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ABSTRACT

AIMS: Although the pathogenesis of autoimmune hepatitis
(AIH) is unknown, many recent studies have demonstrated that
infection can act as a trigger for the onset of AIH. The existence
of a pathogenetic link between AIH and infections has not been
confirmed. If AIH is triggered by infections, it is possible that
infections may transiently worsen liver function in patients with
AIH. We investigated the association between the effects of
infections and the exacerbation of liver dysfunction in patients with
AIH.

METHODS: We determined the changes in liver function before
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and after infections in 20 patients with definite AIH, 33 with probable
AIH, 24 with primary biliary cholangitis (PBC), 30 with chronic
hepatitis C [CH(C)], and 23 control subjects.

RESULTS: During the study period, 19 of the 20 patients (95%)
with AIH experienced one or more signs of liver dysfunction after
infection. Seventy-three (59%) out of the 124 total occurrences of
infections_in 19 patients met the criteria for transient exacerbation of
liver dysfunction. The incidence of liver dysfunction and the serum
IgG levels after infection were significantly higher in the patients
with definite AIH than in the patients with probable AIH, PBC and
CH(C), and in the control subjects. Serum IgG level was a significant
independent predictor of liver dysfunction.

CONCLUSION: The present study results suggested that infection
was one cause of exacerbation of liver dysfunction in patients
with AIH, and that serum IgG level was a significant independent
predictor of exacerbation of liver dysfunction after infection.

Key words: Liver dysfunction; Autoimmune hepatitis; Exacerbation;
IgG
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INTRODUCTION

Autoimmune hepatitis (AIH) is a chronic active hepatitis
characterized serologically by positive anti-nuclear antibody (ANA)
and selective elevation of serum immunoglobulin G (IgG), and
histologically by portal inflammatory cell infiltration and interface
hepatitis. Although the exact mechanisms of onset have not been
elucidated, it is postulated that the pathogenesis of AIH requires
unknown external triggers to set off a sequence of events leading
to AIH in a susceptible host. Susceptibility develops according to
a predetermined genetic background and is probably influenced
by multiple environmental agents such as infections. In particular,
viruses, bacteria and other infectious pathogens are the major
postulated environmental triggers of ATH!"%\. If AIH is triggered by
infection, it is possible that infection may transiently worsen liver
function in a patient with AIH whose aminotransferases are sustained
at normal levels by medical treatment. We aimed to demonstrate
the effects of infection on liver function, determine the changes in
liver function before and after infections in patients with AIH, and
compare these factors with other liver diseases.

PATIENTS AND METHODS

Twenty-seven patients who were diagnosed with definite AIH (all
patients with type 1 AIH) between November 2000 and April 2015
at boarded-certified special hospitals including our hospital and who
could be observed between April 2005 and May 2016 at our hospital
were enrolled. A diagnosis of AIH was made according to the revised
scoring system proposed by the International Autoimmune Hepatitis
Group (TATHG)™, in which a definite diagnosis of AIH requires a
pretreatment score exceeding 15. Seven of the 27 AIH patients who
were still receiving treatment with predonisolone (PSL) monotherapy,
were excluded from our study (although their data were adopted later
in our additional study) because they had not achieved sustained
remission and were susceptible to infection as a result of their
PSL therapy. The remaining 20 AIH patients (3 men, 17 women;
mean age 51 + 12 years; age range 28-71 years), who were treated
with ursodeoxycholic acid (UDCA) monotherapy and achieved
normalization of serum alanine aminotransferase (ALT) levels, were
consecutively enrolled in this study.

Eight of the 20 patients began treatment with PSL (30-40 mg
daily) monotherapy, which was continued until normalization of ALT
levels. After the normalization of ALT levels, PSL was tapered by 1-5
mg every 1-2 weeks to a maintenance dose of < 5 mg/day and UDCA
was added. After combination therapy with PSL and UDCA, the PSL
was stopped when the normal levels of serum ALT continued at a
maintenance dose of PSL for more than one year. These patients were
finally treated with UDCA alone and showed normalization of ALT at
a dose of 600 mg/day. The remaining 12 patients—all of whom had
histological low-grade inflammatory activity, and of whom 2 patients
were comparatively elderly patients, 5 patients had co-morbid
diseases such as peptic ulcers, glaucoma, hypertension, osteoporosis
and diabetes, and 5 patients had relatively low serum ALT levels (<
100 TU/L)—were treated with UDCA alone from the beginning and
achieved normalization of serum ALT levels. All of the above patients
achieved sustained remission for at least one year before the initiation
of our study and had no evidence of biochemical relapse during
the observation period, although they had small changes in ALT
levels (less than 2 times of the previous data) for which no added
medication was needed. Relapse occurred in four of the 20 patients.
When relapse was observed, the patients were subsequently treated
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with PSL and then we stopped their further observation; however, the
data until the relapse were adopted in our study. Concerning relapse,
it occurred probably after infection in one patient; in the remaining
three patients, it occurred irrelevantly to infection.

All patients were seronegative for hepatitis B surface antigen,
anti-hepatitis C virus antibody, hepatitis C virus RNA, and
antimitochondrial antibody (AMA). Patients with other causes of
chronic liver diseases such as nonalcoholic fatty liver, alcohol abuse
(alcohol consumption > 20 g per day for > 5 years), and drug use
were excluded from the study.

Thirty-three patients (33 women, mean age 57 + 10 years; age
range 35-72 years) were considered to have probable AIH according
to the IATHG scoring system (a score between 10 and 15). Although
9 of the patients with probable AIH underwent liver biopsy, the
remaining 24 patients had AIH based on clinical data alone. All 33
patients were treated with UDCA alone from the beginning and
achieved normalization of serum ALT levels. All patients were
negative for hepatitis B and C viruses and patients with other causes
of chronic liver diseases such as nonalcoholic fatty liver, alcohol
abuse and drug use were excluded.

Twenty-four patients (5 men, 19 women; mean age 59 + 10 years;
age range 43-78 years) had primary biliary cholangitis (PBC), which
was diagnosed based on elevation of alkaline phosphatase (ALP),
presence of AMA, selective elevation of serum immunoglobulin M
(IgM) and specific bile duct pathology. All patients were seronegative
for ANA. [ANA-positive patients (n = 12) with PBC were excluded
from the present study, although their data were adopted later in our
additional study]. Twenty of the patients with PBC were treated with
UDCA (600 mg/day) alone and 4 of the patients were treated with
UDCA in combination with bezafibrate (200 mg/day). All of the
patients showed normalization of ALT and decreased levels of ALP.

Thirty patients (5 men, 25 women; mean age 63 + 8; age range 49-
79 years) had chronic hepatitis C [CH(C)], which was diagnosed
based on positivity for serum hepatitis C virus (HCV) RNA, and
which was measured quantitatively by polymerase chain reaction
(PCR). All patients were seronegative for ANA. (ANA-positive
patients (n = 16) with CH(C) were excluded from the present study,
although their data were adopted later in our additional study.)
Seven patients with CH(C) were treated with UDCA alone, 9 with
a combination of UDCA and monoammonium glycyrrhizinate, and
14 were followed without any treatment. None of the CH(C) patients
had received anti-viral treatment before or during the observation
period. When anti-viral treatment was started, we stopped their
further observation and they were excluded from further study.

Control subjects (23 women; mean age; 59 + 15 years; age range
36-80 years) showed normal liver function according to an annual
routine medical checkup and were negative for hepatitis B and C
virus antibody and ANA. (ANA-positive subjects (n = 24) were
excluded from the present study, although their data were adopted
later in our additional study.)

This study was approved by Tottori University (No. 1606A030),
and informed consent was obtained from all subjects.

Routine laboratory tests were performed using automated methods
and included tests for ALT and ALP. The normal upper limits of ALT
and ALP were 45 IU/mL and 340 IU/mL, respectively. White blood
cell count and analysis were measured with an automated hematology
analyzer (CELL-DYN Sapphire Hematology Analyzer; Abbott
Diagnostics, Tokyo, Japan) and C-reactive protein was measured
with latex coagulating nephelometric analysis (N-Assay LA CRP-S
Nittobo D-type; Nittobo Medical Co. Ltd., Tokyo, Japan). The serum
concentration of IgG was determined by single diffusion in agar gel
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using the Oudin tube method. The normal upper limit of IgG was
1700 mg/dl. ANA was detected by indirect immunofluorescence
analysis of rat liver and kidney sections. Serum samples with a titer
of at least 40 were considered positive.

Infections are caused by various infectious pathogens, mainly
viruses and bacteria. Hematologically leukocytosis (leukocyte
count > 11000/ul) with neutrophilia [more than 60% increase in the
number of neutrophils by leukogram or an increase in the absolute
number of mature neutrophils greater than 7000/ul)] and left shift
[an increase in the amount of immature neutrophils (myelocytes,
metamyelocytes, and band neutrophils) in the peripheral blood]
is characteristic of bacterial infection as laboratory diagnosis,
while comparative lymphocytosis (more than 40% increase in
lymphocytes by leukogram or an increase in the absolute count
greater than 4500/ul) indicates viral infection®® Directly bacterial
culture of excretory substance or serum virus-IgM antibody
determined by enzyme immunoassay was used to reveal bacteria
or viruses in some patients. Accordingly, we simply divided two
infectious pathogens into two groups - bacterial and viral. Infections
were defined as acute infectious diseases in the respiratory, urinary
or gastrointestinal tracts and we diagnosed infections based on the
symptoms accompanied by each tract infections, inflammatory
signs (abnormal white blood cell counts and positivity of C-reactive
protein) and the special examinations for each organ. A diagnosis of
the respiratory infection was made based on the symptoms of fever,
cough and sputum, an abnormality on a chest radiograph, or both.
The urinary tract infection was defined when white blood cells or
bacteria which could be classified as bacilli and cocci were detected
in the urine. A diagnosis of the gastrointestinal infection was made
according to the symptoms of fever and any or all of diarrhea,
abdominal pain, nausea and vomiting and the abdominal findings
detected by ultrasonography.

The frequency of infection indicates the total number of infections
during an observation period. The frequency of liver dysfunction
indicates the total number of instances of liver dysfunction after
infections. The rate of infection means the ratio of the frequency of
infection versus the observation period. The rate of liver dysfunction
means the ratio of the total occurrences of liver dysfunction versus
the total occurrences of infections during an observation period. In
the present study, the criteria for liver dysfunction were defined as
ALT or ALP over the upper limits of normal and greater than 2 times
the previous data, and the elevated levels of ALT or ALP rapidly and
spontaneously normalized for short times without any additional
therapy. Follow-up clinical visits and liver function tests in each
patient group were routinely obtained at one-month intervals and
when patients experienced infection. The control subjects visited our
hospital for the purpose of an annual routine medical checkup and
when they experienced infection. The medical record was reviewed
on a retrospective basis from April 2005 from March 2016, and all
events that constituted liver dysfunction during that period were
recorded.

Statistical analysis

All measurements are expressed as mean + SD. Standard statistical
methods were employed using Student’s #-test. Differences among the
five groups were determined using analysis of variance (ANOVA).
Correlation analysis was performed by univariate linear regression
analysis. Multivariate forward stepwise regression analysis to identify
independent factors of frequency of liver dysfunction was conducted
with StatFlex version 6.0 (Artech Co., Ltd., Osaka, Japan). P values
< 0.05 were considered statistically significant.
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RESULTS

Table 1 shows the clinical characteristics of the 20 patients with
definite AIH with respect to infection. The mean frequency of
infection was 6.3 + 4.0 times (range 1-14) in the 20 patients during
the total observation period, and the rate of infection [frequency of
infection (times)/observation periods (years)] was 1.0 + 0.9 (range
0.1-3.0) in each patient. With respect to liver dysfunction after
infection, the mean frequency of liver dysfunction in the 20 patients
was 3.7 + 2.8 times (range 0-9) during the observation period, and
the rate of liver dysfunction [frequency of liver dysfunction (times)/
frequency of infection (times)] was 0.6 + 0.3 (range 0-1.0) in each
patient. Nineteen of the 20 patients (95%) with AIH experienced one
or more (range 1-9) occurrences of liver dysfunction during the study
period, and a total of 73 events met the criteria for acute exacerbation.
The total number of occurrences of infection and of liver dysfunction
in all 20 patients with AIH were 124 and 73, respectively; therefore,
the rate of liver dysfunction after infection was estimated as 59%
(73/124).

Among the 73 instances of infections coexistent with liver
dysfunction, the mean ALT values before and after infections were
27 + 10 IU/L (range 10-43) and 89 + 59 IU/L (range 46-332),
respectively. The levels of ALT after infections were significantly
higher than before infections (p < 0.0001) and elevated 3.6 times
higher than before. The changes in ALP values before and after
infections were almost the same as those of ALT. These elevated levels
of ALT or ALP spontaneously normalized for short times (27 + 9 days;
range 8-43 days) without any additional therapy (data not shown).

Meanwhile the frequency of liver dysfunction without infections
was 9 times in total number of occurences in 8 out of the 20 patients
with AIH. The mean ALT values before and after liver dysfunction
were 27 £ 12 IU/L (range; 13-45) and 84 + 6 IU/L (range; 74-
92), respectively. The levels of ALT after liver dysfunction were
significantly higher than before liver dysfunction (p < 0.0001) and
elevated 3.1 times as compared with before. The changes in ALP
values were almost the same as those in ALT. These elevated levels
of ALT or ALP were spontaneously normalized for about two months
(62 + 6 days; range 54-70 days) without any additional therapy
(date not shown). Although the mean values of ALT and ALP after
dysfunction were not different between both groups of after and
without infection, the time necessary for the improvement of liver
dysfunction without infection (mean 62 + 6 days; range 54-70 days)
was longer than after infection (mean 27 + 9 days; range 8-43 days).

According to our criteria, bacterial infections were seen in 33
cases, viral infections in 31 and unknown pathogens in 9 among the
73 infections. Infections were defined as acute infectious diseases
in the respiratory, urinary or gastrointestinal tracts. The origins of
the infections were the upper respiratory tract (n = 25), respiratory
tract (n = 25), urinary tract (n = 1) and gastrointestinal tract (n = 6),
respectively. Eight patients had fever of unknown origin and 8 had
influenza. There were no significant differences in biochemical data
among the different kinds of infectious pathogens or origins.

Table 2 shows the clinical characteristics of the 20 patients with
definite AIH, the 33 patients with probable AIH, the 24 patients
with PBC, the 30 patients with CH(C), and the 23 control subjects.
All of the clinical data were those values determined at the start of
observation (not at diagnosis). The sex distribution was similar in all
groups, but the mean age in the definite AIH group was significantly
lower than in the other groups (p < 0.001). Although the observation
periods and the rates of infection were similar in all groups, the rate
of patients with liver dysfunction and the rate of liver dysfunction in



the patients with definite AIH were significantly higher than in the
other groups (both; p < 0.0001). Meanwhile, the rate of patients with
liver dysfunction and the rate of liver dysfunction without infection
in CH(C) group were significantly higher than in other groups and
there were not significant difference among definite AIH, probable
AH and PBC groups (data not shown). The serum ALT values were
significantly higher in the definite AIH group than in the other groups
(p < 0.0001) except for the CH(C) group, whereas the serum IgG
levels in the definite AIH group were significantly higher than in
the other groups (p < 0.0001). Although white blood cell count and
analysis (percentage of lymphocytes or granulocytes) were similar in
all groups, ESR/h in AIH and PBC groups were significantly higher
than in CH(C) and control groups (p < 0.0001).

The rate of liver dysfunction in the 20 patients with definite AIH
treated with UDCA alone (0.59 + 0.26) was significantly higher than
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in the 7 patients treated with PSL alone (0.03 + 0.05) (p < 0.0001);
while the serum IgG levels in the UDCA group (2213 + 201) were
significantly higher than in the PSL group (1924 + 280) (p < 0.01)
(data not shown). In the PBC, CH(C), and control groups, ANA-
positive cases consisted of 12 patients in the PBC group, 15 in the
CH(C) group, and 24 in the control group. There were no significant
differences between the ANA-positive and ANA-negative patients
in each group with respect to the rate of liver dysfunction and serum
1gG levels (data not shown).

Table 3 shows the correlations between the rate of liver
dysfunction and clinical biochemical parameters. The rate of
liver dysfunction was significantly correlated with serum IgG,
lymphocytes (%) and granulocytes (%). Multivariate analysis
showed that serum IgG was a significant independent predictor of
the rate of liver dysfunction.

Table 1 Clinical characteristics of patients with definite AIH in relation to infection.

Table 2 Clinical characteristics of patients with AIH, PBC, CH(C) and control subjects.

Kot ofpatents with Ierdysuncton_|19/2005%) _ltymasty oy ooy

WBC(/uL) 5095 + 1002 5785 + 1784 51211066  |4863+1004  |5209+1227
Granucytes(%) 50.1+7.5 541+10.1 526+143  [559%106 5604143

*p <0.01 compared to AIH (definite) group.
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Table 3 Correlation between rates of liver dysfunction and clinical
biochemical parameters.

parameter r p-value
Age(yr) -0.078 NS
ALT(IU/L) -0.239 NS
ALP(IU/L) -0.13 NS
ANA -0.220 NS
IgG(mg/dL) 0.932 <0.0001
WBC(/uL) 0.245 NS
Lymphocytes(%) 0.670 <0.001
Granulocytes(%) -0.575 <0.001
ESR/h 0.213 NS
Histology -0.416 NS
AIH score -0.354 NS

DISCUSSION

The exact mechanisms leading to AIH are still incompletely
explained. Viruses, bacteria and other infectious pathogens are
the major postulated environmental triggers of AIH. Several case
studies have revealed associations between pathogenic infections
and the occurrence of ATH*37\. The presence of cross-reactive
autoantibodies and the existence of structural similarities between
AIH autoantigens and pathogens (i.e., molecular mimicry) provide
a plausible explanation of how tolerance to liver autoantigens might
be broken by infectious pathogens!®. Experimental designs of AIH
have clearly demonstrated that viral and bacterial superantigens can
induce relapse and exacerbations of a T cell-mediated autoimmune
process’. Although the liver may not be the primary target organ
of viral or bacterial infections, it can be collaterally damaged.
Hepatic dysfunction may be a consequence of the immune
response to viral and bacterial antigens, with a close topographic
association between the presence of viral and bacterial antigens and
the associated inflammatory infiltrates in the liver!'™'?, From our
various investigations, we ruled out other etiologies such as other
environmental factors or the medication and elucidated that infection
was one cause of exacerbation of liver dysfunction in patients
with AIH. The present study demonstrated that the AIH patients
experienced liver dysfunction more frequently than the patients with
other liver diseases after infections. From these results, it can also be
presumed that pathogenic infections in patients with AIH promote a
more intense systemic immune response than in patients with other
liver diseases; and liver dysfunction occurred more frequently in the
AIH patients.

Although the values of liver dysfunction after infection was not
different from being irrelevant to infection, the time necessary for
the improvement of liver dysfunction after infection was shorter
than without infection. We speculated that by a consequence of the
immune response to viral and bacterial antigens under the activated
autoimmune reactions, liver dysfunction after infection in patients
with AIH was improved for short times in cooperation with the
immunosuppressive effect of UDCA to accelerated autoimmune
reaction to exogenous pathogens.

We examined independent factors among the clinicopathological
parameters for frequency of liver dysfunction and found that serum
IgG was the most important independent factor. IgG is known to
be locally produced by B lymphocytes and transported from the

13151 Serum IgG levels is

blood in the form of immune complexes!
elevated in patients with chronic infection, chronic hepatitis, liver

cirrhosis!'®), collagen diseases, autoimmune diseases, and more. ATH
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is characterized by a striking increase in serum IgG. Increased IgG
implies a lasting stimulation of antigens and abnormal activation
of immune systems, and these conditions induce self-perpetuating
autoimmune reactions in susceptible individuals. In AIH patients
with increased IgG, immune responses to liver autoantigens could
be easily triggered by molecular mimicry; and immune responses
to exogenous pathogens cross-react with structurally similar self-
components. We presume that transient exacerbation after infections
in patients with AIH may be a consequence of their immune response
to viral and bacterial antigens under the activated autoimmune
reactions by increased IgG.

The basic treatment strategy for AIH in Japan is PSL administered
alone or in combination with UDCA, because azathioprine is
not covered by the Japanese national health insurance!'”). It has
become clear that UDCA produces some favorable effects in certain
ATH patients, most of whom show milder elevation of serum
transaminases or histological low-grade inflammatory activity at
onset!'®), Although the mechanism of the action of UDCA on AIH
is still unknown, UDCA has been reported to exert some degree of
immunomodulating effects!'?'. Experiments have demonstrated that
UDCA suppresses the secretion of several cytokines from activated
T lymphocytes and acts directly on B cells to reduce the production
of IgG". In the present study, the exacerbation of signs of liver
dysfunction after infection in patients with ATH treated with UDCA
spontaneously normalized for comparatively short times without any
additional therapy, and none of the patients developed relapse. UDCA
prevents relapse by its immunosuppressive effect on accelerated
autoimmune reaction in AIH to exogenous pathogens.

This is the first study in patients with AIH to elucidate the
association of infection with the exacerbation of liver dysfunction
and demonstrate that higher IgG level is an important factor
associated with this exacerbation. Although further research is
required to pinpoint the exact relationship between infection and the
exacerbation of liver dysfunction in patients with AIH, the present
study suggests that infection may play an important causal role in the
exacerbation.
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