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Background: Autoimmune hepatitis (AIH) is
a rare condition characterized by the pres-
ence of autoantibodies distinctive of type 1
AIH (AIH-1) and type 2 AIH (AIH-2). The
aim of this study was to evaluate the au-
toantibody profile in a cohort of pediatric
and adult AIH patients, using both indi-
rect immunofluorescence (IIF) and a new
multiplexed line-blot assay. Methods: Sera
from 63 pediatric and 53 adult AIH pa-
tients were tested for antinuclear (ANA), an-
tismooth muscle (SMA), anti-liver kidney mi-
crosome 1 (anti-LKM1), anti-liver cytosol 1
(anti-LC1) autoantibodies using IIF meth-
ods; for anti-LKM1, anti-LC1, and soluble
liver antigen/liver-pancreas (anti-SLA/LP)
autoantibodies using the line-blot; for anti-
F-actin autoantibodies using IIF both on
VSM47 cell-line and on rat intestinal ep-
ithelial cells. Results: AIH-1 was the most
common type of AIH in the adult cohort
(73.6%), while AIH-2 was the most com-

mon AIH in the pediatric cohort (61.9%).
Both in adult and pediatric AIH-2 anti-LKM1
were the prevalent autoantibodies. In pe-
diatric AIH-2 anti-LC1 autoantibodies were
more frequent than in adult AIH-2 (59 vs.
28.6%), and in 35.9% of cases they were
present alone. In 17 patients anti-LC1 au-
toantibodies were detected only with the
line-blot assay. The levels of anti-LKM1 and
of anti-LC1 were not different between adult
and pediatric AIH, and the overall agree-
ment between the results obtained with the
two IIF methods for F-actin detection was
98.8% (CI 95%: 94.4–99.7%). Conclusions:
The line-blot assay showed a higher sen-
sitivity than IIF for anti-LC1 detection. Anti-
LKM1 and anti-LC1 autoantibody levels are
not different in adults and children. An al-
most perfect agreement between the two IIF
methods for anti-F-actin detection has been
observed. J. Clin. Lab. Anal. 30:41–46,
2016. C© 2014 Wiley Periodicals, Inc.
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INTRODUCTION

Autoimmune hepatitis (AIH) is a chronic inflamma-
tory disease, characterized serologically by hypertransam-
inasemia, elevated levels of immunoglobulin G (IgG), and
presence of non-organ and liver-specific autoantibodies,
and histologically by interface hepatitis. The diagnosis of
AIH can be established using the criteria developed by
the International Autoimmune Hepatitis Group (IAIHG,
(1–3); a critical component of these criteria is the detec-
tion of autoantibodies. From a practical standpoint, AIH
has been broadly categorized into two distinct disease sub-
types on the basis of antibody profiles: antinuclear (ANA)
and/or antismooth muscle (SMA) autoantibodies define
type 1 AIH (AIH-1), while anti-liver kidney microsome 1
(anti-LKM1) and/or anti-liver cytosol 1 (anti-LC1) au-
toantibodies characterize AIH type 2 (AIH-2). The latter
is mainly a pediatric condition, with a higher risk of acute
liver failure. The above-described autoantibody profiles
are, as a rule, mutually exclusive. In addition, autoanti-
bodies against soluble liver antigen/liver-pancreas (anti-
SLA/LP) have been included in the diagnostic criteria (3)
being highly specific for AIH (4, 5) and associated with
a more severe course of disease (6). Anti-SLA/LP au-
toantibodies are detectable in AIH-1 adult patients and
in both AIH-1 and AIH-2 pediatric population, with vari-
able prevalence depending on the method used for their
detection (7, 8).

ANA and SMA are detected in up to 85% of AIH pa-
tients: such a high sensitivity is associated with a low speci-
ficity (9,10). SMA/F-actin autoantibodies are commonly
regarded as more specific markers of AIH-1 (11), but a
reference method for their detection is not yet available.
Enzyme-immunoassay (ELISA) and indirect immunoflu-
orescence (IIF) methods using vascular smooth muscle
(VSM47) and rat intestinal epithelial cell lines have been
recently proposed for anti-F-actin detection (12,13), pro-
viding higher specificity than the classical IIF method on
rat tissue.

In children and adolescents, AIH often presents acutely
and has a more aggressive course than in adults (14).
Some authors reported that the scoring system developed
by IAIHG is not easily applicable to pediatric AIH, in
which relevant autoantibody titers are frequently lower
with respect to cut-off value established in adults (15).

The aim of the present study was to evaluate the au-
toantibody profiles in a large cohort of pediatric and adult
patients with AIH using different detection methods: the
classical IIF on HEp-2 and rat tissue sections, a newly
developed multiplexed line-blot assay, and two different
IIF methods for anti-F-actin autoantibodies. A further
objective of this study was to evaluate if the levels of
anti-LKM1 and anti-LC1 autoantibodies are different in
pediatric and adult AIH.

TABLE 1. Demographic and Laboratory Features of Adult Pa-
tients With AIH-1 and AIH-2

Adult AIH

AIH-1 AIH-2

Number 39 (73.6%) 14 (26.4%)
Mean age (range) 48.5 (21–75) 40.1 (19–70)
Male 8 (20.5%) 4 (28.6%)
Female 31 (79.5%) 10 (71.4%)
ANA (HEp-2-IIF) 24 (61.6%) 1 (7.1%)
homogeneous 12 (50.0%) 1 (100%)
speckled 6 (25.0%) –
nucleolar 2 (8.3%) –
few dots 2 (8.3%) –
dense fine speckled 1 (4.2%) –
CENP-B 1 (4.2%) –
SMA (rat tissue-IIF) 24 (61.5%) –
ANA + SMA 14 (35.9%) –
F-actin (VSM47-IIF) 19 (48.7%) –
F-actin (rat epithelial cells-IIF) 16 (41.0%) –
SLA/LP (line-blot) 2 (5.1%) –
LKM1 IIF – 11 (78.5%)
LKM1 (line-blot) – 10 (71.4%)
LC1 IIF – 1 (7.1%)
LC1 (line-blot) – 4 (28.6%)
LKM1 (line-blot) alone – 8 (57.1%)
LC1 (line-blot) alone – 2 (14.2%)
LKM1 + LC1 (line-blot) – 2 (14.2%)
AMA (line-blot) 1 (2.5%) –
sp-100 (line-blot) 2 (5.1%) –
gp210 (line-blot) – –
PML (line-blot) 1 (2.5%) –

PATIENTS AND METHODS

Sera from 63 pediatric (mean age, 8.5 years; range, 2–17
years) and 53 adult AIH patients (mean age, 46.8 years;
range, 19–75 years) classified according to the IAIHG
criteria (2, 3) have been consecutively collected in ten
different centers in Italy. AIH type and male/female ratio
are shown in Tables 1 and 2. As control group sera from 53
patients with primary biliary cirrhosis (PBC), 11 patients
with primary sclerosing cholangitis (PSC) and 67 patients
affected by nonautoimmune chronic liver diseases (39
liver steatosis, 11 chronic alcoholic liver diseases, 9 cryp-
togenetic cirrhosis, 8 toxic nonalcoholic liver diseases;
mean age, 42.5 years; range, 5–88 years) were selected.
ANA, SMA, anti-LKM1, and anti-LC1 were assayed us-
ing IIF methods on HEp-2 and rat stomach/liver/kidney
sections (Euroimmun, Lübeck, Germany) at a starting
serum dilution of 1:40. Anti-LKM1, anti-LC1, and
anti-SLA/LP were assayed using the new multiplexed
line-blot Autoimmune Liver Disease Profile 2 (ALD2,
Euroimmun). Anti-F-actin autoantibodies were tested
using both IIF on VSM47 cell line, obtained from rat tho-
racic aorta (Euroimmun, Fig. 1) and IIF on rat intestinal
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TABLE 2. Demographic and Laboratory Features of Pediatric
Patients With AIH-1 and AIH-2

Pediatric AIH

AIH-1 AIH-2

Number 24 (38.1%) 39 (61.9%)
Mean age (range) 9.1 (2–17) 8.1 (2–15)
Male 6 (25.0%) 8 (20.5%)
Female 18 (75.0%) 31 (79.5%)
ANA (HEp-2-IIF) 16 (66.6%) 15 (38.4%)
homogeneous 8 (50.0%) 3 (20.0%)
speckled 6 (37.5%) 8 (53.3%)
nucleolar 2 (12.5%) 1 (6.6%)
centriole – 1 (6.6%)
dense fine speckled – 1 (6.6%)
CENP-F – 1 (6.6%)
SMA (rat tissue-IIF) 11 (45.8%) –
ANA + SMA 4 (16.7%) –
F-actin (VSM47-IIF) 7 (29.1%) –
F-actin (rat epithelial cells-IIF) 7 (29.1%) –
SLA/LP (line-blot) 1 (4.2%) –
LKM1 IIF – 26 (66.7%)
LKM1 (line-blot) – 25 (64.1%)
LC1 IIF – 7 (17.9%)
LC1 (line-blot) – 23 (59.0%)
LKM1 (line-blot) alone – 16 (41.0%)
LC1 (line-blot) alone – 14 (35.9%)
LKM1 + LC1 (line-blot) – 9 (23.0%)
AMA (line-blot) – 1 (2.5%)
sp-100 (line-blot) – –
gp-210 (line-blot) 1 (4.2) –
PML (line-blot) – –

epithelial cells (INOVA Diagnostics, San Diego, CA; Fig.
2), at a starting serum dilution of 1:40. All the assays
were performed following manufacturers’ instructions,
and the slides were read visually by two expert operators
(MC and DV) who worked independently.

With the multiplexed ALD2 line blot it was also pos-
sible to detect PBC-specific antimitochondrial (AMA),
anti-gp210, anti-sp100, and anti-PML autoantibodies.
In particular, for AMA detection ALD2 line blot uses
two different autoantigens: (1) M2 natively purified from
bovine heart containing the 74-kDa E2 subunit of the
pyruvate dehydrogenase (PDH) complex; and (2) M2-3E-
recombinant fusion protein comprising the immunogenic
domains of the E2 subunits of PDH, of the branched-
chain 2-oxo-acid dehydrogenase (BCOADH) complex
and of the 2-oxo-glutarate dehydrogenase (OGDH) com-
plex.

The ALD2 blot strips were digitalized using a camera
and band intensities were determined by a computer pro-
gram (EUROLineScan, Euroimmun). Autoantibody test-
ing was centralized in the laboratory of one of the authors
(DV). The study protocol followed the ethical guidelines
of the Helsinky Principles and all the subjects enrolled in

Fig. 1. Immunofluorescence pattern of anti-F-actin antibodies on
VSM47 cell line.

Fig. 2. Immunofluorescence pattern of anti-F-actin antibodies on rat
intestinal epithelial cell line.

the study provided written informed consent after being
informed about the nature of the study.

Statistical Analysis

Diagnostic sensitivity and specificity were calculated
for each AIH-associated autoantibody. Differences of
anti-LKM1 and anti-LC1 levels between adult and
pediatric AIG groups were analyzed by the Mann–
Whitney nonparametric t-test. Cohen’s kappa with 95%
confidence interval (95%CI) was used to evaluate the
analytical agreement among the IIF methods for SMA ad
anti-F-actin detection. P-values <0.05 were considered
significant. MedCalc software (Mariakerke, Belgium)
was used for statistical analysis.
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RESULTS

Autoantibody profiles of adult and pediatric AIH-1 and
AIH-2 patients are showed in Table 1 and Table 2, re-
spectively. AIH-1 was the most common type of AIH in
adult cohort (73.6%), while AIH-2 was more common
in the pediatric cohort (61.9%). ANA were detected in
approximately two-thirds of AIH-1 patients (adults and
children) but also in 38.4% of pediatric AIH-2 patients.
Both in adult and pediatric AIH-2 patients, anti-LKM1
were the prevalent autoantibodies. However, in pediatric
AIH-2 patients, using the line-blot assay, anti-LC1 au-
toantibodies were present in higher percentage than in
adults (59 vs. 28.6%) and in 35.9% of the cases they were
the sole antibody. In 14 pediatric and three adult AIH-2
patients, anti-LC1 autoantibodies were detected only by
the ADL2 method. This was not unexpected, since using
IIF such antibodies are usually masked by the concur-
rent presence of anti-LKM1 antibodies. The specificity of
the AIH-associated autoantibodies resulted low for ANA
(65%), but very high for the other markers: 95.5% for
SMA; 97.3% for both anti-F-actin assays; 98.5% for anti-
LKM1; 99.3% for anti-LC1; and 100% for anti-SLA/LP.
The levels of anti-LKM1 and anti-LC1, expressed as ar-
bitrary units (AU) measuring the signal intensity of the
respective lines in the multiplexed line blot, were similar
between adult (mean 55.9 ± 23.4 AU and 81.2 ± 67.9 AU
for anti-LKM1 and anti-LC1, respectively) and pediatric
AIH (mean 54.4 ± 26.7 AU and 93.9 ± 44.3 AU for anti-
LKM1 and anti-LC1, respectively).

In the adult cohort, one AIH-1 patient was AMA-
positive and two AIH-1 patients were sp100-positive. One
of the latter was also PML-positive. In the pediatric co-
hort, one AIH-1 patient resulted gp210-positive and one
AIH-2 patient was AMA-positive. The AMA-positive
subject was positive for both AMA-M2 and M2–3E bands
of the ALD2 line-blot, whereas in the pediatric patient
the IIF was inconclusive for the simultaneous presence
of anti-LKM1 autoantibodies. Only one of the five AIH
patients that were positive for PBC markers (the adult
AIH-1 AMA-positive) had both serological and histolog-
ical signs of PBC and a diagnosis of AIH-PBC overlap
was eventually formulated.

The overall agreement between the results obtained with
the two IIF methods for F-actin detection was 98.8% (95%
CI: 94.4–99.7%): positive agreement was 94.5% (95% CI:
88.4–100%) and negative agreement was 99.3% (95% CI:
98.5–100%). The Cohen’s kappa (0.938; 95% CI: 0.879–
1.00) showed almost perfect agreement. The overall con-
cordance between SMA and anti-F-actin detected on
VSM47 cells was 91.9% (95% CI: 87.8–94.9%), with a
positive agreement of 70.6% (95% CI: 58.3–82.9%) and a
negative agreement of 95.3% (95% CI: 93.2–97.4%). The
Cohen’s kappa (0.660; 95% CI: 0.524–0.791) showed sub-

stantial agreement. Finally, the overall agreement between
SMA and anti-F-actin detected on rat intestinal epithe-
lial cells was 92.3% (95% CI: 88.2–95.3%): positive agree-
ment 70.8% (95% CI: 58.2–83.3%) and negative agreement
95.6% (95% CI: 93.6–97.6%). The Cohen’s kappa (0.666;
95% CI: 0.529–0.803) showed substantial agreement.

DISCUSSION

Autoantibody detection is a very important tool for
AIH diagnosis and the definition of autoantibody pro-
files enables the distinction between AIH-1 and AIH-2
(16). Most relevant autoantibodies are currently detected
by the IIF method; however, recognition and interpre-
tation of patterns can be challenging and errors are not
infrequent due to lack of standardization and operator-
dependency of the technique. For this reason, in 2004 the
IAIHG Committee for Autoimmunity Serology drew up
a consensus statement containing guidelines for appro-
priate and effective autoantibody testing in AIH (17): in
this statement the use of tissue sections dried in air with-
out further fixation both for ANA and anti-LKM1/anti-
LC1 detection is recommended. However, some of these
recommendations cannot be followed in most of autoim-
munology laboratories, where commercially available tis-
sue substrates and HEp2 cell lines treated with fixatives
are used for anti-LKM1 and anti-LC1, and ANA detec-
tion, respectively. In recent years, ELISA and immunoblot
assays to detect AIH-associated autoantibodies have been
developed: such methods may be useful as confirmatory
tests of IIF positivity.

In this study we evaluated the antibody profile in a rela-
tively large cohort of pediatric and adult AIH using both
the established IIF assays and a new multiplexed line-
blot assay. We confirm that AIH-1 was the most common
type of AIH in adults (73.6%), while AIH-2 was more
common in the pediatric cohort (61.9%): the percentage
of AIH-2 in childhood was higher than that reported in
other studies (14,18). The difference may be attributed to
the higher percentage of children below 8 years (57.3%)
in our cohort. Indeed, it has been previously reported
that AIH-2 tends to present at younger age and AIH-1
around the puberty (19). Interestingly, in adult AIH-1,
ANA and SMA were equally represented, while in pedi-
atric AIH-1, ANA resulted the prevalent autoantibody.
In both adult and pediatric cohorts approximately 80% of
ANA-positive patients showed a homogeneous or speck-
led pattern, while the remainder 20% displayed different
patterns (nucleolar, few dots, dense fine speckled, CENP-
B, CENP-F, centriole), confirming that in AIH ANA tar-
get antigens are heterogeneous and not yet completely
defined. The ANA/SMA association was significantly
higher in adult than in pediatric AIH-1 (35.9 vs. 16.7%), at
variance from the data obtained by Gregorio et al. (19),
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who found ANA/SMA association in 43.7% of AIH-1
pediatric patients. This may be explained by the fact that
Gregorio et al. used for both ANA and SMA IIF assays
tissue sections at 1:10 starting dilution. Which should be
the optimal starting serum dilution in children remains
a matter of debate. In fact, some authors propose differ-
ent autoantibody diagnostic cutoffs in adult and pediatric
patients (15, 16). Taking into account that autoantibody
positivity is extremely rare in healthy children, they indi-
cate titers as low as 1:20 for ANA, and even lower (1:10)
for SMA, anti-LKM1, and anti-LC1 as clinically rele-
vant in pediatric patients. This is not supported by the
results obtained in the present study, as the levels of anti-
LKM1 and anti-LC1 antibodies, expressed as arbitrary
units measuring the signal intensity of the respective lines
in the multiplexed line-blot, did not show any difference
between adult and pediatric AIH-2 patients. Therefore,
we do not think it is advisable to report level of positiv-
ity below 1:40 in children. This is further confirmed by
the fact that in our study all pediatric sera resulting anti-
LKM1 positive by line-blot assay were positive also in IIF
at a starting dilution of 1:40. On the other hand, both in
adult and pediatric AIH-2 a certain number of anti-LC1
positive sera, without concomitant anti-LKM1 positivity,
were detected only by the line-blot assay. This may be due
either to higher sensitivity of line-blot or to the inability
of the operator to identify the specific IIF pattern.

Thus, our results confirm the usefulness to associate
an additive analytical method to IIF, both to reveal
anti-LC1 when associated to anti-LKM1 autoantibod-
ies, and to identify anti-LC1 autoantibodies when IIF
results are inconclusive. Using the multiplexed line-blot
assay, anti-SLA/LP autoantibodies were detected in two
(5.1%) adult AIH-1 and in one (4.2%) pediatric AIH-1.
In all three patients, anti-SLA/LP autoantibodies were
detected in absence of conventional AIH autoantibodies
and were determinant for the final diagnosis of AIH. The
lower prevalence of anti-SLA/LP autoantibodies in our
population compared to that (6–58%) reported in previ-
ous studies (7,20) may be due to the characteristics of the
line-blot method we used, which, however, proved to be
very specific.

Finally, since SMA with F-actin specificity are com-
monly regarded as specific markers of AIH-1, we com-
pared two different IIF methods for anti-F-actin detec-
tion, using VSM47 and rat intestinal epithelial cell lines,
respectively, as substrate. The results showed an almost
perfect agreement between the two methods. However,
though the specificity of anti-F-actin autoantibodies was
very high (97.3%), its sensitivity was lower than SMA,
confirming the strong association between anti-F actin
and AIH-1, but also that about 20–30% of SMA positive
patients are anti-F-actin negative. For this reason, IIF on
rat tissue section remains the first-level test in diagnosing

AIH. In the case of SMA positivity, or when interpreta-
tive doubts persist, a positive confirmation using one of
the described IIF methods for anti-F actin increases the
predictive value for AIH-1.

In conclusion, AIH-1 was the most common type of
AIH in adults, while AIH-2 was the most common AIH
subtype in the pediatric cohort. In pediatric AIH-2, anti-
LC1 autoantibodies were more represented than in adult
AIH-2 (59 vs. 28.6%) and in 35.9% of the cases they were
present alone. The multiplexed line-blot showed a higher
sensitivity than IIF on tissue rat sections for anti-LC1 de-
tection. Using the line-blot assay we demonstrated that
anti-LKM1 and anti-LC1 autoantibody levels do not dif-
fer in adults and children: this does not support the use of
different starting dilutions for testing adult and pediatric
populations. Finally, as an almost perfect agreement be-
tween the two IIF methods for anti-F-actin detection was
found, the use of one or the other method is equally ac-
ceptable. Moreover, these data suggest that IIF methods
using VSM47 or rat epithelial cell lines could represent an
important step toward the standardization of anti-F-actin
autoantibody detection.
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