
www.wjgnet.com

 TOPIC HIGHLIGHT

Autoimmune paediatric liver disease

Giorgina Mieli-Vergani, Diego Vergani

Giorgina Mieli-Vergani, Diego Vergani, Institute of Liver 
Studies, King’s College London School of Medicine at King’s 
College Hospital, London SE5 9RS, United Kingdom
Correspondence to: Giorgina Mieli-Vergani, Professor, 
Paediatric Liver Centre, Variety Club Children’s Hospital, King’s 
College Hospital, Denmark Hill, London SE5 9RS, 
United Kingdom. giorgina.vergani@kcl.ac.uk
Telephone: +44-20-32994643-3357  Fax: +44-20-32994224
Received: October 15, 2007               Revised: March 28, 2008
Accepted: April 4, 2008
Published online: June 7, 2008

Abstract
Liver disorders with a likely autoimmune pathogenesis 
in childhood include autoimmune hepatitis (AIH), 
autoimmune sclerosing cholangitis (ASC), and de novo  
AIH after liver transplantation. AIH is divided into 
two subtypes according to seropositivity for smooth 
muscle and/or antinuclear antibody (SMA/ANA, type 1) 
or liver kidney microsomal antibody (LKM1, type 2). 
There is a female predominance in both. LKM1 positive 
patients tend to present more acutely, at a younger 
age, and commonly have partial IgA deficiency, 
while duration of symptoms before diagnosis, clinical 
signs, family history of autoimmunity, presence 
of associated autoimmune disorders, response to 
treatment, and long-term prognosis are similar in 
both groups. The most common type of paediatric 
sclerosing cholangitis is ASC. The clinical, biochemical, 
immunological, and histological presentation of ASC 
is often indistinguishable from that of AIH type 1. 
In both, there are high IgG, non-organ specific 
autoantibodies, and interface hepatitis. Diagnosis is 
made by cholangiography. Children with ASC respond 
to immunosuppression satisfactorily and similarly to 
AIH in respect to remission and relapse rates, times 
to normalization of biochemical parameters, and 
decreased inflammatory activity on follow up liver 
biopsies. However, the cholangiopathy can progress. 
There may be evolution from AIH to ASC over the 
years, despite treatment. De novo  AIH after liver 
transplantation affects patients not transplanted for 
autoimmune disorders and is strikingly reminiscent 
of classical AIH, including elevated titres of serum 
antibodies, hypergammaglobulinaemia, and histological 
findings of interface hepatitis, bridging fibrosis, and 
collapse. Like classical AIH, it responds to treatment 
with prednisolone and azathioprine. De novo  AIH post 

liver transplantation may derive from interference by 
calcineurin inhibitors with the intrathymic physiological 
mechanisms of T-cell maturation and selection. 
Whether this condition is a distinct entity or a form 
of atypical rejection in individuals susceptible to 
the development of autoimmune phenomena is 
unclear. Whatever its etiology, the recognition of this 
potentially life-threatening syndrome is important since 
its management differs from that of standard anti-
rejection therapy.
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INTRODUCTION
Autoimmune l iver d i sorders of  ch i ldhood are 
inflammatory liver diseases characterized histologically 
by a dense mononuclear cell infiltrate in the portal 
tract and serologically by the presence of  non-organ 
and liver specific autoantibodies and increased levels 
of  transaminases and IgG, in the absence of  a known 
etiology. They usually respond to immunosuppressive 
treatment, which should be instituted as soon as 
diagnosis is made. In children, as well as in young 
adults, autoimmune hepatitis (AIH) often presents 
acutely and has a more aggressive course than in older 
patients. The previously accepted requirement of  6 mo 
duration of  symptoms before diagnosis can be made 
has been abandoned. In children, there are two liver 
disorders in which the liver damage is likely to arise 
from an autoimmune attack: classical AIH and AIH/
sclerosing cholangitis overlap syndrome (autoimmune 
sclerosing cholangitis, ASC). A possible autoimmune 
pathogenesis has also been postulated for the so called 
post liver transplantation “de novo AIH”, a condition 
originally described in children and later confirmed 
in adults. According to data collected at the Kings 
College Hospital tertiary center, there is an increase in 
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the yearly prevalence of  AIH and ASC in childhood, 
although referral bias may play a role. Thus, in the 1990s 
these conditions were diagnosed in 2.3% of  about 400 
children older than 4 mo referred during one year, while 
in the 2000s their incidence increased to 12%.

AUTOIMMUNE HEPATITIS (AIH)
Clinical features 
Two types of  childhood AIH are recognized: AIH type 1  
is characterized by the presence of  smooth muscle (SMA) 
and/or antinuclear (ANA) antibodies; AIH type 2 is 
positive for anti liver kidney microsomal type 1 (anti-
LKM-1) antibody[1]. Type 1 AIH represents two thirds 
of  the cases and is a disease of  children and adults, while 
type 2 AIH is mainly described in children. Severity of  
disease is similar in the two types of  AIH[1]. In both, there 
is a predominance of  girls (75%-80%). Anti-LKM-1 
positive patients are younger and have a greater tendency 
to present with acute liver failure, but the duration 
of  symptoms before diagnosis and the frequency of  
hepatosplenomegaly are similar in both groups. Both have 
a high frequency of  associated autoimmune disorders 
(about 20%) and a family history of  autoimmune 
disease (40%). Associated autoimmune disorders 
include thyroiditis, inflammatory bowel disease, vitiligo, 
insulin-dependent diabetes, nephrotic syndrome in both 
types[1]. Type 2 AIH can be associated to autoimmune 
polyendocrinopathy-candidiasis-ectodermal dystrophy 
(APECED), an autosomal recessive genetic disorder in 
which the liver disease is reportedly present in about 20% 
of  the cases[2].

There are three clinical patterns of  disease onset[1]: 
(1) in at least 40% of  patients, the presentation is indi-
stinguishable from that of  an acute viral hepatitis 
(non-specific symptoms of  malaise, nausea/vomiting, 
anorexia, and abdominal pain, followed by jaundice, 
dark urine, and pale stools), some children, particularly 
anti-LKM-1 positive, develop acute hepatic failure with 
grade Ⅱ to Ⅳ encephalopathy 2-8 wk from onset of  
symptoms; (2) in 25%-40% of  patients, the onset is 
insidious, with an illness characterized by progressive 
fatigue, relapsing jaundice, headache, anorexia, and 
weight loss, lasting from several months and even years 
before diagnosis; (3) in about 10% of  patients, there 
is no history of  jaundice, and the diagnosis follows 
presentation with complications of  portal hypertension, 
such as splenomegaly, hematemesis from esophageal 
varices, bleeding diathesis, chronic diarrhea, and weight 
loss. The mode of  presentation of  AIH in childhood is 
therefore variable, and the disease should be suspected 
and excluded in all children presenting with symptoms 
and signs of  prolonged or severe liver disease. The 
course of  the disease can be fluctuating, with flares and 
spontaneous remissions, a pattern which may result in 
delayed referral and diagnosis. The majority of  children, 
however, even those presenting with acute hepatitis, 
on physical examination reveal clinical signs of  an 
underlying chronic liver disease, i.e. cutaneous stigmata 
(spider nevi, palmar erythema, leukonychia, striae), 

firm liver and splenomegaly; at ultrasound the liver 
parenchyma is often nodular and heterogeneous.

Diagnosis and laboratory findings 
Diagnosis of  AIH is based on a series of  positive and 
negative criteria defined by the International AIH Group 
(IAIHG)[3,4]. Though these criteria have been produced 
mainly for research purposes, they have been validated 
also in the clinical practice. Liver biopsy is necessary to 
establish the diagnosis of  AIH, the typical histological 
picture include: a dense mononuclear and plasma cell 
infiltration of  the portal areas, which expands into 
the liver lobule; destruction of  the hepatocytes at the 
periphery of  the lobule with erosion of  the limiting 
plate (“interface hepatitis”); connective tissue collapse 
resulting from hepatocyte death and expanding from 
the portal area into the lobule (“bridging collapse”); 
hepatic regeneration with “rosette” formation (Figure 1). 
In addition to the typical histology, other positive 
criteria include elevated serum transaminase and IgG/
gammaglobulin levels, and presence of  ANA, SMA, or 
anti-LKM-1. Negative criteria relevant to the paediatric 
age are evidence of  infection with hepatitis B or C virus, 
Wilson disease, and drug or alcohol consumption.

Autoantibodies: A key criterion for the diagnosis of  
AIH is the detection of  ANA, SMA, and anti-LKM-1 by 
indirect immunofluorescence. Autoantibody detection not 
only assists in the diagnosis but also allows, as mentioned 
above, differentiation of  AIH in type 1 and type 2. 
ANA and SMA and anti-LKM-1 are practically mutually 
exclusive[5]; in those rare instances when they are present 
simultaneously, the child is classified as having AIH type 2. 
Recognition and interpretation of  the immunofluorescence 
patterns is not always straightforward[5]. The operator 
dependency of  the technique and the relative rarity of  
AIH explain the non-infrequent occurrence of  errors in 
reporting, particularly of  less frequent specificities such 
as anti-LKM-1. Problems do exist between laboratory 
reporting and clinical interpretation of  the results that 
are partly dependent on clinicians’ unfamiliarity with the 
disease spectrum of  AIH, but also partly dependent on 

Figure 1  Portal and periportal lymphocyte and plasma cell infiltrate, extending 
to and disrupting the parenchymal limiting plate (interface hepatitis). Swollen 
hepatocytes, pyknotic necroses, and acinar inflammation are present. HE 
staining (Picture kindly provided by Dr. Alberto Quaglia).

    Mieli-Vergani G et al . Autoimmune paediatric liver disease                                                                           3361

www.wjgnet.com



insufficient standardization of  the tests. This problem is 
being addressed by the autoimmune serology committee 
of  the IAIHG[5].

The basic technique for the routine testing of  
autoantibodies relevant to AIH is indirect immuno-
fluorescence on a freshly prepared rodent substrate 
that should include kidney, liver, and stomach to allow 
the detection of  ANA, SMA, anti-LKM-1 as well as 
anti liver cytosol type 1 (anti-LC-1, see below), but also 
of  anti-mitochondrial antibody (AMA), the serological 
hallmark of  primary biliary cirrhosis, a disease affecting 
almost exclusively adults. Since a high proportion of  
healthy adults may show ANA or SMA reactivity at the 
conventional starting serum dilution of  1/10, the arbitrary 
dilution of  1/40 is considered clinically significant by the 
IAIHG in the adult population. In contrast, in healthy 
children autoantibody reactivity is infrequent, so that titers 
of  1/20 for ANA and SMA and 1/10 for anti-LKM-1 are 
clinically relevant. Hence, the laboratory should report any 
level of  positivity from 1/10, and the attending physician 
should interpret the result within the clinical context and 
the age of  the patient.

ANA is detectable as a nuclear staining in kidney, 
stomach, and liver. Its pattern can be homogeneous, or 
coarsely or finely speckled. In most cases of  AIH, but 
not in all, the pattern is homogeneous. For a clearer 
and easier definition of  the nuclear pattern, HEp2 cells 
that have prominent nuclei can be used. These cells, 
however, should not be used for screening purposes, 
because nuclear reactivity to HEp2 cells is frequent at 
low serum dilution (1/40) in the normal population[6]. 
ANA reactivity is not specific to AIH, being detectable 
in chronic viral hepatitis B and especially C, though at 
lower titre, and in non-hepatic autoimmune disorders.

SMA is detected on kidney, stomach, and liver. On 
the renal substrate, it is possible to visualize a V (vessels), 
G (glomeruli), and T (tubules) staining[7]. VG and VGT 
patterns are the most frequently detected in AIH[8]. The 
VGT pattern corresponds to the so called “F actin” or 
microfilament (MF) pattern observed using cultured 
fibroblasts as substrate. Though “anti-actin” reactivity 
is present in the majority of  patients with AIH type 1, 
some 20% of  SMA positive AIH type 1 patients do not 
have the F-actin/VGT pattern[8]. The absence, therefore, 
of  anti-actin SMA does not exclude the diagnosis of  
AIH[8]. As for ANA, SMA can be found in chronic viral 
hepatitis B or C and extrahepatic autoimmune disorders.

Anti-LKM-1 stains brightly the liver cell cytoplasm 
and the P3 portion of  the renal tubules, but does not 
stain gastric parietal cells. Anti-LKM-1 is often confused 
with AMA, since both autoantibodies stain liver and 
kidney, though AMA stains the liver more faintly and 
the renal tubules more diffusely with an accentuation 
of  the small distal ones and, in contrast to anti-LKM-1, 
it also stains the gastric parietal cells. In the context of  
childhood AIH, patients reported to be AMA positive 
are almost invariably positive for anti-LKM-1, since 
AMA positive AIH in children is extremely rare[9] and 
PBC even rarer, only two cases having been documented 
histologically and immunoserologically, both being 

teenage girls[10]. The identification of  the molecular 
targets of  anti-LKM-1, i.e. cytochrome P4502D6, and 
of  AMA, i.e. enzymes of  the 2-oxo-acid dehydrogenase 
complexes, has led to the establishment of  commercial 
immunoassays based on the use of  the recombinant 
or purified antigens[11] that can resolve any doubts 
remaining after immunofluorescence examination. Anti-
LKM-1 is highly specific for AIH type 2, being found 
outside this condition in a small proportion (-5%) of  
patients chronically infected by the hepatitis C virus, 
that usually possess the human leukocyte antigen (HLA) 
allele DRB1*07.

Other autoantibodies less commonly tested but of  
diagnostic importance in paediatric AIH include those 
to liver cytosol type 1 (LC-1), anti-neutrophil cytoplasm 
(ANCA) and soluble liver antigen (SLA). Anti-LC-1, 
which can be present on its own, but frequently occurs 
in association with anti-LKM-1, is an additional marker 
for AIH type 2 and targets formimino-transferase 
cyclodeaminase (FTCD)[12]. In AIH type 1, as well as in 
inflammatory bowel disease and sclerosing cholangitis, 
ANCA is frequently found and targets a peripheral 
nuclear perinuclear antigen (hence the suggested name 
of  pANNA, i.e. peripheral anti nuclear neutrophil 
antibody). pANNA is virtually absent in type 2 AIH[7]. 
Anti-SLA that was originally described as the hallmark 
of  a third type of  AIH[13], is also found in some 50% of  
paediatric patients with type 1 and type 2 AIH, where it 
defines a more severe course[14]. 

There are a small proportion of  children with AIH 
without detectable autoantibodies. The prevalence and 
the clinical characteristics of  this rare seronegative 
form of  AIH, which responds to immunosuppression 
similarly to the seropositive forms, remain to be defined.

Comparison between type 1 and type 2 AIH: Clinical, 
laboratory and histological features of  type 1 and 2 
AIH are summarized in Table 1. In Northern Europe, 
type 1 AIH is associated with the presence of  human 
leukocyte antigen (HLA) DRB1*03[1,11], while type 2 
AIH is associated with the presence of  DRB1*07 and, 
less frequently, with DRB1*03[15]. In South America, 
the HLA DRB1*1301 allele is reported to predispose 
to paediatric AIH type 1 and is also associated with 
persistent infection with the endemic hepatitis A 
virus[16,17]. Interestingly, in Northern European children 
HLA DRB1*1301 is associated with autoimmune 
sclerosing cholangitis (see below). It is conceivable that 
some South American children diagnosed as having AIH 
type 1, but in whom routine cholangiograms were not 
performed, indeed had ASC.

Paediatric patients with AIH, whether anti-LKM-1 or 
ANA/SMA positive, have isolated partial deficiency of  
the HLA class Ⅲ complement component C4, which is 
genetically determined[18]. 

Anti-LKM-1-positive patients have higher levels of  
bilirubin and transaminases at presentation than those 
who are ANA/SMA positive and present significantly 
more frequently with fulminant hepatic failure[1]. 
Excluding children with the fulminant presentation, a 
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severely impaired hepatic synthetic function, as assessed 
by the presence of  both prolonged prothrombin time 
and hypoalbuminemia, is more common in ANA/SMA-
positive than in anti-LKM-1 positive patients. The 
vast majority of  patients have increased levels of  IgG, 
but some 20% do not[1], indicating that normal IgG 
values do not exclude the diagnosis of  AIH. Partial 
IgA deficiency is significantly more common in LKM1-
positive than in ANA/SMA-positive patients[1,19].

The severity of  interface hepatitis at diagnosis is 
similar in both types, but cirrhosis on initial biopsy is 
more frequent in type 1 than in type 2 AIH, suggesting 
a more chronic course of  disease in the former. Of  
note is that most patients already cirrhotic at diagnosis 
present with a clinical picture reminiscent of  that of  
prolonged acute viral-like hepatitis. Multiacinar or 
panacinar collapse, which suggests an acute liver injury, 
is more frequently seen in type 2 AIH. The question 
as to whether the acute presentation in these patients 
represents a sudden deterioration of  an underlying 
unrecognized chronic process or a genuinely acute liver 
damage remains open. Progression to cirrhosis during 
treatment is more frequent in type 1 AIH. As mentioned 
above, in both a more severe disease and a higher 
tendency to relapse is associated to the possession of  
antibodies to soluble liver antigen (SLA), which are 

present in about half  of  the patients with AIH type 1 or 
2 at diagnosis[11].

Differential diagnosis: Since positive autoimmune 
serology can be present in conditions other than AIH, 
in particular ASC[20], chronic hepatitis B[21] or C[22] virus 
infections, and Wilson disease[23], all these disorders must 
be considered in the differential diagnosis and excluded. 
ASC, described below, shares the same serological 
profile as type 1 AIH, but has typical bile duct lesions on 
cholangiography. Up to 50% of  children with hepatitis 
B and C are positive for ANA and/or SMA, usually at 
low titres[21,22], and some 5% of  patients with chronic 
hepatitis C have anti-LKM-1 antibodies. In these patients 
the histology can also mimic AIH, though usually the 
degree of  inflammation is milder. Detection of  the 
typical viral markers allows a correct diagnosis. ANA, 
and at times SMA, can be present in Wilson disease, in 
association with high IgG and an inflammatory liver 
histology, which can make the differential diagnosis with 
AIH type 1 difficult. Urinary, serum, and liver tissue 
copper studies and search for Kayser Fleischer rings 
should be performed in all cases.

APECED: APECED is a monogenic disorder[24,25] with 
a variable phenotype. About 20% of  the cases develop 
AIH that resembles AIH type 2[2]. This condition, also 
known as autoimmune polyendocrine syndrome 1 is an 
autosomal recessive disorder caused by homozygous 
mutations in the AIRE1 gene and characterized by 
a variety of  organ-specific autoimmune diseases, the 
most common of  which are hypoparathyroidism and 
primary adrenocortical failure, accompanied by chronic 
mucocutaneous candidiasis.

Etiology and pathogenesis
The etiology of  AIH is unknown, though both genetic 
and environmental factors are involved in its expression. 
Etiological hypotheses and possible mechanisms leading 
to the liver autoimmune attack are described under 
“Etiopathogenesis of  AIH” in this issue.

Management and prognosis
AIH is exquisitely responsive to immunosuppression. 
The rapidity and degree of  response depends on the 
disease severity at presentation. All types of  present-
ations, apart from fulminant hepatic failure with 
encephalopathy, respond to standard treatment with 
prednisolone with or without azathioprine.

Standard treatment for AIH consists of  prednisolone 
2 mg/kg per day (maximum 60 mg/d), which is gradually 
decreased over a period of  4 to 8 wk with progressive 
normalization of  the transaminases, and then the patient 
is maintained on the minimal dose able to sustain 
normal transaminase levels, usually 2.5 mg/d or 5 mg/d 
depending on age[1,26]. During the first 6 to 8 wk of  
treatment, liver function tests should be checked weekly 
to allow a frequent fine-tuning, avoiding severe steroid 
side effects. If  progressive normalization of  the liver 
function tests is not obtained over this period of  time 

Table 1  Clinical, laboratory, and histological features at 
presentation of autoimmune hepatitis type 1, autoimmune 
hepatitis type 2, and autoimmune sclerosing cholangitis[1,20]

Type 1 
AIH

Type 2 
AIH

ASC

Median age in year 11   7 12
Females (%) 75 75 55
Mode of presentation (%)
   Acute hepatitis 47 40 37
   Acute liver failure   3 25   0
   Insidious onset 38 25 37
   Complication of chronic liver disease 12 10 26
Associated autoimmune diseases (%) 22 20 48
Inflammatory bowel disease (%) 20 12 44
Family history of autoimmune disease (%) 43 40 37
Abnormal cholangiogram (%)   0   0     100
ANA/SMA (%)       100 25 96
Anti LKM1 (%) 0       100   4
pANCA (%) 45 11 74
Anti SLA (%)1 58 58 41
Increased IgG level (%) 84 75 89
Partial IgA deficiency (%)   9 45   5
Low C4 level (%) 89 83 70
Increased frequency of HLA DR*0301 Yes No2 No
Increased frequency of HLA DR*0701 No Yes No
Increased frequency of HLA DR*1301 No No Yes
Interface hepatitis (%) 66 72 35
Biliary features (%) 28   6 31
Cirrhosis (%) 69 38 15
Remission after immunosuppressive 
Treatment (%)

97 87 89

AIH: Autoimmune hepatitis; ASC: Autoimmune sclerosing cholangitis; 
ANA: Anti-nuclear antibodies; SMA: Anti-smooth muscle antibody; 
LKM1: Liver kidney microsomal type 1 antibody; pANCA: Perinuclear 
anti-neutrophil cytoplasmic antibody; SLA: Soluble liver antigen; C4: C4 
component of complement; HLA: Human leukocyte antigen. 1Measured 
by radioligand assay; 2Increased in HLA DR*0701 negative patients.
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or if  too high a dose of  prednisolone is required to 
maintain normal transaminases, azathioprine is added 
at a starting dose of  0.5 mg/kg per day, which, in 
the absence of  signs of  toxicity, is increased up to a 
maximum of  2-2.5 mg/kg per day until biochemical 
control is achieved. Azathioprine is not recommended 
as first-line treatment because of  its hepatotoxicity in 
severely jaundiced patients, but 85% of  the patients will 
eventually require azathioprine addition. A preliminary 
report in a cohort of  30 children with AIH suggests 
that the measurements of  the azathioprine metabolites 
6-thioguanine and 6-methylmercaptopurine are useful 
in identifying drug toxicity and non-adherence and in 
achieving a level of  6-thioguanine considered therapeutic 
for inflammatory bowel disease[27], though what is an 
ideal therapeutic level for AIH has not been determined. 
Although an 80% decrease of  initial transaminase activity 
is obtained within 6 wk from starting treatment in most 
patients, complete normalization of  liver function may 
take several months. In the King’s series, normalization 
of  serum transaminase activity occurred at median 
of  6 mo in ANA/SMA positive children and 9 mo in 
LKM-1 positive children[1]. Relapse while on treatment 
is common, occurring in about 40% of  the patients and 
requiring a temporary increase of  the steroid dose. An 
important role in relapse is played by non-adherence that 
is common, particularly in adolescents[28]. Moreover, the 
risk of  relapse is higher if  steroids are administered on 
an alternate-day schedule, often instituted in the belief  
that it has a less negative effect on the child’s growth. 
Small daily doses are more effective in maintaining 
disease control and minimize the need for high-dose 
steroid pulses during relapses, with consequent more 
severe side effects[1].

A question frequently asked by the parents of  
teenaged girls is whether treatment can be safely 
continued during pregnancy. Although the experience is 
limited, there does not appear to be adverse events for 
mother and baby[29]. In particular, no teratogenic effects 
have been described with azathioprine in humans, 
though for women concerned about its use, treatment 
with steroids alone can be used.

Cessation of  treatment is considered if  a liver biopsy 
shows minimal or no inflammatory changes after at least 
one year of  normal liver function tests. However, it is 
advisable not to attempt to withdraw treatment within 
three years from diagnosis or during or immediately 
before puberty, when relapses are more common. The 
reasons for this are unclear, though an important role 
may be played by non-adherence, as mentioned above. In 
the Kings experience, successful long-term withdrawal 
of  treatment was achieved in 20% of  patients with AIH 
type 1, but in none with AIH type 2[1].

In paediatrics, an important role in monitoring the 
response to treatment is the measurement of  autoantibody 
titers and IgG levels, the fluctuation of  which is correlated 
with disease activity[30]. 

Despite the efficacy of  standard immunosuppressive 
treatment, severe hepatic decompensation may develop 
even after many years of  apparently good biochemical 

control, leading to transplantation 10-15 years after 
diagnosis in 10% of  the patients. In the Kings College 
Hospital series[1], over 97% of  the patients treated with 
standard immunosuppression were alive between 0.3 
and 19 years (median 5 years) after diagnosis, including 
8% after liver transplantation. Side effects of  steroid 
treatment were mild, the only serious complication 
being psychosis during induction of  remission in 4%, 
which resolved after prednisolone withdrawal. All 
patients developed a transient increase in appetite and 
mild cushingoid features during the first few weeks of  
treatment. After five years of  treatment, 56% of  the 
patients maintained the baseline centile for height or 
went up across a centile line, 38% dropped across one 
centile line, and only 6% dropped across two centile 
lines[31]. Moreover, it has recently been shown that long-
term daily treatment with prednisolone in children with 
autoimmune liver disease does not affect their expected 
final adult height according to parental stature[32].

Sustained remission, achieved with prednisolone and 
azathioprine, can be maintained with azathioprine alone 
in some children with AIH type 1, akin to the experience 
in adults[33], but not in AIH type 2. 

In those patients (up to 10%) in whom standard 
immunosuppression is unable to induce stable remission 
or who are intolerant to azathioprine, mycophenolate 
mofetil at a dose of  20 mg/kg twice daily can be 
successfully used[31]. In case of  persistent no response 
or of  intolerance to mycophenolate mofetil (headache, 
diarrhea, nausea, dizziness, hair loss, or neutropenia), 
the use of  calcineurin inhibitors (cyclosporine A or 
tacrolimus) should be considered.

Children who present with acute hepatic failure 
pose a particularly difficult therapeutic problem. If  not 
encephalopathic, they usually benefit from conventional 
immunosuppressive therapy, but only one of  the six 
children with acute liver failure and encepaholpathy in 
the Kings series responded to immunosuppression and 
survived without transplantation[1]. 

AUTOIMMUNE SCLEROSING 
CHOLANGITIS
ASC has the same prevalence as AIH type 1 in child-
hood[18]. This has been shown in a prospective study 
conducted over a period of  16 years, in which all children 
with serological (i.e. positive autoantibodies, high IgG 
levels) and histological (i.e. interface hepatitis) features 
of  autoimmune liver disease underwent a cholangiogram 
at the time of  presentation. Approximately 50% 
of  these patients had alterations of  the bile ducts 
characteristic of  sclerosing cholangitis, though generally 
less advanced than those observed in adult primary 
sclerosing cholangitis (Figure 2). A quarter of  the 
children with ASC, despite abnormal cholangiograms, 
had no histological features suggesting bile duct 
involvement and the diagnosis of  sclerosing cholangitis 
was only possible because of  the cholangiographic 
studies. Virtually all patients were seropositive for 
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ANA and/or SMA. Fifty-five percent were girls, and 
the mode of  presentation was similar to that of  typical 
AIH. Inflammatory bowel disease was present in about 
45% of  children with ASC compared to about 20% 
of  those with AIH, and 90% of  children with ASC 
had greatly increased serum IgG levels. At the time of  
presentation, standard liver function tests did not help in 
discriminating between AIH and ASC (Table 2), though 
the alkaline phosphatase/aspartate aminotransferase 
ratio was significantly higher in ASC. pANNA were 
present in 74% of  patients with ASC compared to 45% 
of  patients with AIH type 1 and 11% of  those with AIH 
type 2. Susceptibility to ASC in children is conferred by 
the presence of  HLA DRB1*1301[32]. Clinical, laboratory, 
and histological features of  type 1 and 2 AIH and ASC 
are compared in Table 1.

Children with ASC respond to the same immuno-
suppressive schedule described above for AIH[18], liver test 
abnormalities resolving within a few months after starting 
treatment in most patients. Steroids and azathioprine, 
however, though beneficial in abating the parenchymal 
inflammatory lesions, appear to be less effective in 
controlling the bile duct disease. Following favorable 
reports in adult primary sclerosing cholangitis[33,34], ursode-
oxycholic acid is added at the dose of  20-30 mg/kg per 
day, though there is no information as to whether it is 
helpful in arresting the progression of  ASC. Akin to 
AIH, measurement of  autoantibody titers and IgG levels 
is useful in monitoring disease activity and response to 
treatment[20]. The medium-term prognosis is good, with 
a reported 7-year survival of  100%, though 15% of  the 
patients required liver transplantation during this period 

of  follow-up[18]. Evolution from AIH to ASC has been 
documented suggesting that AIH and ASC are part of  the 
same pathogenic process[18].

The prospective study conducted at Kings College 
Hospital shows that in childhood ASC and AIH have 
a similar prevalence[20]. It also shows that ASC is more 
frequent than sclerosing cholangitis without autoimmune 
features[20], autoantibody negative sclerosing cholangitis 
having been observed in only 9 children referred over 
the 16-year study period[20].

Whether childhood ASC and adult PSC belong to 
the same disease spectrum remains to be established, 
since no prospective study in a large patient cohort has 
investigated at the time of  presentation the presence of  
bile duct damage in adults with features of  autoimmune 
liver disease. Interestingly, in a retrospective study, a 
high proportion of  adult patients originally diagnosed 
as having AIH type 1 were found to have sclerosing 
cholangitis on magnetic resonance cholangiography[34]. 
The long term follow up of  the Kings paediatric ASC 
series will provide important information about the 
possible links between ASC and PSC.

DE NOVO AIH AFTER LIVER 
TRANSPLANTATION 
In the late 1990s, it was observed that AIH can arise 
de novo after liver transplantation in children who had 
not been transplanted for autoimmune liver disease[35]. 
Characteristic of  this condition is a histological 
picture of  interface hepatitis and multilobular collapse 
associated with increased IgG levels and positive 
autoantibodies. These include ANA, SMA, and classical 
anti-LKM-1, but also atypical anti-LKM-1, staining 
the renal tubules but not the liver. After this original 
report, de novo AIH after liver transplantation has been 
confirmed by several studies both in adult and paediatric 
patients[36,37]. Importantly, treatment with prednisolone 
and azathioprine using the same schedule for classical 
AIH, concomitant with reduction of  the calcineurin 
inhibitor dose, is highly effective in de novo AIH, leading 
to excellent graft and patient survival. It is of  interest 
that these patients do not respond satisfactorily to 
standard anti-rejection treatment, making it essential to 
reach an early diagnosis to avoid graft loss.

Whether the liver damage observed in these patients 
is a form of  rejection or the consequence of  an “auto-
immune” injury, possibly triggered by drugs or viral 
infection, remains to be established. The administration 
of  cyclosporin A or tacrolimus to rodents after bone 
marrow transplantation can result in a “paradoxical” 
autoimmune syndrome in which the immunosuppressive 
drugs interfere with maturation of  T lymphocytes and 
favor the emergence of  autoaggressive T-cell clones[35-37]. 
This experience in animals may explain, in part, the 
development of  this disorder in immunosuppressed 
children after liver transplantation.

The manifestations of  the autoimmune condition in 
rodents vary in different strains and depend on genetic 

Figure 2  Retrograde chola-
ng iogram o f  a  ch i ld  w i th 
autoimmune sclerosing chola-
ngitis showing widespread bile 
duct strictures and dilatations 
(Picture kindly provided by Dr. 
Maria Sellars).

Table 2  Laboratory parameters at presentation in children 
with autoimmune hepatitis and autoimmune sclerosing 
cholangitis[20]

AIH ASC
Bilirubin (nv < 20 micromol/L)            35 (4-306)           20 (4-179)
Albumin (nv > 35 g/L)            35 (25-47)           39 (27-54)
AST (nv < 50 IU/L)        333 (24-4830) 102 (18-1215)
INR (< 1.2)           1.2 (0.96-2.5)          1.1 (0.9-1.6)
GGT (nv < 50 IU/L)            76 (29-383)         129 (13-948)
AP (nv < 350 IU/L)        356 (131-878)   303 (104-1710)

AST: Aspartate aminotransferase; INR: International normalized 
prothrombin ratio; GGT: Gamma glutamyl transpeptidase; AP: Alkaline 
phosphatase; nv: Normal values.
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factors possibly encoded by the major histocompatibility 
complex[35]. Analysis of  the HLA phenotypes of  the 
recipients and donors in the original report did not show 
an association between the development of  autoimmune 
features, the presence of  either HLA DRB1*03 or 
-DRB1*04, or the degree of  donor-recipient HLA 
mismatch[28]. Five of  the seven patients, however, had 
received livers from donors with HLA markers known to 
be associated with susceptibility to AIH, including two 
with DRB1*04, one with DRB1*03, and two with both 
DRB1*03 and DRB1*04[38].
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