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Autoimmune hemolytic anemia (AIHA) is a 
hematological disorder characterized by 
immune-mediated destruction of red blood cells 
caused by autoantibodies directed against 
erythrocyte antigens. The disease may occur as 
a primary idiopathic condition or develop 
secondarily under the influence of infections, 
autoimmune diseases, lymphoproliferative 
disorders, and other factors [5]. 
AIHA is classified according to the direct 
antiglobulin test (DAT) and the thermal activity 
of autoantibodies. Warm AIHA is the most 
common form and is mainly associated with IgG 
autoantibodies. These antibodies activate 
splenic macrophages, leading to extravascular 
hemolysis [4]. Cold AIHA is more commonly 
associated with IgM antibodies, which activate 
the complement system and result in 
complement-mediated hemolysis. In mixed 
AIHA, both warm and cold antibodies are 
involved simultaneously. This condition leads to 

combined mechanisms of hemolysis, and its 
clinical course may be relatively severe. Mixed 
AIHA is characterized by the coexistence of 
warm IgG and cold IgM autoantibodies. 
Accurate diagnosis requires DAT together with 
additional immunohematological investigations 
[3,5,7]. 
Disruption of immune tolerance, alterations in 
B- and T-lymphocyte activity, excessive 
production of autoantibodies, and activation of 
the complement system play an important role 
in the pathogenesis of AIHA. Hemolysis may 
occur through various immunological 
mechanisms either intravascularly or via the 
extravascular pathway [2]. 
AIHA is a rare but heterogeneous disease. Its 
development is associated with genetic 
predisposition, immune dysregulation, 
infections, autoimmune diseases, medications, 
and environmental factors [3]. The main 
pathogenetic mechanisms include autoantibody 
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production, macrophage activation, 
erythrophagocytosis, and immune regulatory 
disturbances [2]. 
In some cases of severe AIHA, uncontrolled 
hemolysis may develop, resulting in severe 
anemia and life-threatening complications. The 
severity of the disease course is associated with 
immunological characteristics, underlying 
diseases, and the degree of hemolysis. 
Therefore, early identification of high-risk 
patients and assessment of immunological 
markers are of great importance [2,4,8]. 
The rarity of AIHA and the complexity of its 
diagnosis make the study of its immunological 
features, clinical course, and diagnostic 
biomarkers a highly relevant issue [3,5,7]. 
To assess the probability of subsequent 
development of autoimmune hepatitis (AIH) in 
patients with AIHA, the prognostic value of 
several immunological panels and non-invasive 
fibrosis indices was investigated, while the 
diagnostic significance of biomarkers was 
evaluated using odds ratio (OR) and hazard 
ratio (HR). In addition, the independent 
predictive potential of the specialized 
immunological Liver-3-Line panel, which 
includes autoantibodies directed against 
cytoskeletal structures such as F-actin, Actinin, 
and Tropomyosin, was further analyzed. This 
approach was aimed at identifying early 
immunological alterations leading to 
autoimmune liver injury in AIHA [1,2]. 
The study results demonstrated that 
immunological panels possess significantly 
higher predictive value compared to other 
indices. In particular, the Liver-9-Line panel 
showed the strongest statistical association 
with the development of AIH. Patients with 
positive results for this panel had a significantly 
increased probability of developing 
autoimmune hepatitis, while OR and HR 
indicators confirmed the high reliability of this 
association. These findings suggest that this 
immunological panel may serve as an effective 
tool for the early detection of autoimmune liver 
damage in the setting of AIHA [1,3]. 
The high OR and HR values of the Liver-9-Line 
panel indicated that this combination of 
autoantibodies is strongly associated with the 
risk of AIH development. This suggests that the 

immune response directed against cytoskeletal 
antigens represents an important 
immunological marker of the initiation of liver 
involvement in the pathogenesis of AIHA [4]. 
Among the non-immunological parameters, the 
APRI index retained relatively high diagnostic 
significance. Statistically significant OR and HR 
values for this index demonstrated that the 
relationship between aspartate 
aminotransferase (AST) levels and platelet 
count is associated with the development of 
fibrotic and inflammatory processes in the liver. 
Other fibrosis indices, including FIB-4 and 
King’s score, showed positive associations with 
AIH in certain cases; however, their time-
dependent predictive value did not reach a 
reliable level. This finding suggests that these 
indices may primarily reflect accumulated 
morphofunctional liver damage [4,5,6]. The De 
Ritis coefficient did not demonstrate a 
statistically significant association with the risk 
of AIH development. The low OR and HR values 
indicate that this index has limited potential as 
an independent prognostic biomarker [2,7]. 
Overall, the obtained results confirmed that 
immunological panels, particularly Liver-9-Line 
and Liver-3-Line, possess significantly higher 
accuracy in predicting the development of 
autoimmune hepatitis in patients with AIHA 
compared to conventional non-invasive indices. 
This finding indicates that immunological 
profiling plays an important role in the early 
identification and monitoring of patients 
belonging to high-risk groups [3]. 
Materials and Methods. The present study was 
conducted at Tashkent State Medical University 
from 2020 to 2024. A total of 64 patients 
voluntarily participated in the main study 
group, while the control group consisted of 20 
healthy individuals matched by age and sex with 
the patients of the main group. According to the 
duration of AIHA, patients in the main group 
were divided into three groups: Group 1 
included 25 patients with AIHA duration up to 6 
months, Group 2 included 21 patients with 
disease duration from 6 months to 2 years, and 
Group 3 consisted of 18 patients with AIHA 
duration from 2 to 4 years. In addition, each 
group was subdivided according to the presence 
or absence of autoimmune hepatitis (AIH): 
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patients with AIH (AIH+) and patients without 
AIH (AIH−). AIH was identified in 4 patients of 
Group 1, 6 patients of Group 2, and 8 patients of 
Group 3. 
Modern comprehensive clinical and laboratory 
approaches were used for the diagnosis of AIHA 
and AIH. Particular attention was paid to clinical 
symptoms and medical history during patient 
selection. Strict exclusion criteria included viral 
hepatitis and toxic liver injury (alcoholic or 
drug-induced), which were not included in the 
main study group. Most patients were between 
18 and 44 years of age, while the mean age in the 
control group was 44.3 ± 2.64 years. Statistical 
analysis revealed no significant differences 
according to age and sex. 
Hematological parameters were analyzed using 
the Mindray BS-20 analyzer (China), while 
biochemical investigations were performed 
using the BC 200 automated biochemical 
analyzer (China) with reagents produced by the 
German company HUMAN. The following 
parameters were evaluated: alanine 
aminotransferase (ALT), aspartate 
aminotransferase (AST), total bilirubin (TB), 
indirect bilirubin (IB), total protein, albumin, 
and urea levels. 
ROC analysis was performed in order to assess 
the predictive capability for AIH in patients with 
different durations of AIHA. This analysis made 
it possible to evaluate how the diagnostic 
significance of various biomarkers and indices 
changed during disease progression. Diagnostic 
efficiency was assessed using the AUC indicator, 
where higher values reflected greater reliability 
of the test. 
In patients at the early stage of the disease, 
immunological panels demonstrated the 
highest diagnostic accuracy. Liver-9-Line panels 
showed high AUC values and were found to be 
highly effective in the early detection of AIH. 
This finding suggests that immunological 
alterations can be detected before complete 
clinical and morphological liver abnormalities 
become fully established. 
The APRI index also demonstrated good 
diagnostic value at the early stage, showing high 
sensitivity and specificity at the established cut-
off value. This indicates that the AST-to-platelet 
ratio may reflect the earliest signs of 

autoimmune liver injury. The De Ritis 
coefficient showed moderate diagnostic 
significance, whereas the FIB-4 and King’s 
indices demonstrated relatively low or 
satisfactory diagnostic performance at this 
stage. 
In patients with a relatively prolonged disease 
course, the diagnostic profile changed to some 
extent. At this stage, the APRI index 
demonstrated the highest diagnostic accuracy 
and enabled reliable differentiation of 
autoimmune liver damage. King’s score also 
showed high AUC values and considerable 
significance in detecting AIH. The FIB-4 index 
also demonstrated high diagnostic value, 
indicating that its significance increases with 
the progression of fibrotic and parenchymal 
liver changes. 
The ROC analysis results demonstrated that 
immunological and biochemical parameters 
possess different levels of diagnostic 
significance in the assessment of liver 
pathologies. Among the investigated markers, 
the Liver-9-Line and Liver-3-Line panels 
showed the highest efficiency. These test 
systems demonstrated an almost perfect 
discriminatory ability in disease detection, 
while overall accuracy indicators were assessed 
within the highest range. 
The balance between sensitivity and specificity 
for these panels was highly stable, and false-
positive or false-negative results were observed 
only rarely. At the same time, certain statistical 
parameters indicated the presence of 
limitations when evaluating them as 
independent markers, suggesting that their 
maximum effectiveness is achieved only within 
a complecsive diagnostic approach. 
On the other hand, the De Ritis index 
demonstrated moderate diagnostic capability in 
reflecting changes in hepatic enzymatic activity. 
Although its ROC performance was not high, it 
retained value as an additional source of 
information in certain clinical situations. 
Furthermore, despite relatively high sensitivity 
around the cut-off point, its overall prognostic 
value remained limited. 
In prolonged forms of AIHA, the diagnostic 
strength of biomarkers increased significantly. 
At this stage, immunological panels operated 
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with very high accuracy, particularly Liver-9-
Line and Liver-3-Line, which demonstrated an 
almost ideal discriminatory capacity. Their ROC 
indicators approached maximal values, 
enabling reliable confirmation of disease 
presence. 
The APRI index also demonstrated high 
diagnostic significance at this stage, sensitively 
reflecting changes associated with liver fibrosis. 
At its optimal cut-off point, sensitivity and 
specificity remained highly balanced, 
supporting its application as a useful instrument 
in practical clinical settings. 
The FIB-4 index showed relatively stable but 
lower diagnostic power compared to 
immunological panels. It plays an additional 
role in differentiating parenchymal and fibrotic 
changes but has limited value as an independent 
marker. 
The results for King’s score were mixed in 
nature. On the one hand, sensitivity was high, 
while on the other hand, statistical significance 
was unstable, reducing its reliability. Therefore, 
it is considered more appropriate as an 
additional clinical index. 
The De Ritis index maintained moderate 
diagnostic significance throughout the study. 
Although it reflected changes in hepatic 
cytolysis and enzymatic activity, its overall 
prognostic value remained limited. 
The overall comparative analysis across 
different groups demonstrated that 
immunologically oriented test panels had clear 
superiority over all biochemical indices. In 
particular, Liver-9-Line and Liver-3-Line 
maintained high diagnostic stability at all stages 
and played the leading role in disease detection. 
Biochemical indices may serve as supportive 
diagnostic tools and can improve overall 
accuracy when interpreted together with 
immunological data. Their main significance 
becomes evident within a comprehensive 
evaluation system. 
Analysis of individual autoantibodies revealed 
that F-actin and actinin possess relatively high 
diagnostic potential. Although they 
demonstrated a certain degree of reliability 
when used separately, their full clinical value 
became evident only as components of a 
comprehensive panel. 

The remaining autoantibodies were considered 
ineffective as individual markers because of 
their low sensitivity and limited diagnostic 
value. 
In conclusion, the highest diagnostic efficiency 
belongs to immunological panels, particularly 
Liver-9-Line and Liver-3-Line. These panels are 
significantly superior to conventional 
biochemical indices and are recommended as 
the principal tools for the early and reliable 
detection of autoimmune hepatitis in the setting 
of AIHA. 
Conclusion. The conducted analyses 
demonstrated that immunological panels 
possess the highest diagnostic and prognostic 
value in predicting the development of 
autoimmune hepatitis in patients with AIHA. In 
particular, the Liver-9-Line test enabled highly 
accurate detection of AIH both at the early 
stages of the disease and in prolonged cases. 
Although conventional non-invasive indices 
such as APRI, FIB-4, and King’s score have 
additional diagnostic significance, their 
predictive capabilities were found to be lower 
compared to immunological panels. The De Ritis 
index demonstrated limited value as an 
independent prognostic marker. Overall, 
immunologically oriented test systems 
represent the most effective tools for the early 
detection of AIHA-associated autoimmune 
hepatitis, risk assessment, and patient 
stratification. 
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