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Introduction
Autoimmune hepatitis  (AIH) is an autoimmune disease 
with an unknown cause and is diagnosed by determining 
hypergammaglobulinemia, increasing relevant autoantibodies 
in serum, periportal hepatitis in histology, and ruling out 
other diseases. The prevalence of this disease is estimated at 
1.9 cases per hundred thousand people per year.[1‑3]

It is challenging to distinguish this disease from other chronic 
liver diseases and can only performed by excluding other 

chronic liver diseases. Therefore, acquaintance with the 
clinical, laboratory, and histologic symptoms of AIH is of 
great importance.[4]

AIH diagnosis is based on a combination of clinical symptoms, 
liver biochemical tests, serological findings, viral hepatitis 
test results, and histologic findings in liver biopsy.[1,2] In 
1992, the International AIH Group  (IAIHG) determined 
criteria including 12 parameters to diagnose this disease; 
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however, examining all of them as routine check‑ups was 
difficult, far from the reach of all areas, time‑consuming, and 
expensive.[2‑5] Therefore, in 2008, IAIHG proposed simpler 
criteria that included four parameters of autoantibodies, serum 
immunoglobulin G (IgG), viral hepatitis results, and histologic 
findings in liver biopsy (rosettes, emperipolesis, and interface 
hepatitis). Based on the score of the mentioned criteria, patients 
are divided into two categories of probable and definite AIH.[3]

Evaluating the diagnostic accuracy of the mentioned criteria in 
several studies has shown that simplified criteria have a high 
specificity of about 95% for the diagnosis of AIH (for scores 
6 and 7 points).[3,5] In contrast, the sensitivity of the simplified 
criteria has been low, especially for diagnosing definite cases 
of this disease.[3,4,6]

IAIHG has not provided specific criteria for diagnosing 
AIH in certain cases, including the presence of concurrent 
diseases such as non‑alcoholic fatty liver and acute cases of 
the disease.[7,8] AIH in acute cases leads to clinical symptoms 
of acute hepatitis; therefore, in such cases, the disease cannot 
be diagnosed using the simplified criteria as used for chronic 
cases.[5,9‑11]

Furthermore, histologic features play an important role in the 
diagnosis of AIH, and identifying the pattern of liver damage 
is considered as a prerequisite for using simplified criteria 
such that it can divide hepatitis into two categories: typical 
and atypical.[3] However, the validity of histologic features 
in simplified criteria has not been thoroughly investigated. 
Moreover, examining the features of the two parameters 
of rosettes and emperipolesis has been rarely conducted in 
specialized centers.[12,13]

In this regard, considering the problems that exist in the 
histologic criteria for AIH diagnosis, modified histologic 
criteria, including interface activity, confluent necrosis lobular 
activity, portal inflammation, the number of plasma cells, and 
cytokeratin 7 (CK7) and orcein (copper) staining to rule out 
biliary diseases, have been introduced.[14] Just a few studies 
have been conducted on using the histologic criteria of a 
simple system for the definite diagnosis of AIH and proposed 
new criteria.[14‑16]

Therefore, this study aimed at investigating and comparing 
simplified and modified histologic criteria alone and along with 

other indicators in the diagnosis of AIH and the possibility of 
using the modified criteria to improve the diagnosis of this 
disease.

Materials and Methods
The present study was a retrospective cross‑sectional study. 
The studied population comprised the slide and paraffin blocks 
of patients suspected of chronic AIH according to clinical 
and laboratory data, including serology and autoantibody 
findings and viral hepatitis test results. These slides and 
paraffin blocks were archived in the pathology department 
of Al‑Zahra Hospital and Dr.  Sanei’s laboratory in Isfahan 
during 2015–2016.

From the mentioned population, 48 samples were included in 
the study at a confidence level of 95%, a test power of 80%, 
the prevalence of AIH in patients with hepatitis symptoms 
greater than 0.5 (P = 0.5), and an error level of 0.1.

Inclusion criteria consisted of the availability of medical 
information, including laboratory findings  (serology and 
autoantibodies findings and viral hepatitis test results) from 
archived slides and paraffin blocks of suspected AIH patients. 
If the block was damaged and it was not possible to prepare 
a suitable slide for staining, the sample was excluded from 
the study.

After obtaining the code of ethics from the ethics committee 
of Isfahan University of Medical Sciences, the archived slide 
and paraffin blocks of patients suspected of AIH (according 
to serology and autoantibodies findings and viral hepatitis 
test results) that underwent liver biopsy in 2015–2016 to 
diagnose the type of hepatitis in the pathology department of 
Al‑Zahra Hospital and Dr. Saneyi’s laboratory in Isfahan were 
extracted and included in the present study. First, the patients’ 
general characteristics, including age, gender, as well as 
serum autoantibody, IgG tests, and viral hepatitis results, were 
recorded in the data collection form. Then, the liver biopsy of 
the patients was examined.

The IAIHG has proposed a scoring system for diagnosing 
AIH, which consists of four parameters that embrace histologic 
findings, viral hepatitis test results, serum IgG, and serological 
tests such as autoantibodies.

Table 1: Criteria proposed by the International Autoimmune Hepatitis Group  (IAIHG)

Variable Cutoff Points
Antinuclear antibody or smooth muscle antibody Equal to or greater than 1:40 1
Antinuclear antibody or smooth muscle antibody Equal to or greater than 1:80 2a

Or liver–kidney‑microsomal antibody Equal to or greater than 1:40
Or soluble liver antigen Positive
Serum immunoglobulin G More than upper normal limit 1

More than 1.10 times the upper normal limit 2
Liver histology (evidence of hepatitis is a 
necessary condition)

Compatible with autoimmune hepatitis 1
Typical for autoimmune hepatitis 2

Absence of viral hepatitis Yes 2
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Each of these parameters is assigned a score of 1 or 2 based 
on the results [Table 1]; finally, if the sum of the total score 
is ≤6 points, the diagnosis of probable AIH is made, and if it 
is ≥7 points, definite AIH is suggested.

In this study, first, the histologic criteria proposed by 
IAIHG (simplified criteria) were checked, and its total score 
was calculated. Second, the modified histologic criteria of 
Linda Ferrell’s group were checked, and its total score was 
also calculated.

So, in the simplified histologic criteria, if the biopsy findings 
included rosettes, emperipolesis, and interface hepatitis 
lymphoplasma cells, the case was assigned a score of 2 points 
and diagnosed as the typical AIH condition. If the biopsy 
findings comprised only interface hepatitis  (without the 
presence of rosettes and emperipolesis), the case was assigned a 
score of 1 point and diagnosed as an AIH‑compatible condition. 
Moreover, in the absence of any of these features, the case was 
assigned a score of zero points. Then, the total score was also 
calculated, and definite and probable AIH classification was 
proposed based on these criteria.

In the next step, the modified histologic criteria were also 
examined, and a score of 0, 1, and 2 points was determined 
for each patient. Then, the total score was calculated using 
these histologic criteria, and the classification of definite and 
probable AIH was conducted [Tables 2 and 3].

In CK7 and orcein (copper) staining, the result of orcein (copper) 
staining was reported as positive or negative, and the result 
of CK7 staining was considered positive if at least three 
periportal hepatocytes were stained in at least two foci.[14] 
Plasma cell counts in four states of lack of plasma cells, low 
plasma cells (<2 in most portal/lobular areas), moderate plasma 
cells  (2–4 in most portal/lobular areas), and high plasma 
cells (≥5 in most portal/lobular areas) was classified.

The severity of inflammation was determined based on 
interface activity: A0–A4, confluent necrosis: B1–B6, lobular 
activity: C0–C4, and portal inflammation: D0–D4 [Table 2].

Statistical analyses
The collected data were entered into the Statistical Package for 
the Social Sciences (SPSS) software (Version 26). Qualitative 
and quantitative data were presented as number (%) and standard 
deviation (SD) ± means, respectively. The Chi‑squared test was 
used to compare the frequency distribution of qualitative data. 
In order to compare the diagnostic value of the simplified and 
modified histologic criteria alone and along with other indicators 
in the diagnosis of AIH, receiver operating characteristic (ROC) 
analysis was used, and the indicators of sensitivity, specificity, 
and the area under the curve  (AUC) were reported. In all 
analyses, a significance level of less than 0.05 was considered.

Results
The present study was conducted on 48 samples of 13 (27.1%) men 
and 35 (72.9%) women with a mean age of 42.26 ± 8.35 years.

According to the report of the simplified histologic criteria, 
21 (43.8%) cases of these samples were assigned a score of 1 

Table 2: Ishak grading scheme

Description Score
A. Periportal or periseptal interface hepatitis (piecemeal 
necrosis)

None A0
Mild (focal, few portal areas) A1
Mild/moderate (focal, most portal areas) A2
Moderate (continuous around o50% of tracts or septa) A3
Severe (continuous around 450% of tracts or septa) A4

B. Confluent necrosis
None B0
Focal confluent necrosis B1
Zone 3 necrosis in some areas B2
Zone 3 necrosis in most areas B3
Zone 3 necrosis + occasional portal–central bridging B4
Zone 3 necrosis + multiple portal–central bridging B5
Panacinar or multiacinar necrosis B6

C. Focal (spotty) lytic necrosis, apoptosis and focal inflammation
None C0
One focus or less per ×10 objective C1
Two to four foci per ×10 objective C2
Five to ten foci per ×10 objective C3
More than 10 foci per ×10 objective C4

D. Portal inflammation
None D0
Mild, some or all portal areas D1
Moderate, some or all portal areas D2
Moderate/marked, all portal areas D3
Marked, all portal areas D4

Table 3: Modified histologic criteria for diagnosing 
autoimmune hepatitis

Histologic 
score   

Item

Histologic 
score 0

Features not observed in autoimmune hepatitis: florid 
duct lesion (primary biliary cholangitis), bile duct loss, 
or copper/CK7 positivity (latter applicable only in cases 
without any bridging fibrosis)

Histologic 
score 1a 

(1) �Hepatitis with mild or moderate necroinflammatory 
activity with any of the following:

(a) Ishak A2 (mild/moderate interface activity)
(b) Ishak B1 (focal confluent necrosis)
(c) Ishak C2 (2–4 foci of lobular activity per ×10)
(2) �CK7 and copper stains negative (applicable only for 

cases with Ishak fibrosis score of 3, this feature is not 
applicable to acute cases)

Histologic 
score 2

Hepatitis picture with any of the following:
(1) Plasma cells: numerous or in clusters
(2) High necroinflammatory activity featuring at least one 
of the following:
(a) Ishak score A3 or higher (at least moderate interface activity)
(b) Ishak B2 or higher (confluent necrosis in zone 3 or beyond)
(c) �Ishak C3 or higher (5 or more foci of lobular activity 

per ×10)
CK7=cytokeratin 7
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point, and 27 (56.3%) cases were assigned a score of 2 points, 
which were known as compatible hepatitis and typical hepatitis, 
respectively. Moreover, calculating the total score using the 
mentioned criteria along with other indicators  (including 
antinuclear Ab, smooth muscle antibodies (Ab) or liver‑kidney 
microsomal Ab or soluble liver antigen  (Ag) and serum 
IgG, and absence of viral hepatitis) was reported to be ≤6 
points  (probable hepatitis) in 29  (60.4%) cases and  ≥7 
points (definite hepatitis) in 19 (39.6%) cases.

Moreover, examining the modified histologic criteria revealed 
that 12 (25%) and 36 (75%) cases were assigned a score of 1 
and 2 points, respectively. Regarding the modified histologic 
criteria along with other indicators, 8  (16.7%) cases had a 
score ≤6 points (probable hepatitis), and 40 (83.3%) cases had 
a score ≥7 points (definite hepatitis) [Table 4].

Comparative evaluation of the simplified and modified 
histologic criteria figured out that 12  (57.1%) cases of the 
21  patients that were assigned a score of 1 point by the 
simplified histologic criteria were assigned a score of 2 points 
by the modified histologic criteria. In other words, a higher 
percentage of patients was assigned a score of 2 points using 
the modified histologic criteria (P value = 0.018). Compared 
to the simplified histologic criteria, the modified histologic 
criteria had a sensitivity and specificity of 66.67% and 75%, 
respectively (P value = 0.006) [Table 5, Figure 1].

Evaluating the total score obtained from the sum of the points of 
the simplified and modified histologic criteria along with other 
indicators was performed. The results revealed that 21 (72.4%) 
cases of the 29 patients were assigned a total simplified score 
of ≤ 6 points; consequently, probable hepatitis was proposed 
for them. Moreover, all patients were assigned a total modified 
score ≥7, as a result of which definite AIH was proposed for 
them  (P  value  =  0.015). Compared to the total simplified 
score, the total modified score had a sensitivity and specificity 
of 57.5% and 100%, respectively (P value < 0.001) [Table 6, 
Figure 2].

Discussion
The results of this study showed that 43.8% and 25% of 
cases were assigned a score of 1 point (compatible hepatitis), 
and 56.3% and 75% of cases were assigned a score of 2 
points (typical) based on the report of simplified and modified 
histologic criteria, respectively. Moreover, 60.4% and 16.7% 
of cases were assigned a score ≤6 points (probable hepatitis), 
and 39.6% and 83.3% of cases were assigned a score  ≥7 
points (definite hepatitis) based on the reports of the sum of the 
scores obtained from these histologic simplified and modified 
criteria along with other indicators (such as antinuclear Ab, 
smooth muscle Ab or liver‑kidney microsomal Ab or soluble 
liver Ag and serum IgG and absence of viral hepatitis), 
respectively.

In this regard, it should be noted that according to the 
simplified criteria proposed by IAIHG, the presence of three 

histologic features in the patient’s biopsy, including rosettes, 
emperipolesis, and interface hepatitis, is mandatory in the 
diagnosis of typical AIH, although many previous studies have 
questioned the use of rosettes and emperipolesis as essential 
features to determine typical AIH and have expressed the 
problems of histologic interpretation, the limitation of the 
use of an optical microscope, and the medium sensitivity.[17‑19] 
Hence, some attempts have been made to standardize diagnosis 
and have sought to find criteria with the least complexity and 

Table 4: Frequency distribution of simplified and modified 
histologic findings among the studied cases

Histologic Findings Histologic score n Percentage
Simplified criteria* 1 21 43.8%

2 27 56.2%
Simplified criteria with 
other indicators**

≤6 29 60.4%
≥7 19 39.6%

Modified criteria* 1 12 25%
2 36 75%

Modified criteria with 
other indicators**

≤6 8 16.7%
≥7 40 83.3%

*Score 1: Compatible hepatitis; Score 2: Typical hepatitis. **Score ≤6: 
Possible hepatitis; Score ≥7: Definite hepatitis

Table 6: Comparative examination of the score obtained 
from the simplified and modified histologic criteria along 
with other indicators

Modified criteria 
with other 
indicators*

Simplified criteria with other 
indicators*

P

≤6 (n=29) ≥7 (n=19)
≤6 (n=8) 8 (27.6%) 0 (0%) 0.015
≥7 (n=40) 21 (72.4%) 19 (100%)
Sensitivity (95% CI)
Specificity (95% CI)
Positive Predictive Value
Negative Predictive Value
AUC (95% CI)
P

57.5 [40.9–73.0]
100 [63.1–100.0]

100.0 [85.2–100.0]
32.0 [14.9–53.5]
0.787 [0.71–0.86]

<0.001
CI=Confidence interval, AUC=Area under curve. *Score ≤6: Possible 
hepatitis; Score ≥7: Definite hepatitis

Table 5: Comparative evaluation of the score obtained 
from simplified and modified histologic criteria

Modified 
criteria*

Simplified criteria* P

1 (n=21) 2 (n=27)
1 (n=12) 9 (42.9%) 3 (11.1%) 0.018
2 (n=36) 12 (57.1%) 24 (88.9%)
Sensitivity (95% CI)
Specificity (95% CI)
Positive Predictive Value
Negative Predictive Value
AUC (95% CI)
P

66.67 [49.0–81.4]
75.00 [42.8–94.5]
88.9 [70.8–97.6]
42.9 [21.8–66.0]
0.708 [0.56–0.86]

0.006
CI=Confidence interval. *Score 1: Compatible hepatitis; Score 2: Typical 
hepatitis
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an easy clinical implementation.[20,21] For instance, modified 
histologic criteria with criteria such as interface activity, 
confluent necrosis, lobular activity, portal inflammation, the 
number of plasma cells, and CK7 and orcein (copper) staining 
have been proposed recently.[14‑16] Therefore, in the modified 
histologic criteria, the histologic score of 1 or 2 points is 
specified based on the level of liver activity (interface and/or 
lobular and prominence of plasma cells).

Basically, a score of 1 point is assigned to mild hepatitis that 
has no evidence of biliary features, while a score of 2 points 
is assigned to numerous plasma cells or severe hepatitis. 
The absence of cholestatic features is mandatory on CK7 
and copper stains, as a pattern like chronic hepatitis can be 
shown by chronic biliary disease. Chronic cholestasis has 
some well‑known features, such as CK7‑positive staining and 
copper accumulation in periportal hepatocytes. These features 
can differentiate biliary disease from chronic hepatitis.[12,13,22]

In the case of the presence of advanced fibrosis, CK7 positivity, 
and nonspecific copper accumulation can be observed 

regardless of etiology. Therefore, the mentioned feature cannot 
be employed for those having cirrhosis or bridging fibrosis. 
CK7 and copper stains are not useful in this respect as biliary 
disease is not considered for patients having presentations 
like acute hepatitis. Six primary biliary cholangitis cases were 
correctly scored using CK7 and copper stains, while a score 
of 1 point might be assigned to these cases considering the 
interface or lobular inflammatory activity.

In this regard, the findings of the present study revealed that the 
modified histologic criteria determined a higher percentage of 
patients with a score of 2 points than the simplified histologic 
criteria, such that its sensitivity and specificity as compared 
to the sensitivity and specificity of the simplified histologic 
criteria were reported to be 66.67% and 75%, respectively. 
Hence, it can be stated that the modified criterion can predict 
AIH cases with a higher sensitivity and specificity than the 
simplified criteria.

Consistent with the findings of this study, the results of Balitzer 
et  al.’s[14] study also showed that the use of the modified 

Figure 1: Frequency percentage and diagnostic value of the score obtained from the modified histologic criteria compared to the simplified histologic 
criteria

Figure 2: Frequency percentage and diagnostic value of the score obtained from the modified histologic criteria along with other indicators compared 
to the simplified histologic criteria along with other indicators
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histologic criteria led to an increase in the number of AIH 
cases (with a score of 2 points) from 8 to 77%.

However, among retrospective studies published to validate the 
simplified criteria, the overall sensitivity for probable AIH (≤6 
points) was in the range of 65–95%, and the overall specificity 
was in the range of 90–98%. Furthermore, for definite AIH 
cases  (≥7 points), overall sensitivity was in the range of 
15–87%, and overall specificity was 100%.[23] However, it 
seems no specific test can be applied to all patients with AIH 
due to the heterogeneous clinical characteristics of AIH, and 
it may be difficult to diagnose it in some patients with unusual 
manifestations. Therefore, the four indicators of liver histology, 
autoantibody titers, IgG levels, and the exclusion of viral 
hepatitis were used in the simplified criteria to differentiate 
between patients with and without AIH. These indicators, along 
with the scores of simplified or modified histologic criteria, 
can play a significant role in increasing and improving the 
accuracy of diagnosis.

In our study, the sum of the scores of simplified and modified 
histologic criteria, along with other indicators, showed that 
the modified histologic criterion had a higher percentage 
in identifying definite cases than the simplified histologic 
criterion such that as compared to the total simplified score, 
the total modified score had a higher sensitivity (57.5%) and 
specificity  (100%) and can identify a higher percentage of 
definite AIH cases.

Qiu et al.’s[19] study also indicated that the simplified criteria 
had a high sensitivity  (90%) and specificity  (95%) for 
diagnosing probable AIH and also had a satisfactory diagnostic 
accuracy for definite AIH with a sensitivity of 62% and a 
specificity of 99%. Among definite AIH patients diagnosed by 
the modified criteria, less frequent positivity for autoantibodies 
or lower titers and lower IgG levels were reported for patients 
with excluded or downgraded diagnoses using the simplified 
criteria. However, significantly higher histologic scores were 
obtained by these patients compared to those with accordant 
diagnosis. The mentioned finding indicated the centrality of 
liver histology in AIH diagnosis, particularly in the case of 
employing the simplified criteria.

The present study revealed that the percentage of definite or 
typical cases increased from 75% to 83.3% by adding other 
indicators to the modified histologic criteria. In another study, 
it was reported that using the proposed histologic features, the 
histologic score of 2 increased from 8 to 77%, while the total 
simplified score of > 6 increased from 69 to 86%.[14] However, 
some other studies reported it to be about 65–95%, which was 
in line with the findings of our study.[3,6,23]

According to the reports of previous studies, it seems that the 
modified histologic criteria seem to improve the diagnosis of 
acute AIH, which in turn leads to well‑timed immunosuppressive 
therapy because the high necroinflammatory activity might 
probably result in fast fibrosis progression in case of being 
left untreated.[14]

Finally, it should be mentioned that the small sample size 
and the limitation in the classification of AIH, primary 
biliary cholangitis, and nonautoimmune acute hepatitis can 
be the weak points of this study. However, the comparison 
of the simplified and modified criteria with and without other 
indicators among the Iranian race as the first study in this 
context can be considered as one of its strengths. Therefore, it 
is suggested to conduct more studies to achieve more definitive 
results regarding the distinction between these two criteria and 
their validation in the Iranian race.

Conclusion
According to the findings of the present study, a higher percentage 
of patients was assigned a score of 2 points based on the modified 
histologic criteria compared to the simplified histologic criteria. 
Moreover, the addition of other indicators  (liver histology, 
autoantibody titers, IgG levels, and the exclusion of viral 
hepatitis) to these two histologic criteria resulted in an increase 
in definite AIH cases (a score ≥7 points). Therefore, in general, 
the diagnostic value of the modified histologic criteria alone or 
along with other indicators can have an acceptable diagnostic 
value in differentiating definite from probable AIH patients.
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