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Introduction

Summary

Primary biliary cirrhosis (PBC), primary sclerosing cholangitis (PSC) and auto-
immune hepatitis (AIH) may all recur after liver transplant. Diagnosis of rPBC
is defined by histology; rAIH by serology, biochemistry and histology; rPSC by
histology and/or imaging of the biliary tree and exclusion of other causes of
nonanastomotic biliary strictures. Criteria for recurrent disease (RD) may differ
from those used in similar disease in the native liver: frequent use of immuno-
suppressive therapy changes the pattern and natural history of RD and can
co-exist with other transplant-related causes of graft damage. RD may occur in
the presence of normal liver tests; the reported incidence will depend on the
way in which diagnostic tests (especially protocol biopsies) are applied. The
risk of RD increases with time, but does not correlate with the rate of graft
loss. Treatment is largely unproven: ursodeoxycholic acid will improve serology
and may slow progression of rPSC and rPBC; introduction or increased dose
of corticosteroids may reduce progression of rAIH. Risk factors for rPBC
include use of tacrolimus compared with cyclosporine; for rPSC include
absence of colon peri-transplantation and for rAIH possible associations with
some HLA haplotypes have been suggested.

insight into the mechanisms of autoimmune disease in
the native liver.

Liver transplantation remains a well-accepted treatment
modality for end-stage liver disease with most patients
returning to a lengthy and excellent quality of life. Out-
comes are improving and, as the early mortality has been
dramatically reduced, the clinical focus of attention has
shifted to long-term outcomes. Amongst the many factors
affecting long-term graft survival, recurrent disease is the
most commonly recognized cause of late graft dysfunction
and graft failure [1]. Although recurrent infection with
the Hepatitis C virus (HCV) has the most severe impact
on graft survival, recurrence of autoimmune disease is
also important and can result in graft loss, which may be
preventable with appropriate treatment. Furthermore,
understanding factors that affect recurrence may provide

Incidence of recurrent disease

Histological evidence of recurrent primary biliary cirrho-
sis (PBC) in the liver allograft was first reported in 1982
and, although greeted with some scepticism, has now
become accepted [2]. Shortly after, case reports of recur-
rent autoimmune hepatitis (AIH) (in 1984) [3] and pri-
mary sclerosing cholangitis (PSC) [4] were published
and these isolated case reports were followed by larger
series [1,5-7]. Incidence rates are variable in different
series, which have drawn varying conclusions (Table 1);
this variation can be explained, at least in part, by a
number of factors — these include different methods for
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Table 1. Overview of published scientific data on recurrent autoimmune liver disease.

AlH PSC PBC
Recurrence rate 22% 11-37% 18%
Graft loss from recurrent ++ +++ +

disease
Risk factors HLA-DR3 pos recipient, severe
necro-inflammation in native
liver
Type 2: cytochrome P450D6
antigen, type 1 unknown
Histology Plasma cell-rich inflammation
in ortal tracts and the liver
parenchyma, interface
hepatitis, confluent/bridging
necrosis (in more severe cases)

Pathogenesis

Possible risk factors for Lack of corticosteroids
recurrence
Possible treatment Add/increase

corticosteroids

ACR, prolonged use
steroids

Unknown

Fibrous cholangitis with
bile duct obliteration,
ductopenia, secondary
features of chronic

Unknown, possible
use of TAC

Unknown

Granulomatous bile
duct destruction,
plasma cell rich
portal inflammatory

cholestasis infiltrate, ductopenia,
secondary features
of chronic cholestasis
Intact colon Use of TAC rather than
cyclosporine
UDCA UDCA

ACR, acute cellular rejection; TAC, tacrolimus; UDCA, ursodeoxycholic acid.

the assessment of recurrent disease (for example whether
protocol or event-driven biopsies are undertaken),
inconsistent criteria to diagnose recurrent autoimmune
disease, changes in immunosuppression and duration of
follow up.

Over 15 publications [8-14] focussing on incidence in
recurrent AIH have been published. After analysing all
available data, Gautam et al. [6] reported a calculated
prevalence rate of 3% and weighted recurrence rate
22%. In PBC, a similar number of original studies [15-
21] have reported recurrence with calculated prevalence
and recurrence rates of 13% and 18%. In PSC, the cal-
culated prevalence is similar to the recurrence rates
approximately 10% as reported in 15 published articles
[22-29].

Clinical and serological features

Criteria for the diagnosis of recurrent autoimmune disease
in the allograft may not be the same as those developed
for use in the native liver (Table 2). For example, the
International Autoimmune Hepatitis Group criteria [30]
were developed primarily for research purposes, to ensure
that all studies in patients with AIH used similar cohorts
of patients. It may not be appropriate to apply the same
scoring system to the liver transplant patient, who will
already be receiving immunosuppression, will probably
have a graft with nonidentical HLA and other antigens,
and may have a number of transplant-related causes for
graft damage, that do not occur in the native liver.

© 2008 The Authors

Table 2. Criteria for the diagnosis of recurrent AIH, PSC and PBC.

Recurrent autoimmune hepatitis (AIH)
Liver transplant for AIH
Auto-antibodies in significant titre
Sustained rise in serum aminotransferase activity
(>twice normal)
Elevated serum immunoglobulins
Diagnostic or compatible liver histology (see Table 1)
Corticosteroid dependency
Exclusion of other causes of graft dysfunction
(e.g. rejection, HCV infection)
Recurrent primary sclerosing cholangitis (PSC)
Liver transplant for PSC
Multiple nonanastomotic biliary strictures
Exclusion of other causes (including rejection, infection,
ischaemia)
Diagnostic or compatible liver histology (see Table 1)
Recurrent primary biliary cirrhosis (PBC)
Liver transplant for PBC
Diagnostic or compatible liver histology (see Table 1)

Deterioration of liver enzymes after transplant raises
the suspicion of recurrence and will usually lead to fur-
ther investigations. However, histological (or radiological)
features of disease recurrence may be seen in the presence
of normal liver tests [31,32].

Serology is of limited help in making the diagnosis of
recurrent disease. In PBC, titres of antimitochondrial
antibodies (AMA), thought to be diagnostic and possibly
pathognomonic in the native liver, may show a transient
fall and then return to or exceed levels seen pretransplan-
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tation irrespective of histological features of PBC in the
graft [15,33]. Serum immunoglobulins (Igs) (in particular
IgM) may be elevated, but have not been correlated with
recurrence [34]. Other clinical factors, such as develop-
ment of associated symptoms of PBC (such as itching or
lethargy) or associated diseases (such as thyroid disease or
sicca syndrome) are not helpful establishing the exact
diagnosis [18].

In AIH, criteria for the diagnosis of recurrent disease
have been proposed by Manns et al. [35] (Table 2). Indi-
vidually, none of the features is specific for recurrent AIH
and the diagnosis should therefore be based on a combi-
nation of serological, biochemical and histological find-
ings. The presence of auto-antibodies and increased Igs
may be preceded by histological changes [9]; this suggests
that protocol biopsies may be indicated in those grafted
for AIH. Conclusions of published articles concerning
auto-antibodies are variable, but in general, similar to
those seen in PBC, antibodies persist but at a lower level
than before transplant [32,36]. However, the presence of
auto-antibodies is not specific to recurrent autoimmune
disease as several reports have demonstrated the existence
of auto-antibodies de novo in patients with rejection
[37,38] and in those transplanted for other causes than
AIH [39,40].

Nonorgan-specific auto-antibodies (such as anti-nuclear
and anti-actin) are seen not infrequently after transplanta-
tion and their significance remains uncertain. Our own
studies have suggested that the combination of auto-anti-
bodies and chronic hepatitis in the allograft may be indic-
ative of a subgroup of those with chronic hepatitis who
will progress to a cirrhosis [41]. However, these conclu-
sions are tentative and the significance of chronic hepati-
tis and its possible association with rejection, remains
beyond the scope of this review.

For recurrent PSC, the diagnosis can be made either
by the classical histological features of peri-ductal fibrosis
(see below) or by radiological demonstration of multiple
nonanastomotic strictures. Most liver allograft recipients,
grafted for PSC, will have a Roux loop so the diagnosis
of recurrent disease must be made on imaging the biliary
tree, either by magnetic resonance imaging or percutane-
ous cholangiography. The former is used more com-
monly but there are few data on the sensitivity and
specificity. The greatest problem lies in the differentiation
between recurrent PSC and secondary causes of sclerosing
cholangitis. The latter usually have an ischaemic basis, for
which there are several possible causes, including ischae-
mia, rejection and infection [42,43]. Ischaemic biliary
complications are typically seen in between 2 and
6 months after transplantation, in contrast with recurrent
PSC, which is usually diagnosed more than 12 months
post-transplant [23].
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Histological features of recurrence

Because of the low sensitivity and specificity of auto-anti-
bodies for disease recurrence, considerable emphasis has
been placed on histological findings in establishing the
diagnosis of recurrent AIH and PBC. However, as dis-
cussed above, there are problems in applying conventional
diagnostic criteria for AIH and PBC in the native liver to
the liver allograft. These include the variable effects of
immunosuppression in modifying histological features
and interactions with other causes of graft dysfunction,
which may include common targets for immune-medi-
ated damage. Furthermore, there may be histological sim-
ilarities between recurrent disease and other graft
complications, particularly acute and chronic rejection.

Histological features of a plasma cell-rich mononuclear
cell portal infiltrate with interface hepatitis are still helpful
in the diagnosis of recurrent AIH [9,12,44,45]. Histologi-
cal features of recurrent AIH may differ from those of
AIH in the native liver — for instance, presentation with
features of acute lobular hepatitis appears to occur more
frequently in recurrent AIH [8,46]. The histological find-
ing of a predominantly mononuclear portal inflammatory
infiltrate compatible with a diagnosis of chronic autoim-
mune hepatitis should not be regarded by itself as diag-
nostic of recurrent AIH, as there are a number of other
possible causes of chronic hepatitis in the liver allograft.
These include viral infection (recurrent or acquired with
known or unidentified viral agents), de novo AIH or late
cellular rejection with autoimmune/hepatitic features
[41,47-51]. Likewise zone 3 necro-inflammatory lesions
(central perivenulitis) have been recognized to occur as
manifestation of recurrent AIH [8,46], but can also be
seen in late cellular rejection [52] and in de novo AIH
[53,54]. However, distinction between these entities is
more of theoretical than practical importance as all sug-
gest that increased immunosuppression is indicated.

As with PBC and PSC in the native liver, classical bile
duct lesions are rarely seen in liver allograft biopsies. The
diagnosis of recurrent PBC or PSC may thus be made on
the basis of compatible histological findings such as bile
duct loss and features of chronic cholestasis — these
include ductular reaction and periportal fibrosis and
changes of cholate stasis including periportal deposits of
copper-associated protein.

De novo AIH

First described in children in 1998 [40], de novo AIH
occurs in patients transplanted for indications other
than AIH, in general nonimmune mediated diseases. It
resembles AIH in the native liver with elevated trans-
aminases and Igs, organ nonspecific auto-antibodies and
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histological features of portal inflammation with interface
hepatitis. Since then, many authors have reported de novo
AIH [39,55-63]. A higher prevalence has been observed
in children compared with adults, possibly reflecting
immunosuppressive drugs interfering with normal T-cell
maturation in the immature immune system [64]. Some
cases may present histologically with isolated or predomi-
nant features of central perivenulitis before subsequently
developing typical portal tract changes [58,60].

In recent studies, a number of patients treated with pegy-
lated-interferon for chronic HCV infection have been
described who developed graft dysfunction with serological
and histological features suggestive of de novo AIH [65-67].
As interferon therapy has also been implicated as a risk fac-
tor for late rejection in HCV-positive individuals [68,69],
these observations raise further questions regarding the
relationship between rejection and so-called de novo AIH.

The pathogenesis of de novo AIH has not yet been clari-
fied. Salcedo et al. [58] demonstrated the occurrence of
concomitant viral infection (cytomegalovirus, Epstein Barr
virus, Parvovirus or HCV) in all patients, thereby suggest-
ing molecular mimicry may be a possible pathophysiologi-
cal mechanism. Viral infections can also precipitate
autoimmunity through polyclonal stimulation, enhance-
ment and induction of membrane expression of MHC
class I and II antigens and interference with immunoregu-
latory cells. In animal models, the use of calcineurin inhib-
itors leads to autoimmunity through the interference with
maturity of T-cells and function of regulatory T-cells [70—
73]. In HCV, treatment with pegylated interferon is known
to induce autoimmunity [74] through its immunomodula-
tory effect and molecular mimicry by the virus itself.

As antibodies are directed against graft antigens rather
than self antigens (i.e. an alloimmune response) it has
been suggested that so-called de novo AIH may represent a
form of late cellular rejection. This suggestion is supported
by the finding of auto-antibodies arising transiently
de novo following in association with otherwise typical epi-
sodes of acute rejection [37,38] and by the observation
that acute rejection is a risk factor for the development of
de novo AIH [61,75]. Auto-antibodies have also been seen
in children developing chronic rejection with features of
central perivenulitis [76]. In support of the suggestion that
de novo AIH may represent a form of rejection, recent
reports have shown that antibodies to Glutathione
S-Transferase T1 (GSST1) develop in 80% of GSST1-nega-
tive recipients of GSST1-positive donors, including in all
patients who developed de novo AIH [59,60,63,77].

Thus, it may be that there is an immune response to
this recipient antigen, which is present in 20% of Cauca-
sians [60,78]. HLA-constitution susceptible for the devel-
opment of ATH (HLA-DR3 and 4) in the donor might be
a risk factor [40,57,58].
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Treatment is similar to that commonly used in classical
AIH usually resulting in excellent graft- and patient sur-
vival [58]. However, occasional cases have progressed to
graft failure.

Treatment

In recurrent PBC, no therapeutic options have been shown
to halt progression of disease. Most centres offer their
patients ursodeoxycholic acid (UDCA) 10-15 mg/kg/day,
as recommended in native livers. While liver tests improve
on this agent, there is no evidence as yet to show that
there is any alteration in the natural history of recurrent
disease [79]. There have been no prospective, controlled
trials and, indeed, practical constraints make it very diffi-
cult to conduct such a study. Recurrence of PBC in
patients receiving tacrolimus is reported to be more rapid
than with cyclosporine. So switching to alternative regimes
such as those based on mycophenolate or cyclosporine
may be advisable although there is no evidence to date
that such an approach will have any significant impact on
the course of disease.

In recurrent PSC, no specific treatment has been shown
to prevent or slow progression, although high dose
UDCA (15-20 mg/kg/day) will be prescribed in the
majority. Those with ulcerative colitis will benefit from
UDCA in reducing the risk of colon adenoma and carci-
noma [80]. Choice of immunosuppression has no influ-
ence on recurrence [26]. Although, as indicated below,
there is some evidence that recurrent PSC is not found in
those with no colon at the time of transplantation, there
is no reason to undertake prophylactic colectomy in the
absence of other indications.

In recurrent AIH, the general approach is to increase
corticosteroids: some centres use prednisone up to
20 mg/day and in nonresponders (as evidenced by either
serology or histology) switching from cyclosporine to ta-
crolimus-based regimes [81]. The addition of mycophen-
olate 2 g/day had been effective in some nonresponders.
Treatment should be guided by the liver tests, levels of
Igs and auto-antibodies and liver histology. However, not
all patients respond to enhanced immunosuppression.
Eventually, re-grafting may be required in some patients.
In such cases, the use of higher doses of corticosteroids
may be helpful but there are few data to confirm whether
this is beneficial in practice.

Effect on recurrent disease on graft function
and survival

Graft function and survival have been increased by
improvements in surgical and anaesthetic approach as
well as immunosuppressive medication and the allocation
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and matching of liver recipients and donors. Although in
specific nonmalignant hepatic conditions, graft failure,
once recurrence occurred, has been significant. The
reported recurrence rates vary because of the variation in
the use of diagnostic criteria for disease recurrence. In
particular, it should be stressed that the reported rates of
recurrence will heavily depend on whether protocol biop-
sies are routinely performed.

Rowe et al. [1] evaluated the rate and impact of graft
loss in a large cohort of patients surviving more than
90 days after transplant in a large-volume transplant cen-
tre. They found graft loss to be the highest in recurrent
PSC with a hazard ratio of 6.0 compared to those with
recurrent PBC (Fig. 1). Our own experience, based on
relatively small numbers, suggests that the natural history
of recurrent disease in the graft is not necessarily the
same as in the re-graft, even when the indication for
re-graft is recurrent disease.

Does recurrence shed light on disease
pathogenesis?

The demonstration of recurrent disease and identification
of risk factors may shed some light on the aetiology of
the diseases. Common features of recurrent autoimmune
liver diseases include the observation that recurrent dis-
ease is detected increasingly over time, and the natural
history of disease in the graft is usually more rapid than
in the native liver; furthermore, recurrence occurs in the
presence of significant immunosuppression and may be
affected by the immunosuppressive regime. Auto-antibod-
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ies, characteristic of autoimmune liver diseases, are non-
organ-specific and even when the auto-antibody is
disease-specific (such as for PBC), neither the presence
nor the concentration of auto-antibody correlates with
disease in the graft.

In PSC, several studies have focussed on predictors for
recurrent disease. Male gender [27], gender mismatch
between donor and recipient [25], presence of inflamma-
tory bowel disease [82,83], presence of intact colon after
liver transplant [27], clinically significant cytomegalovirus
infection [24], recurrent acute cellular rejection (ACR)
[24], steroid-resistant ACR [22], the presence of specific
HLA-haplotypes (e.g. HLA-DRB1*08) [84] and possible
treatment with the anti-T-lymphocyte preparation OKT3
[26] have been identified as possible risk factors. The lack
of any consistent findings make it difficult to draw any
firm conclusions about the aetiology of PSC: the observa-
tion that the disease does not recur in those with no
colon after transplantation suggests the importance of
back-wash ileitis in the pathogenesis of disease but it is
not clear whether this suggests an immune mechanism or
a toxic effect.

The presence of specific HLA and non-HLA-suscepti-
bility alleles resulting in the production of pro-inflamma-
tory cytokines and re-circulating gut-primed memory
T-cells has been demonstrated [85,86]. Although not clar-
ified in studies focussing on recurrence of PSC, as with
AIH, a specific genetic predisposition might result in
increased risk for reappearance. The existence of ACR has
been found to be a risk factor in a number of studies
[24,84]. It is possible that, following an episode of ACR

he Authors
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or ischaemic-reperfusion injury, autoimmune bile duct
damage may be triggered by the appearance of autoim-
mune epitopes. Conversely, with recurrent disease, the
sensitized immune system might lead to acute rejection.

The pathogenesis of AIH is unknown. Whether or not
an autoimmune response will perpetuate depends on an
individual’s genetic susceptibility to present self or cross-
reacting antigens [87], a sensibility to certain aetiological
triggers (viruses or toxins) [88] and the constitution of
the cytokine environment [89]. The presence of HLA-
DR3, found in up to 70% of patients with recurrent ATH
[10], may play an important role in presenting a variety
of antigens to immunocytes with subsequent activation of
T-lymphocyte subsets and in consequence the initiation
of an immune response.

Antigen-presenting cells (APC) exist mainly outside the
liver. Therefore, the activation of T-lymphocytes occurs
according to several pathways, but through a common
fashion named molecular mimicry. Aggressive and pre-
primed recipient T-lymphocytes exhibit their activities
against homologous donor-antigens. Second, the addi-
tional exposure of these cells to multiple donor-derived
hepatic antigens will result in the development of a new
immunological response and a third mechanism is the
activation of recipient T-lymphocytes by APC derived
from the donor. An extraordinary event is the reaction to
MHC-II class alleles by recipient T-lymphocytes in the
absence of antigenic peptides [8]. Possible gene polymor-
phisms or hormonal actions resulting in a change of the
cytokine environment is the cause. Molecular mimicry
might exist between yet unidentified viruses and self-anti-
gens [90].

For recurrent PBC, few risk factors have been identified
but include the use of tacrolimus rather than cyclospor-
ine; the significance of this is unclear. Given the sugges-
tion that xenobiotics and infectious agents may be
implicated in triggering of PBC, differences in the intra-
cellular impact of the two calcineurin inhibitors may help
elucidate the mechanism of PBC: the observation by Van
de Water [91] that the atypical distribution of E2 (the
major auto-antigen of PBC) on biliary epithelial cells is
seen in the allograft within a few days after transplant
again suggests a factor, extrinsic to the liver, persists after
transplantation.

Conclusion

Recurrent autoimmune disease is a significant cause of
graft dysfunction and graft loss. The diagnosis of recur-
rent disease should be made on agreed criteria. Treat-
ment, at present, has only a limited effect on modifying
the course of recurrent disease. Implications for under-
standing the mechanism of autoimmune disease may be
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enhanced by identification of risk factors for recurrent
disease. An important criterion in the definition of auto-
immune disease is the loss of self-tolerance. Whether this
can be applied to recurrent disease after liver transplanta-
tion is uncertain, as loss of tolerance may also be an
important component of alloimmune responses in the
liver allograft. Nevertheless, unraveling the present histo-
logical and immunological phenomena is of importance
to gain more knowledge so that new therapeutic targets
can be developed and reduce the number of patients in
need for re-transplantation.

References

1. Rowe IA, Webb K, Gunson BK, Mehta N, Haque S, Neu-
berger J. The impact of disease recurrence on graft survival
following liver transplantation: a single centre experience.
Transpl Int 2008; 21: 459.

2. Neuberger J, Portmann B, Macdougall BR, Calne RY,
Williams R. Recurrence of primary biliary cirrhosis after
liver transplantation. N Engl ] Med 1982; 306: 1.

3. Neuberger J, Portmann B, Calne R, Williams R. Recurrence
of autoimmune chronic active hepatitis following orthotopic
liver grafting. Transplantation 1984; 37: 363.

4. Lerut J, Demetris AJ, Stieber AC, et al. Intrahepatic bile
duct strictures after human orthotopic liver transplanta-
tion. Recurrence of primary sclerosing cholangitis or unu-
sual presentation of allograft rejection? Transpl Int 1988; 1:
127.

5. Campsen J, Zimmerman MA, Trotter JF, et al. Clinically
recurrent primary sclerosing cholangitis following liver
transplantation: a time course. Liver Transpl 2008; 14: 181.

6. Gautam M, Cheruvattath R, Balan V. Recurrence of
autoimmune liver disease after liver transplantation:

a systematic review. Liver Transpl 2006; 12: 1813.

7. Yamagiwa S, Ichida T. Recurrence of primary biliary
cirrhosis and primary sclerosing cholangitis after liver trans-
plantation in Japan. Hepatol Res 2007; 37 (Suppl. 3): S449.

8. Ayata G, Gordon FD, Lewis WD, et al. Liver transplanta-
tion for autoimmune hepatitis: a long-term pathologic
study. Hepatology 2000; 32: 185.

9. Duclos-Vallee JC, Sebagh M, Rifai K, et al. A 10 year fol-
low up study of patients transplanted for autoimmune
hepatitis: histological recurrence precedes clinical and
biochemical recurrence. Gut 2003; 52: 893.

10. Gonzalez-Koch A, Czaja AJ, Carpenter HA, et al.
Recurrent autoimmune hepatitis after orthotopic liver
transplantation. Liver Transpl 2001; 7: 302.

11. Milkiewicz P, Hubscher SG, Skiba G, Hathaway M, Elias
E. Recurrence of autoimmune hepatitis after liver
transplantation. Transplantation 1999; 68: 253.

12. Narumi S, Hakamada K, Sasaki M, et al. Liver transplanta-
tion for autoimmune hepatitis: rejection and recurrence.
Transplant Proc 1999; 31: 1955.

Journal compilation © 2008 European Society for Organ Transplantation 22 (2009) 144-152 149



Recurrent autoimmune liver disease after OLT

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

150

Prados E, Cuervas-Mons V, de la MM, et al. Outcome of
autoimmune hepatitis after liver transplantation. Trans-
plantation 1998; 66: 1645.

Wright HL, Bou-Abboud CF, Hassanein T, et al. Disease
recurrence and rejection following liver transplantation for
autoimmune chronic active liver disease. Transplantation
1992; 53: 136.

Gouw AS, Haagsma EB, Manns M, Klompmaker IJ, Slooff
MJ, Gerber MA. Is there recurrence of primary biliary cir-
rhosis after liver transplantation? A clinicopathologic study
in long-term survivors. | Hepatol 1994; 20: 500.

Levitsky J, Hart J, Cohen SM, Te HS. The effect of immu-
nosuppressive regimens on the recurrence of primary bili-
ary cirrhosis after liver transplantation. Liver Transpl 2003;
9: 733.

Neuberger J, Gunson B, Hubscher S, Nightingale P.
Immunosuppression affects the rate of recurrent primary
biliary cirrhosis after liver transplantation. Liver Transpl
2004; 10: 488.

Sanchez EQ, Levy MF, Goldstein RM, et al. The chang-
ing clinical presentation of recurrent primary biliary cir-
rhosis after liver transplantation. Transplantation 2003;
76: 1583.

Sylvestre PB, Batts KP, Burgart LJ, Poterucha JJ, Wiesner
RH. Recurrence of primary biliary cirrhosis after liver
transplantation: Histologic estimate of incidence and natu-
ral history. Liver Transpl 2003; 9: 1086.

Hashimoto E, Shimada M, Noguchi S, et al. Disease recur-
rence after living liver transplantation for primary biliary
cirrhosis: a clinical and histological follow-up study. Liver
Transpl 2001; 7: 588.

Salguero O, Moreno JM, Seijas MC, et al. Recurrence of
primary biliary cirrhosis after liver transplantation. Trans-
plant Proc 2003; 35: 721.

Brandsaeter B, Schrumpf E, Bentdal O, et al. Recurrent
primary sclerosing cholangitis after liver transplantation:

a magnetic resonance cholangiography study with analyses
of predictive factors. Liver Transpl 2005; 11: 1361.
Graziadei IW, Wiesner RH, Batts KP, et al. Recurrence of
primary sclerosing cholangitis following liver transplanta-
tion. Hepatology 1999; 29: 1050.

Jeyarajah DR, Netto GJ, Lee SP, et al. Recurrent primary
sclerosing cholangitis after orthotopic liver transplantation:
is chronic rejection part of the disease process? Transplan-
tation 1998; 66: 1300.

Khettry U, Keaveny A, Goldar-Najafi A, ef al. Liver trans-
plantation for primary sclerosing cholangitis: a long-term
clinicopathologic study. Hum Pathol 2003; 34: 1127.
Kugelmas M, Spiegelman P, Osgood MJ, et al. Different
immunosuppressive regimens and recurrence of primary
sclerosing cholangitis after liver transplantation. Liver
Transpl 2003; 9: 727.

Vera A, Moledina S, Gunson B, ef al. Risk factors for
recurrence of primary sclerosing cholangitis of liver allo-
graft. Lancet 2002; 360: 1943.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

38.

39.

40.

41.

42.

43.

Schreuder et al.

Goss JA, Shackleton CR, Farmer DG, et al. Orthotopic
liver transplantation for primary sclerosing cholangitis. A
12-year single center experience. Ann Surg 1997; 225: 472.
Liden H, Norrby J, Gabel M, Friman S, Olausson M.
Outcome after liver transplantation for primary sclerosing
cholangitis. Transplant Proc 2001; 33: 2452.

Alvarez F, Berg PA, Bianchi FB, et al. International Auto-
immune Hepatitis Group Report: review of criteria for
diagnosis of autoimmune hepatitis. ] Hepatol 1999; 31:
929.

Ahmed M, Mutimer D, Hathaway M, Hubscher S,
McMaster P, Elias E. Liver transplantation for autoim-
mune hepatitis: a 12-year experience. Transplant Proc
1997; 29: 496.

Gotz G, Neuhaus R, Bechstein WO, et al. Recurrence of
autoimmune hepatitis after liver transplantation. Trans-
plant Proc 1999; 31: 430.

Klein R, Huizenga JR, Gips CH, Berg PA. Antimitochond-
rial antibody profiles in patients with primary biliary cir-
rhosis before orthotopic liver transplantation and titres of
antimitochondrial antibody-subtypes after transplantation.
] Hepatol 1994; 20: 181.

Haydon GH, Neuberger J. PBC: an infectious disease? Gut
2000; 47: 586.

Manns MP, Bahr MJ. Recurrent autoimmune hepatitis
after liver transplantation-when non-self becomes self.
Hepatology 2000; 32: 868.

Ratziu V, Samuel D, Sebagh M, et al. Long-term follow-up
after liver transplantation for autoimmune hepatitis: evi-
dence of recurrence of primary disease. ] Hepatol 1999; 30:
131.

Duclos-Vallee JC, Johanet C, Bach JF, Yamamoto AM.
Autoantibodies associated with acute rejection after liver
transplantation for type-2 autoimmune hepatitis. ] Hepatol
2000; 33: 163.

Lohse AW, Obermayer-Straub P, Gerken G, et al. Develop-
ment of cytochrome P450 2D6-specific LKM-autoantibod-
ies following liver transplantation for Wilson’s disease —
possible association with a steroid-resistant transplant
rejection episode. ] Hepatol 1999; 31: 149.

Jones DE, James OF, Portmann B, Burt AD, Williams R,
Hudson M. Development of autoimmune hepatitis follow-
ing liver transplantation for primary biliary cirrhosis.
Hepatology 1999; 30: 53.

Kerkar N, Hadzic N, Davies ET, et al. De-novo autoim-
mune hepatitis after liver transplantation. Lancet 1998;
351: 409.

Syn WK, Nightingale P, Gunson B, Hubscher SG, Neuber-
ger JM. Natural history of unexplained chronic hepatitis
after liver transplantation. Liver Transpl 2007; 13: 984.
Sanchez-Urdazpal L, Gores GJ, Ward EM, et al. Ischemic-
type biliary complications after orthotopic liver transplan-
tation. Hepatology 1992; 16: 49.

Sanchez-Urdazpal L, Gores GJ, Ward EM, et al. Diagnostic
features and clinical outcome of ischemic-type biliary

© 2008 The Authors
Journal compilation © 2008 European Society for Organ Transplantation 22 (2009) 144-152



Schreuder et al.

44,

45.

46.

47.

48.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

complications after liver transplantation. Hepatology 1993;
17: 605.

Hubscher SG. Recurrent autoimmune hepatitis after liver
transplantation: diagnostic criteria, risk factors, and
outcome. Liver Transpl 2001; 7: 285.

Milkiewicz P, Gunson B, Saksena S, Hathaway M, Hub-
scher SG, Elias E. Increased incidence of chronic rejection
in adult patients transplanted for autoimmune hepatitis:
assessment of risk factors. Transplantation 2000; 70: 477.
Sempoux C, Horsmans Y, Lerut ], Rahier J, Geubel A.
Acute lobular hepatitis as the first manifestation of recur-
rent autoimmune hepatitis after orthotopic liver transplan-
tation. Liver 1997; 17: 311.

Hubscher SG. Transplantation pathology. Semin Diagn
Pathol 2006; 23: 170.

Khapra AP, Agarwal K, Fiel MI, et al. Impact of donor age
on survival and fibrosis progression in patients with hepa-
titis C undergoing liver transplantation using HCV+ allo-
grafts. Liver Transpl 2006; 12: 1496.

Mohamed R, Hubscher SG, Mirza DF, Gunson BK, Muti-
mer DJ. Posttransplantation chronic hepatitis in fulminant
hepatic failure. Hepatology 1997; 25: 1003.

Seyam M, Neuberger JM, Gunson BK, Hubscher SG. Cir-
rhosis after orthotopic liver transplantation in the absence
of primary disease recurrence. Liver Transpl 2007; 13: 966.
Shaikh OS, Demetris AJ. Idiopathic posttransplantation
hepatitis? Liver Transpl 2007; 13: 943.

Sundaram SS, Melin-Aldana H, Neighbors K, Alonso EM.
Histologic characteristics of late cellular rejection, signifi-
cance of centrilobular injury, and long-term outcome in
pediatric liver transplant recipients. Liver Transpl 2006; 12:
58.

Hubscher SG. Central perivenulitis: A common and poten-
tially important finding in late post-transplant liver biop-
sies. Liver Transpl 2008; 14: 596.

Krasinskas A. The prevalence and natural history of
untreated central perivenulitis in adult allograft livers.
Liver Transpl 2008; 14: 625.

Andries S, Casamayou L, Sempoux C, et al. Posttransplant
immune hepatitis in pediatric liver transplant recipients:
incidence and maintenance therapy with azathioprine.
Transplantation 2001; 72: 267.

Hernandez HM, Kovarik P, Whitington PF, Alonso EM.
Autoimmune hepatitis as a late complication of liver trans-
plantation. J Pediatr Gastroenterol Nutr 2001; 32: 131.
Heneghan MA, Portmann BC, Norris SM, et al. Graft dys-
function mimicking autoimmune hepatitis following liver
transplantation in adults. Hepatology 2001; 34: 464.
Salcedo M, Vaquero J, Banares R, ef al. Response to ste-
roids in de novo autoimmune hepatitis after liver trans-
plantation. Hepatology 2002; 35: 349.

Aguilera I, Wichmann I, Sousa JM, et al. Antibodies
against glutathione S-transferase T1 in patients with
immune hepatitis after liver transplantation. Transplant
Proc 2003; 35: 712.

© 2008 The Authors

Journal compilation © 2008 European Society for Organ Transplantation 22 (2009) 144-152

60.

61.

62.

63.

64.

65.

66.

67.

68.

69.

70.

71.

72.

73.

74.

75.

Recurrent autoimmune liver disease after OLT

Aguilera I, Sousa JM, Gavilan F, Bernardos A, Wichmann
I, Nunez-Roldan A. Glutathione S-transferase T1 genetic
mismatch is a risk factor for de novo immune hepatitis in
liver transplantation. Transplant Proc 2005; 37: 3968.
D’Antiga L, Dhawan A, Portmann B, et al. Late cellular
rejection in paediatric liver transplantation: aetiology and
outcome. Transplantation 2002; 73: 80.
Miyagawa-Hayashino A, Haga H, Sakurai T, Shirase T,
Manabe T, Egawa H. De novo autoimmune hepatitis
affecting allograft but not the native liver in auxiliary par-
tial orthotopic liver transplantation. Transplantation 2003;
76: 271.

Rodriguez-Mahou M, Salcedo M, Fernandez-Cruz E, et al.
Antibodies against glutathione S-transferase T1 (GSTT1)
in patients with GSTT1 null genotype as prognostic mar-
ker: long-term follow-up after liver transplantation. Trans-
plantation 2007; 83: 1126.

Mieli-Vergani G, Vergani D. De novo autoimmune hepati-
tis after liver transplantation. J Hepatol 2004; 40: 3.
Berardi S, Lodato F, Gramenzi A, et al. High incidence of
allograft dysfunction in liver transplanted patients treated
with pegylated-interferon alpha-2b and ribavirin for hepa-
titis C recurrence: possible de novo autoimmune hepatitis?
Gut 2007; 56: 237.

Cholongitas E, Samonakis D, Patch D, et al. Induction of
autoimmune hepatitis by pegylated interferon in a liver
transplant patient with recurrent hepatitis C virus. Trans-
plantation 2006; 81: 488.

Kontorinis N, Agarwal K, Elhajj N, Fiel MI, Schiano TD.
Pegylated interferon-induced immune-mediated hepatitis
post-liver transplantation. Liver Transpl 2006; 12: 827.
Stanca CM, Fiel MI, Kontorinis N, Agarwal K, Emre S,
Schiano TD. Chronic ductopenic rejection in patients with
recurrent hepatitis C virus treated with pegylated inter-
feron alfa-2a and ribavirin. Transplantation 2007; 84: 180.
Walter T, Dumortier J, Guillaud O, et al. Rejection under
alpha interferon therapy in liver transplant recipients. Am
J Transplant 2007; 7: 177.

Bucy RP, Xu XY, Li J, Huang G. Cyclosporin A-induced
autoimmune disease in mice. J Immunol 1993; 151: 1039.
Gao EK, Lo D, Cheney R, Kanagawa O, Sprent J. Abnor-
mal differentiation of thymocytes in mice treated with
cyclosporin A. Nature 1988; 336: 176.

Sakaguchi S. Regulatory T cells: key controllers of immu-
nologic self-tolerance. Cell 2000; 101: 455.

Sakaguchi S, Sakaguchi N. Role of genetic factors in
organ-specific autoimmune diseases induced by manipulat-
ing the thymus or T cells, and not self-antigens. Rev
Immunogenet 2000; 2: 147.

Garcia-Buey L, Garcia-Monzon C, Rodriguez S, et al.
Latent autoimmune hepatitis triggered during interferon
therapy in patients with chronic hepatitis C. Gastroenterol-
ogy 1995; 108: 1770.

Miyagawa-Hayashino A, Haga H, Egawa H, et al. Outcome
and risk factors of de novo autoimmune hepatitis in

151



Recurrent autoimmune liver disease after OLT

76.

77.

78.

79.

80.

81.

82.

152

living-donor liver transplantation. Transplantation 2004;
78: 128.

Riva S, Sonzogni A, Bravi M, et al. Late graft dysfunction
and autoantibodies after liver transplantation in children:
preliminary results of an Italian experience. Liver Transpl
2006; 12: 573.

Aguilera I, Wichmann I, Sousa JM, et al. Antibodies
against glutathione S-transferase T1 (GSTT1) in patients
with de novo immune hepatitis following liver transplanta-
tion. Clin Exp Immunol 2001; 126: 535.

Yoshizawa K, Shirakawa H, Ichijo T, et al. De novo auto-
immune hepatitis following living-donor liver transplanta-
tion for primary biliary cirrhosis. Clin Transplant 2008; 22:
385.

Charatcharoenwitthaya P, Pimentel S, Talwalkar JA, et al.
Long-term survival and impact of ursodeoxycholic acid
treatment for recurrent primary biliary cirrhosis after liver
transplantation. Liver Transpl 2007; 13: 1236.

Pardi DS, Loftus EV Jr, Kremers WK, Keach J, Lindor KD.
Ursodeoxycholic acid as a chemopreventive agent in
patients with ulcerative colitis and primary sclerosing cho-
langitis. Gastroenterology 2003; 124: 889.

Hurtova M, Duclos-Vallee JC, Johanet C, et al. Successful
tacrolimus therapy for a severe recurrence of type 1 auto-
immune hepatitis in a liver graft recipient. Liver Transpl
2001; 7: 556.

Dvorchik I, Subotin M, Demetris AJ, et al. Effect of liver
transplantation on inflammatory bowel disease in patients
with primary sclerosing cholangitis. Hepatology 2002; 35:
380.

83.

84.

85.

86.

87.

88.

89.

90.

91.

Schreuder et al.

Cholongitas E, Shusang V, Papatheodoridis GV, et al. Risk
factors for recurrence of primary sclerosing cholangitis
after liver transplantation. Liver Transpl 2008; 14: 138.
Alexander ], Lord JD, Yeh MM, Cuevas C, Bakthavatsalam
R, Kowdley KV. Risk factors for recurrence of primary
sclerosing cholangitis after liver transplantation. Liver
Transpl 2008; 14: 245.

Boberg KM, Spurkland A, Rocca G, et al. The HLA-
DR3,DQ2 heterozygous genotype is associated with an
accelerated progression of primary sclerosing cholangitis.
Scand ] Gastroenterol 2001; 36: 886.

O’Mahony CA, Vierling JM. Etiopathogenesis of primary
sclerosing cholangitis. Semin Liver Dis 2006; 26: 3.

Czaja AJ, Donaldson PT. Genetic susceptibilities for
immune expression and liver cell injury in autoimmune
hepatitis. Irmmunol Rev 2000; 174: 250.

Donaldson PT, Czaja AJ. Genetic effects on susceptibility,
clinical expression, and treatment outcome of type 1 auto-
immune hepatitis. Clin Liver Dis 2002; 6: 707.

Cookson S, Constantini PK, Clare M, et al. Frequency and
nature of cytokine gene polymorphisms in type 1 autoim-
mune hepatitis. Hepatology 1999; 30: 851.

Vierling JM. Immunology of acute and chronic hepatic
allograft rejection. Liver Transpl Surg 1999; 5: SI.

Van de Water J, Gerson LB, Ferrell LD, et al. Immunohis-
tochemical evidence of disease recurrence after liver trans-
plantation for primary biliary cirrhosis. Hepatology 1996;
24: 1079.

© 2008 The Authors
Journal compilation © 2008 European Society for Organ Transplantation 22 (2009) 144-152



