outcomes for HCV-infected recipients respect to HCV-negative[4-6].

In this review we discuss current understanding of graft HCV reinfection in the LT recipient, with a focus on peri-transplant phase and in the first 6-12 mo after transplant: during this crucial period, a completely new balance between HCV, liver graft, recipient immune response and anti rejection therapy is going to be achieved, and it will deeply impact on the subsequent outcomes. Thence we have divided this article into 5 sections, focusing on the following pivotal topics: (1) Early dynamics of graft HCV reinfection post LT; (2) Differentiating acute cellular rejection (ACR) from early recurrent hepatitis C (RHC); (3) The role of genetic and host immune response; (4) Immunosuppressive treatment and immunotherapy; and (5) Graft-related factors.

EARLY DYNAMICS OF GRAFT HCV REINFECTION POST LT
Serum HCV RNA

It has been already exhaustively demonstrated that reinfection (measured by detectable serum HCV RNA) is the universal outcome after LT for HCV related liver disease[7,8]. Serum viral load reflects a complex interaction between viral production by infected cells and clearance by the host immune system. After LT, the relative contribution of each of these factors likely differs at different sampling times. 

Serum HCV RNA decreases rapidly during and immediately after the removal of the infected liver and the implantation of the new, uninfected graft. This is followed by a steady increase in viral concentrations within days. Garcia-Retortillo et al[9] showed that serum viral load rapidly decreases with reperfusion of the allograft, presumably as the liver removes virus from the circulation and intrahepatic viral amount increases (intrahepatic viral load is not determined in this study); serum viral load reaches a nadir 8-24 h after reperfusion, likely representing saturation of cell surface receptors for HCV in the allograft. The subsequent increase of serum viral load should represent established infection and production of new virus by the infected allograft. During the first week following transplant, viral kinetics appear highly variable between individuals and may be related to an attenuated immunological response of the recipient[9]. Once the new liver becomes infected, hepatic viral replication resumes, with serum HCV RNA reaching and exceeding pre-LT levels[4,10-17] . The rapid increase of HCV viral loads after LT proves the high capacity of HCV to adapt to a new environment. In particular, viral escape from a dominant immune response early after LT could play a central role in viral persistence by enhancing viral survival when it is most susceptible to immune selection, as in case of massive infection of the graft[18].

Actually not all allografts are equally efficient hosts for viral replication: Negro et al[11] showed that rates of viral replication in allografts (determined by anti-genomic strand-specific real time-polymerase chain reaction) appear to differ between patients and seem to be not related to immunosupression. A limitation of this study is represented by its semi-quantitative nature and the lack of clear defined protocol biopsy time-points[11].

The impact of post-LT serum viral load on the clinical prognosis remains unclear: some authors argued that viral load does not seem to be correlated with worse outcomes in the post-transplant setting[19,20] but, more recently, others have shown that high levels of replication at this time are correlated with the development of additional fibrosis in the allograft at one year post-transplant[21] and are associated with increased patient mortality and liver-related mortality[22].

These results are likely confounded by many factors: blood loss, transfusions and ongoing resuscitation during surgery; furthermore, secondary sites of viral infection may also contribute to variability in amount of virus available to infect the liver[23].

Powers et al[24] carefully evaluated six HCV-positive patients collecting very frequent blood samples during and soon after the anhepatic phase in course of LT: during pre-anhepatic and anhepatic phases HCV RNA levels drop with an average half-life of 0.8 h and begin to rise (doubling-time 2.0 d) only 15 h after the anhepatic phase; based on the decline in viral load over the first 24 h of the post-anhepatic phase, the authors estimate that a non-hepatic source might contribute to 4% of total viral production, confirming data reported by Others who evaluated that this extra-hepatic compartment is responsible for about 3.1% of virus in circulation[25].

HCV QUASISPECIES AND SUBPOPULATIONS
Other studies of viral replication have also examined HCV quasispecies evolution during first few days post LT.

Feliu et al[26] showed a reducing viral complexity with respect to pre-transplant levels suggesting a “bottleneck” effect which arises soon after LT so that only one part of the pre-transplant variants reinfects the graft.

In contrast with the “bottleneck” scenario, Gray et al[27] revealed that multiple HCV lineages are transmitted at the time of LT without a major decrease in viral genetic diversity. Although only some of the pre-transplant lineages are identified within the first 4 mo post-transplant, lineages are undoubtedly present because their ancestors are sampled at later time points. It should be underlined, (as correctly reported by the authors themselves) that all virus populations in this study are obtained from serum and although such viruses are often assumed to represent the viral population in the liver, they may also contain variants from non hepatic sites.

Other authors demonstrated that allografts remove from the circulation and are infected by certain HCV subpopulations over others in the immediate post-operative period. This selection for a fraction of HVR1 (the second envelope protein at hypervariable region 1) variants by allografts suggests that this area of the viral envelope significantly contributes to viral-allograft interaction. Additionally, after transplant, allografts express variable amounts of CD81, a multifunctional protein which has been demonstrated to act as a cell surface receptor for HCV and may interact directly with HVR1[19,28]. 

Other authors focused their attention on SR-BI, an 82 kDa glycoprotein highly expressed in the liver: SR-BI binds a variety of lipoproteins (HDL and LDL) and is involved in bidirectional cholesterol transport across the cell membrane[29]. It has been suggested that the interplay between lipoproteins, SR-BI, and HCV envelope glycoproteins is required for HCV entrance into liver cells[30,31]. In the setting of LT, Meuleman et al[32] demonstrated that a human monoclonal antibody targeting SR-BI efficiently precludes HCV infection and viral spread after LT, both in vitro and in vivo.

In a small but very precise analysis of six patients infected by HCV genotype 1b who underwent LT, it has been demonstrated that HCV variants reinfecting the liver graft are characterized by efficient entry and poor neutralization by antibodies present in pre-transplant serum. Conversely, pre-transplant subvariants not detected soon after LT are characterized by less effective hepatocyte entry[33]. 

Nevertheless the clinical significance of quasispecies evolution with established infection remains controversial; while Sullivan et al[34] found that higher levels of diversity correlate with less severe recurrence (presumably due to a stronger immuno response to the virus), Pessoa et al[35] showed that immunosuppressed transplanted patients have greater quasispecies diversity than immunocompetent non-transplanted patients.

Hughes et al[28] demonstrated that only a portion of the complex population of quasispecies, present in patient serum prior reperfusion of allografts, goes on to infect the liver, and that this quasispecies selection begins immediately upon reperfusion: it seems possible that persistence of a predominant variant from pre-transplant serum to post-perfusion liver would result in a greater magnitude of liver infection. This appears to be in agreement with previous data reported by Others[36,37], who found that persistence of a predominant serum variant from pre- to post-transplant serum is associated with RHC, whereas failure of predominant variants to persist post-transplant is associated with no early recurrence. On the contrary, Pessoa et al[35] found that, in the subset of patients with fibrosing cholestatic hepatitis (a severe form of HCV recurrence associated with early graft failure and death), divergence of quasispecies is enhanced, resulting in the emergence of many new variants. In a peculiar model of superinfection (HCV-infected liver into an HCV-positive recipient) Vargas et al[38] demonstrated that superinfection of the liver by the donor strain is associated with significantly milder disease than when the recipient strain becomes dominant. In addition, genotype 1 consistently predominates over non-1 genotypes in recipients of infected grafts, suggesting replicative differences among viral strains.

HCV GENOTYPE AND INFLUENCE OF CO-INFECTIONS
The influence of HCV genotypes on RHC appears actually still controversial: some studies demonstrated that the severity of recurrence and the levels of HCV viral replication after LT are higher in patients with genotype 1b infection with respect to other genotypes[4,39-41] but, on the contrary, Gayowski et al[42] reported that the rate and the severity of RHC does not differ among genotypes, suggesting that HCV genotype might not be a significant factor influencing post-LT HCV hepatitis.

Some authors have proposed that cytomegalovirus (CMV) and human herpes virus-6 may have an immunomodulatory effect in transplanted recipients and may play a role in promoting HCV replication[43,44]. Bosch et al[45] retrospectively considered 347 LT recipients (donor or recipient CMV seropositive) transplanted for HCV related liver disease to evaluate the associations of CMV infection and disease with RHC after LT: they demonstrated that CMV infection is associated with increased risk of fibrosis stage ≥ 2 and grade of inflammation ≥ 2; on the contrary Nebbia et al[46] reported that short term CMV viremia does not increase the replication of HCV after LT.

In light of these contrasting data, the clinical significance of the degree of, and variations in, early quasispecies complexity and the influence of HCV genotype or other viruses on HCV replication post-LT, remain, substantially, still unclear.

EVALUATION OF INTRAHEPATIC HCV
The measurement of the amount of HCV in the serum and its dynamic evolution may actually be not as relevant as the amount of virus in the liver. Intrahepatic viral load rather than freely circulating virus likely causes liver injury; therefore, liver viral load may better reflect magnitude of infection than serum viral load. While Terrault et al[47] found that serum and liver viral loads widely differ (ratio of liver/serum viral load ranges from 17 to 286), Sreekumar et al[21] demonstrated that serum and liver viral loads significantly correlate (r = 0.77–0.93, P < 0.01), though intrahepatic levels are always higher (on average 79-fold). It should be noted that the authors obtained different results though using the same technique: these differences may be the result of the narrow dynamic range of detection for their assays (early generation branched DNA) which allows discriminating a 3-log range of concentrations only.

Less data are available about the dynamic of HCV reinfection within the graft and the liver expression of HCV antigens. 

Liver HCV antigens expression is detected very early post-LT: 25% of liver specimens obtained within 10 d post LT show HCV antigens expression; this percentage rises to 66% and 90% when liver samples are collected between 11 and 20 or 21-60 d post-LT, respectively[48]. A subsequent paper demonstrated that the expression of liver HCV antigens is common until six months post-LT (92% of frozen liver specimens) while it declines after six months post-LT (74% of frozen liver specimens)[49], (Figure 1). According to these data more recently Mensa et al[50] demonstrated on formalin fixed-paraffin embedded liver specimens that HCV core protein expression is present in 75% and 33% of acute phase and follow-up biopsies post-LT, respectively.

DIFFERENTIATING ACR FROM EARLY RHC
Differentiating between ACR and early RHC after LT is a challenging, histological and clinical problem in the management of patients transplanted for HCV-related cirrhosis. In fact, both pathological conditions are associated with lymphocytic infiltration and variable degrees of bile duct injury in the portal tracts as well as presence of centerlobular necrosis. Clinically, both diseases are characterized by increased aminotransferase and bilirubin levels, whereas HCV blood viral load is of little help. Finally, both diseases may coexist.

The differentiation of RHC from ACR is crucial for appropriate treatment: incorrect diagnosis may be detrimental, as failure to increase immunosuppression in patients with ACR may lead to acceleration of rejection; more importantly, increasing immunosuppression for treatment of presumed rejection may worsen RHC and may lead to a faster progression to fibrosis and cirrhosis of the graft[13,51-54]. There is limited information on the reliability of histopathological assessment for the differentiation of RHC from ACR post-LT: one study in a small group of patients demonstrated relatively low interobserver and intraobserver agreement rates between two pathologists in early post-transplant liver biopsies[55]. More recently Regev et al[56] evaluated interobserver agreement between five pathologists on the histopathological diagnosis in 102 liver biopsy specimens from post-LT HCV-positive patients: they revealed a slight agreement (K score = 0.12) on the histopathological diagnosis. All five pathologists were in agreement on the diagnosis of RHC in only five patients (5%) and on the diagnosis of ACR in only two patients (2%). Moreover, the intraobserver agreement also had low reliability. Distinguishing RHC from ACR may be difficult, especially in the early stages of RHC, as both RHC and ACR may be associated with lymphocytic infiltration of the portal tracts and variable degree of bile duct injury with occasional lymphocytic aggregates. So histology should be used very cautiously for differentiating RHC from ACR post-LT.

In order to improve the possibility to discriminate ACR from RHC we evaluated the percentage of HCV-infected hepatocytes using an immunohistochemical technique based on FITC-conjugated human polyclonal anti-HCV immunoglobulins in 55 frozen biopsy specimens from post-LT HCV recipients: the number of HCV-infected hepatocytes is never less than 40% in acute hepatitis specimens and never greater than 30% in the other cases; therefore the detection of liver HCV antigens might be useful, combined to conventional histological evaluation, to support or not the diagnosis of RHC[48]. In a wider series (215 liver specimens) using the same technique we found that in 15 out of 118 (13%) specimens obtained within six months post-LT, a final diagnosis of recurrent hepatitis occurred during the follow-up despite previous inconclusive or discordant histologic diagnosis. In all these patients, a high number of infected hepatocytes has been detected. Moreover, a number of HCV-infected hepatocytes greater than 30% confirms the presence of RHC and “absolutely” excludes the presence of significant rejection[49]. These data have been confirmed by Others using a similar immunohistochemical technique with a monoclonal antibody against HCV-envelope 2 in a series of 84 liver biopsies[57]. 

Other authors considered 65 liver specimens comparing tissue HCV quantification and HCV immunohistochemistry (IHC) to histology: they demonstrated that HCV RNA, HCV IHC, and Councilman body/portal tract ratio are the only variables able to discriminate between ACR or not. They therefore proposed to routinely perform at least HCV RNA tissue quantification in addition to histology in all initial biopsies performed after LT in HCV-positive patients[58]. The same authors described stratification of the risk of RHC post-LT using tissue and serum HCV RNA quantification: in a series of 83 post-LT liver specimens they reported that when tissue HCV RNA is ≤ 1.5 IU/ng with any serum HCV RNA, the recurrent hepatitis rate is 61%; on the contrary, when tissue HCV RNA is > 1.5 IU/ng the recurrent hepatitis rate is 91% if serum HCV RNA < 40 × 106 copies/mL and 100%, if serum HCV RNA > 40 × 106 copies/mL[59].

Ciccorossi et al[60] focused their attention on IgM anti-HCV in a series of 98 consecutive HCV-positive LT patients: they found that serum IgM anti-HCV titre increases in 82% of cases with RHC while remains unchanged in all rejection cases. Moreover IgM anti-HCV titre increases in 10 of 11 histologically doubtful cases that will be diagnosed as hepatitis at the subsequent liver biopsy. Hence they proposed the quantitative monitoring of IgM anti-HCV as an additional diagnostic tool for distinguishing RHC from graft rejection. 

Other authors reported that C4d (a marker of the activated complement cascade) is detectable in hepatic specimens in acute rejection after LT. They retrospectively analysed 97 paraffin embedded specimens by immunohistochemistry, demonstrating that 67.7% of patients with ACR laid C4d-positive staining in liver biopsy with respect to 11.8% of patients with hepatitis C reinfection. The hypothesis is that humoral components, represented by C4d deposition, might play a role in ACR after LT and might be helpful to distinguish between acute rejection and HCV reinfection[61]. Nevertheless the same authors were not able to confirm these results when using ELISA measurement of C4d concentration in a prospective series of cryo-preserved liver biopsies from post-LT patients[62].

Transcriptional analysis has also been applied to explore potential pathways defining the presence of ACR in the setting of recurrent HCV infection after LT. Microarray analysis has identified differential expression of genes associated with a variety of pathways, including apoptosis, as potentially targeting the presence of ACR in this setting[63].

Joshi et al[64] analyzed liver micro RNA (miRNA) expression in carefully matched series of patients who previously had undergone LT for HCV-related liver disease, comparing those with slow vs rapid fibrosis progression, individuals with ACR, and control subjects without viral hepatitis. A clear segregation of miRNA expression patterns has been seen for all four groups. A pathway analysis that compared subjects with slow fibrosis and subjects with rapid fibrosis revealed differences in miRNA expression influencing antifibrotic, antiangiogenic, anti-inflammatory and antiapoptotic pathways. These results identify a number of potential pathways for further exploration with respect to the pathogenesis of RHC after LT, as well as potential biomarkers useful to detect rapid fibrosis progression and ACR in this setting. The main bias of this otherwise intriguing paper is the different timing of sampling biopsies: patients with slow or rapid fibrosis progression had protocol liver biopsy one year after transplant, when fibrosis was already well established; on the contrary, liver biopsies from patients with histologically diagnosed ACR were obtained at the time of suspected rejection. So it is not clear whether the observed changes in mRNA expression predict development of a specific injury phenotype, or simply are the result of established differing patterns of injury within the allograft[64].

Recently Cabrera et al[65] proposed a blood test to discriminate ACR from RHC post LT moving their attention to what happens in the blood rather than in the liver. Using the ImmuKnow assay, which measures the amount of ATP produced by CD4 lymphocytes after stimulation, they studied 42 transplanted patients: patients with ACR present a significantly stronger immune response than those with active RHC, while patients with mixed features of ACR and mild RHC show an intermediate immune response[65]. The main advantage of this assay is to allow rapid assessment of nonspecific CD4 effector T-cells. Responses within 24 h offer real-time results on the status of the cell-mediated function whereas the traditional functional immunological assays need long incubation period that delays results. Obviously, as correctly reported by the authors, these data need to be confirmed in a larger population of transplanted patients.

THE ROLE OF GENETIC AND HOST IMMUNE RESPONSE
Human leukocite antigens system

Histocompatibility complex (MHC) in LT plays a role less important than in other solid organs because the liver is more tolerogenic and most allograft losses are caused by recurrence of the primary disease rather than by rejection. Actually, even if human leukocite antigens (HLA) mismatching contributes to liver allograft rejection, a lower graft survival rates have been reported when HLA compatibility between donor and recipient is present[66-68]. To explain these apparently contrasting data, Mañez et al[69] evaluated 58 patients transplanted for HCV-related end stage liver disease and proposed a dualistic role of HLA in LT: HLA matching really reduces ACR but increases the risk of RHC post LT favouring a more efficient MHC-restricted antigen presentation, thereby increasing cell-mediated immune responses toward HCV-infected liver allografts. This has been later confirmed by Langrehr et al[70] in a larger retrospective analysis of 165 HCV-positive transplanted patients: the number of rejection episodes increases significantly in patients with more HLA mismatches (P < 0.05), while, the fibrosis progression (presumably related to RHC) is significantly faster in patients with 0-5 HLA mismatches compared to patients with a complete HLA mismatch. Globally there is no correlation between number of HLA mismatches and graft survival. These data are in agreement with our and other reports showing that MHC-I restricted T cells may be involved in the control of post-operative HCV spread[48,71]. In contrast, Belli et al[72], evaluating two separate cohorts of 120 and 190 patients with liver graft for HCV-related disease, found that HLA-DRB1 mismatch affects the risk for RHC and its severity, both in univariate analysis and, after correction for known clinical factors, in multivariate analysis. Similarly, Balan et al[73] demonstrated that HLA mismatching in the A locus significantly increases the rates of HCV recurrence.

More recently, in a retrospective study of 163 patients with documented post-LT RHC, Audet et al[74] did not demonstrate any relationship between the total score of HLA mismatches and HCV recurrence. On the contrary, a significant relationship between the individual scores of HLA mismatches and the recurrence of HCV were observed for some recipient HLA genotypes (HLA-A3, HLA-B35, HLA-DR3, HLA-DR7, HLA-DQ2, HLA-DQ2-0)[74]. It should be noted that in the two studies above different end points were used according to the length of follow-up, making them poorly comparable to each other. Furthermore the differences regarding ethnic background, immunosuppressive protocols, HLA typing methods and the definition of hepatitis recurrence, particularly when protocol liver biopsy are not performed[75], make the comparison very arduous.

Interleukin 28B 

The association of allelic variation in the interleukin 28B (IL-28B) gene with HCV eradication after antiviral therapy generated new insight into the understanding of the complex relationship between HCV and the human immune system. The initial report showed that patients homozygous for the C single-nucleotide polymorphism at position rs12979860 of chromosome 19q (corresponding to 3 kb upstream of the IL-28B gene) are 2 times more likely to achieve a sustained virological response to antiviral therapy than patients with either the CT or TT variant[76]. Subsequently it has been suggested that CC variant is also associated with spontaneous viral clearance after acute HCV infection[77].
The evaluation of IL-28B gene in the setting of post-LT HCV infection is particularly complicated because recipients have two contributing sources of IL-28B genotypes: the recipient and the donor allograft. The impact of IL-28B gene on the antiviral treatment of HCV infection in the setting of LT goes beyond the purposes of this review and has been fully analyzed by Others[78]; here we will focus on the impact of IL-28B gene in the spontaneous clearance of HCV and, if present, in the risk of ACR.

The spontaneous clearance of HCV infection is rare in the post-transplant setting, limited to case reports. Only two studies of spontaneous clearance of HCV post-LT have included IL-28B genotyping, with three cases overall. Two out of the three cases involved recipients with the CT genotype, and one had the CC genotype while all three patients received organs from CC donors[79,80]. With the great limitation due to the paucity, these data seem to reveal that IL-28B gene of the donor exceeds the importance of the recipient’s one in this setting; on the contrary, Biggins et al[81] recently suggested favorable effects of CC genotype in the non-transplant setting or when present in the recipient, but unfavorable when present in a donor liver graft.

Bitetto et al[82] assessed the risk of ACR in 251 consecutive patients undergoing LT (40% with HCV-related cirrhosis): they found a significantly lower risk of ACR in recipients with the CC genotype (20.6% with CC, 34.1% with CT, and 47.8% with TT, P = 0.003), but the association was weaker in patients with HCV infection vs those with other etiologies of liver disease. Other authors have studied the association between ACR and IL-28B SNPs in HCV-only cohorts founding no significant variation in risk among the available genotypes for the IL-28B gene (donor and recipient)[83,84]. 

Overall in this setting the role of IL-28B gene appears still well away from to be elucidated.

Host immune response

Although there is evidence of a direct cytopathic effect of HCV in post-LT (supported from data demonstrating a higher viral load in patients with fibrosing cholestatic hepatitis with severe histology in comparison with patients with milder forms of HCV recurrence[14,85]), the evidence supporting a role for indirect immune-mediated mechanism in liver damage may even be more convincing. 

It is well known that in contrast to what happens in a vast majority of infections, specific antibodies to HCV, although diagnostic of infection, do not protect the host from a subsequent damage from the same virus. Jain et al. quantified HCV antibody levels in 141 blood samples from 39 HCV-positive LT patients and confirmed that antibody concentration does not correlate with viral load or hepatic injury also in the post-LT setting[86].

In the non-transplant setting, immune responses appear to be crucial in the control of HCV infection: patients with self-limited course of acute HCV infection show activation of viral-specific CD4 and CD8 T-cells producing type 1 cytokines such as interferon gamma (IFN-γ) and tumor necrosis factor-α (TNF-α)[87]. Presumably, the adaptive immune responses (CD4 helper T-cells and CD8 cytotoxic T-cells) and innate immune responses [natural killer (NK) and natural killer T (NKT)-cells] play a pivotal role in liver injury associated with RHC also post-LT.

The majority of intrahepatic lymphocytes in patients with RHC after LT are represented by the CD8 T-cell subset: although their presence is not proof of their role in liver injury, it is unlikely that the predominant immune cells within the liver are simply bystanders. Asanza et al[88] demonstrated that patients with a more severe and progressive form of RHC after LT have higher numbers of activated lymphocytes, which implied that these activated CD8 T-cells play a critical role in injury and progression of liver disease. Accordingly with the main importance of CD8 T-cells in this setting, Rosen et al[71] were able to describe the presence of HLA-A2-restricted, HCV-specific CD8 T-cells in LT recipients, in whom the allograft was HLA-A2 positive but the recipient HLA-A2 negative. These cells are memory-effector T-cells recipient derived and recognize HCV peptides uniquely in the context of HLA-A2; they are absent before the transplant, suggesting that the allograft is capable of selectively expanding naive CD8 T-cells that may function to control HCV spread in the allograft.

Actually there are many evidences that not only CD8 but also CD4 T-cells play an important role in post-LT HCV recurrence.

Rosen et al[89] demonstrated that despite immunosuppression, HCV-specific, MHC class II-restricted CD4 T-cell responses are detectable in patients with minimal histological recurrence after LT. In contrast, peripheral blood mononuclear cells from patients with severe HCV recurrence, despite being able to proliferate in response to non-HCV antigens, fail to respond to the HCV antigens. These findings suggest that the inability to generate virus-specific T-cell responses plays a contributory role in the pathogenesis of HCV-related graft injury after LT. Other authors reported that HCV-specific CD4 T-cell response after LT occurs early, is multispecific, compartmentalizes to the liver and does not correlate with recurrent disease[90], while Others reported that robust CD4 T-cell immunity is associated with HCV milder recurrence[91]. Mendler et al[92] evaluated peripheral blood CD4 T-cell ATP activity in a LT cohort and concluded that after LT, global cellular immune function appears depressed at baseline in HCV-positive vs HCV-negative patients and remains significantly lower in case of RHC with respect to non-recurrence. This has been subsequently confirmed also by Others[93] and, moreover, Alkhouri et al[94] using the same technique, revealed that a greater suppression CD4 T-cells is associated with more rapid progression of fibrosis in patients with RHC post-LT.

Other authors have focused their attention on regulatory T-cells (Treg) and their contribution to HCV disease. The Treg population, which accounts for 5%–10% of peripheral CD4 T-cells, constitutively expresses CD25[95] and can suppress host immune responses in the setting of autoimmune diseases, transplantation and antitumor immunity[96,97].

Carpentier et al[98] showed that CD4/CD25 Treg are overexpressed, both peripherally and in the liver, in HCV-positive patients after LT, when compared to HCV-negative patients and, moreover, are significantly overexpressed in patients with severe RHC than in those with mild recurrence. These data are in agreement with the findings of Perrella et al[99] who showed that transplanted patients with HCV recurrence show an increased frequency and function of CD4/CD25 Treg similar to patients with acute hepatitis C who develop persistent infection.

Although direct HCV infection of dendritic cells (DCs) is rare, it is well documented that HCV is associated with decreased numbers of peripheral DCs in patients with chronic HCV-related liver disease[100,101], but very limited data exist in post-LT setting. Ocana et al[102] studied two patients demonstrating an inadequate maturation of DCs in the LT recipient with relapsing HCV infection. Accordingly to these preliminary data, Schvoever et al[103] studied a small series of 16 transplanted patients (eight of them HCV-positive) and showed a significant decrease in the relative and absolute values of blood DCs at day seven after LT when compared to the values obtained before transplant; the number increases again one month later, in both HCV-infected patients and controls: the authors suggested that this could, partially, explain the early and systematic recurrence of HCV infection in the liver graft.

More recently, because of their fundamental role in the spectrum of host immune responses in chronic HCV infection, greater attention has been given to NK and NKT-cells and innate immune response, suggesting that NK and NKT-cells are involved in HCV clearance and in liver injury also in post-LT setting[104,105]. Rosen et al[106] demonstrated that patients who develop severe RHC after LT have a lower frequency of NK and NKT-cells in peripheral blood before LT, suggesting a protective role of these immune cells in the post-transplant period after exposure of the graft to HCV. Furthermore they demonstrated that the presence of HCV infection is associated with impaired cytolytic activity of NK and NKT-cells, providing evidence for quantitative and qualitative defects in innate immunity associated with severe RHC after LT. Varchetta et al[107] analysed the dynamics of NK-cells after LT demonstrating a significant reduction of this subset of cells seven days post LT, probably as a result of graft repopulation, returning to baseline values thereafter. Moreover, in contrast with Rosen, they revealed a significant correlation between expression of the natural cytotoxicity receptors on NK-cells and ALT (P < 0.05), supporting the hypothesis that NK-cells participate in the necro-inflammatory process. Recently Howell et al[108] studied 70 patients with RHC post-LT and demonstrated in patients with rapid fibrosis an impaired function of NK-cells (consisting in reduction of IFN-γ secretion) without impairment of NK-cell cytotoxicity.

Other authors evaluated KIRs (KIRs are a family of activatory and inhibitory receptors present on NK-cell surface interacting with self-MHC class I ligands) and demonstrated that the mismatching of KIR-HLA-C ligands between donor-recipient pairs is associated with recurrent hepatitis and that the presence of KIR2DL3 in the recipient is correlated with fibrosis progression[109]. Actually KIR-HLA disease association studies are intriguing but complex and difficult to evaluate: interpretation of these data is largely speculative and often based on simplified models of MHC-KIR functional interactions.

When considering the Th1/Th2 paradigm, RHC post-LT appears related to an imbalance towards a Th2 prevalence and viceversa. Tambur et al[110] studied 68 LT recipients and found that among patients without RHC the percentage of genetically low IL-10 (Th2-cytokine) producers is higher than among patients with RHC and, furthermore, a genetic tendency to produce higher levels of IFN-γ (Th1-cytokine) is noted among LT recipients with no RHC than among those with RHC. These findings have been confirmed by Ocaña et al[102] who described a loss of IFN-γ and TNF-α (Th1-citokine) production in the LT recipient with relapsing HCV infection and by Carpentier et al[98] who suggested that high levels of IL-10 could be predictive of severe RHC post-LT.

A lot of data confirm the pivotal role of T-cells in the post-LT RHC setting but they are essentially restricted to research field and hardly usable in everyday clinical practice. A recent study of Nagai et al[111] appears particularly interesting because of its potential impact in daily clinical settings. They investigated the impact of peri-transplant absolute lymphocyte count (ALC) on HCV recurrence following LT in 289 patients and found that peri-transplant lymphopenia is significantly associated with higher rates of HCV recurrence. Furthermore, severe pre-LT lymphopenia appears to be an independent negative prognostic factor for overall survival, so that the authors have proposed peri-transplant ALC as a novel and useful surrogate marker for prediction of HCV recurrence and patient survival, suitable both for transplant physicians and surgeons and for general practitioners.

A comprehensive summary of the role of each immune cell line is reported in Table 1.

IMMUNOSUPPRESSIVE TREATMENT AND IMMUNOTHERAPY
Corticosteroids

Corticosteroids are administered as an induction protocol during LT, and low doses combined with other immunosuppressants are used as maintenance immunosuppression after operation. In case of acute rejection, recipients receive pulse methylprednisolone to reverse the rejection. 

It has long been known that in transplanted patients for HCV related liver disease, serum viral load increases very early post LT, (typically by postoperative day two) during the induction steroid treatment[17,112], and that methylprednisolone treatment for acute rejection leads to a 4-100-fold increase in serum HCV RNA[14,21]. Subsequently it has been shown that the use of steroid boluses leads to an increased frequency of acute hepatitis, an earlier time to recurrence, a higher risk of progression to cirrhosis, and a higher risk of early post-transplant mortality[1,113,114]. Corticosteroids specifically increase HCV entry by upregulating factors like occludin and scavenger receptor class B type I, so it is possible that effects of corticosteroids on HCV infection in vivo may be due to increased HCV dissemination[115]. Moreover, Boor et al[116] showed that prednisolone suppresses the functions of plasmacytoid DCs (capable of producing IFN-α against HCV) by promoting their apoptosis. 

However, despite these risks associated with steroid boluses, they still remain the cornerstone of treatment for ACR and the corticosteroid maintenance therapy in association with newer immunosuppressive drugs has been largely evaluated too. 

Klintmalm et al[117] considered 312 patients, randomized to one of three arms; tacrolimus (Tac) and corticosteroids vs Tac, corticosteroids and mycophenolate mofetil (MMF), vs Tac, daclizumab and MMF. They found no significant differences in graft or patient survival or HCV recurrence between the three groups, however they found less risk of rejection in the corticosteroid-sparing arm. A subsequent study by the same group in 2011 showed there were still no differences in ACR, RHC, patient or graft survival at two years post-LT[118].

Kato et al[119] randomized 70 patients to Tac and daclizumab vs Tac and steroids vs Tac, MMF and daclizumab. They reported no significant difference in mean fibrosis stage between the three arms. Lladò et al[120] considered 198 patients randomized to basiliximab and cyclosporine with or without a 90-d prednisone taper and reported similar fibrosis in the two groups. Both authors reported a reduction in bacterial infections and less post-transplant diabetes mellitus in the steroid-free groups.

Manousou et al[121] studied 103 patients and found that patients treated with Tac, azatioprine and maintenance steroids vs those not receiving maintenance steroids show a lower incidence of severe fibrosis suggesting a beneficial effect of maintenance steroids.  Weiler et al[122] studied 30 HCV-positive patients who had received (after two weeks of Tac and corticosteroids) steroids vs placebo, in addition to Tac. They found that progression to cirrhosis is not influenced by continuing steroid therapy, but is more frequent in those receiving steroid boluses. Recently Neumann et al[123] reported no significant differences in viral load, fibrosis score, or graft survival at 12 mo in 135 HCV-positive recipients randomized to Tac and daclizumab vs Tac and corticosteroids, but actually these results appear inconclusive, mainly due to the higher dropout rates in the Tac and daclizumab group (55%) compared with the Tac and corticosteroids group (18%)[123].

Wheter the way of tapering steroids may be more influential on outcomes than the avoidance or continued use of steroids is another matter of debate: Brillanti et al[124] retrospectively studied 80 patients with RHC and found that the slowly tapering off steroids is the only factor associated with reduced recurrence and minor severity of post-transplant hepatitis C; these data were later confirmed by Vivarelli et al[125] who described in a prospective randomized controlled trial that a rapid tapering (< 3 mo) is associated with more severe RHC. Finally, in 2008 Segev et al[126] performed a meta-analysis of 19 randomized trials that compared steroid-free with steroid-based immunosuppression: although no individual trial reached statistical significance, meta-analysis demonstrated that HCV recurrence is lower with steroid avoidance (RR 0.90, 95%CI: 0.82-0.99, P = 0.03). However, the authors themselves emphasize the heterogeneity of trials performed to date and, as such, do not recommend basing clinical guidelines on their conclusions.

Calcineurin inhibitors

Calcineurin inhibitors (CNIs) have been a cornerstone for immunosuppression since LT was approved for the treatment of end-stage liver disease by the National Institute of Health Consensus Conference in 1983[127]. Both cyclosporine A (CyA) and Tac bind with high affinity to a family of cytoplasmic proteins (called immunophilin), present in many immune cells. Immunophilin-dependent signal transduction via calcineurin leads to the activation of T-cell proliferation by regulating expression of the gene that encodes IL-2. The binding of CNIs blocks the activity of calcineurin and subsequently inhibits T-cell proliferation by the blockage of IL-2 production. 

CyA has been found to have an antiviral effect against HCV: Watashi et al[128] showed an inhibitory effect of cyclosporin in vitro on HCV protein expression and replicon HCV ribonucleic acid levels, an effect that was not detected with Tac; it was later confirmed also by others[129] but it remains unclear whether this finding may play a role in vivo.

Numerous retrospective studies have compared CyA with Tac regarding the endpoints of patient/graft survival and HCV recurrence in HCV-positive recipients. Berenguer et al[130] reported a very comprehensive summary of 33 retrospective studies: in 28 no consistent differences between CyA-based or Tac-based immunosuppressive regimens and recurrent disease have been noted, while 5 studies have suggested worse outcomes related with the use of Tac. In the same paper the authors performed a meta-analysis on 5 prospective studies in HCV-positive LT setting (366 patients) demonstrating that mortality, graft survival, acute rejection and fibrosing cholestatic hepatitis are comparable, independently of the CNI selected as basic immunosuppressant. More recently Irish et al[131] retrospectively analyzed data received from the United Network for Organ Sharing on 8809 HCV-positive LT recipients receiving either cyclosporine microemulsion (CSA ME) or Tac as maintenance immunosuppression: the results suggest that LT recipients receiving CSA-ME have an increased risk of death and graft loss due to HCV recurrent disease compared to those receiving Tac. These findings appear in contrast with before mentioned previous results; in fact the explanation for worse outcomes is not known, but may be related to the higher rate of ACR and steroid-resistant ACR in the CSA-ME group: higher rejection rates could require multiple treatments of corticosteroid boluses which are associated with more severe post-LT HCV recurrence.

MMF

MMF belongs to the class of anti-metabolite immunosuppressive agents. In addition to its potent immunosuppressive capacity, it has been demonstrated that mycophenolic acid (MPA), the active metabolite of MMF, holds (in vitro) an antiviral effect against HCV[132]. Moreover in HCV cell culture models, MPA could induce the expression of important antiviral interferon-stimulated genes, probably involved in anti HCV activity[133]. Many studies have established that MMF monotherapy is ineffective due to unacceptably high incidences of ACR and chronic rejection[134,135]; so that, in clinical practice, MMF is usually associated to lower doses of CyA or TAC, as CNIs sparing agent, especially in case of CNIs related nephrotoxicity. In 2009 Germani et al[136] published a review based on 17 studies focusing the role of MMF in acute rejection and RHC: they showed that only two studies found a decreased severity of HCV recurrence with MMF, nine studies documented similar severity of HCV recurrence and six studies showed increased severity of HCV recurrence. Subsequently Manzia et al[137] showed, in a small retrospective study, a favourable effect of MMF monotherapy on the progression of liver fibrosis in HCV-positive LT patients.

Sirolimus

Sirolimus (otherwise named rapamycin, originally known as macrolid antibiotic) inhibits the mammalian target of rapamycin (mTOR) pathway by directly binding to the mTOR complex 1, resulting in blockage of cell cycle progression from the G1 to S phase and thereby causing inhibition of T-cell proliferation. Since it reduces transforming growth factor beta and procollagen, which are both important factors in the development of hepatic fibrosis, it has been proposed that immunosuppression with sirolimus could reduce fibrosis progression. Moreover sirolimus reduces the in vivo phosphorylation of NS5A phosphopeptides (which enhance HCV virus replication) and therefore might inhibit HCV replication[138]. Additionally, since mTOR proteins were found to protect HCV against apoptosis, sirolimus might improve apoptosis of HCV infected hepatocytes[139]. Actually there are not many studies describing the role of mTOR inhibitors in HCV recipients and confirming these data in clinical setting. Wagner et al[140] studied 67 post-LT HCV-positive patients, 39 received a regimen including sirolimus and 28 patients received CNIs. Sirolimus patients showed a significant decrease of HCV RNA levels and significantly higher survival rate than the CNIs cohort. Other authors demonstrated that sirolimus is associated with slower progression towards advance fibrosis in transplanted patients with HCV recurrence but did not find any effect on the timing or severity of post-transplant RHC[141,142]. Of note that Food and Drug Administration has issued a black-box warning against the use of sirolimus in LT patients because of signiﬁcantly higher rates of hepatic artery thrombosis, graft loss, and death[143]. Moreover, recently, Watt et al[144] analyzing 26414 patients (12589 HCV-positive) in the American Scientific Registry of Transplant Recipients database, found that the use of sirolimus is strongly associated with increased mortality in the HCV group, but not in patients without HCV. In light of that sirolimus should be used with great caution in HCV-positive LT recipients.

Other immunosuppressive agents
OKT3 is a monoclonal antibody targeted at the CD3 receptor, a membrane protein on the surface of T-cells. It is approved for the therapy of acute, glucocorticoid-resistant rejection of allogeneic LT but, unfortunately, the use of OKT3 is associated with early and severe RHC after LT[54].

 Alemtuzumab (campath-1H) is a humanized, recombinant anti-CD52 monoclonal antibody that depletes circulating lymphocytes but spares stem cells. It has been used as induction agent in LT but scarce data about its use in HCV-positive recipients are available. Many abstracts have suggested extreme caution when using alemtuzumab in HCV-positive liver recipients. This seems to be confirmed by Marcos et al[145] who studied a cohort of 38 HCV-positive recipients treated with alemtuzumab as induction agent, reporting a low rate of patient and graft survival (71% and 70%, respectively) after a follow up of 14-22 mo.

 Antithymocyte globulin (ATG) is a rabbit-derived polyclonal antibody directed against human thymocytes. It has been mainly administered as immunosuppressive induction agent, with the intent of sparing steroids. Many studies have compared the impact of ATG vs steroids in post-LT HCV-positive patients, revealing no significant differences in terms of HCV recurrence and patient/graft survival[146-150]. De Ruvo et al[151] compared ATG and Tac vs Tac and steroids in HCV-positive liver recipients: they confirmed no difference in the rate of RHC, however, significantly lower HCV RNA levels were seen in the ATG arm. Finally Uemura et al[152] evaluated the UNOS database, including 16898 adult primary LT patients who received ATG alone, ATG and steroids, daclizumab alone or steroids alone as induction immunosuppression. In the subgroup with HCV, the use of ATG with steroids was associated with significantly inferior graft survival compared with daclizumab alone or steroids alone.

 Daclizumab and Basiliximab are antibodies against IL-2 receptor, originally developed in an attempt to reduce CNIs use in patients with renal dysfunction. To date, there have been few studies specifically in HCV-positive recipients: as above mentioned nor Daclizumab[117-119], neither Basiliximab[120] showed any effect on HCV recurrence post-LT, while in a non-randomized study Nelson et al[153] demonstrated that early RHC and more rapid histological progression was associated with the use of Daclizumab.

Immunosuppression free state 

Due to the important role played by immunosuppression in HCV recurrence patients, over the long term the goal is to utilize the least number of drugs at the lowest dose, which still provides effective immunosuppression. Yoshizawa et al[154] anecdotally reported two cases of living donor LT for patients with HCV-related cirrhosis who received right-lobe grafts from an identical twin, in which, thanks to genetic identity, no immunosuppressive drugs needed to be administered: HCV RNA kinetics showed a rapid increase following LT and liver biopsies performed one month after transplant showed acute lobular hepatitis in both cases. In the more common setting of LT without genetic identity, a permanent immunosuppression free state (IFS) can be achieved in almost 25% of cases[155]. Manzia et al[156] performed a meticulous review on this topic in 2012 evaluating globally 91 HCV-positive recipients included in immunosuppression withdrawal studies worldwide: 23 HCV-positive patients (25%) achieved a sustainable IFS with more than one year of follow-up; 19 of 23 (83%) did not show HCV recurrence/progression in the long term. The same authors recently reevaluated their own data on six HCV-positive recipients who completed 10 years of IFS follow up and demonstrated that maintaining IFS appears beneficial towards a reduction in fibrosis progression in the long term perspective[157]. In conclusion, even though few studies have reported long-term outcomes of IFS in HCV-positive recipients, withdrawal of immunosuppression seems to have a favourable effect on HCV disease progression after LT, allows to avoid side effects, such as dyslipidemia and diabetes, and permits to spare other drugs that might negatively impact the natural history of post-LT disease.
Immunotherapy

Adoptive immunotherapy has been only studied in a phase-1 trial. Lymphocytes extracted from liver allograft perfusate were able to generate an anti-HCV response, so that activated graft-derived NK-cells were isolated from the perfusate and injected intravenously into the transplanted recipients. Early data from the pilot study reported lower HCV RNA titers at one month post-LT, but the effect was not confirmed in the long term[158].

 Prophylactic therapy with neutralizing antibodies is effective in patients transplanted for HBV-related liver disease, but currently there is no evidence that this strategy is effective in preventing HCV recurrence. HCV antibody therapy usually starts in the anhepatic phase and then is continued for 12 to 14 wk after LT. Gurusamy et al[159] performed a Cochrane meta-analysis on three trials comparing high dose HCV antibody vs low dose HCV antibody: there was no difference in patient and graft survival, virological response and fibrosis progression; discontinuation of therapy occurred in 35% of patients with high dose antibody and in 17% of patients with low dose antibody. 

Very recently Chung et al[160] tested a human monoclonal antibody targeting the HCV E2 glycoprotein (MBL-HCV1) in a small pilot study (6 patients): they demonstrated that this treatment delays median time to viral rebound compared to placebo treatment even if it is not able to prevent it. Considering the lack of clinical benefit and occurrence of side effects, there is currently no evidence supporting the use of prophylactic HCV antibody treatment.

GRAFT-RELATED FACTORS
Living donor vs deceased donor

In Western countries living donor LT (LDLT) is usually performed in an effort to decrease the mortality among patients awaiting transplant in the shortage of donor organs, while in Eastern regions, with low deceased donor organ availability, LDTL represents the standard of care for HCV end stage liver disease with indication similar to that of deceased donor LT (DDLT) in Western world. 

Early studies reported a worse graft outcome and earlier and more aggressive RHC after LDLT compared with DDLT[161-163]. To explain these findings it has been postulated a more severe HCV recurrence in LDLT due to a genetic donor-recipient similarity[164] and that intense hepatocyte proliferation (that occurs in partial liver grafts) may induce enhanced HCV replication[165,166].

Nevertheless, more recent studies did not confirm these findings, on the contrary they often revealed improved results in LDLT recipients with respect to DDLT, possibly due to the young age of the donor and shorter ischemic time of LDLT grafts[167-173]. With respect to LDLT, DDLT recipients usually also hold a higher model for end stage liver disease score (MELD-score) that is considered an independent prognostic factors for severe RHC and worse patient/graft outcome, so that the above data should be evaluated with caution[174]. In agreement with previous considerations, Jain et al[173] in a subanalysis of their study, adjusted for MELD score (< 25) and donor age (< 50 years), revealed similar outcomes between LDLT and DDLT. 

In light of that, LDLT appears to be recommended for HCV-positive patients, whenever it is available.

Donor age

The impact of donor age on outcome has become more and more important due to the increased use of liver grafts from older donors, reflecting the absolute shortage of available organs. It is well demonstrated that grafts from older donors are at greater risk for more severe HCV disease progression and impaired graft/patient survival compared with those from younger donors[175-179].

Lake et al[180] analyzed data from the American Scientific Registry of Transplant Recipients, looking at the effect of donor age on the outcome of 3463 HCV-positive transplanted patients: donor age was the strongest predictor for graft loss in HCV-positive recipients with a hazard ratio of 1.67 and 2.21 for donors > 40 years and > 60 years, respectively. In a multicenter study of more than 500 HCV-positive recipients, the risk of severe RHC following LT from a donor older than 60 years old was doubled in female compared to male recipients. This gender impact on HCV recurrence is not observed with younger donors and remains unexplained[181]. Recently Avolio et al[182] analyzed 5946 liver transplants on a national Italian database and proposed that the MELD score adjusted by donor age (D-MELD: calculated as donor age x MELD) could accurately predict the outcome of HCV-infected recipients. In conclusion, however, it remains very arduous to define an age cut off level when older donors should not be used for HCV-positive recipients.

Graft from HCV-positive donor

The increasing organ shortage prompted transplant centres to use graft from HCV-positive donors too. Several studies demonstrated that in HCV-positive recipients grafts from HCV-positive are as safe as those from HCV-negative donors[177,183-186]. Wilson et al[187] evaluated data from the United Network for Organ Sharing (UNOS) and demonstrated that receiving a graft from HCV-positive donor might be even better: they performed a case-control study (published only as abstract form and not in extenso) evaluating 38 HCV-infected recipients of HCV-infected graft compared with 76 LT recipients of livers strictly meeting UNOS criteria. One-year patient survival rates of 97% favoured recipients of HCV-infected grafts compared with rates of 87.5% for recipients of organs meeting UNOS criteria. The same results have been noted for progression of fibrosis one year post-LT: a 26% increase in fibrosis in HCV-infected organs compared with a 69% increase in the UNOS–approved group.

Nevertheless, considering the risk of super-infection and the impaired response of genotype 1 to antiviral treatment, it remains advisable that HCV-positive grafts could be used only in HCV genotype 1-positive recipients.

Graft steatosis

The impact of allograft steatosis on fibrosis progression and on the outcome of HCV-positive recipients remains controversial. Two studies indicated that moderate/severe donor graft steatosis (> 30%-35%) might induce more frequent, earlier and more severe HCV recurrence[188], and might contribute to fibrosis progression and poor outcome[189] post-LT. Nevertheless, Botha et al[190] found that recipients receiving grafts with mild steatosis (< 15% in their classification) had a good outcome, although only 3 out of 113 donors presented steatosis greater than 30%. Burra et al[191] reached the same conclusion, although they classified mild steatosis as < 30% and only 5 patients in their cohort presented steatosis > 30%. In light of that, the grade of steatosis seems to represent a crucial factor: grafts with mild steatosis are expected to be safe as non steatotic grafts.

Ischemia-reperfusion injury and ischemic preconditioning

Prolonged liver ischemia followed by reperfusion, which occurs during LT, results in severe injury that contributes to increased morbidity and mortality after LT. This phenomenon is defined as ischemia-reperfusion injury (IRI). IRI of the graft depends on many peri-operative factors: cold and warm ischemia time, preservation solution and technical factors during graft removal, donor status (cardiac or brain death) and type of reperfusion used. Because of its complexity depending on so much variables, IRI remains very difficult to be focused in the majority of the studies. With these limitations, ischemic injury to the graft seems to have a serious impact on patient/graft survival and disease progression in HCV recipients[192-194]. On the contrary Killackey et al[195], even reporting a significant correlation between peak alanine transaminase and the severity of IRI on reperfusion biopsy among 477 HCV-positive recipients, did not point out a correlation between the severity of IRI and the incidence or timing of HCV recurrence or incidence of ACR. When IRI is associated with moderate/severe steatosis (> 30%), the impact on graft survival becomes more and more important[188].

Liver ischemic preconditioning (IPC) is an endogenous mechanism consisting of brief and repetitive episodes of vascular occlusion followed by reperfusion that makes the liver more tolerant to subsequent prolonged episodes of ischemia[196]. Several studies have demonstrated that IPC might have protective effects on IRI but minimal or null clinical benefit[196,197] and it has been confirmed by a Cochrane Systematic Review too[198]. No data do exist specifically on HCV-positive recipients.

CONCLUSION
In HCV-positive recipients, a new balance between HCV, liver graft, recipient immune response and anti-rejection therapy is going to be achieved in a few months after LT. During this period almost all patients show an early graft reinfection, with HCV viremia reaching and exceeding pre-LT levels; histological assessment for differentiating RHC from acute or chronic rejection is essential in this setting but the distinction of the two pathological patterns remains often very arduous. Host immune response (mainly cellular mediate) appears to be crucial both in the control of HCV infection and in the genesis of ACR but it is also strongly influenced by anti-rejection immunosuppressive treatment. At the moment to prevent HCV recurrence no clear immunosuppressive strategy could be strongly recommended in HCV-positive LT; similarly immunotherapy appears to be ineffective. It seems reasonable that ACR episodes and over-immunosuppression are more likely to enhance the risk of HCV recurrence through immunological mechanisms, therefore, both complete prevention of ACR and optimization of immunosuppression (possibly up to IFS) should represent the main goals for reducing the rate of graft HCV reinfection. Other factors which might be modified by clinicians, include proper graft allocation and preservation injury to realize an ideal donor-to-recipient matching, but many factors among these aspects remain to be better determined in future well-designed prospective studies. At present, post-LT HCV recurrence remains an unresolved thorny problem.

Evaluation of current treatment options for HCV in the transplant setting was not an aim of this review. Nevertheless it has to be outlined that clinical concerns regarding HCV recurrence and needs of differentiation from rejection are strongly related to the available treatment options for the two conditions. Interferon based treatments are unsatisfactory[199] and triple treatment with boceprevir and telaprevir is hampered by side effects and interaction with CyA and Tac[200]. In a near future new drugs like sofosbuvir, better tolerated and with no interactions with CNIs, will possibly represent a basis for reliable interferon free treatment options for RHC[201]. Pre-emptive treatments to prevent HCV recurrence have been unsuccessful until now, but newer drugs have the potential to change the natural history of HCV infection in transplanted patients.
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Figure 1 Lobular areas from different liver biopsies stained for hepatitis C virus-antigens by immunohistochemistry. Cytoplasmic positivity of hepatocytes with different intensity of staining. A: Negative and strongly positive hepatocytes in the same areas. Original magnification 120×; B: Few positive hepatocytes. Original magnification 20×; C: About 20 % positive hepatocytes with different intensity of staining. Original magnification 20×; D: Widespread positivity, with prevalent strong intensity of staining. Original magnification 20×.

Table 1 Summary about the role of each immune cell line in right heart catheterization post-liver transplant
	HCV antibodies
	No protective role against HCV reinfection 
	[86]

	CD8 T-cells
	Correlation with right heart catheterization (RHC) 
	[71, 88]

	CD4 T-cells
	Protective role against RHC 
	[89-94]

	CD4/CD25 T-cells
	Correlation with RHC 
	[98, 99]

	Dendritic cells
	Defective in case of RHC 
	[102, 103]

	NK/NKT-cells
	Controversial: defective in case of RHC; damaging role in RHC 
	[106-109]

	Th1/Th2 paradigm
	RHC is related to an imbalance towards Th2 prevalence 
	[98, 102, 110]


HCV: Hepatitis C virus; NK: Natural killer; NKT: Natural killer T.
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