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Abstract
Comprehensive guidelines on seropositive autoimmune hepatitis have been 
published for both adults and children, although these guidelines comprise only 
limited knowledge about seronegative autoimmune hepatitis. Autoimmune 
hepatitis presents as an acute or chronic progressive disease and poor outcomes 
are inevitable if left untreated. The absence of autoantibody positivity, hypergam-
maglobulinemia and lack of comprehensive algorithms makes seronegative 
autoimmune hepatitis a mysterious disease. In general, seronegative autoimmune 
hepatitis often presents with acute hepatitis, and its treatment and prognosis 
similar to seropositive autoimmune hepatitis. The present review focuses on the 
known characteristics of seronegative autoimmune hepatitis in childhood, and 
those of which current knowledge is vague.
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Core Tip: Seronegative autoimmune hepatitis is a diagnostic dilemma. The absence of 
autoantibodies and hypergammaglobulinemia which is not uncommon in seronegative 
autoimmune hepatitis complicates the diagnosis. Seronegative autoimmune hepatitis 
often presents with acute hepatitis, and its treatment and prognosis similar to 
seropositive autoimmune hepatitis. This review discusses whether seronegativity is only 
a matter of laboratory issue or if it implies an entity with different pathogenesis, clinical 
features, treatment algorithms, and prognosis.
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INTRODUCTION
The diagnosis of autoimmune hepatitis is based on the ruling out of other causes of liver damage with 
the presence of non-organ specific autoantibodies and specific histological findings. The value of 
autoantibodies cannot be denied in the diagnosis and subtyping of autoimmune hepatitis and in the 
follow-up of disease activity. Failure to diagnose may increase mortality in children presenting for the 
first time with acute hepatic failure or cirrhosis will be inevitable in children due to progressive disease 
course if not treated. Autoimmune hepatitis is a progressive inflammatory disease that responds well to 
immunosuppressive therapy and is diagnosed with histologically interface hepatitis, serologically 
presence of non-organ-specific autoantibodies, and biochemically elevated transaminase and immuno-
globulin G (IgG) levels[1,2]. The term seronegativity refers to the condition in which no autoantibodies 
are detected, but other features partially or completely support the diagnosis of autoimmune hepatitis, 
although the term seronegative autoimmune hepatitis has not been widely accepted. It is not known 
whether seronegativity is only a matter of laboratory issue or if it implies an entity with different 
pathogenesis, clinical features, treatment algorithms, and prognosis. We present here a discussion of the 
aspects of seronegative cases that are already known or those that require further elucidation.

EPIDEMIOLOGY
Autoimmune hepatitis can present in childhood or adulthood. Different incidence and prevalence rates 
have been reported for autoimmune hepatitis from different countries, with reported incidences in the 
range of 0.23-0.4 cases/100.000 people and prevalence in the range of 2.4-9 cases/100.000 people. 
Differences in the incidence and prevalence in the same ethnic origins but in different geographic 
regions suggest that factors other than genetic predisposition play a role in disease development. 
Autoimmune hepatitis is more commonly observed in females than in males[3]. There is a lack of 
detailed information about the prevalence of seronegative autoimmune hepatitis in which conventional 
autoantibodies are not detected. Seronegative autoimmune hepatitis account for 5%-20% of all 
autoimmune hepatitis, and on top of the uncertainties regarding which patients should be considered 
seronegative-it is no secret that some seronegative cases are classified as cryptogenic hepatitis-there is 
also a possibility of false-negative results in autoantibodies[4]. In our series of 54 patients, 27.7% (15/54) 
were identified as seronegative autoimmune hepatitis at the time of diagnosis, and a significant 
proportion (60%) of the cases were female, as is the case with type-1 autoimmune hepatitis. The average 
age at presentation was 5.69 years in those with seronegative autoimmune hepatitis. The mean age at 
presentation was 11 years in patients with type-1 autoimmune hepatitis and 5.1 years in those with 
type-2 autoimmune hepatitis[5].

PATHOGENESIS
The liver cells become damaged in cases of autoimmune hepatitis as a result of the joint effects of 
cellular and humoral immunity. It is suggested that damage develops in the target organ with the loss 
of immunity control that is triggered by a virus in individuals with a genetic predisposition. The loss of 
immune tolerance to hepatocyte antigens (these antigens are considered to be asialoglycoprotein 
receptors, liver cytosolic antigens, and soluble liver antigens) due to the compromised functioning of 
regulatory T cells (Tregs) results in the activation of the CD4 and CD8 T-cells, which release such 
proinflammatory cytokines such as interferon-γ and tumor necrosis factor-α[6]. A recent study 
suggested a decrease in Tregs in the peripheral blood of patients with untreated seropositive 
autoimmune hepatitis, together with increased Treg/T-cell and Treg/B-cell ratios identified on liver 
biopsy, and this finding was associated with the migration of these cells to the center of inflammation
[7]. Proinflammatory cytokines initiate hepatocyte damage and result in the immune activation and 
proliferation of macrophages, B and T-cells, and natural killer cells. B-cells subsequently transform into 
plasma cells, which produce the antibodies that serve as the diagnostic instruments in autoimmune 
hepatitis[6]. The antibodies and target antigens described in seropositive autoimmune hepatitis are 
listed in Table 1.

T-cells serve as the trigger in the initiation of autoimmune hepatitis and mediate the activation of 
humoral immunity[8]. Autoantibodies are currently used in the diagnosis of autoimmune hepatitis, and 
for the determination of the subtype and the assessment of remission. Anti-nuclear antibody (ANA) 
and/or anti-smooth muscle antibody (ASMA) are detected in type-1 autoimmune hepatitis, and anti-
liver-kidney microsomal antibody (LKM) and/or liver cytosol type-1 antibody (LC-1) in type-2 
autoimmune hepatitis. ANA and ASMA are positive in approximately half of the patients with 
autoimmune hepatitis, while ANA alone is positive in 10%–15% and ASMA alone in 30%–35% of 
patients. Both anti-LKM and anti-LC-1 are positive in approximately half of the patients with type-2 
autoimmune hepatitis. A positive anti-LC-1 alone is reported in 10% of patients with type-2 
autoimmune hepatitis. A positive anti-soluble liver antigen/liver–pancreas antigen (anti-SLA) reported 
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Table 1 The antibodies and target antigens in autoimmune hepatitis

Antibody Target antigen

ANA Single-stranded/double-stranded DNA, ribonucleoproteins

ASMA Filamentous actin, vimentin, desmin

LKM Cytochrome P450 2D6 (CYP2D6)

anti-SLA UGA serine transfer RNA associated protein

LC-1 Formiminotransferase cyclo-deaminase

pANCA Nuclear lamina proteins

ASGP-R Asialoglycoprotein receptor

ANA: Anti-nuclear antibody; ASMA: Anti-smooth muscle antibody; LKM: liver-kidney microsomal antibody; LC-1: Liver cytosol type-1 antibody; SLA: 
Anti-soluble liver antigen/liver–pancreas antigen; ASGP-R: Asialoglycoprotein receptor; pANCA: Perinuclear anti-neutrophil cytoplasmic antibody.

in both types of autoimmune hepatitis, being positive in approximately one-fifth of those with type-1 
and half of those with type-2 autoimmune hepatitis. A positive anti-SLA alone is reported in less than 
10% of all patients[9]. Serum concentrations of anti-LKM, anti-LC-1, and ASMA have been identified as 
indicators of disease severity. In other words, hepatocyte necrosis can be severe, and the disease may 
progress rapidly to cirrhosis[2,9]. This raises the question: “Is the pathogenesis of seronegative 
autoimmune hepatitis different, and does it have a milder disease course?” Under normal circum-
stances, T cells initiate the immune cascade in seropositive autoimmune hepatitis, while the inflam-
matory events continue with B cells (Figure 1). Activated B cells, which are switched to plasma cells 
with the stimulation of T cells, release autoantibodies and cytokines/chemokines, cause autoantibody-
mediated activation of complement and macrophage/dendritic cells and continue to contribute to 
inflammation with antigen presentation to T cells, while on the other hand suppress Treg and B cells' 
anti-inflammatory effects[10-12]. There is a lack of comprehensive data on the contribution of 
autoantibodies to cell damage in seronegative autoimmune hepatitis. The presence of plasma cells in the 
liver biopsies of patients with seronegative autoimmune hepatitis suggests that similar physiopatho-
logical mechanisms are involved in the pathogenesis of seronegative autoimmune hepatitis. Perhaps a 
defect in differentiation and maturation of B cells could impair antibody production, but its effects on T 
cell regulation were preserved. There is, however, a lack of evidence supporting this theory in 
seronegative patients.

There may also be a case of pseudo-seronegativity. This may be attributed to several reasons for this. 
Firstly, the autoantibody tests may not have been performed as recommended. The International 
Autoimmune Hepatitis Group has determined a threshold of ≥ 1:40 for autoantibodies to be detected by 
an indirect immunofluorescence method by diluting the serum in adults[13]. The recommended 
autoantibody threshold levels in children are lower than those determined for adults, with a titer of 1:20 
for ANA and ASMA and a titer of 1:10 for anti-LKM being considered significant[14]. In adults, 
thresholds for all antibodies are ≥ 1:40. False-negative results may be obtained if standard high dilutions 
are used in the laboratory designated for adult patients. This problem can be overcome by 
communicating with the laboratory personnel for testing serum in low dilutions or it may be beneficial 
to test such autoantibodies using an enzyme-linked immunosorbent assay (ELISA), even if its validity 
has not been fully demonstrated. Secondly, previous studies have suggested that the commonly used 
immunofluorescence tests may initially produce false-negative results due to an intense antigen-
antibody reaction in patients presenting with acute hepatic failure and acute hepatitis[8,15]. This theory 
is supported by the observation of seroconversion during the disease course in some patients who were 
initially seronegative. Furthermore, immunosuppressive agents such as corticosteroids and azathioprine 
may lead to conversion from seronegative to seropositive with the elimination of the effect of unknown 
factors. It is currently unknown when, and in what titers will the autoantibodies be positive due to 
limited data. In an earlier study by the present authors, the majority of patients with seronegative 
autoimmune hepatitis had an acute presentation (13 out of 15 patients), and the autoantibody tests 
turned positive in half of the patients (7 of the 15 patients) during follow-up, with a median time to 
seroconversion of 28 d (18–51 d)[5]. Thirdly, antibodies other than ANA, ASMA, and anti-LKM such as 
anti-SLA and anti-LC-1, tested by ELISA or immunoblotting methods and cannot be studied in many 
centers, can be checked[16]. The investigation of these autoantibodies and novel antibodies that are yet 
to be discovered can reduce the number of cases labeled as seronegative autoimmune hepatitis when 
conventional antibodies are negative.
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Figure 1 B cell role in the pathogenesis of autoimmune hepatitis. T cells allow B cells to switch to antibody-producing plasma cells. Autoreactive B cells 
release autoantibody and cytokine/chemokines. B cells continue to contribute to inflammation by presenting antigen to T cells and cause autoantibody-mediated 
activation of macrophage/dendritic cells, while suppressing the anti-inflammatory effects of Treg and B cells. Treg: Regulatory T cell.

PATHOLOGY
A liver biopsy is essential for the establishment of a diagnosis of autoimmune hepatitis. The anticipated 
primary histological finding is lymphoplasmacytic infiltration in portal areas extending to the lobule 
center, in other words, interface hepatitis. That said, interface hepatitis can also be observed in other 
liver diseases, such as acute and chronic viral hepatitis, drug-induced liver disease, and Wilson’s 
disease. Other histological findings include portal lymphoplasmacytic infiltration, rosette formation, 
emperipolesis, central perivenulitis, and portal-to-portal or portal-to-central fibrosis. Centrilobular 
necrosis and multilobular collapse can be observed in acute presentations. Interface hepatitis may not be 
obvious in cirrhotic patients and those receiving immunosuppressive therapy. It has been stated that the 
presence of central perivenulitis and hyaline droplets in Kupffer cells may be an important diagnostic 
finding in the absence of interface hepatitis[1,6].

Studies of adult patients have suggested that a histopathological finding specific to seronegative 
autoimmune hepatitis is lacking, although there have been contradictory statements on whether the 
severity of histopathological findings differs from that observed in seropositive autoimmune hepatitis. 
Previous studies have reported that advanced histological-stage cirrhosis is more common in 
seronegative patients than in seropositive patients[17]. Despite the limited data on pediatric patients, we 
commonly encounter centrilobular necrosis in patients with seronegative autoimmune hepatitis in our 
practice due to the frequency of acute presentation.

In one study, CD8 T-cell-dominant infiltration was identified in the liver biopsies of a small number 
of pediatric patients with seronegative autoimmune hepatitis and aplastic anemia[18]. In a study of 33 
patients in whom the authors described the underlying disease as “acute hepatic failure with an 
unknown cause”, including eight patients who had hepatitis-associated aplastic anemia (HAAA), CD8 
T-cell infiltration was identified in the livers of the majority of cases. The patients diagnosed with “acute 
hepatic failure with an unknown cause” actually fully meet the definition of seronegative autoimmune 
hepatitis. The authors state, however, that CD8 T-cell infiltration presented to various degrees in a small 
number of patients with autoimmune hepatitis, although further research is needed in this regard[19].

CLINICAL FINDINGS
Seropositive autoimmune hepatitis can be discovered incidentally with asymptomatic transaminase 
elevation but can also be diagnosed after presentation with a severe clinical course. The presentation 
may vary between different regions but is generally as follows: Approximately one-third of patients 
present with fatigue, nausea, abdominal pain, and jaundice, as in acute viral hepatitis (acute 
presentation), while the other third presents with such symptoms of chronic hepatitis as lack of appetite, 
weight loss, amenorrhea, and intermittent jaundice. Less than one-fifth presents with the symptoms of 
cirrhosis and its complications, such as ascites, abdominal distention, splenomegaly, and variceal 
hemorrhage. Type-1 autoimmune hepatitis is often observed in adolescence, while type-2 autoimmune 
hepatitis is mostly encountered in young children. Patients with type-2 autoimmune hepatitis 
commonly present with acute hepatitis or acute hepatic failure[1]. The data derived from adult patients 
suggests that acute presentations are uncommon in seronegative autoimmune hepatitis[20]. There are 
no detailed clinical findings related seronegative autoimmune hepatitis in children. In a study of 38 
pediatric patients with seronegative autoimmune hepatitis, three-quarters presented with acute 
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symptoms[16]. In our previous study, 13 of 15 patients who were considered to have seronegative 
autoimmune hepatitis presented with acute hepatitis[5]. There is another terminology called HAAA in 
the literature[21]. Aplastic anemia develops within a couple of weeks or months after the onset of 
hepatitis, while it rarely develops after one year. Patients can be recognized at the acute hepatitis stage 
with symptoms such as vomiting and jaundice but can also be diagnosed after the development of 
aplastic anemia. HAAA, is thought to develop as a result of autoimmunity, triggered by an unknown 
factor, although a virus is suspected. Although HAAA can be diagnosed at any age, including 
adulthood, reports in literature focus mostly on pediatric cases, and most are case reports or small case 
series[22]. The prevalence of HAAA was found to be 5% in a multicenter European study of 3916 adult 
patients with aplastic anemia[23]. While previous studies have described the histopathological findings 
of the liver as lobular inflammations as in viral hepatitis[24], some have described features of 
autoimmune hepatitis and termed it as seronegative autoimmune hepatitis with the absence of 
autoantibodies[25]. The confusing situation for the diagnosis of autoimmune hepatitis is the 
spontaneous normalization of transaminases without any treatment. Our clinical experience suggests 
that transaminase elevation is no longer observed once aplastic anemia has developed. Autoimmune 
hepatitis in fact has a chronic disease course that is characterized by fluctuations. In our previous study, 
aplastic anemia developed in two patients with seronegative autoimmune hepatitis who presented with 
cholestatic hepatitis, despite dramatic improvement in hypertransaminasemia and direct bilirubinemia 
after corticosteroid treatment[5]. Furthermore, hepatitis did not recur within two years of the discon-
tinuation of immunosuppressive therapy.

DIAGNOSIS
As is the case with seropositive autoimmune hepatitis, there is no pathognomonic finding of 
seronegative autoimmune hepatitis, so it is important to rule out other conditions such as viral hepatitis, 
alpha-1 antitrypsin deficiency, metabolic conditions such as Wilson’s disease, and drug-induced liver 
injury. Hypergammaglobulinemia is one of the vital criteria for a diagnosis of seropositive autoimmune 
hepatitis[4]. Alongside the absence of autoantibodies, hypergammaglobulinemia which is not 
uncommon in seronegative autoimmune hepatitis, further complicates diagnosis. While serum IgG 
levels may be within normal ranges for age in seronegative cases, a decrease from baseline may be 
observed with treatment[12,25]. Patients diagnosed in the hepatitis stage who subsequently develop 
aplastic anemia are often found to have lymphocytopenia before the development of aplastic anemia. It 
has been found that the CD4 T-cell count is decreased in these patients[18]. If a patient is found to have 
isolated persistent lymphocytopenia without stigmas of a viral infection, the patient will most likely 
develop aplastic anemia in the future. Finally, it is essential to identify any histopathological liver 
features specific to autoimmune hepatitis to confirm a diagnosis of seronegative autoimmune hepatitis, 
although some histopathological findings can be observed also in other liver diseases.

Simplified diagnostic criteria is used for research purposes in autoimmune hepatitis but may also be 
used in cases that pose diagnostic challenges[4]. This scoring system has been found to have a 
sensitivity of 77% and a false-negative rate of 17%, and these false-negative cases are indeed sero-
negative cases[26]. In cases where conventional antibodies negative with an immunofluorescence assay, 
repeat tests with other techniques such as ELISA or immunoblotting and investigations of other 
autoantibodies may aid the diagnosis of autoimmune hepatitis. Monitoring treatment response seems to 
be the best option to avoid the consequences of delayed diagnosis. The algorithm followed in our clinic 
for the treatment of seronegative patients is presented in Figure 2.

TREATMENT
Delays in treatment can lead to disease progression in patients with autoimmune hepatitis, while timely 
treatment can prevent such severe complications as cirrhosis. The treatment of seronegative auto-
immune hepatitis involves immunosuppressive therapy, as in seropositive autoimmune hepatitis. The 
goal of treatment in seropositive autoimmune hepatitis is to normalize transaminase and IgG levels, to 
turn autoantibodies negative and to provide improvement to histological inflammation. Clinical and 
biochemical improvement is expected immediately after treatment[4]. Even if IgG level by age is within 
normal range a decrease within the normal range is often expected with treatment and can be regarded 
as a marker of biochemical response. Repeat autoantibody tests should be carried out to observe if they 
turn positive during treatment. Patients who develop aplastic anemia often have lymphocytopenia 
initially, but in those without lymphocytopenia, it should be evaluated whether lymphocytopenia 
develops during treatment, even if transaminase levels decrease with immunosuppressants[5,16,25]. 
Aplastic anemia may develop even in the early period during corticosteroid induction therapy. You can 
begin the treatment with corticosteroid (prednisone or prednisolone) and continue with low-dose 
corticosteroid or corticosteroid plus azathioprine or azathioprine monotherapy. The main challenge in 
the treatment of seronegative patients is the timing of the switch to such second-line therapies as 
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Figure 2 Algorithm for the diagnosis of seronegative autoimmune hepatitis. 1Proposed scoring criteria for the diagnosis of juvenile autoimmune liver 
disease by ESPGHAN 2018 (10). AIH: Autoimmune hepatitis; ANA: Anti-nuclear antibody; ASMA: Anti-smooth muscle antibody; LKM: liver-kidney microsomal 
antibody; IgG: Immunoglobulin G; LC-1: Liver cytosol type-1 antibody; SLA: Anti-soluble liver antigen/liver–pancreas antigen; ASGP-R: Asialoglycoprotein receptor.

mycophenolate mofetil or calcineurin inhibitors when the patient fails to respond to first-line therapies. 
In such cases, we recommend re-assessing differential diagnoses, including metabolic disorders, and re-
checking autoantibody status before initiating second-line therapies. Current literature on adult patients 
suggests that the treatment response in seronegative patients is similar to that of seropositive patients
[11], although there is a paucity of such data on pediatric cases. Based on our experience and available 
pediatric data[5,16,18,25], we consider that the response to treatment is not different from seropositive 
patients. The cessation of therapy may be considered if biochemical and histological remission is 
observed following two years of therapy in patients with type-1 autoimmune hepatitis, although this is 
not recommended in patients with type-2 autoimmune hepatitis due to the high relapse rates. It is 
unclear whether treatment can be discontinued in patients with seronegative autoimmune hepatitis. 
Although a previous study[25] reported the successful cessation of treatment in pediatric seronegative 
patients, we made no such attempt at cessation due to the unpredictability of the outcomes, as in our 
practice, young seronegative children exhibited acute severe clinical presentations similar to that of 
patients with type-2 autoimmune hepatitis.

The benefits of corticosteroid therapy are arguable, even in patients with seropositive autoimmune 
hepatitis who present with acute hepatic failure. Survival without transplantation is possible in patients 
treated with corticosteroid, although an increased risk of sepsis and mortality has been reported[1]. The 
appropriate approach to patients presenting with acute hepatic failure and unresponsive to corticos-
teroid therapy-if steroid therapy has been attempted—and in those with decompensated cirrhosis is 
liver transplantation.

PROGNOSIS
Despite the limited data related to pediatric patients, prognosis is generally good in patients with 
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Table 2 The differences between seropositive and seronegative autoimmune hepatitis

Seropositive individuals Seronegative individuals

High IgG Normal IgG (may be high)

Presents with an acute or chronic course of disease Generally, presents with acute manifestations

Does not show bone marrow abnormality Lymphopenia may accompany (generally initially) and bone marrow 
failure may develop

Autoantibodies are detectabl on admission Autoantibody positivity may develop after immunosuppressive 
therapy

Disease onset is usually in the second decade for type 1 AIH and at any age in the 
first decade for type 2

Disease onset is similar to type 2 AIH (may be at any age)

Treatment response is generally good Treatment response is generally good

Immunosuppressant withdrawal possible (Recurrence rate is higher in type 2 
AIH than type 1)

Immunosuppressant withdrawal possible (Recurrence rate is 
unknown)

IgG: Immunoglobulin G; AIH: Autoimmune hepatitis.

seronegative autoimmune hepatitis. In a study of 38 seronegative patients, Maggiore et al[25] reported 
that all were still alive after 4-17 years. Among the study participants, one presented with acute hepatic 
failure underwent liver transplantation, while four patients with aplastic anemia underwent bone 
marrow transplantations. The median time to the cessation of immunosuppressive therapy in 20 out of 
the 38 cases was 4 years (1-6 years), and nine in whom the immunosuppressive therapy was stopped 
had aplastic anemia[25]. One adult study reported a high risk of developing hepatitis in the 
transplanted livers of patients with seronegative autoimmune hepatitis[20], although there is a lack of 
long-term data that would allow us to speculate on the situation in children. The differences between 
seropositive and seronegative autoimmune hepatitis are summarized in Table 2.

CONCLUSION
While seronegative autoimmune hepatitis is not a rare entity, little is known about its diagnosis and 
treatment. However, based on this limited literature and our experience, we can summarize 
seronegative autoimmune hepatitis as follows. Since autoantibody positivity at low dilutions in 
immunofluorescence is sufficient for a diagnosis of autoimmune hepatitis in children, it should be 
ensured that the laboratory conditions are arranged for opportunity to test autoantibodies in low 
dilutions, or other non-conventional autoantibodies should be studied. The presence of lymphopenia 
points to the development of bone marrow failure in the future. Treatment should not be delayed after 
other causes have been ruled out in patients with liver biopsy features consistent with autoimmune 
hepatitis to prevent the development of complications. The treatment of seronegative autoimmune 
hepatitis is similar to seropositive autoimmune hepatitis and the authors believe that the prognosis is 
good in seronegative autoimmune hepatitis.
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