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Background and preliminary data:

Autoimmune hepatitis (AIH) is a rare autoimmune disease, affecting approximately 20 in
100,000 individuals with a strong female predominance. Individuals with AIH require long-term
immunosuppressive treatment to control disease activity, prevent organ damage and
progression to liver cirrhosis. Main side effects of immunosuppressive treatment include
increased risk of malignancy and infection. Under first-line treatment with azathioprine,
opportunistic infections such as Candida infection or reactivation of cytomegalo virus (CMV)
or varicella zoster virus (VZV) can occur [1]. Vaccination studies demonstrated that immune
response after vaccination is reduced in individuals with AIH independent of
immunosuppressive treatment [2,3] — which is explained to be linked to a phenomenon
described as endogenous immunosuppression that can be observed also in other forms of
autoimmune disease. However, to date there is very limited evidence on how
immunosuppression translates to clinical relevant risk of infections in autoimmune liver
disease. Defining susceptibility towards infectious disease as part of clinical risk assessment
is highly relevant in the field of solid organ transplantation, where immunosuppression is
required to prevent organ rejection. In this context, torque teno viremia has been studied as a
surrogate marker for immunosuppression. Torque teno virus (TTV) belongs to the family of
anelloviridae that are part of the human virome and are acquired early in life. In the
immunocompromised host, there is a significant increase in anellovirus DNA load, which has
been described to be associated with levels of drug-induced immunosuppression in individuals
after organ transplantation, with azathioprine co-treatment leading to elevated levels of TT
viremia. Data on TT viremia in individuals with autoimmune hepatitis are scarce. Elevated
levels of TT viremia can however be found in advanced liver disease and after liver
transplantation [4,5]. Furthermore, TT viremia was described to be negatively correlated with
lymphocyte count, suggesting that standard immunosuppressive treatment in AlH could
associate with increased anellovirus DNAemia.

Preliminary data indicate increased rate of lymphopenia and anellovirus DNAemia in
individuals with AIH compared to controls.

Hypothesis:

We hypothesize that anellovirus DNAemia can serve as surrogate for the immune status
and risk of infection in individuals with autoimmune hepatitis with and without
immunosuppressive treatment. We will address this research question in the following aims.

Aims and Work Programme:
1. To assess frequency of common infectious diseases and respective risk factors in
individuals with autoimmune liver disease and controls
2. To study anellovirus DNAemia as correlate for immune status in individuals with
autoimmune liver disease and controls

In Aim #1, we will perform a questionnaire-based survey to collect information on frequency
of common infectious diseases and risk factors (ID-survey; supplementary information 1)
among individuals with AlIH, individuals with PBC — chronic autoimmune liver disease not
requiring immunosuppressive treatment — and healthy controls will serve as controls. All three



groups will be matched with regard to age and sex. The groups of individuals with AIH and
PBC will be furthermore matched for stage of chronic liver disease. or individuals with AILD,
we will collect clinical information on stage of liver disease, disease activity and
immunosuppressive treatment as part of the routine clinical visit (supplementary information
2). Clinical data will be recorded in a separate questionnaire by the treating physician. All data
of individuals with AILD will be processed in a pseudonymized form. The patient questionnaire
reflects frequency and severity of infections within 12 months prior to the survey.

In Aim #2, blood samples will be additionally collected, in a subset of individuals with AILD
participating in the ID-survey, PBMCs and plasma are isolated from EDTA-treated blood. To
determine the immune status of participants, we will analyze PBMC samples for frequencies,
absolute numbers, differentiation and activation status as well as functional properties of
lymphocyte populations. This will be complemented by analysis of plasmatic cytokine profile.
Furthermore, quantitative pan-anellovirus PCR will be performed from plasma of individuals
with AILD to determine anellovirus DNAemia.

We will correlate susceptibility toward infections and disease severity determined via the ID-
survey as well as frequency and phenotype of lymphocyte populations to anellovirus DNAemia.
We thereby aim to identify surrogate parameters for infection susceptibility in individuals with
autoimmune liver disease to help guide clinical risk assessment and patient counselling.
After two to three years of stable remission of under immunosuppressive treatment, well-
controlled immunosuppression withdrawal can be offered to individuals with autoimmune
hepatitis. The clinical rationale is to prevent life-long immunosuppression and associated risk
of infections and malignancy, if stable remission can be maintained in the absence of
immunosuppressive treatment. Reduction or complete withdrawal of immunosuppressive
treatment, however, is associated with the risk of disease relapse. Under reduction of
immunosuppression, individuals with AIH are therefore closely monitored at our outpatient
clinic. Respective clinical samples have been collected in the Livernet biobank. We will
longitudinally analyse clinical surrogate markers for drug-associated immunosuppression such
as lymphocyte count and drug metabolites during immunosuppression withdrawal. Anellovirus
DNAemia will be quantified and correlated the respective parameters of drug-associated
immunosuppression. Furthermore, individuals with AIH will be divided into two groups based
on their clinical course in individuals with stable remission (persisting normalisation of
transaminases and IgG) or relapse. This will allow us to analyse anellovirus DNAemia with
respect to disease status and individual markers of disease activity (transaminases, 1gG). We
thereby aim to determine if increase of disease activity associates with increase of anellovirus
DNA as potential surrogate parameter for endogenous immunosuppression in active
inflammation.
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