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A B S T R A C T  

Viral hepatitis continues to be a serious global health concern, impacting millions of people, putting a 
strain on healthcare systems across the world, and causing significant morbidity and mortality. 
Traditional diagnostic, prognostic, and therapeutic procedures to address viral hepatitis are successful 
but have limits in accuracy, speed, and accessibility. Artificial intelligence (AI) advancement provides 
substantial opportunities to overcome these challenges. This study investigates the role of AI in 
revolutionizing viral hepatitis care, from early detection to therapy optimization and epidemiological 
surveillance. A comprehensive literature review was conducted using predefined keywords in the Nature, 
PLOS ONE, PubMed, Frontiers, Wiley Online Library, BMC, Taylor & Francis, Springer, 
ScienceDirect, MDPI, IEEE Xplore Digital Library, and Google Scholar databases. Peer-reviewed 
publications written in English between January 2019 and August 2024 were examined. The data of the 
selected research papers were synthesized and analyzed using thematic and narrative analysis techniques. 
The use of AI-driven algorithms in viral hepatitis control involves many significant aspects. AI improves 
diagnostic accuracy by integrating machine learning (ML) models with serological, genomic, and 
imaging data. It enables tailored treatment plans by assessing patient-specific characteristics and 
predicting therapy responses. AI-powered technologies aid in epidemiological modeling, and AI-
powered systems effectively track treatment adherence, identify medication resistance, and control 
complications associated with chronic hepatitis infections. It is vital in identifying new antiviral 
medicines and vaccines, speeding the development pipeline through high-throughput screening and 
predictive modeling. Despite its transformational promise, using AI in viral hepatitis care presents 
various challenges, including data privacy concerns, the necessity for extensive and varied datasets, and 
the possibility of algorithmic biases. Ethical considerations, legal frameworks, and multidisciplinary 
collaboration are required to resolve these issues and ensure AI technology’s safe and successful use in 
clinical practice. Exploiting the full AI’s potential for viral hepatitis management provides unparalleled 
prospects to improve patient outcomes, optimize public health policies, and, eventually, and alleviate the 
disease’s negative impact worldwide. This study seeks to provide academics, medics, and policymakers 
with the fundamental knowledge they need to harness AI’s potential in the fight against viral hepatitis. 

1. INTRODUCTION 

Viral hepatitis is a communicable disease that affects millions of people globally, causing chronic liver disease, cirrhosis, 
and hepatocellular carcinoma (HCC), necessitating early and comprehensive response [1]. Aditya and Neeraj [2] describe 
hepatitis as inflammation of the liver caused by viral infections, autoimmune illnesses, toxins, or excessive alcohol intake. 
Viral hepatitis can be acute or chronic, and it is a viral disease that can be transmitted from one infected person to another 
healthy person. This inflammation harms hepatocytes, compromising their function and jeopardizing the liver’s capacity to 
absorb nutrients, filter toxins, and generate serum proteins [2]. Viral hepatitis is mainly caused by one of five different 
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hepatotropic viruses: hepatitis A virus (HAV), hepatitis B virus (HBV), hepatitis C virus (HCV), hepatitis D virus (HDV, 
the delta agent), and hepatitis E virus (HEV), which cause liver inflammation and damage. Each virus is characterized by 
distinct epidemiology, structural biology, transmission routes, endemic patterns, risk of liver problems, and responsiveness 
to antiviral medications [3][4]. These five virus types significantly influence public health, resulting in disease, deaths, and 
the possibility of extensive epidemics [5-7]. Chronic hepatitis is sometimes referred to as a “silent killer” since most patients 
are asymptomatic and unaware of their sickness. They are detected accidentally or develop symptoms years after contracting 
the virus [8]. 

The World Health Organization (WHO) released its worldwide hepatitis report 2024 in April 2024, including the most recent 
estimates on disease burden and coverage of critical viral hepatitis services from 187 countries worldwide, emphasizing 
access action in low- and middle-income countries (LMICs). Globally, the expected number of fatalities from viral hepatitis 
grew from 1.1 million in 2019 to 1.3 million in 2022, with hepatitis B accounting for 83% and hepatitis C for 17% [9]. It 
causes around 1.4 million fatalities per year as a result of acute infection and associated liver cancer and cirrhosis [10]. Every 
day, 3,500 people die across the world from hepatitis B and C virus infections [9]. By 2040, it is expected to kill more people 
than HIV, malaria, and tuberculosis combined [11]. 

Fatigue, flu-like symptoms, jaundice, pale stool, stomach discomfort, itching, loss of appetite, swelling of the legs and 
abdomen, nausea and vomiting, weight loss, and dark urine are some of the symptoms of acute viral hepatitis [7][12]. These 
symptoms may arise rapidly in acute infections or build gradually over time in chronic instances. Fecal contamination of 
drinking water, unprotected sexual contact, use of unsterilized instruments in barber shops, being born into an infected 
family, fraudulent medical practices, reusing syringes, blood transfusions, tattoos and piercings, injection drug abuse, 
hemodialysis, or the use of non-sterile invasive medical devices are the main risk factors for viral hepatitis transmission [13-
18]. If not appropriately managed, hepatitis can progress to severe liver cirrhosis, fibrosis, acute fulminant hepatitis, hepatic 
decompensation, HCC, liver cancer, vascular diseases, insulin resistance/diabetes, and even death [5][19-22]. Viral hepatitis 
is primarily preventable and treatable, but there are disparities in access to immunizations, diagnostics, and therapies, and 
most hepatitis patients are unaware that they have the disease. 

Despite substantial breakthroughs in antiviral medications, managing viral hepatitis remains challenging due to delayed 
diagnosis, unpredictable treatment outcomes, and the need for continuing monitoring. The WHO has devised a global health 
plan for viral hepatitis that will be implemented between 2022 and 2030 to halt the spread of viral hepatitis infection at the 
public health level by 2030. The approach calls for a 90% decrease in incidence and 65% in death. This initiative intends to 
reduce the prevalence of chronic viral hepatitis infection and death rates among infected individuals by enhancing access to 
screening, universal vaccination, and medicines [5][23]. With advances in medical technology, AI provides intriguing 
possibilities for improving viral hepatitis diagnosis, treatment, and management. AI, machine learning (ML), deep learning 
(DL), and natural language processing (NLP) offer a variety of supervised or unsupervised algorithms and advanced neural 
networks that can more accurately predict hepatitis risk than traditional methods [24]. Linear regression, logistic regression 
(LR), support vector machines (SVM), random forests (RF), decision trees (DT), gradient boosting (GB), K-nearest 
neighbors (KNN), Artificial Neural Networks (ANNs), Adaptive boosting (AdaBoost), extreme gradient boosting 
(XGBoost), Gaussian Naive Bayes (GNB), Naive Bayes (NB), K-means, principal component analysis (PCA), hierarchical 
clustering, Gaussian mixture models (GMM), density-based spatial clustering of applications with noise (DBSCAN), and 
self-organizing maps (SOMs) are effective and cost-efficient methods for predicting hepatitis [18][25-27]. DL algorithms 
such as Neural Networks (NNs), Convolutional Neural Networks (CNNs), Recurrent Neural Networks (RNNs), Generative 
Adversarial Networks (GANs), Autoencoders, Transformer Models, Neural Architecture Search (NAS), Q-learning, State-
Action-Reward-State-Action (SARSA), and Deep Q-Networks (DQN), showed significant predictive performance for 
hepatitis early detection [28-30]. AI, ML, DL, and NLP play a significant role in early diagnosis and prediction of viral 
hepatitis, enhancing patient care, identifying patients at high risk of infection, controlling hepatitis disease spread, forecasting 
the progression of hepatitis, drug discovery, enhancing patient engagement and adherence to antiviral therapy, predict disease 
progression, reducing the disease burden, preventing future outbreaks, improving clinical decision-making, and addressing 
the evolving needs of patients for a more effective and patient-centric approach to managing chronic hepatitis [22][30-34]. 

This review explores how AI can help manage viral hepatitis. This technology allows healthcare practitioners to obtain more 
precise diagnoses, personalized therapies, and effective patient monitoring. Furthermore, using AI can improve public health 
monitoring by giving real-time information on hepatitis disease prevalence and environmental risk factors. However, to fully 
utilize the potential of AI, issues such as data privacy, regulatory and legal issues, public opposition to change, system 
integration, data collection and variable selection, data interoperability, data quality and integration, ethical concerns, and 
biases associated with the selection of the clinical research problem, and algorithm development and post-development usage 
must be addressed. In this review, we aim to (1) introduce hepatitis and AI technologies, (2) summarize AI applications in 
viral hepatitis management, and (3) discuss current limitations and future considerations for AI applications in hepatology. 

The remainder of this paper is arranged as follows: Section 2 looks at the materials and methods utilized in the study. Section 
3 describes hepatitis and AI technology. Section 4 discusses how AI may be used to manage viral hepatitis. Section 5 
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summarizes the limitations and potential implications of AI applications in hepatology. Finally, Section 6 covers the 
conclusions. 

2. MATERIALS AND METHODS 

The study aims to comprehensively examine the potential of AI technologies in managing viral hepatitis. The process 
includes a structured literature evaluation, data synthesis, and analysis of the selected literature. The review used a variety 
of databases, including Nature, PLOS ONE, PubMed, Frontiers, Wiley Online Library, BMC, Taylor & Francis, Springer, 
ScienceDirect, MDPI, IEEE Xplore Digital Library, and Google Scholar. The search keywords included “artificial 
intelligence,” “machine learning,” “deep learning,” “natural language processing,” “viral hepatitis,” “hepatitis B,” “hepatitis 
C,” “hepatitis management,” “disease prediction,” “healthcare AI,” and other relevant terms. The researchers considered 
studies published in English between January 2019 and August 2024, including peer-reviewed articles, conference 
presentations, and substantial technical reports. Non-English papers, preprints, and duplicate research were all excluded. 
Four authors independently retrieved relevant material from the selected research databases using predefined key 
information, including (1) title, authors, and publication year, (2) objectives and research questions, (3) study design, (4) 
methods of analysis, (5) results, (6) conclusions, (7) viral hepatitis, (8) AI techniques, (9) AI application in viral hepatitis 
management, and (10) limitations, and future considerations. The extracted data was structured in a consistent format to 
guarantee uniformity and correctness. 

A total of 168 relevant research papers were reviewed, with 9 from Nature, 2 from PLOS ONE, 10 from PubMed, 5 from 
Frontiers, 3 from Wiley Online Library, 8 from BMC, 5 from Taylor & Francis, 6 from Springer, 10 from ScienceDirect, 31 
from MDPI, 12 from IEEE Xplore Digital Library, and 67 from Google Scholar. These research papers were assessed, 
appraised, and classed based on their relevance to AI applications for viral hepatitis management. Fig. 1 shows the 
distribution of selected research papers among digital libraries. 

 

Fig. 1. Shows the distribution of the selected research papers according to the digital libraries. 

Fig. 2 depicts the distribution of chosen research paper types among digital libraries. 

Fig. 3 represents the distribution of chosen research from various digital libraries based on the year of publication. 

The quality of the included research studies was evaluated using criteria such as study design, sample size, AI model 
validation, and applicability to hepatitis management. The studies were assessed based on their methodological rigor, data 
validity, and relevance to the research issues. A test-retest methodology, thorough search tactics, transparent reporting, peer 
review, critical appraisal, sensitivity analyses, conflict of interest disclosure, and meta-analysis were employed to reduce 
literature search biases. Maintaining patient privacy and data security in AI-powered hepatitis management systems was 
emphasized. 

The data retrieved from the selected research studies were synthesized and analyzed using qualitative synthesis and theme 
analysis techniques. The study focuses on viral hepatitis, AI approaches, and using AI to manage viral hepatitis. The findings 
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were corroborated by cross-referencing them with prior literature research and critically evaluating the conclusions’ quality. 
Each research paper was assessed for quality based on the robustness of the methodology, the validity and reliability of the 
findings, and their relevance to AI applications in viral hepatitis management. A scoring methodology was utilized to 
evaluate the studies, ensuring that only high-quality research publications were included in the final analysis. Because this 
study analyzed existing literature, no primary data was gathered; ethical approval was unnecessary. However, ethical norms 
were followed by adequately attributing all sources and avoiding plagiarism. 

 

Fig. 2. Depicts the distribution of selected research paper types among digital libraries. 

 

Fig. 3. Represents the distribution of selected research papers from various digital libraries based on the year of publication. 
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3. HEPATITIS AND ARTIFICIAL INTELLIGENCE 

In hepatology, AI has proven critical for increasing medical care efficiency with limited human resources and assisting 
medical decision-making. Several AI techniques reported offer several tasks, such as prediction, diagnosis, prognosis, and 
recommendations for the best therapeutic method in viral hepatitis management [35]. 

3.1 Hepatitis 

Hepatitis is a liver inflammation caused by several infectious viruses and non-infectious substances, which can result in 
various health issues. Both communicable and non-infectious sources can cause hepatitis. Hepatitis A, B, C, D, and E are 
the five primary types of viral hepatitis, and each type is caused by one of five hepatotropic virus strains, namely HAV, 
HBV, HCV, HDV, and HEV [12]. Individuals infected with HBV, HCV, or HDV (among those with HBV infection) can 
develop chronic hepatitis, cirrhosis, and HCC, with significant morbidity and death rates if no treatments are implemented 
[36]. Hepatitis viruses differ significantly in structure, epidemiology, modes of transmission, incubation time, clinical 
manifestations, natural history, diagnosis, and prevention and therapeutic options [1][12]. Below is a detailed description of 
the five primary types of viral hepatitis. 

3.1.1  Hepatitis A 

Hepatitis A is a primary worldwide health concern, particularly in areas of Africa, Asia, and Latin America with inadequate 
sanitation and hygiene standards. It is caused by the HAV, which belongs to the Picornaviridae family and the Hepatovirus 
genus [37]. It is often a transient infection that does not progress to chronic liver disease [12]. In 2020, 170 million new cases 
of HAV were recorded globally [37], and HAV is responsible for an estimated 1.4 million infections each year and around 
7,134 deaths, accounting for 0.5% of viral hepatitis mortality [1]. Acute hepatitis A has a broad clinical spectrum, ranging 
from mild instances with no apparent symptoms often in young age, with most persons recovering completely and remaining 
resistant to future HAV infections, to sudden liver failure (fulminant hepatitis) leading to death in highly severe cases [2]. 
HAV infections are typically asymptomatic or have very moderate symptoms, and the illness usually has a benign course 
with spontaneous remission [5]. The most frequent symptoms are exhaustion, abrupt nausea and vomiting, stomach pain or 
discomfort near the liver, clay-colored feces, lack of appetite, low-grade fever, dark urine, joint pain, and jaundice. HAV is 
usually transmitted by food or drink contaminated with fecal matter carrying the virus, but it can also be transmitted from 
person to person through intimate contact and certain sex behaviors [5][38]. They may induce acute liver inflammation. 

3.1.2  Hepatitis B 

Chronic Hepatitis B infection is a substantial worldwide health hazard, affecting millions of individuals worldwide. Hepatitis 
B is caused by the HBV, a member of the Hepadnaviridae family and the Orthohepadnavirus genus [2][29]; it frequently 
progresses to chronic infection, resulting in severe consequences such cirrhosis, liver failure, and HCC [39]. About 400 
million people are now infected with HBV, and approximately 2 billion people have antibody evidence of viral exposure 
[40]. Every year, around 30 million individuals worldwide become infected with HBV, and 296 million people today live 
with chronic HBV. Although an estimated 1 million individuals die from HBV each year, less than 10% of those infected 
are detected, and just around 1% receive treatment. It is the world’s sixth leading cause of death, with rates most significant 
in East Asia and Sub-Saharan Africa [15]. More than 60 million individuals in Africa alone are infected with hepatitis B, 
resulting in approximately 60,000 fatalities per year [41]. HBV symptoms include fever, fatigue, weakness, joint pain, lack 
of appetite, stomach discomfort, dark urine, whiteness in the eyes, jaundice, vomiting, and nausea [42]. Hepatitis B is 
typically spread by contact with contaminated blood or other bodily fluids, sexual contact with an infected person, infected 
mother-to-child transmission during childbirth, transfusions of HBV-contaminated blood and blood products, contaminated 
injections during medical procedures, accidental needle stick injuries to healthcare workers, and sharing of drug-injection 
equipment [2][12]. It causes both acute and chronic liver illnesses, including liver cancer, cirrhosis, HCC, and liver failure 
[2][5][12][41][43-45]. 

3.1.3  Hepatitis C 

Hepatitis C is a prominent cause of liver-related illness and mortality, accounting for an estimated 400,000 deaths yearly. 
Hepatitis C is caused by HCV, identified for the first time in 1989, and is a member of the Flaviviridae family and the 
Hepacivirus genus. It is the primary cause of cirrhosis and hepatocellular cancer. Because of its error-prone reproduction 
method via the RNA dependent RNA polymerase, seven genotypes and at least eighty viral subtypes have been identified 
[46]. Without therapy, around 25% of acutely infected people recover from the virus on their own within six months. Those 
who do not clear the virus progress to chronic infection; eventually, 15-20% will develop liver fibrosis, which can proceed 
to cirrhosis [46]. According to the WHO, around 50 million individuals worldwide have chronic hepatitis C by 2023, with 
3.2 million being adolescents and children, resulting in 230,000-580,000 deaths each year, primarily from cirrhosis and liver 
cancer [47][48]. Furthermore, 1.5 million new infections are recorded yearly [1][41][49]. The annual worldwide economic 
cost of HCV surpasses US$10 billion, including the expense of screening, antivirals, managing hepatic and extrahepatic 
consequences, and lost productivity due to poor quality of life [46]. Hepatitis C symptoms include tiredness, fever, muscle 
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and joint pain, nausea, and jaundice. It is spread through blood transfusions, intravenous drug use with shared needles, 
mother-to-child transmission during childbirth, sexual transmission, unsafe medical procedures, and tattoo piercings with 
non-sterile equipment [2][5][12][33][49][50]. Hepatitis C can cause long-term health issues such as acute and chronic 
hepatitis, cirrhosis, fibrosis, liver cancer, and mortality from liver disease [12][41][51]. 

3.1.4  Hepatitis D 

Hepatitis D, commonly known as hepatitis delta, is a rare and severe type of viral hepatitis caused by the HDV, a member 
of the Kolmioviridae family and the Delta virus genus. It arises in people infected with HBV, as HDV needs the HBV surface 
antigen to proliferate [2]. The HDV, identified in 1977 among HBV patients with severe liver damage, is a defective, 
obligatory satellite virus of HBV that requires hepatitis B surface antigen (HBsAg) proteins from its companion virus to 
create viral particles. The minor ribonucleic acid (RNA) virus infects humans, measuring 36-40 nm in diameter and 
containing around 1.7 kb of single-stranded negative-sense circular RNA. There are at least eight HDV genotypes, numbered 
1 through 8. Genotype 1 has a global distribution and is most prevalent in Europe, North America, and parts of Asia, with a 
variable course of infection; genotype 2, which is widespread in Russia, Taiwan, and Japan, has a greater rate of remission 
than genotype 1; genotype 3, found in the Amazon Basin, is associated with early onset of HCC and acute liver failure; and 
genotype 4, found in Russia, Taiwan, and Japan, is associated with faster progression to cirrhosis. Genotypes 5, 6, 7, and 8 
are found in Africa and among African migrants in Europe, but data is scarce, and the course of infection is poorly classified 
[41]. The incidence of hepatitis D varies significantly by area, with more excellent rates found in Central Asia, Eastern 
Europe, the Mediterranean, the Middle East, and Africa. Around 15-20 million individuals worldwide are infected with 
HDV, accounting for around 5% of those with chronic HBV. Sub-Saharan Africa has a high HDV prevalence, which leads 
to poor clinical outcomes for those who are HIV/HBV/HDV tri-infected [41][52]. Hepatitis D symptoms are comparable to 
those of other types of viral hepatitis. They might include nausea and vomiting, fatigue, stomach discomfort, jaundice, lack 
of appetite, loss of appetite, dark urine, and joint pain [53]. HDV, like HBV, is spread through contact with infected blood, 
saliva, semen, or other bodily fluids, unprotected sexual contact, sharing needles with an infected person, perinatal 
transmission, intravenous drug use, and exposure to infected blood [2][12]. Hepatitis D can cause more severe liver disease, 
including fibrosis, cirrhosis, HCC, hepatic decompensation, and HCC [5][12][54]. 

3.1.5  Hepatitis E 

Hepatitis E is a zoonotic feco-oral virus caused by HEV, a member of the Hepeviridae family that includes Orthohepevirus 
and Piscihepevirus [17]. Orthohepatitis virus is classified into four species: A, B, C, and D. The Cutthroat trout virus is the 
sole member of the Piscihepevirus family. The Orthohepevirus A genome has eight HEV genotypes: genotypes 1 and 2 only 
infect humans, whereas genotypes 3, 4, and 7 are zoonotic. Pigs, rabbits, and cattle carry genotypes 3 and 4; genotypes 5 and 
6 have only been detected in wild boars, whereas genotypes 7 and 8 have been reported in camels [55][56]. According to the 
WHO, there are approximately 20 million HEV infections globally each year, resulting in an estimated 3.3 million 
symptomatic cases of acute hepatitis and >44,000 deaths every year [57-59]. Hepatitis E symptoms are comparable to those 
of other kinds of viral hepatitis and might range from mild to severe. Fatigue, jaundice, fever, lack of appetite, nausea and 
vomiting, stomach discomfort, dark urine, clay-colored feces, joint pain, and itching are common symptoms that develop 
between 2 and 10 weeks after viral contact. While most instances of hepatitis E are mild and self-limiting, serious 
consequences can develop, particularly in high-risk populations. These consequences can include abrupt liver failure, chronic 
hepatitis E, severe illness in pregnant women, and neurological symptoms [38]. Hepatitis E spreads mainly through the fecal-
oral pathway, consumption of contaminated water or food, zoonotic transmission through contact with infected animals and 
raw meat products from these animals, sexually transmissible in men who have sex with men, and through blood transfusions 
[2][5][12][17][60]. HEV also causes acute liver inflammation, increased mortality, and chronic infections, which may be 
associated with extrahepatic illnesses such as neurological abnormalities, kidney failure, and blood cell diseases [61]. 

3.2 Artificial Intelligence 

AI is among the most disruptive technologies, promising to solve complicated issues and improve human skills. It is a field 
of computer science focusing on creating computer systems that employ data analysis and pre-programmed instructions to 
mimic and perform intelligent tasks, such as learning, pattern recognition, natural language understanding, problem-solving, 
perception, and decision-making that require human intelligence [32][62-64]. It consists of various intelligent processes and 
behaviors developed by computational models, algorithms, mathematical formulas, or rules that support computer systems 
and are inspired by how the human brain functions [64][65]. AI capabilities in hepatology became conceivable with the 
introduction of current, powerful computer technology and the capacity to record and store vast amounts of data [66]. It 
offers services to computer vision, pattern recognition, expert systems, language processing and translation, speech 
recognition, robotics, the Internet of Things, and others. It has extensive data analytics capabilities and can quickly, 
effectively, and precisely evaluate massive amounts of electronic healthcare data [63][64]. AI includes ML, DL, NLP, 
computer vision, robotics, and expert systems [63][67]. Fig. 4 depicts the relationships among AI, ML, and DL. 
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3.2.1  Machine Learning 

ML is the primary engine driving the advancement of AI. Bal [32] and Ali et al. [63] define ML as a segment of AI that 
creates algorithms and statistical models capable of learning from essential datasets, identifying new patterns, and making 
data-driven predictions or performance related to a specific task without being explicitly programmed. ML approaches also 
incorporate rules and methods for recognizing or forecasting new data patterns or practices [64][68]. It creates a mathematical 
algorithm using a training dataset to predict outcomes or make autonomous decisions [32][69][70]. ML models in healthcare 
can be trained using medical images, electronic records, genomics, and other patient data to identify disease signatures. 
These models and algorithms extract patterns from data and associate them with compact classes of samples [62]. In most 
cases, enormous volumes of data must be fed into a machine-learning system. The algorithm analyzes and identifies data 
patterns, relationships, and trends before using these insights to create a mathematical model capable of making predictions, 
powering predictive analytics, or taking actions when presented with new, previously unseen data [71][72]. 

 

Fig. 4. Shows the associations between AI, ML, and DL. 

ML approaches fall into four categories: supervised, unsupervised, semi-supervised, and reinforcement learning. 

▪ Supervised Learning 

Supervised learning algorithms train algorithms using labeled datasets with preset input and output. The goal is to train 
the data to create a prediction model that accurately anticipates reactions to previously unknown data. Supervised ML 
employs classification and regression methods [70]. Classification is a supervised learning activity that aims to predict the 
category label of a given input. The output variable, or goal, is discrete and frequently denotes groupings or classes. 
Regression is a supervised learning task that attempts to predict a continuous numerical value based on a given input. The 
output variable, or target, is continuous and reflects real-valued data. Linear regression, LR, SVM, RF, DT, GB, KNN, NN, 
and NB are examples of supervised learning algorithms [63][73-76]. 

▪ Unsupervised Learning 

Unsupervised learning includes training on a dataset with no class labels, resulting in output data clusters that require 
further interpretation. Such models are used for exploratory data analysis, data clustering, feature extraction, and 
dimensionality reduction, e.g., identifying patient subgroups from unlabeled clinical data [63][73][74][77]. Unsupervised 
learning is classified into clustering and association [70]. Clustering is the process of grouping things to be more similar than 
those in other groupings. Clustering is one of the most often used unsupervised learning algorithms. The objective is to find 
natural groups within the data. The association entails identifying relevant links or associations between variables in massive 
datasets. The idea is to find rules that describe the connections between objects or events. Unsupervised learning algorithms 
include K-means, PCA, hierarchical clustering, GMM, DBSCAN, autoencoders, GANs, and SOMs [71][75]. 

▪ Semi-supervised learning 
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Semi-supervised learning is a type of ML that employs a small amount of labeled data and a massive amount of unlabeled 
data for training. It trains models using labeled and unlabeled data, which is particularly useful when labeled data is few but 
unlabeled data is abundant. Semi-supervised learning uses unlabeled data to increase learning accuracy and efficiency, 
spanning the gap between supervised and unsupervised learning. It effectively utilizes labeled and unlabeled data to generate 
more accurate and efficient models. Mixing the advantages of supervised and unsupervised learning can give a practical 
solution to many real-world problems in which labeled data is few, but unlabeled data abounds. Semi-supervised learning 
employs a wide range of techniques, including generative models, graph-based models, mixture models, entropy 
minimization, and semi-supervised SVM [63][73][74]. 

▪ Reinforcement learning 

Reinforcement learning is a ML technique that involves an agent interacting with its environment to gain knowledge via 
experience [74]. It entails learning by contact with the environment rather than training the model on a predetermined dataset. 
Agents learn through trial and error by interacting with their surroundings and receiving feedback through rewards or 
punishments. Reinforcement learning is often utilized in autonomous systems to make judgments. It is best exemplified by 
the chess game and a pet’s training. Reinforcement learning techniques include Q-learning, SARSA, and DQN [63][73]. 

Fig. 5 summarizes the ML techniques for managing viral hepatitis. 

 

Fig. 5. Summary of the ML techniques in managing viral hepatitis. 

3.2.2  Deep Learning 

DL is a field of ML in which artificial neural networks with multiple processing layers are trained to perform complex tasks 
using supervised, unsupervised, and reinforcement ML approaches [32][63][69][77]. Artificial neural networks are the 
primary branch of DL, while convolutional neural networks are a subset of artificial neural network techniques. Neural 
networks draw inspiration from the structure and function of the human brain, with many layers of linked nodes that conduct 
analytical learning by assessing data such as text, images, and audio [32][62][63]. A neural network is organized into input, 
output, and hidden layers. The input layer is where external information enters the artificial neural network. Input nodes 
process data, evaluate or categorize it, and forward it to the next tier. Hidden layers receive information from the input layer 
or other hidden levels. Artificial neural networks can have a significant number of hidden layers. Each hidden layer examines 
the previous layer’s output, processes it further, and forwards it to the next layer. The output layer displays the outcome of 
all data processing by the artificial neural network. It can have one or more nodes, as shown in Fig. 6 [78]. Many applications 
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train DL models on big datasets to improve their performance on higher-level tasks [63]. It is appropriate for supervised, 
semi-supervised, and unsupervised learning. It has shown great potential in improving the accuracy and efficiency of viral 
hepatitis management, particularly in image and voice recognition [74]. It has transformed fields including computer vision, 
medical diagnosis, image recognition, NLP, machine translation, and speech recognition by allowing models to learn 
hierarchical data representations [32]. DL has a significant advantage in processing large volumes of unstructured data. It 
applies to classification tasks and automatic feature extraction, where it may address the challenges of partial detectability 
and feature accessibility when extracting information from these crucial data sources [66]. DL models are classified as FNNs, 
CNNs, RNNs, GANs, Autoencoders, Transformer Models, and NAS [71][74]. 

 

Fig. 6. Shows a simple neural network. 

3.2.3  Natural  Language Processing 

NLP and AI have advanced significantly, enabling the development of various tasks, such as machine translation, text 
summarization, sentiment analysis, speech analysis, and medicine. As defined by Ali et al. [63] and Schneider et al. [79], 
NLP is a discipline within computer science and AI that employs ML to allow computers to perceive, understand, and 
synthesize human language, including voice and text. It allows computers to connect with people using natural language and 
accomplish tasks, including language translation, sentiment analysis, text summarization, speech recognition, and language 
creation [63][79][80]. Organizations now have massive amounts of speech and text data from various communication 
channels, including emails, text messages, social media newsfeeds, video, audio, and more. They employ NLP software to 
automatically interpret this data, analyze the message’s purpose or sentiment, and reply quickly to human conversation. With 
the expanding usage of electronic health records (EHR), a growing corpus of text material in healthcare is suitable for NLP 
and ML [81]. NLP has two overlapping subfields: (1) natural language understanding - which focuses on semantic analysis 
or discerning text’s intended meaning, and (2) natural language generation – which focuses on machine-generated writing. 
NLP encompasses a variety of algorithms and techniques designed to analyze, understand, and generate human language. 
Key NLP algorithms and methods include tokenization algorithms, text classification algorithms, sequence modeling 
algorithms, word embedding algorithms, contextual embeddings, machine translation algorithms, named entity recognition 
(NER) algorithms, text summarization algorithms, question-answering systems, and dialogue systems. AI is quickly altering 
the area of hepatology, providing new approaches to identifying and treating viral hepatitis. AI, which includes ML, DL, and 
NLP techniques, has emerged as a disruptive force in healthcare, particularly for hepatitis [32][79][82]. 

4. ARTIFICIAL INTELLIGENCE IN VIRAL HEPATITIS MANAGEMENT 

AI improves viral hepatitis management by developing novel apps that improve diagnosis, therapy, and patient outcomes. 
ML algorithms, NLP, and predictive analytics are examples of AI techniques that improve the efficiency with which viral 
hepatitis is managed. This section looks at the primary uses of AI in viral hepatitis management. 

4.1 Early hepatitis diagnosis and detection 

Hepatitis diagnosis and therapy are difficult due to the wide variety of diagnostic indicators, which include viral, host, and 
liver disease variables. Beyond well-known diagnostic techniques, substantial progress has been made in discovering novel 
viral and host diagnostic variables with a high potential for supporting treatment decisions, predicting outcomes, or 
determining infection susceptibility. Such a large volume of data is challenging to analyze and can sometimes make or 
postpone decisions. AI may be used to streamline the diagnostic process and minimize misdiagnosis [83]. Large datasets of 
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medical records, imaging studies, and laboratory findings may be analyzed using AI algorithms to detect patterns suggestive 
of viral hepatitis. AI systems help analyze medical imaging, e.g., ultrasound (US) and magnetic resonance imaging (MRI), 
to detect liver abnormalities linked with hepatitis. Convolutional neural networks can improve imaging diagnostic accuracy 
by identifying key regions and giving quantitative estimates of liver damage. Early detection rates improved as AI algorithms 
discovered disease-related patterns that older approaches may have missed. By evaluating patient data and medical imaging, 
diagnostic technologies driven by AI made diagnosis faster and more accurate. Biomarkers related to viral hepatitis can be 
identified using AI-driven omics data analysis (genomics and proteomics). SVM and NN have demonstrated great accuracy 
in diagnosing hepatitis B and C by detecting subtle patterns in diagnostic data. They examine genomic and proteomic profiles 
to uncover novel biomarkers that might increase diagnostic accuracy and aid in early disease detection. Electronic health 
records and ML classifiers predict healthy control diagnoses for patients with hepatitis C and cirrhosis [84][85]. ML 
algorithms can efficiently build predictive models using longitudinal information while incorporating several predictor 
variables without compromising the accuracy of risk prediction, and many ML models have been used to find undiagnosed 
patients with hepatitis C infection [86]. ML algorithms can evaluate data trends to predict disease development [87]. They 
have been successfully employed as a classification approach to extract information from medical data and create accurate 
predictions for HBV diagnosis [88]. Electronic health data can be analyzed using NLP to identify individuals with viral 
hepatitis symptoms or risk factors. NLP can help with early detection and appropriate intervention by extracting pertinent 
information from clinical notes and medical histories. NLP algorithms can identify possible viral hepatitis cases by extracting 
symptom descriptions from patient narratives or clinical records. 

Some notable studies that use AI in early hepatitis diagnosis and detection include the following. Bharathi et al. [33] used 
classification modeling techniques such as SVM, DT, LR, and RF, with and without feature selection, to create an accurate 
HCV prediction model. The dataset of hepatitis patients was analyzed using several approaches, such as SVM, DT, LR, and 
RF, to predict the results for each classifier effectively. The analysis considers the infection’s natural course and evaluates 
the effects of numerous variables on disease progression. The results reveal that RF with feature selection outperformed RF 
without feature selection with an accuracy of 89% and 88.33%, respectively. Ara et al. [26] used numerous machine-learning 
approaches to predict hepatitis C disease based on readily available and cheap blood test data, allowing them to detect and 
treat patients earlier. The study used SVM, LR, and DT algorithms on a single dataset. The confusion matrix, precision, 
recall, F1 score, accuracy, receiver operating characteristics (ROC), and performance of several strategies were evaluated to 
choose an appropriate technique for disease prediction. The SVM model has the most outstanding overall accuracy of all 
three models, at 0.92. The findings showed that SVM and LR approaches accurately diagnose hepatitis C in its early stages. 
Yao et al. [10] combined LR with ML models to screen and identify high-risk variables for HBV infection in the community. 
Understanding the shifting environment of Hepatitis B epidemiology enables early detection and treatment of HBV 
infections. Ordouei and Moeini [89] used a combination of the DT algorithm and the Harris Hawks Optimization 
evolutionary method to identify hepatitis disease. The efficiency of the suggested Harris Hawks Optimization optimizer 
technique was evaluated on 29 functions, as well as numerous real-world engineering situations. The statistical results and 
comparisons reveal that the Harris Hawks Optimization method performs well, if not better, than other well-known meta-
heuristic strategies. Using the Harris Hawks Optimization with the DT classification technique, an automated system was 
demonstrated on the dataset collected from the HCV dataset from the UCI reference, which diagnosed the HCV disease with 
95.9112% accuracy. Harabor et al. [29] performed research in which patients’ clinical features were gathered from a 
structured survey and used in four ML-based models, i.e., SVM, RF, NB, and KNN, and their predictive accuracy was 
evaluated. When predicting HCV status, all of the evaluated models performed better. The KNN algorithm produced the 
best prediction performance with an accuracy of 98.1%, followed by SVM and RF with identical accuracies of 97.6% and 
NB with an accuracy of 95.7%. The models’ predictive ability for HBV status was low, with accuracies ranging from 78.2% 
to 97.6%. Therefore, ML-based models may be valuable tools for predicting HCV infection and risk stratification in adult 
patients undergoing a viral hepatitis screening program. Wang et al. [90] used machine-learning algorithms to predict 
hepatitis C disease based on blood test data, resulting in early diagnosis and treatment for patients. To predict hepatitis C, 
they combined characteristics from the literature with real data and used six machine-learning algorithms: LR, SVM, KNN, 
DT, RF, and AdaBoost. Various techniques were compared using criteria such as accuracy, precision, recall, F1-score, 
receiver operating parameters, and area under the curve to discover appropriate strategies for this disease. The UCI dataset 
results show that AdaBoost had the most fantastic accuracy of 97.8% and an area under the curve of 0.994, indicating that it 
is an effective and cost-efficient strategy for predicting hepatitis C. Moulaei et al. [91] conducted a thorough study and meta-
analysis to investigate the effectiveness of ML algorithms in predicting viral hepatitis. Twenty-one original research studies 
were included, totaling 82 algorithms. Sixteen research studies used five methods to predict hepatitis B, and ten employed 
five methods to predict hepatitis C. For hepatitis B prediction, SVM algorithms had the most incredible sensitivity (90.0%; 
95% confidence interval (CI): 77.0%-96.0%), specificity (94%; 95% CI: 90.0%-97.0%), and diagnostic odds ratio (DOR) of 
145 (95% CI: 37.0-559.0). For hepatitis C prediction, KNN algorithms had the highest sensitivity (80%; 95% CI: 30.0%-
97.0%), specificity (95%; 95% CI: 58.0%-99.0%), and DOR (72; 95% CI: 3.0-1644.0). The SVM algorithm performed better 
at predicting hepatitis B, whereas the KNN method performed best at predicting hepatitis C. Sachdeva et al. [92] created an 
accurate machine-learning model to improve predicting success rates for hepatitis disease. The medical information of 155 
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individuals is included in the publicly available hepatitis dataset, which can be obtained on the UCI ML repository. ML 
classifiers such as SVM, RF, KNN, LR, and GNB were used to predict the disease. Random forest has the best accuracy 
(100%) of any ML classification technique examined and 100% sensitivity, precision, and F-measure. Clinicians can use 
this model to predict hepatitis. Dutta et al. [93] investigated the categorization of hepatitis disease using six machine-learning 
approaches: LR, RF, DT, KNN, SVM, and NB. The results show that LR achieved the highest accuracy of 87.17% in 
predicting the presence of hepatitis. Koçak et al. [25] studied the application of AI technologies to detect the HCV disease 
status of patients based on blood samples. The study comprised a total of 615 people. The blood data was preprocessed, 
filtered, feature-selected, and classified. The correlation approach was used to pick characteristics, and the features with the 
highest correlation values were fed into five separate classification algorithms. The study results indicated that the KNN 
algorithm had the highest classification success rate for detecting HCV patients, at 99.1%. This result shows that AI 
technology is vital for early diagnosis of HCV-related diseases, and the KNN algorithm can extract transparent information 
regarding hepatitis infection from various blood parameters. Muneer and Khan [94] conducted research using AI to predict 
chronic hepatitis C. Five AI algorithms, including NB, DT, Bayesian Nets (BNs), SVM, and RF, were used to forecast 
changes in chronic hepatitis C patients. The forecasts’ accuracy is increased by applying filter and wrapper feature selection 
approaches to reduce unnecessary components. Accuracy, sensitivity, and specificity are the metrics used to measure the 
performance of the suggested algorithms. The findings suggest that AI algorithms can deliver accurate forecasts and better 
outcomes when treating hepatitis C. Obaido et al. [88] employed SHapley Additive exPlanations (SHAP), a game-based 
theoretical technique, to explain and visualize ML models’ predictions for hepatitis B diagnosis. They used demographic 
and clinical data from the UC Irvine ML Repository. Among other models, the AdaBoost model got an accuracy score of 
92%, with bilirubin levels recognized as the primary factor leading to a greater death risk, followed by ascites. The algorithms 
used to create the models were DT, LR, SVM, RF, AdaBoost, and XGBoost, which produced balanced accuracies of 75%, 
82%, 75%, 86%, 92%, and 90%, respectively. Meanwhile, the SHAP values revealed that bilirubin is the most crucial factor 
contributing to an increased death risk. The findings of this study can help health practitioners and policymakers understand 
the outcomes of ML models for health-related challenges. Vijayakumar [95] introduced a unique end-to-end framework for 
identifying the Hepatitis C Virus based on Transfer Learning and Hybrid Quantum Neural Networks (QNNs). Transfer 
Learning dramatically decreases the time necessary to train DL models for image analysis tasks by leveraging pre-trained 
models and transferring information to new functions while boosting the accuracy and precision of the results. Integrating 
hybrid QNNs into the training process speeds and improves model accuracy. Integration hardware and software accelerators 
onto AI edge devices onboard computed tomography (CT) scanners is presented, allowing for quicker inference and a viable 
way to produce an efficient early HCV diagnostic solution to aid radiologists. The technique allows for quick examination 
and categorization of HCV-related liver lesions, possibly lowering the burden of HCV-related liver disease. By changing the 
area of medical imaging, this technology can significantly increase the speed and accuracy of HCV detection and diagnosis, 
redefining the landscape of liver disease diagnosis and treatment. Using a Transfer Learning architecture with hybrid QNN 
layers, the model was trained faster and with improved accuracy in detecting indicators of liver disease. Harabor et al. [29] 
employed three neural networks to predict HBV and HCV incidence in a Chinese population using surveillance data spanning 
13 years. The LSTM prediction model, the RNN model, and the BPNN model all performed well in predicting disease 
incidents early on. Oftadeh and Manthouri [96] introduced an intelligent system that evolved beyond the deep neural network. 
It can diagnose and distinguish between Hepatitis B and C by performing standard liver health tests. The Deep Boltzmann 
Machine (DBM) is the deep network employed in this study. The Restricted Boltzmann Machine (RBM) learning 
components produce the anticipated outcomes. RBMs extract features for use in an effective classification process. An RBM 
is a powerful computer tool ideal for extracting high-level characteristics and diagnosing hepatitis B and C. The technique 
was tested on common materials in laboratory testing to assess the liver’s health. The DBM predicted hepatitis B and C with 
an accuracy of 90.1% to 92.04%. The predictive accuracy was acquired using 10-fold cross-validation. Compared to existing 
approaches, simulation results on DBM architecture show that the suggested method is more efficient in diagnosing Hepatitis 
B and C. Bagi and Mihuandayani [97] used the Learning Vector Quantization (LVQ) 3 method to categorize the different 
forms of hepatitis and to assess its accuracy. The LVQ3 algorithm can classify hepatitis types with an 88% accuracy utilizing 
80 training and 25 test data. Xia et al. [28] used three DL algorithms: the LSTM prediction model, the RNN prediction 
model, and BPNN. The DL time series predictive models demonstrate their importance in forecasting hepatitis incidence 
and have the potential to assist decision-makers in making efficient decisions for the early detection of disease incidents, 
thereby significantly promoting Hepatitis control and management. Fong et al. [81] identified patients at high risk of HCV 
infection using NLP and ML. Models were created and validated to predict patients with newly discovered HCV infection 
(detectable RNA or reported HCV diagnosis). The models were assessed using three types of variables: structured 
(structured-based model), semi-structured and free-text notes (text-based model), and all variables (full-set model). Each 
model was applied to three data sets: patients with no history of HCV before 2020, patients with HCV before 2020, and all 
patients. XGBoost and ten-fold C-statistic cross-validation were employed to assess the models’ generalizability. There were 
3,564 distinct patients, 487 with HCV infection. The average C-statistics for all patients on the structured-based, text-based, 
and full-set models were 0.777 (95% CI: 0.744-0.810), 0.677 (95% CI: 0.631-0.723), and 0.774 (95% CI: 0.735-0.813). For 
patients with no history of HCV before 2020, the full-set model outperformed the structured-based model and was 
comparable to the text-based models, with average C-statistics of 0.780, 0.774, and 0.759, respectively. NLP identified six 
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additional risk variables that were inconsistently recorded in structured elements: imprisonment, needlestick injuries, 
substance use or misuse, sexually transmitted diseases, piercings, and tattoos. When data is scarce, having a variety of model 
alternatives (structured-based or text-based models) with comparable performance might give deployment flexibility. 

4.2 Detection of liver fibrosis in chronic liver disease 

Fibrosis is scar tissue formation in the liver due to chronic hepatitis C inflammation [98]. Liver fibrosis is the slow formation 
of scar tissue in the liver due to prolonged injury or inflammation. It is a reaction to recurrent liver injury in which fibrous 
connective tissue replaces normal liver tissue. This scarring can impair the liver’s capacity to operate normally by interfering 
with the natural architecture and blood flow inside it. Chronic hepatitis B and C, alcoholic liver disease, non-alcoholic fatty 
liver disease (NAFLD), and inherited abnormalities are the leading causes of liver fibrosis. Monitoring the level of fibrosis 
is crucial for determining the severity of liver damage and making therapy options [98]. AI has great promise for improving 
the identification and management of hepatic fibrosis in chronic liver disease. It improves elastography picture interpretation, 
such as FibroScan, by increasing the accuracy and consistency of liver stiffness readings, which correspond with fibrosis 
levels. AI systems examine MRI and CT data for patterns and subtle alterations that indicate fibrosis. Radiomics is a 
technique that extracts quantitative information from medical pictures to help with fibrosis staging. AI helps to analyze liver 
biopsy slides by automating the detection and quantification of fibrotic tissue [99]. ML models may be trained to distinguish 
fibrotic patterns with great accuracy, decreasing the diversity in human interpretation. AI algorithms use combinations of 
blood indicators to predict the existence and severity of liver fibrosis. This method minimizes the need for invasive treatments 
such as biopsies. By analyzing patient data, AI can forecast the evolution of liver fibrosis and the likelihood of acquiring 
more serious liver illnesses. ML models consider a variety of characteristics, including genetic predisposition, lifestyle, and 
clinical history. AI helps to personalize treatment approaches based on fibrosis stage and patient-specific characteristics, 
which improves results and reduces side effects. 

Some prominent research that applies AI to identify liver fibrosis in chronic liver disease includes the following. Zhang et 
al. [100] created a machine-learning algorithm that can accurately predict the fibrosis stage in chronic hepatitis B patients. 
Six ML models were built using LR, SVM, KNN, DT, NB, and RF, with maximum relevance, minimum redundancy, and 
gradient-boosting decision tree dimensionality reduction chosen characteristics from the training cohort. The DT model was 
built using five serological biomarkers: HBV-DNA, platelets, thrombin time, international normalized ratio, and albumin. 
The area under the DT model curve (AUC) values for assessing the training cohort had liver fibrosis stages (F0-1, F2, F3, 
and F4) of 0.898, 0.891, 0.907, and 0.944. The DT model’s AUC values for assessing liver fibrosis stages (F0-1, F2, F3, and 
F4) in the external validation cohort were 0.906, 0.876, 0.931, and 0.933, respectively. Based on the cutoff value, the 
simulated risk classification demonstrated that the DT model’s classification performance in identifying hepatic fibrosis 
stages accurately matched pathological diagnostic results. This study found that the ML model outperformed standard 
serological mixed indicators in identifying all four liver fibrosis phases in chronic hepatitis B patients. Gheorghe et al. [101] 
used a variety of ML classifiers, including SVM, NB, RF, and KNN, to stage liver fibrosis in chronic B hepatitis, exceeding 
the original Liver Fibrosis Index produced using regression studies on RTE pictures. Another stiffness value clustering and 
ML approach showed that the SVM model classified healthy vs chronic liver disease patients with 87.3% accuracy, 93.5% 
sensitivity, and 81.2% specificity. Still, DL was applied to measure liver fibrosis in a recent prospective multicentric 
experiment, with high area values under the receiver curve of 0.97 for F4, 0.98 for >=F3, and 0.85 for >=F2. This type of 
automated AI and DL/ML analysis based on CNNs will undoubtedly assist doctors in classifying and staging inflammation, 
steatosis, and fibrosis using noninvasive US techniques that are highly accurate, inexpensive, and widely available in the 
primary setting or at the point of care. Decharatanachart et al. [102] created ML algorithms to predict the risk and outcomes 
of liver diseases based on a variety of clinical parameters, including assessing liver fibrosis and steatosis, predicting liver 
decompensation in primary sclerosing cholangitis, screening and selecting liver transplant recipients, and predicting post-
transplant survival and complications. This meta-analysis indicates that AI systems have great potential for diagnosing and 
staging liver fibrosis and NAFLD. Integrating AI with traditional noninvasive procedures results in excellent diagnostic tools 
with the best combination of sensitivity and specificity. Christou and Tsoulfas [103] created a gradient-boosting model that 
uses serum indicators to predict fibrosis and identify the fibrosis stage in two cohorts of HBV and HCV patients. Emu et al. 
[104] combine machine-learning techniques to create a noninvasive solution for predicting the severity of liver fibrosis. 
Random forests scored around 97.432% for the complete features set and 97.228% for the reduced set. The multilayer 
perceptron performance was between 96% and 98% for both feature sets. Logistic regression’s accuracy is between 96% 
and 97%. According to this study, serum indicators can help predict the stage of liver fibrosis or the state of a patient’s liver. 
Random forests were also applied to the whole dataset, and a smaller selection of 20 characteristics was identified based on 
their relevance. A decision tree was then built using the reduced feature set and the relative pathways discovered in the RF. 
With only 28 rules, the prediction accuracy is 97.45%. Bal [32] created a one-of-a-kind prediction CNN model based on 
multiple abnormalities discovered in ECG recordings of 5,212 patients who received liver transplants at three Mayo Clinic 
transplant facilities between 1988 and 2019. Using only ECG scans, the DL-based algorithm correctly distinguished patients 
with cirrhosis from control participants with an accuracy of 90% (84.9% sensitivity and 83.2% specificity). Wang et al. [105] 
assessed the performance of the recently developed deep-learning Radiomics of Elastography (DLRE) for determining liver 
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fibrosis stages. DLRE uses a radiomic method to quantify heterogeneity in two-dimensional shear wave elastography (2D-
SWE) pictures. Prospective multicenter research was done to examine its accuracy in patients with chronic hepatitis B, 
compared with 2D-SWE, aspartate transaminase-to-platelet ratio index, and fibrosis index based on four parameters, with 
liver biopsy as the reference standard. Its accuracy and robustness were further evaluated using varied acquisition numbers 
and training cohorts. Six hundred fifty-four potentially eligible patients were prospectively enrolled from 12 hospitals, and 
398 patients with 1,990 pictures were included. ROC curves were analyzed to determine the appropriate AUC for cirrhosis 
(F4), advanced fibrosis (≥F3), and significant fibrosis (≥F2). DLRE performed much better than other approaches, with 
AUCs of 0.97 for F4 (95% CI 0.94 to 0.99), 0.98 for ≥F3 (95% CI 0.96 to 1.00), and 0.85 (95% CI 0.81 to 0.89) for ≥F2. 
The only exception was 2D-SWE in ≥F2. Acquiring ≥3 pictures from each subject enhanced diagnosis accuracy. There was 
no significant performance variance when different training cohorts were used. DL Radiomics of Elastography outperforms 
2D-SWE and biomarkers to predict liver fibrosis stages. It is valuable and practical for noninvasive, reliable identification 
of liver fibrosis stages in HBV-infected individuals. ML algorithms can consistently predict the fibrosis stage, with CNN-
based classifiers, SVM, and RF classifiers doing exceptionally well. Although these AI-assisted tools cannot replace liver 
biopsy, they outperform noninvasive options, such as biomarkers and imaging technologies. AI-assisted noninvasive 
approaches offer enormous promise for reliably identifying liver fibrosis, enabling early risk factor adjustment, and suitable 
therapy [106]. Lee et al. [107] investigated the accuracy of artificial neural networks in predicting substantial fibrosis in 
chronic hepatitis C patients. ANN accurately predicted the presence or absence of severe fibrosis based on clinical factors, 
avoiding an unnecessary liver biopsy. Radiomics and DL algorithms may be utilized to evaluate liver fibrosis quantitatively 
using medical imaging. In prospective multicenter research, deep-learning radiomics of elastography predicted liver fibrosis 
more accurately than shear wave elastography or blood biomarkers in individuals with chronic hepatitis B. A radiomics 
model, the radiomics fibrosis index, was created using godoxetic acid-enhanced MRI. This approach is more accurate in 
staging liver fibrosis than normalized liver enhancement, aspartate aminotransferase-to-platelet ratio index, and fibrosis-4 
index. 

4.3 The prognosis of chronic liver disease 

Chronic liver disease has a complex prognosis, which is determined by the underlying etiology, disease stage, existence of 
comorbidities, and patient-specific variables. Early diagnosis, adequate therapy, and lifestyle modifications are essential in 
enhancing the prognosis and quality of life for patients with chronic liver disease. Ma et al. [108] describe the prognosis of 
chronic liver disease as the illness’s expected course and outcome, including the possibility of recovery, progression, and the 
risk of complications or death. Chronic liver disease refers to a variety of liver disorders, including chronic hepatitis, liver 
cirrhosis, NAFLD, and alcoholic liver disease. The prognosis varies depending on (1) underlying causes like hepatitis B and 
C, alcoholic liver disease, and NAFLD/Non-Alcoholic Steatohepatitis (NASH); (2) disease stages such as fibrosis and 
cirrhosis and compensated/decompensated cirrhosis; (3) the presence of complications due to portal hypertension, ascites, 
and hepatic encephalopathy; and (4) patient factors such as age and gender, comorbid conditions, and genetics. AI has 
demonstrated significant potential in identifying chronic liver disease in various applications, including early detection, 
disease progression prediction, and therapy response tracking [109]. DL models can analyze medical images such as US, CT 
scans, and MRI to detect early indicators of liver disease. These programs can detect slight changes that human radiologists 
might overlook. AI can assess complicated datasets, such as genomic, proteomic, and metabolomic data, to detect indicators 
of liver disease early. ML algorithms can predict the evolution of chronic liver disease by assessing patient data such as 
demographics, clinical history, laboratory results, and imaging findings. These models can assist physicians in predicting 
problems such as liver fibrosis, cirrhosis, and cancer. AI-driven NLP techniques can extract valuable information from 
unstructured clinical notes, allowing researchers to follow illness development and identify risk factors. AI can help adapt 
treatment strategies based on specific patient features and projected therapeutic outcomes. This strategy can improve therapy 
efficacy while minimizing side effects. Wearable gadgets and mobile health applications that use AI can continually monitor 
patients’ health indicators, providing real-time input to physicians and allowing for prompt treatments. AI-powered clinical 
decision support systems can stratify patients based on their likelihood of developing problems, assisting physicians in 
prioritizing high-risk patients for more intense monitoring and treatment. These systems can offer evidence-based therapy 
suggestions by assessing patient data and existing clinical guidelines. AI can combine and analyze massive volumes of data 
from various sources, including clinical trials, EHR, and research databases, to discover novel therapeutic targets and speed 
drug development. It can generate illness models to test the efficacy of possible medicines, assisting in selecting the most 
promising candidates for clinical trials.  

The following are some noteworthy studies that use AI to predict chronic liver disease. Hossain et al. [27] intend to enhance 
liver disease diagnoses using machine-learning approaches such as preprocessing, model selection, and validation. Using 
ML algorithms to detect liver disease and cancer early is a significant advancement in medical research. The paper dives into 
the improvements and uses of numerous ML algorithms, such as XGBoost, RF, and SVM, emphasizing their contributions 
to early detection and better patient care. XGBoost has emerged as a reliable algorithm for detecting fatty liver disease in 
individuals in general. A hybrid XGBoost model, fine-tuned by hyperparameter optimization, can accurately predict liver 
disease. Random Forest is another widely used method for its precision and accuracy in liver disease diagnosis. SVM 
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approaches have also shown potential for detecting liver illness. When combined with LR, SVM provides a strong foundation 
for disease prediction by resolving the issues of overfitting and underfitting. The adaptability of SVM makes them an 
excellent tool for the early identification of liver illness, adding considerably to the arsenal of machine-learning approaches 
in medical diagnostics. The literature also investigates the effect of ensemble learning and sophisticated optimization 
strategies in increasing predictive model performance. Ensemble learning models, such as RF, GB, XGB, and light gradient 
boosting machines (LGBM), outperform other methods in predicting liver disease in the early stages. The Bayesian 
optimization of Extra Trees for liver disease prediction demonstrates the power of optimization approaches in refining 
prediction models to improve outcomes. The Bayesian Optimized ExtraTrees model stood out for its excellent accuracy in 
predicting liver disease. Lee et al. [107]  used non-contrast-enhanced computed CT scans to create two radiomics signatures 
that predict hepatitis disease progression, guiding therapy decisions and determining the best way to manage patients with 
chronic liver disease. They accurately diagnosed gastroesophageal varices and predicted high-risk varices in compensated 
advanced chronic liver disease. Using RF analysis, the DL-based model performance for HCC development alone at 1 and 
3 years was less robust (AUROC 0.65-0.70), but it performed well for transplant-free survival at 1 and 3 years (AUROC 
0.80-0.85). According to Parisi et al. [110], AI-based decision-making support tools, such as ML and ANN-based algorithms, 
can recognize patterns in input variables that can impact the disease’s progression. ML can detect such subtle disease patterns 
and deal with highly nonlinear, highly dimensional, and ill-behaved solution spaces, indicating that it has the potential to 
help in prognostic assessments in clinical settings. Unsupervised ANN-based learning classifiers, such as self-organizing 
maps (SOM) and KNN, can classify input patient data without knowing its classes. Supervised AI-based learning classifiers, 
such as the ANN-based Multi-Layer Perceptron (MLP) and the ML-based Lagrangian SVM (LSVM), assume that the patient 
input data’s actual classes are known beforehand. An ANN is trained iteratively to detect underlying patterns in input data 
to enhance classification performance. Transfer functions aid learning in ANN, where weights are iteratively altered in the 
training procedure depending on the goal outputs. This repeated learning procedure causes the ANN to reduce its training 
error while increasing its classification performance. Finally, the moduli of the weights establish the proportional relevance 
of the desired categorization. In the field of hepatology, the potential for using ANN to learn to predict the prognosis of 
patients with hepatitis has been demonstrated. After an extensive evaluation of the classification accuracy of the hybrid 
model LSVM-MLP against the MLP, the LSVM-MLP has been demonstrated to be the most accurate, reliable, and 
computationally fastest AI-based classifier for predicting the survival of patients with chronic hepatitis. 

4.4 Detection of non-alcoholic fatty liver disease (NAFLD) 

In recent years, fatty liver disease has gradually evolved into a hidden pandemic, mainly owing to increased obesity, type 2 
diabetes, dyslipidemia, and hypertension rates, with a global incidence of roughly 25%. However, the burden of NAFLD is 
far more significant, and its prevalence is steadily growing at an alarming rate [111]. This is a prime concern because it can 
progress to a more severe form known as NASH, causing cirrhosis, fibrosis, liver cancer, and HCC [79][111][112]. As a 
result, NAFLD is now recognized as a principal public health problem since it causes the most common chronic liver illnesses 
and is a risk factor for increased morbidity [79][101][111][112]. NAFLD is a disorder characterized by the buildup of extra 
fat in the liver cells of people who drink little or no alcohol. AI is becoming more significant in detecting, treating, and 
controlling NAFLD. Many ML techniques estimate the risk factors for NAFLD. It has been demonstrated that the LR, KNN, 
SVM, NB, BN, DT, and K2 algorithms help diagnose NAFLD [111]. DL algorithms examine medical imaging data such as 
US, MRI, and CT scans. These AI algorithms can detect indications of NAFLD with great accuracy, sometimes 
outperforming human specialists. AI aids in identifying new biomarkers from big datasets, enhancing NAFLD diagnosis 
without invasive procedures, and involves the examination of blood tests, genetic information, and other clinical 
characteristics. Predictive models are created utilizing ML approaches to predict clinical outcomes using a significant profile 
dataset with numerous characteristics, such as clinical data and microbiota-based multi-omics, to forecast the outcome or 
severity of disorders like NAFLD and NASH [113]. These models can consider several factors to forecast illness 
development, including genetics, lifestyle, and metabolic characteristics. AI can examine long-term health information to 
follow illness development and detect early indicators of deterioration. It facilitates the creation of individualized treatment 
regimens based on unique patient data such as genetics, lifestyle, and reactions to previous therapies. AI-powered smartphone 
applications and wearable devices monitor patients’ adherence to treatment regimens and lifestyle changes, offering real-
time feedback and assistance. AI speeds up the drug development process by evaluating large datasets to find possible 
therapeutic targets and forecast the efficacy of novel drugs. AI enhances clinical trial design and execution by improving 
patient selection, monitoring, and data analysis. AI models can forecast long-term outcomes for NAFLD patients, such as 
the chance of acquiring cirrhosis, liver cancer, or other problems. AI-powered decision support systems let doctors make 
educated decisions regarding patient care based on a thorough study of available data. 

Some prominent research that applies AI in NAFLD include the following. Lee et al. [107]  used ML to identify and stage 
NAFLD and liver fibrosis. They trained supervised ML classifiers on digital pictures of pathology slides from 47 liver 
biopsies taken from individuals with normal livers and those with NAFLD. Automatic categorization of white areas yielded 
an 89% accuracy and identified microscopic markers such as steatosis, bile ducts, portal veins, and sinusoids. Detecting 
microscopic liver anatomical landmarks can help locate additional histological abnormalities based on the liver’s 
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microscopic architecture. Sherman et al. [114]  developed a NLP algorithm that automatically scores metabolic dysfunction-
associated steatotic liver disease (MASLD) histological characteristics using field-standard criteria. After ruling out heavy 
alcohol consumption and other causes of liver disease, all individuals (1987-2021) with steatosis on index liver biopsy were 
identified from the Mass General Brigham health care system computerized medical record. A Python-based NLP method 
was developed to detect steatosis, lobular inflammation, ballooning, and fibrosis phases from free-text pathology reports, 
and it was manually validated in over 1,200 reports. Patients were tracked from the index biopsy until the occurrence of 
decompensated liver disease, accounting for confounders. The NLP algorithm produced positive and negative prediction 
values ranging from 93.5% to 100% for all histologic concepts. Among 3,134 patients with biopsy-confirmed MASLD 
monitored for 20,604 person-years, the composite endpoint rate increased monotonically with worsening index fibrosis stage 
(p for linear trend <0.005). In comparison to simple steatosis (incidence rate, 15.06/1000 person-years), the multivariable-
adjusted HRs for cirrhosis were 1.04 (0.72-1.5) for MASH/F0, 1.19 (0.92-1.54) for MASH/F1, 1.89 (1.41-2.52) for 
MASH/F2 and 4.21 (3.26-5.43) for MASH/F3. The NLP system correctly evaluates histological aspects of MASLD from 
pathological free text. This method allows the creation of a large and high-quality MASLD cohort across a multihospital 
healthcare system, revealing an increasing risk of cirrhosis depending on the index MASLD fibrosis stage. Based on 
pathology and imaging reports, Schneider et al. [79] investigated whether NLP data in EHR might detect undiagnosed 
individuals with hepatic steatosis. A rule-based NLP algorithm was developed using a Linguamatics literature text mining 
tool to search 2.15 million pathology reports and 2.7 million imaging reports in the Penn Medicine EHR from November 
2014 to December 2020 for evidence of hepatic steatosis. For quality control, two independent doctors manually evaluated 
randomly selected biopsy and imaging reports (n = 353, PPV 99.7%). After removing people with other types of hepatic 
steatosis, 3,007 patients with biopsy-proven NAFLD and 42,083 patients with imaging-proven NAFLD were discovered. 
Surprisingly, increased alanine aminotransferase (ALT) was not a reliable predictor of the presence of steatosis, and only 
half of the biopsied patients with steatosis got an international classification of diseases (ICD) diagnostic code for 
NAFLD/NASH. NLP found a strong link between the PNPLA3 and TM6SF2 risk alleles and steatosis. Two hundred thirty-
four illnesses were substantially over- or underrepresented in all participants with steatosis, and alterations in serum markers 
(e.g., GGT) were related to steatosis. The work illustrates the viability of using NLP-based algorithms to detect individuals 
with steatosis in imaging and pathology reports throughout an extensive healthcare system, revealing NAFLD undercoding 
in the general population. Identifying patients at risk might lead to better care and results. Finally, NLP-based techniques 
can identify huge groups of steatosis patients diagnosed by biopsy or imaging. It is more accurate in recognizing biopsy-
proven NAFLD and NASH in the EHR than ICD codes and ALT serum levels within one year of the biopsy/imaging. Van 
Vleck et al. [115] investigated the efficacy of NLP for identifying patients with NAFLD, analyzing disease progression 
trends, and identifying treatment gaps caused by breakdowns in communication among clinicians. All clinical notes on the 
38,575 Mount Sinai BioMe cohort patients were entered into the NLP system. Structured and unstructured EHR data were 
analyzed using NLP, free-text search, and diagnostic codes, validated against expert adjudication. The NLP findings were 
used to assess physicians’ perceptions of progression from early-stage NAFLD to NASH or cirrhosis. The same NLP results 
were utilized to discover NAFLD references in radiological reports that did not appear in clinical notes. It found 2,281 cases 
of NAFLD among 38,575 individuals. The remaining 10,653 patients with equivalent data density were chosen as a control 
group. NLP fared better than ICD and text search regarding sensitivity (NLP: 0.93, ICD: 0.28, text search: 0.81) and F2 score 
(NLP: 0.92, ICD: 0.34, text search: 0.81). Of the 2281 NAFLD patients, 673 (29.5%) were thought to have advanced to 
NASH or cirrhosis. The average progression time among 176 patients with NAFLD before NASH was 410 days. 619 (27.1%) 
NAFLD patients had their condition documented solely in radiological reports, not other clinical documentation forms. 
Following a median of 1057.3 days, 170 (28.4%) were found to have likely developed NASH or cirrhosis. NLP-based 
techniques were more accurate in detecting NAFLD in the EHR than ICD/text search-based methods. In summary, NLP-
based techniques outperform ICD/text search-based approaches in detecting NAFLD inside the EHR. 

4.5 Prediction of hepatitis relapse and HBsAg sero-clearance 

One of the most challenging aspects of managing chronic hepatitis B is anticipating disease recurrence and tracking the path 
toward HBsAg sero-clearance, a significant indicator of recovery and long-term prognosis. HBsAg sero-clearance occurs 
seldom in the ordinary course of chronic hepatitis B infection and is linked with better clinical outcomes. It is a functional 
cure and the best treatment outcome for chronic hepatitis B [116]. Fang et al. [116] define HBsAg sero-clearance as the 
continuous elimination of HBsAg from serum. Chronic hepatitis B patients with cleared HBsAg have an excellent clinical 
outcome with a low chance of acquiring hepatocellular cancer or cirrhotic complications [117]. Many variables influence 
HBsAg seroconversion, including immunological and viral factors. However, understanding the immunological mechanisms 
underlying HBsAg sero-clearance remains a challenge. HBsAg sero-clearance is the ultimate goal of HBV therapy [118]. 
Traditional approaches for predicting recurrence and sero-clearance are sometimes constrained by their dependence on 
clinical criteria and biochemical markers, which may fail to represent HBV infection’s complexity and multifaceted nature. 
AI and ML have intriguing opportunities for improving the prediction of hepatitis recurrence and HBsAg sero-clearance. 

AI-driven approaches can integrate and analyze large datasets with diverse data types, such as clinical data (e.g., patient 
histories, treatment responses, lab results, and disease progression), genomic data (e.g., genetic variants affecting hepatitis 
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B virus infection and treatment response), imaging data (e.g., liver US, MRI, or CT scans for assessing liver damage), and 
lifestyle factors (e.g., data on alcohol consumption, diet, and other lifestyle factors that could impact disease progression), to 
identify patterns and predictors that conventional methods may miss. Predictive models may be developed using AI to deliver 
more accurate, tailored, and timely forecasts, improving patient care and treatment results. This introduction emphasizes the 
potential of AI in changing the landscape of hepatitis B management by allowing for early detection of disease recurrence 
and promoting HBsAg sero-clearance. Integrating AI-based technologies into clinical practice allows healthcare practitioners 
to adapt treatment methods better, evaluate patient progress, and enhance long-term outcomes for people with chronic 
hepatitis B. AI transforms the prediction of hepatitis recurrence and HBsAg sero-clearance by identifying trends and making 
accurate forecasts using advanced algorithms and vast datasets. 

AI can create prediction models to assess the chance of relapse or sero-clearance using ML techniques such as RF, Gradient 
Boosting Machines, and SVM, which can be taught to predict outcomes based on past data. Recurrent neural networks and 
CNNs can process complicated, multidimensional data, such as consecutive health records or imaging data. AI models can 
classify patients into risk groups, such as high-risk identification (i.e., identifying patients more likely to relapse or fail to 
achieve sero-clearance, allowing for targeted interventions) and personalized risk scores (i.e., generating individual risk 
scores based on clinical, genetic, and lifestyle factors). It assists in early detection by evaluating longitudinal data to discover 
early warning indications of relapse or non-sero-clearance and predictive warnings by notifying doctors of high-risk patients, 
allowing for appropriate revisions to treatment programs. AI can help tailor treatment strategies by recommending 
personalized treatment regimens based on predicted outcomes and individual patient profiles, as well as by tracking patient 
adherence to treatment and predicting potential issues that could lead to relapse. AI can help clinicians make better decisions 
by providing AI-driven insights and recommendations to supplement clinical judgment, data visualization, and intuitive 
visualizations of complex data and predictions. It makes research easier by using data mining to unearth new insights from 
current information, perhaps identifying novel biomarkers or therapy targets, and modeling multiple treatment scenarios to 
predict results and enhance therapeutic methods. 

Some prominent research that employed AI to predict hepatitis relapse and HBsAg sero-clearance include the following. 
Huang et al. [119] developed a Bayesian network model based on accessible medical records to predict HBsAg sero-
clearance in chronic hepatitis B patients and evaluated its efficacy. The study included 1,966 chronic hepatitis B patients 
between January 2006 and June 2015, with an average age of 39.04 ± 11.23 years. The demographic and clinical variables, 
laboratory data, and imaging parameters were used to develop a Bayesian network model and assess the likelihood of HBsAg 
sero-clearance. Baseline serum HBsAg and HBeAg levels, virological response, and HBeAg sero-clearance were the 
strongest predictors of HBsAg sero-clearance. Patients with baseline HBsAg values ≤2000 IU/mL, negative baseline HBeAg, 
first virological response, and no HBeAg sero-clearance were more likely to have HBsAg sero-clearance (post-test 
probability table). The Bayesian network model had an area under the receiver operating characteristic curves of 0.896 (95% 
confidence interval [CI]: 0.892, 0.899), a sensitivity of 0.840 (95% CI: 0.833, 0.846), a specificity of 0.880 (95% CI: 0.876, 
0.884), and an accuracy of 0.878 (95% CI: 0.874, 0.882) for predicting HBsAg sero-clearance. The constructed Bayesian 
network model correctly predicted the likelihood of HBsAg sero-clearance and is a viable tool for clinical decision-making. 
Tian et al. [120] investigated the optimum model for predicting HBsAg seroclearance. Laboratory and demographic data for 
2,235 chronic hepatitis B patients were gathered from the South China Hepatitis Monitoring and Administration (SCHEMA) 
study. HBsAg sero-clearance was seen in 106 individuals in total. Models were created using four algorithms: XGBoost, 
RF, DT, and LR. The area under the AUC was used to identify the optimum model. The AUCs for the XGBoost, RF, DCT, 
and LR models were 0.891, 0.829, 0.619, and 0.680, respectively, with XGBoost providing the most significant predictive 
performance. The XGBoost model’s variable significance plot showed that the level of HBsAg was the most important 
factor, followed by age and HBV DNA levels. ML techniques, particularly XGBoost, successfully predict HBsAg sero-
clearance from available clinical data. 

4.6 Identification of viral hepatitis serology markers 

Identifying and interpreting viral hepatitis serological markers is crucial for diagnosing, monitoring, and treating hepatitis 
infections. As hepatitis B and C infections continue to pose considerable worldwide health risks, reliable and fast diagnoses 
are critical. While successful, traditional techniques of assessing serology markers need manual interpretation, which can be 
time-consuming and prone to human error. AI in this procedure has transformed the industry, improving accuracy, speed, 
and consistency in detecting viral hepatitis. ML algorithms can detect trends in serological test results. These algorithms may 
identify complicated antibody and antigen level patterns that suggest distinct phases of viral hepatitis infections, i.e., acute, 
chronic, or resolved. AI systems may automatically measure levels of numerous serology markers such as HBsAg, anti-HBc, 
and anti-HCV and interpret the data, minimizing the possibility of human mistakes and speeding up the diagnosis procedure 
[121]. 

AI can distinguish between hepatitis kinds, i.e., A, B, C, D, and E, by examining the mix of serology markers present. For 
example, in hepatitis B, AI may differentiate between acute and chronic infection based on HBsAg, anti-HBc IgM, and 
HBeAg levels. Based on trends in serology markers over time, AI may assess whether a hepatitis B virus is dormant, 
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chronically active, or has resolved [122]. AI algorithms can predict disease progression in hepatitis patients by examining 
patterns in serology markers and other clinical data. For example, AI can identify individuals who are more likely to advance 
from chronic hepatitis B to cirrhosis or hepatocellular cancer. It can anticipate how a patient will react to antiviral medication 
by examining baseline serology markers and their changes throughout treatment, allowing for more tailored treatment 
approaches. 

To accurately identify a patient’s viral hepatitis status, AI may combine serology marker data with other clinical biomarkers, 
imaging findings, and medical history. This comprehensive technique increases diagnostic accuracy. AI systems can 
continually monitor changes in serology markers in patients undergoing therapy or monitoring, alerting doctors in real time 
to potential problems or treatment effectiveness [123]. In clinical laboratories, AI can automate the processing and first 
interpretation of enormous numbers of serology tests to improve productivity, shorten response times, and allow human 
specialists to focus on more complicated issues. It may monitor the quality of serology tests, detecting anomalies or flaws in 
the testing process that may impair the results’ accuracy. AI is used to identify novel serological markers that indicate viral 
hepatitis infection or disease development. ML algorithms can use vast datasets to find novel, undetected biomarkers. In 
clinical trials for novel hepatitis treatments, AI can assist in monitoring serology markers to assess the efficiency and safety 
of experimental medications, resulting in more efficient and accurate studies. Healthcare AI can analyze the findings of 
various blood tests used to diagnose hepatitis, such as liver function tests and viral hepatitis serology testing. 

4.7 Early detection of pre-cancerous lesions 

The early diagnosis of pre-cancerous lesions in hepatitis patients is critical for successful treatment and better patient 
outcomes. Traditional diagnostic procedures, such as imaging and biopsy, can be intrusive and may fail to detect lesions 
early. Recent advances in AI have great opportunities for improving the early diagnosis of pre-cancerous lesions in hepatitis 
patients. AI technologies, particularly those based on ML and DL, have shown a fantastic ability to analyze complicated 
medical data with great precision and speed. AI systems can detect subtle patterns and anomalies that traditional diagnostic 
procedures may miss. They can accurately assess extensive imaging modalities, including fluorescence, hyperspectral, 
cytological, histological, radiological, endoscopic, clinical, and infrared thermal modalities. AI aids professionals in 
diagnostic procedures and reduces unintended mistakes. Neural networks improve the early identification accuracy of pre-
cancerous lesions in hepatitis patients [124]. 

DL models analyze medical images such as US, CT scans, and MRIs to detect minute patterns or abnormalities that may 
signal pre-cancerous lesions, generally with greater accuracy and speed than previous approaches. Biomarkers in blood tests 
or tissue samples can be identified using AI. ML algorithms examine vast datasets to identify specific patterns or indicators 
linked with the early stages of cancer, sometimes before obvious symptoms or changes appear. AI may create prediction 
models to evaluate the risk of pre-cancerous lesions by combining diverse data sources such as patient history, genetic 
information, and environmental variables. These models assist in identifying high-risk people who might benefit from more 
regular monitoring or preventative actions [125]. 

NLP techniques may extract pertinent information from EHR and find patterns suggesting an increased risk of pre-cancerous 
lesions, allowing for earlier identification by highlighting individuals who require further study. AI can help healthcare 
practitioners make better decisions by analyzing data and making recommendations. These systems use a patient’s clinical 
data and history to assess the possibility of pre-cancerous lesions [126]. AI can help adapt treatment and monitoring regimens 
based on individual risk profiles. This tailored strategy can enhance outcomes by ensuring high-risk patients receive timely 
therapies. It can directly aid in cancer detection by initiating investigations or referrals in screened patients based on clinical 
indicators and automating clinical operations in areas with limited capacity. AI may examine complicated data from various 
sources, including clinical text, genomic, metabolomic, and radiomic data [127]. AI in early cancer screening and detection 
has helped overcome the issue of limited human resources while improving diagnostic precision. It might help physicians 
reduce their workload and the number of misdiagnoses [126].  

Notable research using AI to detect pre-cancerous lesions early includes the following. Bal [32] compared pathologists’ 
performance with varying degrees of expertise to a DL network (trained using histopathological H&E images and the CNN 
method) in predicting malignant-benign differentiation and gene alterations impacting prognosis in localized liver lesions. 
The model performed similarly to a 5-year pathologist, with 96% accuracy in discriminating between malignant and benign 
lesions and 86.9% in categorizing HCC as excellent, intermediate, or poor prognosis. These findings show CNN’s potential 
to assist pathologists in detecting gene alterations in HCC, improving diagnosis accuracy, and contributing to precision 
medicine. HCC-SurvNet is an AI-assisted pathology program that analyzes digital histopathology pictures to estimate disease 
recurrence risk following primary surgical resection for HCC. Risk scoring divides patients into low- and high-risk 
groupings, with significant disparities in survival rates, establishing HCC-SurvNet as a viable tool for improving the clinical 
care of HCC patients, exceeding the traditional Tumor-Node-Metastasis categorization system in prediction accuracy. 
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4.8 Identifying high-risk individuals 

AI quickly transforms healthcare by providing revolutionary illness prevention, diagnostic, and management technologies. 
One of the crucial areas where AI has a substantial influence is detecting high-risk persons for hepatitis, a group of viral 
illnesses that pose severe global health threats. Hepatitis, particularly B and C, can cause chronic liver damage, liver cancer, 
and even death if not discovered and treated promptly. Traditional high-risk identification techniques sometimes use broad 
population-based approaches, which may ignore small but crucial risk markers. With its capacity to evaluate large and 
complicated information, AI provides a more accurate and tailored approach to risk detection. By combining data from EHR, 
genetic information, lifestyle characteristics, and social determinants of health, AI may identify individuals who will benefit 
the most from preventative measures, early detection, and treatment. This transition toward AI-driven risk stratification can 
improve public health initiatives, lower healthcare costs, and, ultimately, better results for patients at risk of hepatitis. 

AI algorithms can be used to evaluate EHR data to identify those who are at a greater risk of developing viral hepatitis, such 
as those who have a history of intravenous drug use, blood transfusions, or sexual contact with someone infected with the 
virus. This data can help drive focused screening and preventative initiatives. HCV remains a severe infectious disease-
related public health concern despite the availability of very effective treatments. AI models can be trained to detect 
individuals with risk factors such as previous blood transfusions, intravenous drug use, or hazardous sexual behaviors, 
highlighting those who should be tested first [32]. AI algorithms may be trained on using large datasets to forecast who is 
most likely to get hepatitis based on age, gender, medical history, geographic location, and behavioral risk factors such as 
drug use and sexual activity. It can evaluate genetic data to identify those who have a genetic propensity to hepatitis, 
especially for hepatitis B and C, where persistent infections can cause liver damage [69]. 

NLP technologies can process unstructured data from medical records, extracting essential information such as past 
diagnoses, test findings, and physician comments suggesting an increased risk of hepatitis. AI can monitor clinical notes for 
hepatitis-related symptoms and indications for early identification. It can classify people into risk categories, allowing 
healthcare practitioners to focus on those most likely to benefit from preventative interventions like immunizations or 
frequent screenings. AI can create individualized screening programs for high-risk groups, making better use of medical 
resources [128]. AI algorithms can forecast possible hepatitis epidemics by examining trends in population health data, travel 
patterns, and social variables. They can detect groups of high-risk individuals, allowing public health professionals to target 
treatments better. AI may scan data from social media, polls, and other sources to identify people who engage in high-risk 
activities, increasing their chances of developing hepatitis. It can track patient adherence to hepatitis therapy and identify 
individuals at risk of noncompliance problems. 

Wearables driven by AI can measure health metrics like liver function indicators, delivering early warnings to people at risk 
of hepatitis. It can work with telehealth systems to remotely monitor at-risk patients, ensuring prompt action if risk factors 
deteriorate. AI may help lead public health campaigns by identifying demographic groups or places with a greater hepatitis 
prevalence, ensuring that resources are focused on where they are most needed. It can improve vaccination tactics by 
identifying unvaccinated high-risk individuals and forecasting the effects of various immunization situations. AI may 
minimize the number of false positives or persons who are checked but do not have the illness, thereby lowering the cost of 
the screening program and alleviating unneeded stress on HCV-negative patients. Finally, moving from a rules-based to a 
flexible AI approach may be more suited to identifying a diverse population [128]. 

Some significant research using AI to identify high-risk individuals includes the following. Dagan et al. [129] presented the 
creation of machine-learning models to meet the pressing requirement to detect unknown HCV carriers and assess the real-
world effectiveness of this strategy when implemented statewide. Retrospective data on 18- to 79-year-old members of 
Israel’s largest healthcare organization who tested positive for HCV from 2013 to 2021 were used to build and evaluate 
prediction models for detecting active carriers. In August 2021, the top-performing model based on XGBoost prospectively 
analyzed approximately 1.5 million members eligible for screening per the US Preventive Services Task Force (USPSTF) 
recommendations, and a tiered outreach process began with the members who were most in danger. The XGBoost-based 
screening yield in November 2022 was assessed and compared to contemporaneous testing of USPSTF screening-eligible 
participants. The retrospective cohort utilized for model development contained 492,290 people, with 0.1% verified as active 
HCV carriers. Based on XGBoost, the best-performing model has a region beneath the receiver operating characteristic curve 
of 0.95. Screening the top 0.1%, 1%, and 5% of high-risk adults yielded positive predictive values of 18.2%, 6.2%, and 1.9% 
and sensitivity values of 13.0%, 44.4%, and 67.6%, respectively. During the prospective outreach, 477 members were tested 
for HCV antibodies, and 38 were discovered to be active HCV carriers, resulting in an estimated number required to screen 
(NNS) 10. Among the 53,403 USPSTF screening-eligible participants tested over the same period, 38 were discovered to be 
active HCV carriers, providing an NNS of 1029. A nationwide application of machine-learning-based HCV screening found 
the same number of HCV carriers as the classic screening technique while increasing efficiency by more than 100 times. 
Butaru et al. [130] created two ANN models to identify at-risk people chosen using a targeted questionnaire. The research 
comprised 14,042 screened subjects from the southwestern area of Oltenia in Romania. Each participant filled out a 12-item 
questionnaire and underwent fast anti-HCV antibody testing. Subjects who tested positive for Hepatitis C were sent to care 
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and, if they had detectable viremia, might eventually get antiviral therapy. They created two ANNs, trained and tested them 
on the questionnaire dataset, and then used them to identify patients in an existing dataset. They discovered 114 HCV-
positive individuals (81 females), with an overall frequency of 0.81%. They found significant risk factors, including sharing 
personal hygiene products, obtaining blood transfusions, undergoing dental or surgical procedures, and reusing hypodermic 
needles. When applied to an existing dataset of 15,140 people (119 HCV cases), the first ANN model accurately identified 
97 (81.51%) HCV-positive individuals using 13,401 tests, but the second ANN model identified 81 (68.06%) patients using 
just 5192 tests. Using ANNs to choose screening candidates may enhance resource allocation and prioritize cases with a 
higher risk of serious illness. Using data from an easy-to-administer questionnaire, they reported two alternative ANN models 
to detect people at risk of contracting HCV. At the lowest confidence level, the first model found 13.5% more instances at 
the expense of 61.5% more tests needed. Thus, the first ANN model may be employed when more resources are available 
for testing, but the second can successfully prioritize at-risk groups when testing resources are scarce. Doyle et al. [128] 
created a prediction model to detect undiagnosed HCV patients by analyzing longitudinal medical claims and prescription 
data from about ten million individuals in the United States between 2010 and 2016. Patients' medical histories were analyzed 
to derive features containing information on demographics, risk factors, symptoms, therapies, and procedures related to 
HCV. Predictive algorithms were built using LR, RF, GBT, and a stacked ensemble. According to a descriptive study, 
patients had recognized HCV symptoms for an average of 2-3 years before being diagnosed. All algorithms had at least 95% 
accuracy at low recall levels (10%). The stacked ensemble scored best for recall levels greater than 50%, with an accuracy 
of 97%, compared to 87% for the GBT and 31% for the LR. For comparison, the CDC recommends screening in an at-risk 
subpopulation with an estimated HCV prevalence of 2.23%. The provided AI algorithm has much greater precision than the 
screening rates associated with suggested clinical recommendations, implying that AI algorithms can significantly improve 
the effectiveness of HCV screening. 

4.9 Liver transplantation 

Liver transplantation is an important therapy option for people suffering from severe liver damage caused by Hepatitis B and 
C. It is recommended for individuals with chronic hepatitis B or C, cirrhosis, liver cancer, or abrupt liver failure. Bhat et al. 
[69] and Pomohaci et al. [131] describe liver transplantation as a life-saving therapy for those with end-stage liver disease. 
Liver transplantation is a complicated operation that includes the examination of several donor and recipient characteristics 
and expert judgments to ensure long-term graft and patient survival. The numerous factors can make decision-making 
challenging [111]. Managing liver transplant patients is difficult since demographic, clinical, laboratory, pathology, imaging, 
and omics data must all be examined to build an effective treatment strategy. Current approaches for gathering clinical data 
are vulnerable to subjectivity [69]. 

AI is increasingly significant in liver transplantation for hepatitis patients, improving everything from donor matching to 
postoperative care. It can transform transplantation by enhancing organ allocation, donor selection, rejection prediction, and 
immunosuppressive precision medicine. AI systems can better match donors and recipients by analyzing massive databases. 
It can better predict transplant outcomes than traditional approaches by considering a wide variety of data, such as genetic 
markers, liver size, and overall health. AI techniques can help evaluate contributions and receivers. ML algorithms, for 
example, may determine imaging data to measure liver health, fibrosis, and other problems, resulting in a more thorough 
assessment than a manual review. AI can aid in surgery planning by producing precise 3D models of the liver and adjacent 
tissues, which helps surgeons visualize the organ and determine the optimal strategy for transplantation, perhaps decreasing 
problems and increasing results. AI-powered monitoring gadgets can immediately track patients’ vital signs and other health 
indicators. These technologies can identify early indicators of problems, such as rejection or infection, allowing quicker 
treatments and better patient outcomes. AI can use past data to discover patterns and forecast transplant results, which 
involves forecasting graft and patient survival rates and the risk of postoperative complications. AI can help to create tailored 
treatment programs for hepatitis patients following liver transplantation. It can assist in customizing immunosuppressive 
medicines and other treatments to the requirements of individual patients, reducing adverse effects and increasing efficacy. 
AI can speed up research by uncovering novel biomarkers, therapy routes, and prospective therapeutic targets. This might 
lead to the developing of more effective hepatitis medicines and improved management techniques for liver transplant 
patients. ML applications in liver transplant medicine are divided into pre-transplant, donor-recipient matching, and post-
transplant. ML technologies are ideally suited for capturing and analyzing the dynamics, patterns, and interrelationships 
between these factors to produce optimum result predictions. Some pretransplant AI applications include enhancing 
transplant candidacy decision-making and matching donors and recipients to decrease queue mortality and enhance post-
transplant outcomes. AI might aid in treating liver transplant patients, particularly in forecasting patient and graft survival 
and detecting risk factors for disease recurrence and other problems. Increased usage of EHR and the storage of massive 
quantities of longitudinal health data have inspired a renewed interest in constructing predictive ML models in medicine and 
excellent organ transplantation. 

ML algorithms may evaluate several variables or features from big datasets, possibly establishing complicated correlations 
between donor and recipient characteristics to aid clinical decision-making in liver transplantation. AI-enabled models are 
anticipated to help speed up future assessments of liver organ quality. Another significant gap in the transplant industry that 
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AI-enabled systems may fill in the future is donor-recipient matching. In the post-transplant setting, ML technologies may 
examine a similarly diverse range of data types, dynamics, and interrelationships to give diagnostic and prognostic value. 
Over time, ML methods have used trends and changes in clinical parameters, laboratory, radiomic, and histologic data to 
personalize post-transplant therapy. The results of ML algorithms for predicting transplant problems show promise and may 
enhance patient outcomes [69][132][133]. An AI detection tool would be critical in monitoring patients on the transplant list. 
An integrated AI method for lesion identification may increase diagnostic accuracy and transplant patient stratification [131]. 

Some vital research studies using AI in liver transplantation include the following. Many studies looked at pre-liver transplant 
cardiovascular risk assessment, using LR and k-means clustering algorithms to predict cardiometabolic risks based on health 
data and vascular age. Others used AI-enabled electrocardiograms and DL models to predict cardiovascular problems and 
dysfunction in liver transplant candidates, with encouraging AUC values that demonstrate the predictive ability of AI. 
Random forest, SVM, and GBM were used to predict significant adverse cardiovascular events following transplantation, 
often surpassing established clinical models’ accuracy and predictive capabilities [133]. Zabara et al. [132] developed a 
machine-learning model to predict postoperative problems after liver transplantation. The model performed admirably and 
has potential for future clinical applications and research into accurately predicting post-transplant short-term evolution. As 
a result, the study lays the groundwork for the thorough and noninvasive identification of high-risk patients who may benefit 
from a more rigorous postoperative surveillance protocol. Nonetheless, the findings must be verified in extensive prospective 
studies to permit ML risk assessment in liver transplant patients. 

4.10 Predicting the risk of complications from viral hepatitis 

Regarding developing standard regression models to forecast hepatitis risk, the variability of viral hepatitis risk over time 
makes accurate prediction difficult for these models. AI is increasingly being utilized to forecast viral hepatitis problems. 
This application includes evaluating massive datasets of patient records, test findings, and other pertinent health information 
to uncover patterns and characteristics that may suggest a higher risk of problems such as liver cirrhosis, hepatocellular 
cancer, or liver failure. ML algorithms may analyze massive volumes of data to discover potential complication risks. These 
models are trained using historical patient data, which may include variables such as viral load, liver enzyme levels, genetic 
markers, and demographic information. It can help identify which individuals are most likely to move from chronic hepatitis 
to more severe liver disorders, allowing for early intervention and more tailored treatment programs. AI-powered image 
recognition systems can analyze liver imaging, such as US, CT, and MRI, to detect early signs of liver damage, fibrosis, or 
tumors that are invisible to the human eye, which is critical for the early detection of HCC. AI can help to find and analyze 
biomarkers that signal liver damage or cancer. By reviewing test data over time, AI can detect slight changes that indicate a 
higher risk of issues. Personalization of treatment strategies based on individual risk profiles is possible with AI. Patients 
who are more prone to develop liver cancer, for example, may be examined more closely or given more aggressive treatment 
options sooner. AI can help choose the best antiviral medication for individuals with viral hepatitis, considering parameters 
such as virus genotype, patient genetics, and past treatment responses. AI models can predict long-term results for viral 
hepatitis patients, such as survival rates and the need for a liver transplant. These forecasts can help healthcare practitioners 
and patients make informed decisions. It can classify patients based on their likelihood of developing issues, allowing for 
more targeted monitoring and management options. Predictive analytics can anticipate illness development, allowing doctors 
to make more educated treatment decisions. AI may be linked to EHR to monitor patients’ health data continually. This real-
time analysis can warn healthcare practitioners of emergent dangers, allowing faster reactions to problems. On a larger scale, 
AI can anticipate the burden of viral hepatitis complications in specific communities, allowing public health officials to 
allocate resources better and devise tailored preventative programs.  

Many research have employed AI to forecast the likelihood of complications from viral hepatitis. Wong et al. [134] created 
a ML-based model, the HCC ridge score (HCC-RS), to diagnose HCC in chronic hepatitis patients. Compared to 
conventional risk assessment scores, the new approach predicts HCC more accurately in individuals with chronic viral 
hepatitis. Integrating HCC-RS into electronic health systems allows for real-time information on HCC risk. Ioannou et al. 
[135] investigated whether DL RNN models using raw longitudinal electronic health information might improve 
performance in predicting HCC risk. They analyzed data from 48,151 individuals with hepatitis C virus-related cirrhosis and 
followed them for at least three years after the diagnosis. The study revealed that RNN models outperformed classical logistic 
regression models (ACC: 75% vs. 68%, p<0.001). This accomplishment implies that DL models such as RNNs have 
tremendous promise for collecting temporal dynamics and long-term information, opening the door for more accurate 
forecasts of HCC risk. DL RNN models in the study outperformed conventional logistic regression models, implying that 
RNN models could be used to identify patients with hepatitis C virus-related cirrhosis at high risk of developing HCC for 
risk-based HCC outreach and surveillance. 

4.11 Hepatitis drug discovery 

AI is transforming drug research, opening new paths for treating complicated illnesses like hepatitis C. Traditional drug 
discovery approaches are time-consuming and expensive, with significant attrition rates during development. With its ability 
to examine big datasets, forecast molecular interactions, and improve clinical trial designs, AI is a vital tool in the search for 
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novel hepatitis therapies. ML and NLP enable and speed drug development by performing extraordinarily accurate and 
efficient analyses of large databases. DL is a powerful way to anticipate the efficiency of pharmaceutical compounds. The 
drug development process is divided into four stages: (i) target identification and validation, (ii) compound screening and 
refining for lead optimization, (iii) preclinical research, and (iv) clinical trials. AI-driven approaches are actively used 
throughout the process to improve efficiency in terms of time and cost [136]. Integrating AI into hepatitis medication research 
promises to reduce the time it takes to get new therapies to patients while paving the path for more tailored and effective 
therapy tactics [136]. AI systems can evaluate massive genomic datasets to find possible hepatitis medication targets, such 
as viral proteins or host components on which the hepatitis virus relies and can be suppressed to prevent infection. AI can 
anticipate how effectively a possible medicine molecule interacts with a target protein, which helps to identify viable options 
faster. DL can produce novel drug-like compounds with favorable features. These algorithms are trained on large chemical 
datasets and can recommend new hepatitis treatments. AI can forecast drug candidates’ pharmacokinetic and 
pharmacodynamic features, including absorption, distribution, metabolism, and excretion profiles, which aid in optimizing 
molecules early in the medication development process [137].  

AI and ML help discover viral infection treatments by accelerating and simplifying the process of repurposing and suggesting 
new essential molecules that inhibit viral replication. They can also use networks to anticipate drug-target interactions or 
gene expression connections with HAV infection. This data must be fed into AI and ML algorithms to build effective anti-
HAV medicines. Although new drug development typically takes over ten years, this strategy may aid medication 
repositioning and rescue, allowing the creation of anti-HAV therapies more quickly. AI, ML, and DL techniques may also 
help avoid pharmacological adverse effects [138]. AI can scan existing medications to uncover ones that may be beneficial 
against hepatitis, which is especially useful because repurposed medications have already passed several safety tests, 
potentially reducing the time to clinical usage. It can improve clinical trial design by predicting which patient demographics 
would respond best to a new hepatitis medication, which boosts trial efficiency and success rates. AI can assist in finding 
biomarkers that indicate therapy response or disease progression, resulting in more tailored therapeutics for hepatitis patients.  

Quantum machine learning (QML) technologies are frequently used to find prospective medication candidates because they 
can adequately anticipate a molecule’s affinity for a target protein. This makes it easier to identify potential drug candidates, 
which may then be developed and refined further down the drug development pipeline [137]. QML approaches may use 
quantum computers’ massive processing capability to undertake complicated simulations and analysis, which speeds up the 
target identification and validation process [137]. By merging quantum computing with ML algorithms, researchers may 
effectively browse massive databases and anticipate probable targets’ therapeutic ability and efficacy and can produce more 
precise and efficient binding affinity predictions [137]. They may create models that depict the intricate interactions between 
molecular characteristics and binding affinities. QML provides a transformational method to this essential component of 
drug discovery by improving prediction accuracy, expediting drug screening, minimizing animal testing, and advancing 
precision medicine [137]. 

ML is the driving force behind the growth of accurate medicine, and it is widely recognized as a critical step toward 
improving patient outcomes and enhancing physician abilities [139]. AI algorithms can assess real-time patient data, such as 
liver function tests, to track hepatitis development and therapy success, allowing for dynamic treatment strategy adjustments. 
AI can forecast hepatitis development in individuals, allowing for early therapies and improved disease management. A NLP 
system can extract critical information about optimal antibiotic usage, such as clinical indications, antimicrobial selection, 
dose, and therapy duration [136]. AI can combine data from genomes, proteomics, metabolomics, and other omics 
technologies to offer a comprehensive knowledge of hepatitis at the molecular level, which helps to identify novel drug 
targets and understand resistance mechanisms. For example, DeepMind’s AI system AlphaFold can accurately predict 
protein shapes, which is critical for creating medications targeting hepatitis-related proteins. IBM Watson was utilized to 
examine enormous scientific literature and molecular data to propose novel hepatitis medication candidates [77]. 

AI-based algorithms can help find novel drug development targets, such as specific biochemical or genetic processes 
implicated in illnesses. ML can predict tiny molecules’ physical and chemical characteristics with precision comparable to 
quantum physics. AI can detect links between molecular representations and biological or toxicological activity. The 
synthesis routes of potential drug candidates are efficiently investigated utilizing AI-based systems. Combined with AI, 
robotics explores the chemical space for new reactions by automating the feasibility analysis. AI allows quick screening of 
a virtual compound library comprising billions of molecules in a few days. Identifying preclinical candidates using an AI-
based computational workflow may be completed promptly. 

Furthermore, DL techniques are utilized to anticipate natural protein folding and rapidly examine protein structures. It also 
contributes to innovative drug creation using current medicinal chemical databases [136]. ML techniques can be used to 
examine medications and vaccine behavior and create them in collaboration with pharmaceutical industry specialists [140]. 
One of the most potential applications of AI and ML algorithms is forecasting vaccination efficiency and effectiveness by 
selecting the most protective antigens [31]. 
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4.12 Diagnostic imaging tests 

Diagnostic imaging is an essential component of contemporary medicine, giving crucial insights into the human body that 
influence diagnosis, treatment planning, and patient care. AI-powered image identification and analysis techniques are 
increasingly used in liver imaging methods such as radiography, US, CT, MRI, and nuclear medicine. As imaging 
technologies like X-rays, CT, MRI, and the US advance, so does the complexity of the data they provide. The sheer 
complexity of imaging data creates enormous problems for radiologists and clinicians, who must interpret these pictures 
precisely and promptly to make correct diagnoses. AI quickly alters diagnostic imaging by providing solid tools for 
improving the accuracy, efficiency, and accessibility of medical imaging interpretation. AI systems can accurately evaluate 
image data using sophisticated algorithms, ML, and DL approaches. These algorithms can detect minor anomalies, assess 
disease development, and even forecast patient outcomes, exceeding human specialists in some tasks [141]. 

AI helps detect and characterize liver abnormalities linked with hepatitis, allowing for early identification and intervention. 
It has become more critical in identifying and diagnosing HCC through imaging modalities such as the US, CT scans, and 
MRI. AI systems have shown potential in detecting early-stage HCC in CT images, frequently before cancer becomes 
detectable to human radiologists, which is accomplished by examining minor textural patterns and contrast enhancement 
phases associated with hepatocellular cancer [32]. AI can calculate tumor size, volume, and growth over time, which is 
helpful for staging and treatment planning. It can also identify vascular invasion and metastasis, two essential elements in 
the evolution of HCC. AI-based radiomics includes collecting several variables from CT scans and analyzing them to predict 
the existence of HCC, its aggressiveness, and prospective treatment outcomes. This is significant because HCC is a severe 
consequence of chronic viral hepatitis, and early identification is critical for better patient outcomes [32]. DL algorithms can 
detect tiny variations in liver tissue that may signal an early or unusual presentation of HCC. When combined with AI, MRI's 
capacity to give multi-phase imaging, such as arterial, venous, and delayed phases, aids in precisely characterizing liver 
abnormalities. AI can use dynamic contrast-enhanced sequences to distinguish between HCC and other liver diseases. AI 
models are also utilized to evaluate functional MRI sequences, such as diffusion-weighted and perfusion imaging, to 
characterize tumor biology and forecast treatment effects. 

DL evaluates US pictures to identify liver abnormalities that may signal HCC. These models accurately categorize lesions 
as benign or malignant. In addition to traditional ultrasonography, AI-enhanced elastography is utilized to detect liver 
stiffness. It improves the interpretation of elastography data by distinguishing between fibrotic and malignant tissues. Noise 
and operator reliance can impact US imaging, posing issues for AI models. However, sophisticated models are taught to 
overcome these constraints, resulting in more consistent detection. AI systems can analyze pictures like X-rays, CT scans, 
and MRIs to identify and categorize anomalies more accurately than human specialists. Furthermore, AI systems may 
identify patterns and traits that human specialists cannot see, making autonomous diagnosis faster and more accurate [106]. 

Thanks to recent AI and medical imaging technology breakthroughs, biomedical image analysis has improved clinical 
practice by giving better insights into human anatomy and disease processes. US is a widely utilized imaging technique for 
diagnosing chronic liver illnesses such as fibrosis, cirrhosis, and portal hypertension [142]. MRI, US, and CT are now the 
most often utilized diagnostic modalities in medical imaging for fatty liver. In terms of AI in medical imaging, sophisticated 
image processing techniques can extract many quantitative features from radiological images, which traditional biostatistical 
or AI models then analyze to diagnose or assess therapeutic responses. Several AI-assisted diagnosis models for fatty liver 
have been created [143]. Convolutional neural networks have demonstrated great accuracy in diagnosing hepatic steatosis 
using ultrasonography B-mode pictures. Automated liver segmentation was possible using a generalized CNN, even 
spanning CT and MRI, for automated liver biometry. As a result, one clinical application where AI may run in the backend 
of an imaging server is to emphasize the presence of increasing surface nodularity, prompting the radiologist to include the 
suspicions of cirrhosis in the structured reports [72]. 

4.13 Adherence monitoring in the treatment of hepatitis virus 

Adherence monitoring is critical in treating hepatitis B and C to ensure patients follow their treatment regimens. 
Nonadherence can result in treatment failure, virus resistance, and higher healthcare expenses. AI has the potential to improve 
adherence monitoring significantly. It can examine patient data to anticipate individuals at a higher risk of nonadherence, 
allowing healthcare personnel to focus on patients who require further assistance. AI algorithms can utilize past data to 
anticipate when patients will likely skip medications or depart their treatment plan. AI can provide individualized patient 
reminders based on their habits and routines, improving their probability of sticking to their drug regimen. AI-powered 
chatbots or messaging systems can offer real-time assistance, answer queries, and promote adherence, particularly during 
essential treatment periods. Wearable gadgets or smart pill dispensers can instantly use AI to track medicine intake. These 
gadgets can notify healthcare practitioners if a dosage is missed. Apps powered by AI may track patient behavior, provide 
instructional information, and inform physicians about adherence statistics. AI can evaluate EHR data to detect 
noncompliance patterns across populations, resulting in a better understanding and treatment of adherence problems. These 
can be used to evaluate big datasets, identify risk factors for nonadherence, and design innovative tactics to address them. It 
can aid in developing individualized instructional materials that convey the necessity of adherence in a meaningful way to 
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particular patients. Virtual assistants and AI-based programs can engage patients in interactive sessions, helping them 
comprehend the repercussions of treatment noncompliance. Using AI to monitor patient adherence poses privacy and security 
problems, which must be addressed to maintain patient confidence. NLP can aid in analyzing and synthesizing treatment 
guidelines from medical literature and clinical procedures, providing healthcare practitioners with up-to-date, evidence-based 
advice for viral hepatitis management. It can track and evaluate patient medication adherence and side effects as reported in 
clinical notes or feedback, allowing treatment regimens to be adjusted and patient outcomes to be improved. 

AI can help monitor adherence to antiviral medication, which is frequently long-term and necessitates regular patient 
compliance to avoid disease progression and resistance. AI-powered applications like mobile health platforms may give 
patients individualized reminders, educational materials, and support systems to help them stick to their treatment regimens. 
This comprehensive strategy may lead to better treatment results and a higher overall quality of life for those with chronic 
hepatitis B. AI can assist patients in completing the whole course of medication for Direct-Acting Antivirals, which is critical 
for obtaining a sustained virological response [30]. AI systems, such as AiCure®, are revolutionary technology-based 
adherence monitoring methods that use facial recognition to manage real-time doses. They are designed to enable 
synchronized audio-visual confirmation of medication use by monitoring patients’ identities, drug kinds, and ingestion trends 
via a smartphone or camera tablet. AI systems can also remind patients when and how to take their medications, providing 
timely reminders for inappropriate medication administration and late or missing prescriptions. Encrypted dose data is stored 
on users’ tablets/smartphones and wirelessly sent to web-based dashboards. Two pilot studies on the AiCure platform 
employed AI algorithms to measure HCV drug adherence [144]. 

4.14 Improving hepatitis patient education and communication 

Traditional hepatitis patient education techniques frequently use static materials and one-size-fits-all approaches, which can 
be ineffective in meeting individual requirements and preferences. AI overcomes these limits by allowing more customized, 
interactive, and responsive educational experiences. AI can assess medical data and customize instructional materials to meet 
individual requirements. For example, it can suggest specific articles, videos, or interactive modules depending on a patient's 
health, treatment plan, and learning preferences [145]. NLP can create patient-friendly instructional materials based on 
complicated medical information, allowing patients to comprehend their diseases and treatment alternatives better. AI offers 
appropriate and practical techniques for medical data interpretation in hepatology, aiming to assist in diagnosis and 
customized therapy [109]. AI-powered chatbots or virtual assistants can give patients rapid, 24-hour access to information 
and answer common queries regarding their health, treatments, or prescriptions. AI can analyze and interpret human 
language, allowing it to create simple, intelligible explanations of complicated medical jargon and concepts, assisting patients 
in comprehending their health information. It can aid decision-making by evaluating medical data and giving 
recommendations that patients can use to make informed health decisions. AI can forecast prospective health difficulties and 
provide preventative actions or interventions that may be conveyed to patients to encourage proactive health management.  

AI-powered translation technologies can assist in breaking down language barriers by offering educational materials and 
communication in different languages, ensuring that non-native speakers have access to the information they require. AI can 
monitor patient engagement with instructional materials and send reminders or follow-ups to help patients stay educated and 
stick to their treatment programs. AI systems can make instructional information more accessible to patients with disabilities, 
such as text-to-speech for those with visual impairments or simplified language for those with cognitive challenges. These 
AI-driven solutions may result in more effective patient education, enhanced communication, and better health outcomes. 
NLP-powered chatbots can give patients rapid answers to typical inquiries concerning viral hepatitis, treatment procedures, 
and lifestyle adjustments, increasing engagement and support. The health condition of hepatitis patients in various 
geographical locations might be tracked and monitored via social media. Using smartphone applications and social media 
for viral hepatitis eradication generates large amounts of data. Analyzing these data using AI platforms like ML might help 
health authorities. These analyses assist policymakers in surveillance by tracking the movement of viral hepatitis reservoirs 
[146]. 

Generative AI can alter patient education in resource-constrained places. Employing ML algorithms and other modern 
technologies can open new possibilities for tailored, accessible, and engaging patient education content. Generative AI can 
generate exciting and instructive patient multimedia material, including movies, animations, and infographics. It can increase 
education accessibility and quality by providing multimedia content production, customization, simulations, predictive 
analytics, and other capabilities, allowing for earlier illness identification and treatment [147]. 

4.15 Hepatitis data integration and analysis 

AI transforms healthcare by providing novel answers to challenging issues like hepatitis management. Hepatitis needs 
extensive data analysis for successful prevention, diagnosis, treatment, and monitoring. However, the sheer number and 
diversity of data from clinical records, laboratory findings, imaging tests, and public health databases pose a difficult task. 
AI can handle and analyze enormous amounts of data rapidly and effectively, and it is positioned to address these difficulties 
by improving data integration, predicting models, and enabling individualized treatment. DL has enabled the extraction of 
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therapeutically helpful information from large and heterogeneous clinical datasets. Specifically, histopathology and 
radiological imaging data provide diagnostic, prognostic, and predictive information that AI can extract. DL algorithms often 
have many more free parameters than traditional ML approaches, which makes them more versatile and better suited to 
processing and categorizing complicated data sets such as language or imaging data [148].  

AI can incorporate data from various sources, including EHR, laboratory findings, imaging studies, public health databases, 
and even socioeconomic determinants of health, resulting in a comprehensive dataset for hepatitis research. It can standardize 
and harmonize data across systems and formats, ensuring that various data sources are interoperable and can be studied 
concurrently. ML algorithms can predict the course of hepatitis, allowing doctors to identify patients who are more likely to 
develop problems such as liver cirrhosis or HCC. AI can examine patient data to anticipate how individuals respond to 
treatments, allowing for more customized health methods. AI systems can examine patterns in test findings, imaging, and 
clinical data to detect early indicators of hepatitis infection or liver damage, perhaps leading to an earlier diagnosis. NLP can 
extract useful information from clinical notes and unstructured data to diagnose and monitor hepatitis. The fast growth of 
biotechnology has resulted in the collection of massive volumes of multi-omics data, necessitating the improvement of 
bioinformatics and AI to allow computer modeling to diagnose and predict therapeutic outcomes [149]. Traditional ML and 
new DL algorithms impartially filter current data to find patterns and generate models that might influence healthcare choices 
[150]. AI can detect and predict hepatitis outbreaks by monitoring public health trends and finding odd patterns. It can use 
geographical data to identify hepatitis transmission hotspots and analyze the effectiveness of therapies. 

AI can help physicians make real-time decisions based on clinical guidelines, ensuring patients receive evidence-based care. 
ML can utilize many data streams, including laboratory data, and overcome human constraints to provide clinicians with 
predicted and actionable outcomes [151]. It can offer the best treatment regimens based on particular patient data and the 
most recent research. AI-powered technologies can remotely monitor patients, tracking symptoms and test findings to give 
prompt treatments. It can assist patients in sticking to their treatment plans by evaluating drug use habits and giving reminders 
or interventions as needed. AI can examine vast datasets to discover novel hepatitis biomarkers, perhaps leading to the 
creation of new diagnostic tests or therapies. It can improve the design and execution of clinical trials for hepatitis therapies 
by enhancing patient selection and predicting trial outcomes. 

Healthcare professionals and researchers may use AI to acquire more profound insights into illness patterns, optimize 
treatment options, and improve surveillance efforts. Integrating AI into hepatitis data analysis can enhance individual patient 
outcomes while advancing our understanding of hepatitis at the population level, resulting in more effective public health 
initiatives and treatments. 

4.16 Streamlining workflow and reducing pathologist workload 

In recent years, the incorporation of AI into pathology has emerged as a transformational force, providing new prospects to 
improve procedures and reduce pathologists' workloads. Traditional pathology depends mainly on personally inspecting 
tissue samples, which is time-consuming and prone to unpredictability. As the number of patients increases and diagnoses 
get complicated, the demand for more efficient solutions grows. AI technologies, notably ML and computer vision, are 
stepping in to help solve these problems by automating mundane processes and improving diagnosis accuracy. With the help 
of these sophisticated algorithms, pathologists may make better decisions by analyzing pathology slides with fantastic 
accuracy, seeing trends, and emphasizing problem regions. AI frees pathologists to concentrate more on diagnosis's intricate 
and subtle features by managing labor-intensive and repetitive duties [145]. 

AI algorithms can examine pathology pictures, such as tissue slides, to find and categorize anomalies, reducing the time 
pathologists spend manually inspecting and increasing diagnosis accuracy. It may detect patterns and abnormalities in 
pathology data that the human eye may overlook, allowing for earlier identification of illnesses and more accurate and prompt 
diagnosis. AI systems can assist in managing and organizing enormous amounts of pathology data, such as patient records 
and history data, allowing pathologists to more easily access and adequately interpret relevant and extensive volumes of 
data. This capability has resulted in various applications that have improved patient outcomes and reduced the workload for 
healthcare workers [152]. AI may use historical data to anticipate disease development and patient outcomes, allowing 
pathologists to make more educated therapy and follow-up care decisions. Many repetitive tasks in histopathological image 
analysis can be automated using AI, such as image pre-processing, feature extraction, and quantitative analysis, freeing 
pathologists’ time to focus on complex cases and decision-making, thereby improving overall workflow efficiency [32][153]. 

AI may automate administrative activities like scheduling, reporting, and communication, allowing pathologists to focus on 
clinical work rather than paperwork. NLP and ambient clinical intelligence automate administrative tasks such as entering 
patient visits into EHR, improving clinical workflow, and allowing clinicians to spend more time with patients [154]. It can 
help maintain high standards by giving regular and objective evaluations, improving quality assurance, and reducing human 
error. AI can assist pathologists in making better decisions by offering evidence-based suggestions and allowing them to 
compare their results to an extensive database of cases. ML has the potential to dramatically increase the repeatability, speed, 
and ease of workload for doctors [155]. AI-powered chatbots assist healthcare practitioners in minimizing their burden, 
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letting them focus on more complex situations that demand their knowledge [156]. AI can change and simplify diagnostic 
processes [157][158]. 

Laboratory managers believe AI may improve operations but prefer maintaining control [159]. Convolutional neural 
networks have exciting solutions for streamlining healthcare workflows ([160] ). AI can potentially alter physician workflow 
and patient care through its uses, which range from supporting physicians and replacing administrative activities to boosting 
medical expertise. AI can replace several duties typically performed by healthcare workers [161]. With the rising 
digitalization of cellular pathology services, AI becomes feasible, and the potential for boosting service efficiency via various 
AI tools becomes more critical than ever [145]. AI can potentially automate and streamline many pathology and radiology 
operations elements, including image processing, report preparation, and communication with other healthcare professionals. 
Incorporating AI approaches into clinical procedures, such as giving real-time feedback and decision support, can improve 
the interpretability of AI results. The frequent application of AI in radiology and pathology will yield significant advantages, 
from workload reduction to instrument quality control [162]. Large volumes of data may be translated and transferred in 
only minutes. DL may be used to reliably target regions of interest and diagnose patients using pictures obtained by imaging 
modalities such as X-ray, MRI, CT, US, and mammography. DL using CNNs has significantly improved image identification 
and is now widely used in diagnostic imaging [163]. 

AI in a digital pathology process can potentially lessen histopathologists' workloads by reducing tedious activities such as 
cell counting and tumor parameter measurement and standardizing immunohistochemical staining for companion diagnostic 
testing [164]. AI techniques can improve pathology reports and dramatically automate diagnostic operations. One of the first 
things to consider when using AI in the laboratory is how to incorporate it into clinical or operational procedures. These 
generally include operational algorithms that aid in data gathering, case triage, screening, quality control, and assistive 
algorithms that benefit from human-AI interaction [165]. 

Table 1 summarizes the latest state-of-the-art studies implementing AI techniques in managing viral hepatitis. 

TABLE I.  SUMMARY OF THE LATEST STATE-OF-THE-ART STUDIES IMPLEMENTING AI TECHNIQUES IN MANAGING VIRAL HEPATITIS. 

S/No Reference AI Role 
AI 

Techniques 
Algorithms 

Best Performing 

Algorithm(s) 
Best Results 

1  [33] 
Early hepatitis diagnosis and 

detection 
ML 

SVM, DT, LR, and 

RF 
RF Accuracy = 89%, 88.33% 

2  [26] 
Early hepatitis diagnosis and 
detection 

ML SVM, LR, and DT SVM Accuracy = 0.92 

3 [89] 
Early hepatitis diagnosis and 

detection 
ML DT DT Accuracy = 95.9112% 

4 [29] 
Early hepatitis diagnosis and 
detection 

ML 
SVM, RF, NB, and 

KNN 
KNN Accuracy = 98.1% 

5 [90] 

Early hepatitis diagnosis and 

detection ML 

LR, SVM, KNN, 

DT, RF, and 
AdaBoost 

AdaBoost Accuracy = 97.8% 

6 [91] 
Early hepatitis diagnosis and 

detection 
ML SVM, KNN 

SVM 

KNN 

Sensitivity = 90.0% 

Sensitivity = 80% 

7 [92] 
Early hepatitis diagnosis and 

detection 
ML 

SVM, RF, KNN, 

LR, and GNB 
RF Accuracy = 100% 

8 [93] 

Early hepatitis diagnosis and 

detection ML 

LR, RF, DT, 

KNN, SVM, and 

NB 

LR Accuracy = 87.17% 

9 [25] 

Early hepatitis diagnosis and 

detection 
ML 

DT, KNN, SVM, 

ANN, and 

Ensemble 
classification 

KNN Accuracy = 99.1% 

10 [88] 

Early hepatitis diagnosis and 

detection ML 

DT, LR, SVM, 

RF, AdaBoost, and 
XGBoost 

AdaBoost Accuracy = 92% 

11 [96] 
Early hepatitis diagnosis and 

detection 
DL DBM, RBM DBM Accuracy = 90.1%-92.04% 

12 [95] 
Early hepatitis diagnosis and 
detection 

DL QNN QNN  

13 [29] 

Early hepatitis diagnosis and 

detection 
DL 

LSTM prediction 

model, the RNN 
model, and the 

BPNN model 

  

14 [81] 
Early hepatitis diagnosis and 
detection NLP and ML 

XGBoost and ten-
fold C-statistic 

cross-validation 
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S/No Reference AI Role 
AI 

Techniques 
Algorithms 

Best Performing 

Algorithm(s) 
Best Results 

15 [100] 
Detection of liver fibrosis in 
chronic liver disease 

ML 
LR, SVM, KNN, 
DT, NB, and RF 

DT 
AUC = 0.906, 0.876, 0.931, 
0.933 

16 [101] 

Detection of liver fibrosis in 

chronic liver disease ML 
SVM, NB, RF, and 

KNN 
SVM 

Accuracy = 87.3% 

Sensitivity = 93.5% 

Specificity = 81.2% 

17 [104] 
Detection of liver fibrosis in 

chronic liver disease 
ML RF, LR, and DT RF Accuracy = 97.45% 

18 [32] 

Detection of liver fibrosis in 
chronic liver disease DL CNN CNN 

Accuracy = 90% 

Sensitivity = 84.9% 

Specificity = 83.2% 

19 [107] 
Detection of liver fibrosis in 
chronic liver disease 

DL ANN ANN  

20 [27] 
Prognosis of chronic liver 

disease 
ML 

XGBoost, RF, and 

SVM 
SVM  

21 [110] 
Prognosis of chronic liver 

disease 
ML and DL 

ML and ANN-

based algorithms 
LSVM-MLP  

22 [114] Identification of NAFLD NLP NLP algorithm NLP algorithm  

23 [79] 
Identification of NAFLD 

NLP 
A rule-based NLP 

algorithm 

A rule-based NLP 

algorithm 
 

24 [115] 
Identification of NAFLD 

NLP 
NLP-based 

techniques 

NLP-based 

techniques 

Sensitivity = 0.93 

F2 score = 0.92 

25 [120] 
Prediction of hepatitis relapse 
and HBsAg seroclearance 

ML 
XGBoost, RF, DT, 

and LR 
XGBoost AUC = 891 

26 [32] 
Early detection of pre-cancerous 

lesions 
DL CNN CNN Accuracy = 96% 

27 [129] 
Identifying high-risk individuals 

ML XGBoost XGBoost 
Sensitivity = 13.0%, 

44.4%, and 67.6% 

28 [128] 
Identifying high-risk individuals 

ML 
LR, RF, GBT, and 

a stacked ensemble 

LR, RF, GBT, 
and stacked 

ensemble 

Accuracy = 95% 

29 [130] Identifying high-risk individuals DL ANN ANN Accuracy: 81.51% 

30 [135] 

Predicting the risk of 

complications from viral 

hepatitis 

DL RNN models RNN models Accuracy = 75% 

 

5. LIMITATIONS AND FUTURE CONSIDERATIONS 

AI has enormous potential for controlling viral hepatitis, including advances in diagnosis, therapy, and monitoring. However, 
there are significant limits and future issues to consider when incorporating AI into hepatology, which include the following. 

▪ Lack of data quality and quantity: There are few high-quality databases for viral hepatitis, especially those that 
include varied populations and uncommon subtypes. AI systems require massive volumes of data to train efficiently, 
and inadequate data might result in biased or erroneous models. Maintaining strong data quality, accuracy, and 
integrity requirements is critical for the effectiveness and dependability of AI-powered healthcare systems [32].  

▪ Data integration and interoperability: Wearables, EHR, and lab findings are examples of data sources used by AI 
systems. Ensuring seamless integration and interoperability across these diverse data sources is difficult. A lack of 
defined procedures for data formats and communication among healthcare systems might stymie integration 
attempts. 

▪ Algorithmic bias: AI algorithms trained on data from specific populations may underperform when applied to other 
demographic groups, resulting in discrepancies in diagnosis and treatment, particularly in underrepresented areas. 
If the training data is skewed, the AI models will inherit and perhaps magnify these biases, resulting in uneven 
healthcare outcomes [72][166][167]. 

▪ Privacy problems: Handling sensitive patient information, particularly in viral hepatitis instances, creates privacy 
problems [32]. Ensuring patient confidentiality when employing AI is a problem that must be met with solid data 
anonymization algorithms and safe data handling policies [166][167]. 

▪ Integration with current systems: Integrating AI technologies with existing healthcare infrastructure, such as EHR, 
may be complex. The lack of standards and interoperability between AI technologies and existing systems may 
impede seamless implementation. Healthcare practitioners may be hesitant to implement AI technology owing to 



 

 

154 Ali et al, Mesopotamian Journal of Big Data Vol. (2024), 2024, 128–163 

worries about dependability, a lack of knowledge, or a fear of job loss. Overcoming this reluctance involves 
education and demonstration of the real benefits of AI. 

▪ Regulatory and legal aspects: AI-powered systems must undergo extensive testing and approval processes, which 
can be time-consuming. The legal landscape is still changing, and ambiguity in this area might cause delays in 
adopting AI solutions [166][168]. Adherence to healthcare service rules and acquiring relevant permits, such as 
Food and Drug Administration authorization for medical equipment linked with AI, are critical. Ensuring 
compliance while developing AI systems is critical for ethical and legal deployment [32]. 

▪ Ethical problems are fundamental to data privacy, confidentiality, and security. They guarantee that sensitive patient 
data is preserved and handled responsibly inside AI frameworks. Addressing biases and inequities in AI systems to 
avoid discriminatory consequences is an ethical obligation ([32]). To ensure trust and justice in AI-powered 
healthcare, ethical problems such as informed consent, accountability, and transparency must be adequately 
controlled [166][168]. 

▪ Cost and resource allocation: Creating and deploying AI systems may be costly, especially in low- and middle-
income nations. The expense of AI technology may limit their availability and worsen the disparity in healthcare 
quality. DL techniques necessitate ample computational resources, which can be a bottleneck in resource-
constrained environments. 

▪ Resistance to change within established healthcare systems is a serious barrier. Implementing AI technology faces 
resistance due to changes in old practices, demanding comprehensive acceptance and adaptation techniques within 
healthcare frameworks [32]. 

To completely utilize AI in controlling viral hepatitis in the future, the following critical issues must be considered. 

• Improve data collecting and sharing: Encouraging global cooperation to build significant, varied viral hepatitis 
datasets would increase the accuracy and generalizability of AI models. Efforts should be focused on developing 
standardized data formats and secure data-sharing mechanisms. Incorporating real-time data from diverse sources, 
including wearable devices and mobile health applications, can improve the timeliness and precision of AI-powered 
hepatitis management solutions. 

• Addressing bias and equity: Identifying and minimizing biases in AI models is critical for achieving equal 
healthcare results. The ongoing monitoring and upgrading of AI systems to maintain fairness should be prioritized. 
Engaging a wide variety of stakeholders, particularly underrepresented communities, in developing AI tools will 
assist in guaranteeing that these technologies meet the requirements of all groups. 

• Improving AI interpretability: Creating transparent AI models that adequately explain their judgments will increase 
confidence between healthcare practitioners and patients. Explainability is especially crucial in medical decision-
making when understanding the rationale for a diagnosis or treatment suggestion is critical. Creating simple, user-
friendly interfaces for AI tools will help healthcare practitioners accept new technologies and integrate them into 
everyday clinical practice. 

• Regulatory framework development: Regulators must create adaptable frameworks that can keep up with the fast 
advances in AI technology. These frameworks should compromise between the necessity for rigorous evaluation 
and the ability to embrace new solutions. Harmonizing legislation across nations will make it easier to use AI 
technology on a global scale, ensuring that patients all around the world benefit. 

• Sustainability and scalability: Research should focus on building low-cost AI systems that may be used in various 
healthcare settings, particularly in resource-constrained regions. Open-source AI models and cloud-based solutions 
might help cut costs and increase accessibility. Long-term research to analyze the effects of AI on viral hepatitis 
management will give vital insights into the technology's durability and efficacy. 

• Advancements in AI algorithms: Developing more accurate and resilient AI algorithms capable of handling varied 
and noisy inputs will improve prediction model dependability. Investing in explainable AI research to help doctors 
understand and trust AI decision-making processes. 

• Enhanced cybersecurity measures: Implementing sophisticated encryption and security techniques to safeguard data 
handled by AI systems. Setting up continuous monitoring and threat detection systems to protect against data 
breaches and cyberattacks. 

• Create ethical principles and frameworks to guarantee AI and IoT's fair and appropriate application in healthcare. 
Ensure that new technologies adhere to changing legislation and standards for data protection and patient privacy. 
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By overcoming these constraints and taking into account future breakthroughs, AI has the potential to improve the battle 
against viral hepatitis, improving patient outcomes throughout the world. 

6. CONCLUSIONS 

AI represents a breakthrough possibility in viral hepatitis management, with advances throughout the disease prevention, 
diagnostic, treatment, and monitoring spectrum. Integrating AI technology into clinical practice can improve early detection 
by using powerful algorithms capable of processing large datasets, such as imaging and genetic data, leading to faster and 
more accurate diagnoses and better patient outcomes. 

Predictive models based on AI can also help identify at-risk groups, allowing for targeted interventions and individualized 
treatment techniques. These talents are essential in resource-constrained situations where healthcare resources are scarce and 
the prevalence of viral hepatitis remains high. Furthermore, AI’s real-time ability to evaluate massive amounts of information 
enables continuous patient monitoring and management and adaptive treatment regimens that respond dynamically to patient 
state changes. 

However, successfully implementing AI in viral hepatitis management requires overcoming several problems. It is vital to 
ensure data quality and diversity, protect patient privacy, and overcome challenges to incorporating AI systems into 
healthcare infrastructures. Furthermore, continual collaboration among AI developers, healthcare practitioners, and 
politicians is required to guarantee that AI products are practical and ethical. 

In conclusion, while challenges exist, AI has the potential to improve viral hepatitis management significantly. Continued 
research and innovation in this sector are required to leverage AI’s potential fully, ultimately contributing to the worldwide 
effort to manage and eliminate viral hepatitis as an enormous public health issue. 

Conflicts Of Interest 

No competing relationships or interests that could be perceived as influencing the research are reported in the paper. 

Funding  

The absence of funding details in the author's paper suggests that the research was entirely self-funded. 

Acknowledgment  

The author would like to thank the institution for their institutional support, which played a vital role in the implementation 
of this study. 

 

References 

[1] W. H. Edrees, Q. Y. Abdullah, A. A. Al-Hadheq, B. A. Al-Ofairi, A. A. Al-Asbahi, W. A. Al-Shehari, and A. A. F. 
Khardesh, “Epidemiology of Hepatitis Viruses in Hajjah Governorate, Yemen, Between 2020-2023,” Electronic 
Journal of University of Aden for Basic and Applied Sciences, vol. 5, no. 2, pp. 201–209, 2024. 
https://doi.org/10.47372/ejua-ba.2024.2.353     

[2] Aditya and Neeraj, “Medicinal Mushrooms: A Promising Frontier in Hepatitis Treatment,” Food and Scientific 
Reports, vol. 5, no. 5, pp. 19-23, 2024.    

[3] A. Samanta, U. Poddar, M. S. Sarma, A. Srivastava, S. K. Yachha, and P. Mishra, “Persistent fever in acute hepatitis: 
think beyond acute viral hepatitis,” Infectious Diseases, vol. 56, no. 6, pp. 476–483, 2024. 
https://doi.org/10.1080/23744235.2024.2325568  

[4] P. Wan, G. Yang, Q. Cheng, X. Zhang, Z. Yue, M. Li, C. Liu, Q. Yi, Y. Jia, J. Liu, X. Xing, B. Sun, and Y. Li, “The 
role of inflammasome in chronic viral hepatitis,” Frontiers in Cellular and Infection Microbiology, vol. 14, pp. 1-6, 
2024. https://doi.org/10.3389/fcimb.2024.1382029 

[5] D. Usuda, Y. Kaneoka, R. Ono, M. Kato, Y. Sugawara, R. Shimizu, T. Inami, E. Nakajima, S. Tsuge, R. Sakurai, K. 
Kawai, S. Matsubara, R. Tanaka, M. Suzuki, S. Shimozawa, Y. Hotchi, I. Osugi, R. Katou, S. Ito, . . . M. Sugita, 
“Current perspectives of viral hepatitis,” World Journal of Gastroenterology, vol. 30, no. 18, pp. 2402–2417, 2024. 
https://doi.org/10.3748/wjg.v30.i18.2402     

[6] B. Naher, K. M. Ahmed, M. R. Islam, M. W. Mazumder, and M. R. Rukunuzzaman, “Seroprevalence and co-infection 
of hepatitis A and hepatitis E viruses in children – a hospital based study in Bangladesh,” Journal of Comilla Medical 
College Teachers Association, vol. 27, no. 2, pp. 52–56, 2024. https://doi.org/10.3329/jcomcta.v27i2.71550  

[7] N. Sun, F. He, J. Sun, and G. Zhu, “Viral hepatitis in China during 2002–2021: epidemiology and influence factors 
through a country-level modeling study,” BMC Public Health, vol. 24, no. 1, pp. 1-9, 2024, 
https://doi.org/10.1186/s12889-024-19318-8.   

[8] S. Ochani, K. Ochani, A. Ochani, L. I. Vohra, S. Ochani, M. A. Hasibuzzaman, and K. Ullah, “Hepatitis is still a 
major health concern in Pakistan: short communication,” Annals of Medicine and Surgery, vol. 85, no. 11, pp. 5820–
5822, 2023. https://doi.org/10.1097/ms9.0000000000001280     

https://doi.org/10.47372/ejua-ba.2024.2.353
https://doi.org/10.1080/23744235.2024.2325568
https://doi.org/10.3748/wjg.v30.i18.2402
https://doi.org/10.3329/jcomcta.v27i2.71550
https://doi.org/10.1097/ms9.0000000000001280


 

 

156 Ali et al, Mesopotamian Journal of Big Data Vol. (2024), 2024, 128–163 

[9] Editorial. “Viral hepatitis elimination - time to act,” Nature Reviews Gastroenterology and Hepatology, vol. 21, no. 
8, pp. 529, 2024. https://doi.org/10.1038/s41575-024-00963-8   

[10] Yang, Y., Wang, H., Ji , C., & Niu, Y. (2023). Artificial Intelligence-Driven Diagnostic Systems for Early Detection 
of Diabetic Retinopathy: Integrating Retinal Imaging and Clinical Data. SHIFAA, 2023, 83-90. 
https://doi.org/10.70470/SHIFAA/2023/010   

[11] B. Holt, M. Fernandez, D. Nguyen, D. Delima, L. D. Duy, M. Gaspar, G. Hamoy, B. N. Le, J. Llevado, J. M. D. 
Manlutac, J. Mendoza, T. Mercado, H. Nguyen, H. T. Nguyen, J. Ong, M. C. Rombaoa, J. Florendo, J. M. D. Cruz, 
T. Pham,. . . D. Duong, “Embedding viral hepatitis into primary healthcare: results of a strategic landscape analysis 
in Vietnam and the Philippines,” The Lancet Regional Health - Western Pacific, vol. 44, pp. 1–11, 2023. 
https://doi.org/10.1016/j.lanwpc.2023.100990  

[12] M. Tobagar, S. K. Sadaqat, and K. Tobagar, “Viral hepatitis,” Journal for Research in Applied Sciences and 
Biotechnology, vol. 2, no. 6, pp. 232–240, 2024. https://doi.org/10.55544/jrasb.2.6.33    

[13] S. Chan, Y. Chang, N. Polpichai, Y. Lee, and K. MA. Sheng-Kai, “Treatment with Antihistamines and the Risk of 
Liver Cancer in Patients with Viral Hepatitis: A Multi-Center Cohort Study,” Viruses, vol. 16, no. 6, pp. 1–11, 2024. 
https://doi.org/10.3390/v16060940  

[14] M. U. Ishaq, and F. Rasheed, “Viral Hepatitis in Pakistan; a global concern,” Journal of the Pakistan Medical 
Association, vol. 74, no. 7, pp. 1391, 2024. https://doi.org/10.47391/jpma.20194  

[15] Y. A. Jamali, R. Farzana, J. A. Khan, A. A. Mughal, H. Saeed, and S. Kazi, “Risk factors and prevalence of hepatitis 
B and C in Badin City, Pakistan,” Pakistan Journal of Health Sciences, vol. 5, no. 5, pp. 126–131, 2024. 
https://doi.org/10.54393/pjhs.v5i05.1599  

[16] H. Wu, S. T. Shih, T. L. Applegate, J. A. Kwon, E. B. Cunningham, J. Grebely, and R. T. Gray, “Impact of simplified 
HCV diagnostic strategies on the HCV epidemic among men who have sex with men in the era of HIV oral pre‐
exposure prophylaxis in Taiwan: a modelling study,” Journal of the International AIDS Society, vol. 27, no. 5, pp.1–
12, 2024. https://doi.org/10.1002/jia2.26251     

[17] C. Fitzpatrick, S. Doherty, S. George, and D. Richardson, “Hepatitis E in men who have sex with men: a systematic 
review,” Frontline Gastroenterology, pp. 1–7, 2024. https://doi.org/10.1136/flgastro-2024-102797    

[18] J. Pardede, and D. Nurrohmah, “Hepatitis Identification using Backward Elimination and Extreme Gradient Boosting 
Methods,” Journal of Information Systems Engineering and Business Intelligence, vol. 10, no. 2, pp. 302–313, 2024. 
https://doi.org/10.20473/jisebi.10.2.302-313    

[19] E. Gigi, V. Lagopoulos, and A. Liakos, “Management of autoimmune hepatitis induced by hepatitis delta virus,” 
World Journal of Gastroenterology, vol. 30, no. 8, pp. 1–6, 2024.   

[20] R. Jabeen, A. U. Rehman, A. Mobin, H. Haroon, I. Manzoor, and M. Ubaid, “Evaluation of Dyslipidaemia in Patients 
with Chronic Viral Hepatitis in a Lower Socio-Economic Country,” Pakistan Journal of Health Sciences, vol. 5, no. 
05, pp. 116–120, 2024. https://doi.org/10.54393/pjhs.v5i05.1493    

[21] J. Llaneras, J. C. Ruiz-Cobo, A. Rando-Segura, A. Barreira-Díaz, R. Domínguez-Hernández, F. Rodríguez-Frías, M. 
Campins, J. Colom, M. A. Casado, A. Blanco-Grau, J. Bañares, A. Monforte, A. Falcó-Roget, L. Ruíz, B. Meza, T. 
Pumarola, M. Riveiro-Barciela, R. Esteban, and M. Buti, “Integrating viral hepatitis management into the emergency 
department: A further step towards viral hepatitis elimination,” JHEP Reports, vol. 6, no. 1, pp. 1–8, 2024. 
https://doi.org/10.1016/j.jhepr.2023.100932   

[22] F. Rui, Y. H. Yeo, L. Xu, Q. Zheng, X. Xu, W. Ni, Y. Tan, Q. Zeng, Z. He, X. Tian, Q. Xue, Y. Qiu, C. Zhu, W. 
Ding, J. Wang, R. Huang, Y. Xu, Y. Chen, J. Fan, . . . J. Li, “Development of a machine learning-based model to 
predict hepatic inflammation in chronic hepatitis B patients with concurrent hepatic steatosis: a cohort study,” 
EClinicalMedicine, vol. 68, pp. 1–12, 2024. https://doi.org/10.1016/j.eclinm.2023.102419  

[23] B. Badamnachin, T. Badamjav, G. Dondov, G. Dashjamts, C. Tserendorj, T. Lonjid, B. Tsolmon, and B. Batsaikhan, 
“The Dynamics of the Prevalence of Acute Viral Hepatitis and the Strategies against Viral Hepatitis in Mongolia,” 
Euroasian Journal of Hepato-Gastroenterology, vol. 14, no. 1, pp. 65–69, 2024. https://doi.org/10.5005/jp-journals-
10018-1435  

[24] A. Oka, N. Ishimura, and S. Ishihara, “A new dawn for the use of artificial intelligence in gastroenterology, 
hepatology and pancreatology,” Diagnostics, vol. 11, no. 9, pp. 1–23, 2021. 
https://doi.org/10.3390/diagnostics11091719   

[25] M. T. Koçak, Y. Kaya, and F. Kuncan, “Using artificial intelligence methods for detection of HCV-Caused diseases,” 
Journal of Engineering Technology and Applied Sciences, vol. 8, no. 1, pp. 15–33, 2023. 
https://doi.org/10.30931/jetas.1216025   

[26] T. Addison and A. Bhadrashetty, “Advanced Predictive model for heart disease in clinical decision support systems”, 
EDRAAK, vol. 2023, pp. 11–15, Feb. 2023, doi: 10.70470/EDRAAK/2023/003.  

[27] A. Hossain, I. U. Ahamed, U. D. Gupta, A. N. Anika, and I. U. Ahamed, “Stratified Prognostication and Interventional 
Strategies in Chronic Hepatic Diseases: an ensemble Machine learning approach,” 2024 IEEE International 
Conference on Advanced Systems and Emergent Technologies (IC_ASET), Hammamet, Tunisia, 27-29 April 2024, 
pp. 1–6, 2024. https://doi.org/10.1109/ic_aset61847.2024.10596151   

[28] Z. Xia, L. Qin, Z. Ning, and X. Zhang, “Deep learning time series prediction models in surveillance data of hepatitis 
incidence in China,” PloS One, vol. 17, no. 4, pp. 1–18, 2022. https://doi.org/10.1371/journal.pone.0265660   

[29] V. Harabor, R. Mogos, A. Nechita, A. Adam, G. Adam, A. Melinte-Popescu, M. Melinte-Popescu, M. Stuparu-Cretu, 
I. Vasilache, E. Mihalceanu, A. Carauleanu, A. Bivoleanu, and A. Harabor, “Machine learning approaches for the 
prediction of hepatitis B and C seropositivity,” International Journal of Environmental Research and Public Health, 
vol. 20, no. 3, pp. 1–9, 2023. https://doi.org/10.3390/ijerph20032380  

https://doi.org/10.1038/s41575-024-00963-8
https://doi.org/10.1016/j.lanwpc.2023.100990
https://doi.org/10.55544/jrasb.2.6.33
https://doi.org/10.3390/v16060940
https://doi.org/10.47391/jpma.20194
https://doi.org/10.54393/pjhs.v5i05.1599
https://doi.org/10.1002/jia2.26251
https://doi.org/10.1136/flgastro-2024-102797
https://doi.org/10.20473/jisebi.10.2.302-313
https://doi.org/10.54393/pjhs.v5i05.1493
https://doi.org/10.1016/j.jhepr.2023.100932
https://doi.org/10.1016/j.eclinm.2023.102419
https://doi.org/10.5005/jp-journals-10018-1435
https://doi.org/10.5005/jp-journals-10018-1435
https://doi.org/10.3390/diagnostics11091719
https://doi.org/10.30931/jetas.1216025
https://doi.org/10.3390/ijerph20032380


 

 

157 Ali et al, Mesopotamian Journal of Big Data Vol. (2024), 2024, 128–163 

[30] T. H. Su, and J. H. Kao, “Role of artificial intelligence in the management of chronic hepatitis B infection,” Clinical 
liver disease, vol. 23, no. 1, pp. 1-4, 2024. https://doi.org/10.1097/CLD.0000000000000164  

[31] A. Z. A. Meslamani, I. Sobrino, and J. De La Fuente, “Machine learning in infectious diseases: potential applications 
and limitations,” Annals of Medicine, vol. 56, no. 1, pp. 1–10, 2024. https://doi.org/10.1080/07853890.2024.2362869 

[32] T. Bal, “A new tool for the diagnosis and management of viral hepatitis: artificial intelligence,” Viral Hepatitis 
Journal, vol. 30, no. 1, pp. 1–6, 2024. https://doi.org/10.4274/vhd.galenos.2024.2023-12-4   

[33] P. T. Bharathi, S. N. Bindu, S. G. Deepthi, H. U. Gunakeerthi, and K. U. Harshitha, “AI based solution for predicting 
hepatitis C virus from blood samples,” 2024 International Conference on Smart Systems for Applications in Electrical 
Sciences (ICSSES), Tumakuru, India, 03-04 May 2024, pp. 1–6, 2024. 
https://doi.org/10.1109/icsses62373.2024.10561391      

[34] L. Zhang, J. Wang, R. Chang, and W. Wang, “Investigation of the effectiveness of a classification method based on 
improved DAE feature extraction for hepatitis C prediction,” Scientific Reports, vol. 14, no. 1, pp. 1–11. 
https://doi.org/10.1038/s41598-024-59785-y 

[35] N. Nishida, and M. Kudo, “Artificial intelligence models for the diagnosis and management of liver diseases,” 
ULTRASONOGRAPHY, vol. 42, no. 1, pp. 10–19, 2023. https://doi.org/10.14366/usg.22110 

[36] O. B. Salu, T. F. Akinbamiro, R. M. Orenolu, O. D. Ishaya, R. A. Anyanwu, O. R. Vitowanu, M. A. Abdullah, A. H. 
Olowoyeye, S. O. Tijani, K. S. Oyedeji, and S. A. Omilabu, “Detection of hepatitis viruses in suspected cases of Viral 
Haemorrhagic Fevers in Nigeria,” PLoS ONE, vol. 19, no. 6, pp. 1–18, 2024. 
https://doi.org/10.1371/journal.pone.0305521  

[37] P. Plans-Rubió, C. Pericas, A. M. Avellon, C. Izquierdo, A. Martínez, N. Torner, A. Martínez, E. Borrás, F. Roig, P. 
Godoy, and C. Rius, “Healthcare and epidemiological surveillance costs of hepatitis A outbreaks in Spain in regions 
with and without universal Hepatitis A vaccination of children during 2010-2018,” Vaccines, vol. 12, no. 6, pp. 1–
13, 2024. https://doi.org/10.3390/vaccines12060648    

[38] N. P. Maity, N. A. K. Dey, N. K. P. Singha, N. A. K. Chaudhuri, and N. S. Das, “An Approach Combining Feature 
Selection with Machine Learning Techniques for Prediction Reliability and Accuracy in Hepatitis Diagnosis,” 
International Journal of Engineering Technology and Management Sciences, vol. 7, no. 2, pp. 181–194, 2023. 
https://doi.org/10.46647/ijetms.2023.v07i02.023     

[39] J. P. Costa, A. De Carvalho, A. Paiva, and O. Borges, “Insights into Immune Exhaustion in Chronic Hepatitis B: A 
Review of Checkpoint Receptor Expression,” Pharmaceuticals, vol. 17, no. 7, pp. 1–33, 2024. 
https://doi.org/10.3390/ph17070964  

[40] S. A. Hudu, S. H. Shinkafi, and A. O. Jimoh, “A critical review of diagnostic and prognostic markers of chronic 
hepatitis B infection,” Medical Review, vol. 4, no. 3, pp. 225–234, 2024. https://doi.org/10.1515/mr-2024-0022  

[41] D. A. Asandem, S. P. Segbefia, K. A. Kusi, and J. H. K. Bonney, “Hepatitis B virus infection: A mini review,” 
Viruses, vol. 16, no. 5, pp. 1–15, 2024. https://doi.org/10.3390/v1605072 

[42] D. Singh, M. Rakhra, A. N. Aledaily, E. Kariri, W. Viriyasitavat, K. Yadav, G. Dhiman, and A. Kaur, “Fuzzy logic-
based medical diagnostic system for hepatitis B using machine learning,” Soft Computing, pp. 1–17, 2023. 
https://doi.org/10.1007/s00500-023-08894-3  

[43] H. Liu, D. Zakrzewicz, K. Nosol, R. N. Irobalieva, S. Mukherjee, R. Bang-Sørensen, N. Goldmann, S. Kunz, L. Rossi, 
A. A. Kossiakoff, S. Urban, D. Glebe, J. Geyer, and K. P. Locher, “Structure of antiviral drug bulevirtide bound to 
hepatitis B and D virus receptor protein NTCP,” Nature Communications, vol. 15, no. 1, pp. 1–13, 2024. 
https://doi.org/10.1038/s41467-024-46706-w      

[44] S. Bai, W. Dang, W. Hong, W. Liao, and R. D. Smith, “The prevalence of hepatitis B in Chinese general population 
from 2018 to 2022: a systematic review and meta-analysis,” BMC Infectious Diseases, vol. 24, no. 1, pp. 1–13, 2024. 
https://doi.org/10.1186/s12879-024-09103-8 

[45] M. Campos-Valdez, M. A. Castro-García, M. E. Ramos-Márquez, C. M. Gurrola-Díaz, A. M. Salazar-Montes, and 
L. V. Sánchez-Orozco, “An update on viral hepatitis B and C in Mexico: Advances and pitfalls in eradication 
strategies,” Microorganisms, vol. 12, no. 7, pp. 1–18, 2024. https://doi.org/10.3390/microorganisms12071368   

[46] N. Ayoub, T. Hatab, and A. R. Bizri, “Challenges facing viral hepatitis C elimination in Lebanon,” Pathogens, vol. 
12, no. 3, pp. 1–13, 2023. https://doi.org/10.3390/pathogens12030432  

[47] J. V. Lazarus, M. Villota-Rivas, P. Ryan, M. Buti, L. Grau-López, G. Cuevas, L. Espada, W. Morón, R. F. Palma-
Álvarez, J. J. Feld, and J. Valencia, “Combined COVID-19 vaccination and hepatitis C virus screening intervention 
in marginalised populations in Spain,” Communications Medicine, vol. 3, no. 1, pp. 1–11, 2023. 
https://doi.org/10.1038/s43856-023-00292-y      

[48] M. Sallam, and R. Khalil, “Contemporary Insights into Hepatitis C Virus: A Comprehensive Review,” 
Microorganisms, vol. 12, no. 6, pp. 1–32, 2024. https://doi.org/10.3390/microorganisms12061035   

[49] T. Stroffolini, and G. Stroffolini, “Prevalence and modes of transmission of Hepatitis C virus infection: A Historical 
Worldwide review,” Viruses, vol. 16, no. 7, pp. 1–18, 2024. https://doi.org/10.3390/v16071115 

[50] S. Farooq, S. Faiz, A. Wahab, and M. I. Choudhary, “Determination of hepatitis C virus subtype prevalent in Sindh, 
Pakistan: a phylogenetic analysis,” Scientific Reports, vol. 14, no. 1, pp. 1–10, 2024. https://doi.org/10.1038/s41598-
024-59342-7    

[51] D. Di Stasio, A. Guida, A. Romano, M. Petruzzi, A. Marrone, F. Fiori, and A. Lucchese, “Hepatitis C Virus (HCV) 
infection: Pathogenesis, oral manifestations, and the Role of Direct-Acting Antiviral therapy: A Narrative review,” 
Journal of Clinical Medicine, vol. 13, no. 14, pp. 1–13, 2024. https://doi.org/10.3390/jcm13144012    

[52] K. Baruti, B. B. Phinius, B. Phakedi, G. Mpebe, W. Choga, L. Bhebhe, G. Mulenga, N. O. Moraka, T. Ratsoma, M. 
Pretorius-Holme, J. Makhema, R. Shapiro, S. Lockman, S. Moyo, M. Jongman, M. Anderson, and S. Gaseitsiwe, 
“High prevalence of hepatitis delta virus among people with hepatitis B virus and HIV coinfection in Botswana,” 

https://doi.org/10.4274/vhd.galenos.2024.2023-12-4
https://doi.org/10.1109/icsses62373.2024.10561391
https://doi.org/10.1038/s41598-024-59785-y
https://doi.org/10.14366/usg.22110
https://doi.org/10.1371/journal.pone.0305521
https://doi.org/10.3390/vaccines12060648
https://doi.org/10.46647/ijetms.2023.v07i02.023
https://doi.org/10.3390/ph17070964
https://doi.org/10.1007/s00500-023-08894-3
https://doi.org/10.1186/s12879-024-09103-8
https://doi.org/10.3390/microorganisms12071368
https://doi.org/10.1038/s43856-023-00292-y
https://doi.org/10.3390/microorganisms12061035
https://doi.org/10.3390/v16071115
https://doi.org/10.3390/jcm13144012


 

 

158 Ali et al, Mesopotamian Journal of Big Data Vol. (2024), 2024, 128–163 

Journal of Infection and Public Health, vol. 16, no. 11, pp. 1736–1741, 2023. 
https://doi.org/10.1016/j.jiph.2023.08.011      

[53] C. Pan, R. Gish, I. M. Jacobson, K. Hu, H. Wedemeyer, and P. Martin, “Diagnosis and management of hepatitis Delta 
virus infection,” Digestive Diseases and Sciences, vol. 68, no. 8, pp. 3237–3248, 2023. 
https://doi.org/10.1007/s10620-023-07960-y   

[54] E. D. Tseligka, S. Conzelmann, Y. Cambet, T. Schaer, F. Negro, and S. Clément, “Identification of selective hepatitis 
delta virus ribozyme inhibitors by high-throughput screening of small molecule libraries,” JHEP Reports, vol. 5, no. 
3, pp. 1–8, 2023. https://doi.org/10.1016/j.jhepr.2022.100652     

[55] Z. Tang, G. Wen, D. Ying, S. Wang, C. Liu, W. Tian, Y. Wang, M. Fang, Y. Zhou, Y. Ge, T. Wu, J. Zhang, S. Huang, 
Z. Zheng, and N. Xia, “Profile of clinical characteristics and serologic markers of sporadic hepatitis E in a community 
cohort study,” Emerging Microbes and Infections, vol. 12, no. 1, pp. 1–11, 2023. 
https://doi.org/10.1080/22221751.2022.2140613     

[56] K. Cao, X. Wu, M. Yang, C. Chen, X. Zhang, D. Jiang, Y. Du, M. Chen, Y. You, W. Zhou, J. Qi, D. Chen, R. Yan, 
Z. Miao, and S. Yang, “Prevalence of hepatitis E virus in China from 1997 to 2022: a systematic review and meta-
analysis,” Frontiers in Public Health, vol. 11, pp. 1–11, 2023. https://doi.org/10.3389/fpubh.2023.1243408  

[57] G. Di Cola, G. Di Cola, A. Fantilli, V. Mamani, P. Tamiozzo, M. M. Wassaf, V. Nates, V. E. Ré, and M. B. Pisano, 
“High circulation of hepatitis E virus (HEV) in pigs from the central region of Argentina without evidence of virus 
occurrence in pork meat and derived products,” Research in Veterinary Science, vol. 164, pp. 105000, 2023. 
https://doi.org/10.1016/j.rvsc.2023.105000      

[58] J. Prpić, and M. Baymakova, “Hepatitis E Virus (HEV) Infection among Humans and Animals: Epidemiology, 
Clinical Characteristics, Treatment, and Prevention,” Pathogens, vol. 12, no. 7, pp. 1–4, 2023. 
https://doi.org/10.3390/pathogens12070931  

[59] F. H. Al-Shimari, C. A. Rencken, C. D. Kirkwood, R. Kumar, K. S. Vannice, and B. T. Stewart, “Systematic review 
of global hepatitis E outbreaks to inform response and coordination initiatives,” BMC Public Health, vol. 23, no. 1, 
pp. 1–10, 2023. https://doi.org/10.1186/s12889-023-15792-8  

[60] B. S. Nagoba, and A. S. Rayate, “Hepatitis E virus infections. World Journal of Virology, vol. 13, no. 2, pp. 1–8, 
2024. https://doi.org/10.5501/wjv.v13.i2.90951   

[61] I. M. Sayed, A. El-Shamy, and S. F. Abdelwahab, “Emerging pathogens causing acute hepatitis,” Microorganisms, 
vol. 11, no. 12, pp. 1–4, 2023. https://doi.org/10.3390/microorganisms11122952   

[62] B. Zhang, H. Shi, and H. Wang, “Machine Learning and AI in Cancer Prognosis, Prediction, and Treatment Selection: 
A Critical approach,” Journal of Multidisciplinary Healthcare, vol. 16, pp. 1779–1791, 2023. 
https://doi.org/10.2147/jmdh.s410301   

[63] G. Ali, M. M. Mijwil, B. A. Buruga, M. Abotaleb, and I. Adamopoulos, “A Survey on Artificial Intelligence in 
Cybersecurity for Smart Agriculture: State-of-the-Art, Cyber Threats, Artificial Intelligence Applications, and Ethical 
Concerns,” Mesopotamian Journal of Computer Science, vol. 2024, pp. 71–121, 2024. 
https://doi.org/10.58496/MJCSC/2024/007      

[64] G. Ali, M. M. Mijwil, B. A. Buruga, and M. Abotaleb, “A Comprehensive Review on Cybersecurity Issues and Their 
Mitigation Measures in FinTech,” Iraqi Journal for Computer Science and Mathematics, vol. 5, no. 3, pp. 45–91, 
2024. https://doi.org/10.52866/ijcsm.2024.05.03.004 

[65] S. K. Bhattamisra, P. Banerjee, P. Gupta, J. Mayuren, S. Patra, and M. Candasamy, “Artificial intelligence in 
pharmaceutical and healthcare research,” Big Data and Cognitive Computing, vol. 7, no. 1, pp. 1–20, 2023. 
https://doi.org/10.3390/bdcc7010010  

[66] D. Fahmy, A. Alksas, A. Elnakib, A. Mahmoud, H. Kandil, A. Khalil, M. Ghazal, E. Van Bogaert, S. Contractor, and 
A. El-Baz, “The role of radiomics and AI technologies in the segmentation, detection, and management of 
hepatocellular carcinoma,” Cancers, vol. 14, no. 24, pp. 1–27, 2022. https://doi.org/10.3390/cancers14246123      

[67] G. R. Sridhar, A. V. S. Prasad, and G. Lakshmi, “Scope and caveats: Artificial intelligence in gastroenterology,” 
Artificial Intelligence in Gastroenterology, vol. 5, no. 1, pp. 1–5, 2024. https://doi.org/10.35712/aig.v5.i1.91607  

[68] G. Ali, and M. M. Mijwil, “Cybersecurity for Sustainable Smart Healthcare: State of the Art, Taxonomy, Mechanisms, 
and Essential Roles,” Mesopotamian Journal of CyberSecurity, vol. 4, no. 2, pp. 20–62, 2024. 
https://doi.org/10.58496/MJCS/2024/006  

[69] M. Bhat, M. Rabindranath, B. S. Chara, and D. A. Simonetto, “Artificial intelligence, machine learning, and deep 
learning in liver transplantation,” Journal of Hepatology, vol. 78, no. 6, pp. 1216–1233, 2023. 
https://doi.org/10.1016/j.jhep.2023.01.006   

[70] K. Swetha, A. Kiran, K. Pavanam, E. V. Kumari, T. Naresh, and M. J. Baba, “Inflammation of liver and hepatitis 
disease prediction using machine learning techniques,” 2023 7th International Conference on Intelligent Computing 
and Control Systems (ICICCS), Madurai, India, 17-19 May 2023, pp. 218–223. 
https://doi.org/10.1109/iciccs56967.2023.10142912      

[71] F. W. X. Xu, S. S. Tang, H. N. Soh, N. Q. Pang, and G. K. Bonney, “Augmenting care in hepatocellular carcinoma 
with artificial intelligence,” Artificial Intelligence Surgery, vol. 3, no. 1, pp. 48–63, 2023. 
https://doi.org/10.20517/ais.2022.33    

[72] J. M. Schattenberg, N. Chalasani, and N. Alkhouri, “Artificial intelligence applications in Hepatology,” Clinical 
Gastroenterology and Hepatology, vol. 21, no. 8, pp. 2015–2025, 2023. https://doi.org/10.1016/j.cgh.2023.04.007  

[73] O. Jouini, K. Sethom, A. Namoun, N. Aljohani, M. H. Alanazi, and M. N. Alanazi, “A Survey of Machine Learning 
in Edge Computing: Techniques, Frameworks, Applications, Issues, and Research Directions,” Technologies, vol. 
12, no. 6, pp. 1–34, 2024. https://doi.org/10.3390/technologies12060081    

https://doi.org/10.1007/s10620-023-07960-y
https://doi.org/10.1016/j.jhepr.2022.100652
https://doi.org/10.2147/jmdh.s410301
https://doi.org/10.3390/cancers14246123
https://doi.org/10.35712/aig.v5.i1.91607
https://doi.org/10.58496/MJCS/2024/006
https://doi.org/10.1016/j.jhep.2023.01.006
https://doi.org/10.1109/iciccs56967.2023.10142912
https://doi.org/10.20517/ais.2022.33
https://doi.org/10.1016/j.cgh.2023.04.007


 

 

159 Ali et al, Mesopotamian Journal of Big Data Vol. (2024), 2024, 128–163 

[74] M. Ozkan-Okay, E. Akin, Ö. Aslan, S. Koşunalp, T. Iliev, I. Stoyanov, and I. Beloev, “A Comprehensive Survey: 
Evaluating the Efficiency of Artificial Intelligence and Machine Learning Techniques on Cyber Security Solutions,” 
IEEE Access, vol. 12, pp. 12229–12256, 2024. https://doi.org/10.1109/access.2024.3355547     

[75] M. A. Santos-Silva, N. Sousa, and J. C. Sousa, “Artificial intelligence in routine blood tests,” Frontiers in Medical 
Engineering, vol. 2, pp. 1–23, 2024. https://doi.org/10.3389/fmede.2024.1369265    

[76] M. Lu, C. Huang, C. Hung, C. Tai, L. Mo, H. Kuo, K. Tseng, C. Lo, M. Bair, S. Wang, J. Huang, M. Yeh, C. Chen, 
M. Tsai, C. P. Huang, Lee, T. Yang, Y. Huang, L. Chong, . . . M. Yu, “Artificial intelligence predicts direct-acting 
antivirals failure among hepatitis C virus patients: A nationwide hepatitis C virus registry program,” Clinical and 
molecular hepatology, vol. 30, no. 1, pp. 64–79, 2024. https://doi.org/10.3350/cmh.2023.0287    

[77] A. A. Theodosiou, and R. C. Read, “Artificial intelligence, machine learning and deep learning: Potential resources 
for the infection clinician,” Journal of Infection, vol. 87, no. 4, pp. 287–294, 2023. 
https://doi.org/10.1016/j.jinf.2023.07.006     

[78] E. Panettieri, A. Campisi, V. Bianchi, F. Giuliante, and A. M. De Rose, “Artificial intelligence and its role in guiding 
liver-directed therapy for hepatocellular carcinoma: Is it ready for prime time?,” Hepatoma Research, vol. 8, pp. 1–
16, 2022. https://doi.org/10.20517/2394-5079.2022.57     

[79] C. V. Schneider, T. Li, D. Zhang, A. I. Mezina, P. Rattan, H. Huang, K. T. Creasy, E. Scorletti, I. Zandvakili, M. 
Vujkovic, L. Hehl, J. Fiksel, J. Park, K. Wangensteen, M. Risman, K. M. Chang, M. Serper, R. M. Carr, K. M. 
Schneider, J. Chen, … D. Rader, J. “Large-scale identification of undiagnosed hepatic steatosis using natural language 
processing,” EClinicalMedicine, vol. 62, pp. 1-14, 2023. https://doi.org/10.1016/j.eclinm.2023.102149   

[80] M. A. I. Mahmud, A. A. T. Talukder, A. Sultana, K. I. A. Bhuiyan, M. S. Rahman, T. H. Pranto, and R. M. Rahman, 
“Toward news authenticity: synthesizing natural language processing and human expert opinion to evaluate news,” 
IEEE Access, vol. 11, pp. 11405–11421, 2023. https://doi.org/10.1109/access.2023.3241483    

[81] A. Fong, J. Hughes, S. Gundapenini, B. Hack, M. Barkhordar, S. S. Huang, A. Visconti, S. Fernandez, and D. 
Fishbein, “Evaluation of Structured, Semi-Structured, and Free-Text electronic health record data to classify Hepatitis 
C virus (HCV) infection,” Gastrointestinal Disorders, vol. 5, no. 2, pp. 115–126, 2023. 
https://doi.org/10.3390/gidisord5020012  

[82] D. Kumar, P. Kumar, I. Ahmed, and S. Singh, “Integrating Artificial Intelligence in Disease Diagnosis, Treatment, 
and Formulation Development: A Review,” Asian Journal of Pharmaceutical and Clinical Research, vol. 16, no. 11, 
pp. 1–8, 2023. https://doi.org/10.22159/ajpcr.2023.v16i11.48193    

[83] V. Chinnasamy, V. Sakulsaengprapha, and S. C. Mathews, “The benefit of Artificial Intelligence-Based diagnosis in 
gastroenterology and hepatology is highly variable: a diagnostic need and burden analysis,” Gastroenterology, vol. 
165, no. 3, pp. 788-790, 2023. https://doi.org/10.1053/j.gastro.2023.05.045   

[84] M. O. Edeh, S. Dalal, I. B. Dhaou, C. C. Agubosim, C. C. Umoke, N. E. Richard-Nnabu, and N. Dahiya, “Artificial 
Intelligence-Based Ensemble Learning Model for prediction of Hepatitis C Disease,” Frontiers in Public Health, vol. 
10, pp. 1–13, 2022. https://doi.org/10.3389/fpubh.2022.892371    

[85] E. Alqaissi, F. Alotaibi, M. S. Ramzan, and A. Algarni, “Novel graph-based machine-learning technique for viral 
infectious diseases: application to influenza and hepatitis diseases,” Annals of Medicine, vol. 55, no. 2, pp. 1–21, 
2023. https://doi.org/10.1080/07853890.2024.2304108     

[86] A. Drobo, L. S. Becirovic, L. G. Pokvic, L. Dzambo, E. Becic, A. Badnjevic, M. Dogic, and A. Smajovic, 
“Application of artificial neural networks in diagnosis of hepatitis C,” 2022 XXVIII International Conference on 
Information, Communication and Automation Technologies (ICAT), Sarajevo, Bosnia and Herzegovina, 16-18 June 
2022, pp. 1–5. https://doi.org/10.1109/icat54566.2022.9811126    

[87] G. Ali, M. E. Marwa, G. A. Omar, A. Mostafa, M. Z. A. Anas, and A. B. Bosco, “Artificial Intelligence in Corneal 
Topography: A Short Article in Enhancing Eye Care,” Mesopotamian Journal of Artificial Intelligence in Healthcare, 
vol. 2023, pp. 31–34, 2023. https://doi.org/10.58496/MJAIH/2023/006   

[88] G. Obaido, B. Ogbuokiri, T. G. Swart, N. Ayawei, S. M. Kasongo, K. Aruleba, I. D. Mienye, I. Aruleba, W. Chukwu, 
F. Osaye, O. F. Egbelowo, S. Simphiwe, and E. Esenogho, “An Interpretable Machine learning approach for Hepatitis 
B diagnosis,” Applied Sciences, vol. 12, no. 21, pp. 1–16, 2022. https://doi.org/10.3390/app122111127  

[89] M. Ordouei, and M. Moeini, “Identification of hepatitis disease by combining Decision Tree Algorithm and Harris 
Hawks Optimization (HHO),” International Journal of Advanced Research in Computer and Communication 
Engineering, vol. 12, no. 7, pp. 1–6, 2024. https://ijarcce.com/papers/identification-of-hepatitis-disease-by-
combining-decision-tree-algorithm-and-harris-hawks-optimization-hho/   

[90] Y. Wang, B. Yin, and Q. Zhu, “Application of Machine Learning Algorithms in Predicting Hepatitis C,” In 2023 4th 
International Symposium on Artificial Intelligence for Medicine Science (ISAIMS 2023), Chengdu, China, 20-22 
October 2023, pp. 359–365. https://doi.org/10.1145/3644116.3644176   

[91] K. Moulaei, H. Sharifi, K. Bahaadinbeigy, A. A. Haghdoost, and N. Nasiri, “Machine learning for prediction of viral 
hepatitis: A systematic review and meta-analysis,” International Journal of Medical Informatics, vol. 179, pp. 
105243, 2023. https://doi.org/10.1016/j.ijmedinf.2023.105243    

[92] R. K. Sachdeva, M. Jain, P. Bathla, and R. Ahuja, “A machine learning approach for diagnosis of hepatitis,” 2023 
International Conference on Computing, Communication, and Intelligent Systems (ICCCIS), Greater Noida, India, 
03-04 November 2023, pp. 161–165. https://doi.org/10.1109/icccis60361.2023.10425626 

[93] P. Dutta, S. Paul, G. G. Jana, and A. Sadhu, “Hybrid Genetic Algorithm Random Forest algorithm (HGARF) for 
improving the missing value Imputation in Hepatitis Medical Dataset,” 2023 International Symposium on Devices, 
Circuits and Systems (ISDCS), Higashihiroshima, Japan, 29-31 May 2023, pp. 1–5. 
https://doi.org/10.1109/isdcs58735.2023.10153526      

https://doi.org/10.1109/access.2024.3355547
https://doi.org/10.3389/fmede.2024.1369265
https://doi.org/10.3350/cmh.2023.0287
https://doi.org/10.20517/2394-5079.2022.57
https://doi.org/10.22159/ajpcr.2023.v16i11.48193
https://doi.org/10.1053/j.gastro.2023.05.045
https://doi.org/10.3389/fpubh.2022.892371
https://doi.org/10.1080/07853890.2024.2304108
https://doi.org/10.1109/icat54566.2022.9811126
https://doi.org/10.3390/app122111127
https://ijarcce.com/papers/identification-of-hepatitis-disease-by-combining-decision-tree-algorithm-and-harris-hawks-optimization-hho/
https://ijarcce.com/papers/identification-of-hepatitis-disease-by-combining-decision-tree-algorithm-and-harris-hawks-optimization-hho/
https://doi.org/10.1145/3644116.3644176
https://doi.org/10.1016/j.ijmedinf.2023.105243
https://doi.org/10.1109/icccis60361.2023.10425626
https://doi.org/10.1109/isdcs58735.2023.10153526


 

 

160 Ali et al, Mesopotamian Journal of Big Data Vol. (2024), 2024, 128–163 

[94] S. Muneer, and S. Khan, “Intelligent Disease Prediction System for Hepatitis C patients,” International 
Multidisciplinary Journal of Science, Technology, and Business, vol. 2, no. 4, pp. 1–7, 2023.   

[95] S. Vijayakumar, “A hybrid QNN-Based framework for accurate early detection of HCV liver abnormalities from CT 
scans using custom transfer learning and AI Edge device. 2023 IEEE Region 10 Symposium (TENSYMP), Canberra, 
Australia, 06-08 September 2023, pp. 1–5. https://doi.org/10.1109/tensymp55890.2023.10223624  

[96] H. Oftadeh, and M. Manthouri, “Application of Deep Boltzmann Machine in Diagnosis Processes of Hepatitis Types 
B and C,” Azerbaijan Journal of High Performance Computing, vol. 5, no. 2, pp. 112–130, 2022. 
https://doi.org/10.32010/26166127.2022.5.1.112.130  

[97] Y. S. Bagi, and N. Mihuandayani, “Classification of hepatitis disease using Learning Vector Quantization 3(LVQ3),” 
2022 5th International Conference on Information and Communications Technology (ICOIACT), Yogyakarta, 
Indonesia, 24-25 August 2022, pp. 139–143. https://doi.org/10.1109/icoiact55506.2022.9972011   

[98] S. A. Farooq, “The Multi-Class Detection of Five Stages of Hepatitis C Using the Machine Learning Based Random 
Forest Algorithm,” 2023 World Conference on Communication and Computing (WCONF), RAIPUR, India, 14-16 
July 2023, pp. 1–6. https://doi.org/10.1109/wconf58270.2023.10235157      

[99] L. Wu, B. Ning, J. Yang, Y. Chen, C. Zhang, and Y. Yan, “Diagnosis of liver cirrhosis and liver fibrosis by artificial 
intelligence Algorithm-Based Multislice Spiral Computed Tomography,” Computational and Mathematical Methods 
in Medicine, vol. 2022, pp. 1–8, 2022. https://doi.org/10.1155/2022/1217003 

[100] C. Zhang, Z. Shu, S. Chen, J. Peng, Y. Zhao, X. Dai, J. Li, X. Zou, J. Hu, and H. Huang, “A machine learning-based 
model analysis for serum markers of liver fibrosis in chronic hepatitis B patients,” Scientific Reports, vol. 14, no. 1, 
pp. 1–11, 2024. https://doi.org/10.1038/s41598-024-63095-8   

[101] E. C. Gheorghe, C. Nicolau, A. Kamal, A. Udristoiu, L. Gruionu, and A. Saftoiu, “Artificial Intelligence (AI)-
Enhanced ultrasound Techniques used in Non-Alcoholic Fatty Liver Disease: Are they ready for prime time?,” 
Applied Sciences, vol. 13, no. 8, pp. 1–13, 2023. https://doi.org/10.3390/app13085080 

[102] P. Decharatanachart, R. Chaiteerakij, T. Tiyarattanachai, and S. Treeprasertsuk, “Application of artificial intelligence 
in chronic liver diseases: a systematic review and meta-analysis,” BMC Gastroenterology, vol. 21, no. 1, pp. 1–16, 
2021. https://doi.org/10.1186/s12876-020-01585-5     

[103] C. D. Christou, and G. Tsoulfas, “Challenges and opportunities in the application of artificial intelligence in 
gastroenterology and hepatology,” World Journal of Gastroenterology, vol. 27, no. 37, pp. 6191–6223, 2021. 
https://doi.org/10.3748/wjg.v27.i37.6191   

[104] M. Emu, F. B. Kamal, S. Choudhury, and T. E. A. De Oliveira, “Assisting the Non-invasive Diagnosis of Liver 
Fibrosis Stages using Machine Learning Methods,” 2020 42nd Annual International Conference of the IEEE 
Engineering in Medicine and Biology Society (EMBC), Montreal, QC, Canada, 20-24 July 2020, pp. 5382–5387. 
https://doi.org/10.1109/embc44109.2020.9176542      

[105] K. Wang, X. Lu, H. Zhou, Y. Gao, J. Zheng, M. Tong, C. Wu, C. Liu, L. Huang, T. Jiang, F. Meng, Y. Lu, H. Ai, X. 
Y. Xie, L. P. Yin, P. Liang, J. Tian, and R. Zheng, “Deep learning Radiomics of shear wave elastography significantly 
improved diagnostic performance for assessing liver fibrosis in chronic hepatitis B: a prospective multicentre study,” 
Gut, vol. 68, no. 4, pp. 729–741, 2019. https://doi.org/10.1136/gutjnl-2018-316204   

[106] S. L. Popa, A. Ismaiel, L. Abenavoli, A. M. Padureanu, M. O. Dita, R. Bolchis, M. A. Munteanu, V. D. Brata, C. Pop, 
A. Bosneag, D. I. Dumitrascu, M. Barsan, and L. David, “Diagnosis of liver fibrosis using Artificial Intelligence: A 
Systematic review,” Medicina, vol. 59, no. 5, pp. 1–15, 2023. https://doi.org/10.3390/medicina59050992  

[107] H. W. Lee, J. J. Y. Sung, and S. H. Ahn, “Artificial intelligence in liver disease,” Journal of Gastroenterology and 
Hepatology, vol. 36, no. 3, pp. 539–542, 2021. https://doi.org/10.1111/jgh.15409 

[108] L. Ma, R. Wang, Q. He, L. Huang, X. Wei, X. Lu, Y. Du, J. Luo, and H. Liao, “Artificial intelligence-based ultrasound 
imaging technologies for hepatic diseases,” iLiver, vol. 1, no. 4, pp. 252–264, 2022. 
https://doi.org/10.1016/j.iliver.2022.11.001  

[109] C. Balsano, P. Burra, C. Duvoux, A. Alisi, F. Piscaglia, A. Gerussi, M. R. Brunetto, F. Bonino, R. Montalti, S. 
Campanile, M. Persico, D. Alvaro, S. Santini, P. Invernizzi, M. Carbone, M. Masarone, A. Eccher, B. Siciliano, M. 
Vento, . . . P. Donatelli, “Artificial intelligence and liver: Opportunities and barriers,” Digestive and Liver Disease, 
vol. 55, no. 11, pp. 1455–1461, 2023. https://doi.org/10.1016/j.dld.2023.08.048  

[110] L. Parisi, N. RaviChandran, and M. L. Manaog, “A novel hybrid algorithm for aiding prediction of prognosis in 
patients with hepatitis,” Neural Computing and Applications, vol. 32, no. 8, pp. 3839–3852, 2019. 
https://doi.org/10.1007/s00521-019-04050-x   

[111] F. H. Veerankutty, G. Jayan, M. K. Yadav, K. S. Manoj, A. Yadav, S. R. S. Nair, T. U. Shabeerali, V. Yeldho, M. 
Sasidharan, and S. A. Rather, “Artificial intelligence in hepatology, liver surgery and transplantation: Emerging 
applications and frontiers of research,” World Journal of Hepatology, vol. 13, no. 12, pp. 1977–1990, 2021. 
https://doi.org/10.4254/wjh.v13.i12.1977      

[112] A. Mahzari, “Artificial intelligence in nonalcoholic fatty liver disease,” Egyptian Liver Journal/Egyptian Liver 
Journal, vol. 12, no. 1, pp. 1–11, 2022. https://doi.org/10.1186/s43066-022-00224-w   

[113] B. Gao, T. Wu, S. Lang, L. Jiang, Y. Duan, D. E. Fouts, X. Zhang, X. Tu, and B. Schnabl, “Machine Learning Applied 
to Omics Datasets Predicts Mortality in Patients with Alcoholic Hepatitis,” Metabolites, vol. 12, no. 1, pp. 1–16, 
2022. https://doi.org/10.3390/metabo12010041 

[114] M. S. Sherman, P. K. Challa, E. M. Przybyszewski, R. M. Wilechansky, N. Uche-Anya, A. T. Ott, J. McGoldrick, 
W. Goessling, H. Khalili, and T. G. Simon, “A natural language processing algorithm accurately classifies steatotic 
liver disease pathology to estimate the risk of cirrhosis,” Hepatology Communications, vol. 8, no. 4, pp. 1–14, 2024. 
https://doi.org/10.1097/hc9.0000000000000403   

https://doi.org/10.1109/tensymp55890.2023.10223624
https://doi.org/10.32010/26166127.2022.5.1.112.130
https://doi.org/10.1109/icoiact55506.2022.9972011
https://doi.org/10.1109/wconf58270.2023.10235157
https://doi.org/10.1155/2022/1217003
https://doi.org/10.1038/s41598-024-63095-8
https://doi.org/10.3390/app13085080
https://doi.org/10.1186/s12876-020-01585-5
https://doi.org/10.3748/wjg.v27.i37.6191
https://doi.org/10.1109/embc44109.2020.9176542
https://doi.org/10.3390/medicina59050992
https://doi.org/10.1111/jgh.15409
https://doi.org/10.1016/j.iliver.2022.11.001
https://doi.org/10.1016/j.dld.2023.08.048
https://doi.org/10.1007/s00521-019-04050-x
https://doi.org/10.4254/wjh.v13.i12.1977
https://doi.org/10.1186/s43066-022-00224-w
https://doi.org/10.3390/metabo12010041


 

 

161 Ali et al, Mesopotamian Journal of Big Data Vol. (2024), 2024, 128–163 

[115] T. T. Van Vleck, L. Chan, S. G. Coca, C. K. Craven, R. Do, S. B. Ellis, J. L. Kannry, R. J. F. Loos, P. A. Bonis, J. 
Cho, and G. N. Nadkarni, “Augmented intelligence with natural language processing applied to electronic health 
records for identifying patients with non-alcoholic fatty liver disease at risk for disease progression,” International 
journal of medical informatics, vol. 129, pp. 334–341, 2019. https://doi.org/10.1016/j.ijmedinf.2019.06.028   

[116] H. Fang, T. Hu, J. Wang, C. Hung, S. Lu, and C. Chen, “Post-treatment HBsAg decline predicts high rate of HBsAg 
loss after stopping entecavir or tenofovir in HBeAg-negative patients without retreatment,” Digestive and Liver 
Disease, vol. 55, no. 9, pp. 1223–1229, 2023. https://doi.org/10.1016/j.dld.2023.02.006     

[117] J. C. Lai, V. W. Hui, G. L. Wong, V. W. Wong, and T. C. Yip, “Hepatocellular carcinoma surveillance after HBSAG 
seroclearance,” Exploration of Digestive Diseases, vol. 3, pp. 175–189, 2024. 
https://doi.org/10.37349/edd.2024.00046   

[118] I. Tout, D. Loureiro, A. Mansouri, V. Soumelis, N. Boyer, and T. Asselah, “Hepatitis B surface antigen seroclearance: 
Immune mechanisms, clinical impact, importance for drug development,” Journal of Hepatology, vol. 73, no. 2, pp. 
409–422, 2020. https://doi.org/10.1016/j.jhep.2020.04.013 

[119] Y. Huang, X. Li, X. Zheng, X. Tian, M. Yu, L. Sha, Y. Liu, Y. Chong, Y. Hao, and X. You, “Bayesian network to 
predict hepatitis B surface antigen seroclearance in chronic hepatitis B patients,” Journal of Viral Hepatitis, vol. 27, 
no. 12, pp. 1326–1337, 2020. https://doi.org/10.1111/jvh.13368  

[120] X. Tian, Y. Chong, Y. Huang, P. Guo, M. Li, W. Zhang, Z. Du, X. Li, and Y. Hao, “Using machine learning 
algorithms to predict hepatitis B surface antigen seroclearance,” Computational and Mathematical Methods in 
Medicine, vol. 2019, pp. 1–7, 2019. https://doi.org/10.1155/2019/6915850 

[121] A. Patel, Z. Dossaji, K. Gupta, K. Roma, T. Chandler, C. D. Minacapelli, K. Catalano, R. Gish, and V. Rustgi, “The 
epidemiology, transmission, genotypes, replication, serologic and nucleic acid testing, immunotolerance, and 
reactivation of hepatitis B virus,” Gastro Hep Advances, vol. 3, no. 2, pp. 139–150, 2024. 
https://doi.org/10.1016/j.gastha.2023.10.008      

[122] R. A. De Almeida Pondé, “Detection of the serological markers hepatitis B virus surface antigen (HBsAg) and 
hepatitis B core IgM antibody (anti‐HBcIgM) in the diagnosis of acute hepatitis B virus infection after recent 
exposure,” Microbiology and Immunology, vol. 66, no. 1, pp. 1–9, 2021. https://doi.org/10.1111/1348-0421.12943  

[123] W. Liu, X. Liu, M. Peng, G. Chen, P. Liu, X. Cui, F. Jiang, and C. F. Dietrich, “Artificial intelligence for hepatitis 
evaluation,” World Journal of Gastroenterology, vol. 27, no. 34, pp. 5715–5726, 2021. 
https://doi.org/10.3748/wjg.v27.i34.5715   

[124] S. Hegde, V. Ajila, W. Zhu, and C. Zeng, “Artificial intelligence in early diagnosis and prevention of oral cancer,” 
Asia-Pacific Journal of Oncology Nursing, vol. 9, no. 12, pp. 1–6, 2022. https://doi.org/10.1016/j.apjon.2022.100133  

[125] F. Gentile, and N. Malara, “Artificial intelligence for cancer screening and surveillance,” ESMO Real World Data 
and Digital Oncology, vol. 5, pp. 1–7, 2024. https://doi.org/10.1016/j.esmorw.2024.100046 

[126] L. Allahqoli, A. S. Laganà, A. Mazidimoradi, H. Salehiniya, V. Günther, V. Chiantera, S. K. Goghari, M. M. 
Ghiasvand, A. Rahmani, Z. Momenimovahed, and I. Alkatout, “Diagnosis of cervical Cancer and Pre-Cancerous 
lesions by Artificial intelligence: a systematic review,” Diagnostics, vol. 12, no. 11, pp. 1–32, 2022. 
https://doi.org/10.3390/diagnostics12112771      

[127] B. Hunter, S. Hindocha, and R. W. Lee, “The role of artificial intelligence in early cancer diagnosis,” Cancers, vol. 
14, no. 6, pp. 1–20, 2022. https://doi.org/10.3390/cancers14061524  

[128] O. M. Doyle, N. Leavitt, and J. A. Rigg, “Finding undiagnosed patients with hepatitis C infection: an application of 
artificial intelligence to patient claims data,” Scientific Reports, vol. 10, no. 1, pp. 1–10, 2020. 
https://doi.org/10.1038/s41598-020-67013-6  

[129] N. Dagan, O. Magen, M. Leshchinsky, M. Makov-Assif, M. Lipsitch, B. Y. Reis, S. Yaron, D. Netzer, and R. D. 
Balicer, “Prospective Evaluation of machine learning for public health Screening: Identifying unknown hepatitis C 
carriers,” NEJM AI, vol. 1, no. 2, pp. AIoa2300012, 2024, https://doi.org/10.1056/aioa2300012    

[130] A. E. Butaru, M. Mămuleanu, C. T. Streba, I. P. Doica, M. M. Diculescu, D. I. Gheonea, and C. N. Oancea, “Resource 
Management through Artificial Intelligence in Screening Programs—Key for the Successful Elimination of Hepatitis 
C,” Diagnostics, vol. 12, no. 2, pp. 1–18, 2022. https://doi.org/10.3390/diagnostics12020346   

[131] M. Pomohaci, M. Grasu, R. Dumitru, M. Toma, and I. Lupescu, “Liver Transplant in Patients with Hepatocarcinoma: 
Imaging Guidelines and Future Perspectives Using Artificial Intelligence,” Diagnostics, vol. 13, no. 9, pp. 1–19, 
2023. https://doi.org/10.3390/diagnostics13091663    

[132] M. L. Zabara, I. Popescu, A. Burlacu, O. Geman, R. A. C. Dabija, I. V. Popa, and C. Lupascu, “Machine Learning 
Model Validated to Predict Outcomes of Liver Transplantation Recipients with Hepatitis C: The Romanian National 
Transplant Agency Cohort Experience,” Sensors, vol. 23, no. 4, pp. 1–12, 2023. https://doi.org/10.3390/s23042149 

[133] N. Hirani, and P. Chatterjee, “A systematic review on Artificial Intelligence applied to predictive cardiovascular risk 
analysis in liver transplantation,” F1000Research, vol. 13, pp. 1–14, 2024. 
https://doi.org/10.12688/f1000research.148082.1   

[134] A. N. N. Wong, Z. He, K. L. Leung, C. C. K. To, C. Y. Wong, S. C. C. Wong, J. S. Yoo, C. K. R. Chan, A. Z. Chan, 
M. D. Lacambra, and M. H. Y. Yeung, “Current Developments of Artificial Intelligence in Digital Pathology and Its 
Future Clinical Applications in Gastrointestinal Cancers,” Cancers, vol. 14, no. 15, pp. 1-28, 2022. 
https://doi.org/10.3390/cancers14153780      

[135] G. N. Ioannou, W. Tang, L. A. Beste, M. A. Tincopa, G. L. Su, T. Van, E. B. Tapper, A. G. Singal, J. Zhu, and A. K. 
Waljee, “Assessment of a deep learning model to predict hepatocellular carcinoma in patients with hepatitis C 
cirrhosis,” JAMA Network Open, vol. 3, no. 9, pp. e2015626, 2020. 
https://doi.org/10.1001/jamanetworkopen.2020.15626  

https://doi.org/10.1016/j.dld.2023.02.006
https://doi.org/10.1155/2019/6915850
https://doi.org/10.1016/j.gastha.2023.10.008
https://doi.org/10.1016/j.esmorw.2024.100046
https://doi.org/10.1038/s41598-020-67013-6
https://doi.org/10.3390/diagnostics12020346
https://doi.org/10.3390/diagnostics13091663
https://doi.org/10.3390/s23042149
https://doi.org/10.12688/f1000research.148082.1
https://doi.org/10.1001/jamanetworkopen.2020.15626


 

 

162 Ali et al, Mesopotamian Journal of Big Data Vol. (2024), 2024, 128–163 

[136] K. Sharun, S. A. Banu, M. Mamachan, L. Abualigah, A. M. Pawde, and K. Dhama, “Unleashing the future: Exploring 
the transformative prospects of artificial intelligence in veterinary science,” Journal of Experimental Biology and 
Agricultural Sciences, vol. 12, no. 3, pp. 297–317, 2024. https://doi.org/10.18006/2024.12(3).297.317  

[137] J. Shara, “An overview of quantum machine learning and drug discovery,” International Journal of Advances in 
Engineering and Management (IJAEM), vol. 6, no. 8, pp. 174–183, 2024. https://doi.org/10.35629/5252-0608174183 

[138] T. Kanda, R. Sasaki, R. Masuzaki, and M. Moriyama, “Artificial intelligence and machine learning could support 
drug development for hepatitis A virus internal ribosomal entry sites,” Artificial Intelligence in Gastroenterology, 
vol. 2, no. 1, pp. 1–9, 2021. https://doi.org/10.35712/aig.v2.i1.1    

[139] M. M. Mijwil, M. Abotaleb, G. Ali, and K. Dhoska, “Assigning Medical Professionals: ChatGPT’s Contributions to 
Medical Education and Health Prediction,” Mesopotamian Journal of Artificial Intelligence in Healthcare, vol. 2024, 
pp. 76–83, 2024. https://doi.org/10.58496/MJAIH/2024/011   

[140] A.-H. Al-Mistarehi, M. M. Mijwil, Y. Filali, M. Bounabi, G. Ali, and M. Abotaleb, “Artificial Intelligence Solutions 
for Health 4.0: Overcoming Challenges and Surveying Applications,” Mesopotamian Journal of Artificial 
Intelligence in Healthcare, vol. 2023, pp. 15–20, 2023. https://doi.org/10.58496/mjaih/2023/003    

[141] L. Zhou, J. Wang, S. Yu, G. Wu, Q. Wei, Y. Deng, X. Wu, X. Cui, and C. F. Dietrich, “Artificial intelligence in 
medical imaging of the liver,” World Journal of Gastroenterology, vol. 25, no. 6, pp. 672–682, 2019. 
https://doi.org/10.3748/wjg.v25.i6.672  

[142] S. Singh, S. Hoque, A. Zekry, and A. Sowmya, “Radiological Diagnosis of Chronic liver Disease and Hepatocellular 
Carcinoma: A review,” Journal of Medical Systems, vol. 47, no. 1, pp. 1–33, 2023. https://doi.org/10.1007/s10916-
023-01968-7    

[143] Q. Zhao, Y. Lan, X. Yin, and K. Wang, “Image-based AI diagnostic performance for fatty liver: a systematic review 
and meta-analysis,” BMC Medical Imaging, vol. 23, no. 1, pp. 1–11, 2023. https://doi.org/10.1186/s12880-023-
01172-6     

[144] Y. H. Adje, K. M. Brooks, J. R. Castillo-Mancilla, D. L. Wyles, P. L. Anderson, and J. J. Kiser, “The use of 
technology-based adherence monitoring in the treatment of hepatitis C virus,” Therapeutic Advances in Infectious 
Disease, vol. 9, pp. 1–20, 2022. https://doi.org/10.1177/20499361221095664    

[145] E. A. Rakha, M. Toss, S. Shiino, P. Gamble, R. Jaroensri, C. H. Mermel, and P. C. Chen, “Current and future 
applications of artificial intelligence in pathology: a clinical perspective,” Journal of Clinical Pathology, vol. 74, no. 
7, pp. 409–414, 2020. https://doi.org/10.1136/jclinpath-2020-206908   

[146] M. Pourkarim, S. Nayebzadeh, S. M. Alavian, and S. H. Hataminasab, “Digital Marketing: A Unique 
Multidisciplinary Approach towards the Elimination of Viral Hepatitis,” Pathogens, vol. 11, no. 6, pp. 1–22, 2022. 
https://doi.org/10.3390/pathogens11060626  

[147] A. Marey, A. Saad, B. D. Killeen, C. Gomez, M. Tregubova, M. Unberath, and M. Umair, “Generative Artificial 
Intelligence: Enhancing patient education in cardiovascular imaging,” BJR/Open, vol. 6, no. 1, pp. 1–12, 2024. 
https://doi.org/10.1093/bjro/tzae018 

[148] D. Nam, J. Chapiro, V. Paradis, T. P. Seraphin, and J. N. Kather, “Artificial intelligence in liver diseases: Improving 
diagnostics, prognostics and response prediction,” JHEP Reports, vol. 4, no. 4, pp. 1–11, 2022. 
https://doi.org/10.1016/j.jhepr.2022.100443   

[149] Y. Nam, J. Kim, S. Jung, J. Woerner, E. H. Suh, D. Lee, M. Shivakumar, M. E. Lee, and D. Kim, “Harnessing 
Artificial intelligence in multimodal Omics Data Integration: Paving the path for the next frontier in precision 
medicine,” Annual Review of Biomedical Data Science, vol. 7, 2024. https://doi.org/10.1146/annurev-biodatasci-
102523-103801   

[150] C. Baciu, C. Xu, M. Alim, K. Prayitno, and M. Bhat, “Artificial intelligence applied to omics data in liver diseases: 
Enhancing clinical predictions,” Frontiers in Artificial Intelligence, vol. 5, pp. 1–10, 2022. 
https://doi.org/10.3389/frai.2022.1050439  

[151] N. K. Tran, S. Albahra, L. May, S. Waldman, S. Crabtree, S. Bainbridge, and H. Rashidi, “Evolving applications of 
artificial intelligence and machine learning in infectious diseases testing,” Clinical Chemistry, vol. 68, no. 1, pp. 125–
133, 2022. https://doi.org/10.1093/clinchem/hvab239    

[152] V. D. Karalis, “The Integration of Artificial Intelligence into Clinical Practice,” Applied Biosciences, vol. 3, no. 1, 
pp. 14–44, 2024. https://doi.org/10.3390/applbiosci3010002  

[153] H. King, J. Wright, D. Treanor, B. Williams, and R. Randell, “What works where and how for Uptake and Impact of 
Artificial intelligence in Pathology: Review of Theories for a Realist Evaluation,” Journal of Medical Internet 
Research, vol. 25, pp. 1–11, 2023. https://doi.org/10.2196/38039    

[154] M. A. Haque, and N. Q. T. Islam, “Artificial intelligence in Medicine: a new frontier,” Bangladesh Journal of 
Medicine, vol. 35, no. 2, pp. 54–60, 2024. https://doi.org/10.3329/bjm.v35i2.72811   

[155] J. Van Der Laak, G. Litjens, and F. Ciompi, “Deep learning in histopathology: the path to the clinic,” Nature 
Medicine, vol. 27, no. 5, pp. 775–784, 2021. https://doi.org/10.1038/s41591-021-01343-4   

[156] S. A. Alowais, S. S. Alghamdi, N. Alsuhebany, T. Alqahtani, A. I. Alshaya, S. N. Almohareb, A. Aldairem, M. 
Alrashed, K. B. Saleh, H. A. Badreldin, M. S. A. Yami, S. A. Harbi, and A. M. Albekairy, “Revolutionizing 
healthcare: the role of artificial intelligence in clinical practice,” BMC Medical Education, vol. 23, no. 1, pp. 1–15, 
2023. https://doi.org/10.1186/s12909-023-04698-z    

[157] S. A. . Sahy and Y. . Niu, “Image fragment reconstruction and restoration method based on genetic algorithm”, 
KHWARIZMIA, vol. 2023, pp. 1–9, Jan. 2023, doi: 10.70470/KHWARIZMIA/2023/001. 

    

https://doi.org/10.18006/2024.12(3).297.317
https://doi.org/10.35629/5252-0608174183
https://doi.org/10.35712/aig.v2.i1.1
https://doi.org/10.58496/MJAIH/2024/011
https://doi.org/10.58496/mjaih/2023/003
https://doi.org/10.3748/wjg.v25.i6.672
https://doi.org/10.1186/s12880-023-01172-6
https://doi.org/10.1186/s12880-023-01172-6
https://doi.org/10.1177/20499361221095664
https://doi.org/10.3390/pathogens11060626
https://doi.org/10.1093/bjro/tzae018
https://doi.org/10.3389/frai.2022.1050439
https://doi.org/10.1093/clinchem/hvab239


 

 

163 Ali et al, Mesopotamian Journal of Big Data Vol. (2024), 2024, 128–163 

[158] A. Singh, S. Randive, A. Breggia, B. Ahmad, R. Christman, and S. Amal, “Enhancing Prostate Cancer Diagnosis 
with a Novel Artificial Intelligence-Based Web Application: Synergizing Deep Learning Models, Multimodal Data, 
and Insights from Usability Study with Pathologists,” Cancers, vol. 15, no. 23, pp. 1–21, 2023. 
https://doi.org/10.3390/cancers15235659      

[159] K. Paranjape, M. Schinkel, R. D. Hammer, B. Schouten, R. S. N. Panday, P. W. G. Elbers, M. H. H. Kramer, and P. 
Nanayakkara, “The value of artificial intelligence in laboratory medicine,” American Journal of Clinical Pathology, 
vol. 155, no. 6, pp. 823–831, 2021. https://doi.org/10.1093/ajcp/aqaa170 

[160] I. Baltruschat, L. Steinmeister, H. Nickisch, A. Saalbach, M. Grass, G. Adam, T. Knopp, and H. Ittrich, “Smart chest 
X-ray worklist prioritization using artificial intelligence: a clinical workflow simulation,” European Radiology, vol. 
31, no. 6, pp. 3837–3845, 2020. https://doi.org/10.1007/s00330-020-07480-7  

[161] Y. Y. M. Aung, D. C. S. Wong, and D. S. W. Ting, “The promise of artificial intelligence: a review of the opportunities 
and challenges of artificial intelligence in healthcare,” British Medical Bulletin, vol. 139, no. 1, pp. 4–15, 2021. 
https://doi.org/10.1093/bmb/ldab01 

[162] I. Ahmad, R. Jan, M. Nur Alam, and M. N. Khan , Trans., “Novel Techniques for Classifying Exotic Spheres in High 
Dimensions”, Babylonian Journal of Mathematics, vol. 2023, pp. 36–39, Jul. 2023, doi: 10.58496/BJM/2023/007.  

[163] Z. Ahmad, S. Rahim, M. Zubair, and J. Abdul-Ghafar, “Artificial intelligence (AI) in medicine, current applications 
and future role with special emphasis on its potential and promise in pathology: present and future impact, obstacles 
including costs and acceptance among pathologists, practical and philosophical considerations. A comprehensive 
review,” Diagnostic Pathology, vol. 16, no. 1, pp. 1–16, 2021. https://doi.org/10.1186/s13000-021-01085-4   

[164] G. L. Wong, V. W. Hui, Q. Tan, J. Xu, H. W. Lee, T. C. Yip, B. Yang, Y. K. Tse, C. Yin, F. Lyu, J. C. Lai, G. C. 
Lui, H. L. Chan, P. C. Yuen, and V. W. Wong, “Novel machine learning models outperform risk scores in predicting 
hepatocellular carcinoma in patients with chronic viral hepatitis,” JHEP reports: innovation in hepatology, vol. 4, no. 
3, pp. 1-12, 2022. https://doi.org/10.1016/j.jhepr.2022.100441   

[165] M. D. Zarella, D. S. McClintock, H. Batra, R. R. Gullapalli, M. Valante, V. O. Tan, S. Dayal, K. S. Oh, H. Lara, C. 
A. Garcia, and E. Abels, “Artificial intelligence and digital pathology: clinical promise and deployment 
considerations,” Journal of Medical Imaging, vol. 10, no. 05, pp. 1–12, 2023. 
https://doi.org/10.1117/1.jmi.10.5.051802  

[166] J. Cao, Z. Lu, M. Chen, B. Zhang, S. Juengpanich, J. Hu, S. Li, W. Topatana, X. Zhou, X. Feng, J. Shen, Y. Liu, and 
X. Cai, “Artificial intelligence in gastroenterology and hepatology: Status and challenges,” World Journal of 
Gastroenterology, vol. 27, no. 16, pp. 1664–1690, 2021. https://doi.org/10.3748/wjg.v27.i16.1664   

[167] M. Lupsor-Platon, T. Serban, A. I. Silion, G. R. Tirpe, A. Tirpe, and M. Florea, “Performance of ultrasound techniques 
and the potential of artificial intelligence in the evaluation of hepatocellular carcinoma and Non-Alcoholic fatty liver 
disease,” Cancers, vol. 13, no. 4, pp. 1–23, 2021. https://doi.org/10.3390/cancers13040790    

[168] C. Simsek, “The evolution and revolution of artificial intelligence in hepatology: From current applications to future 
paradigms,” Hepatology Forum, vol. 5, no. 3, pp. 97–99, 2024. https://doi.org/10.14744/hf.2024.2024.ed0001  

https://doi.org/10.3748/wjg.v27.i16.1664
https://doi.org/10.3390/cancers13040790
https://doi.org/10.14744/hf.2024.2024.ed0001

