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Abstract: 

    The complexity of the pathophysiology of autoimmune diseases, along with 

the evasive mechanisms of these conditions, makes the diagnosis and 

treatment of these conditions highly challenging. The use of "Artificial 

Intelligence" in scientific and medical research has opened new ways to 

investigate, diagnose, forecast, and treat autoimmune diseases. Recently, "AI" 

has become a valuable tool in medical immunology and rheumatology, 

providing creative solutions to the underlying intricacy of certain conditions. 

Research is currently demonstrating Artificial Intelligence's potential in 

sickness prognosis, risk classification, treatment reaction prediction and 

evaluation. Through the use of sophisticated machine learning and deep 

learning algorithms, "AI" systems can analyze large-scale medical, genetic, 

and imaging facts. They can also identify diffused styles that people usually 

miss. These findings improve diagnosis accuracy and make it easier to create 

individualized, focused treatment plans. Additionally, "AI" applications in 

autoimmune disease research improve clinical decision-making, allow for 

more accurate and customized treatments, reduce trial-and-error in drug 

selection, eventually enhance long-term patient outcomes and disease 

management. 
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Introduction  
        Artificial Intelligence (AI) is the 

term used to describe computer system 

that mimic human intelligence 

approaches. These systems are made to do 

things like study, clear up troubles, make 

decisions, and realize language 

responsibilities that typically call for 

human intelligence. The fundamental aim 

of artificial intelligence is to make it 

convenient for machines to simulate 

human cognitive procedures, including 

facts analysis, pattern popularity, and 

prediction making, frequently with more 

performance and autonomy [1,2]. 

 Building on these competencies, 

synthetic intelligence has emerged as a 

potent instrument in immunology, 

imparting novel methods for forecasting 

adaptive immune responses with the aid of 

studying large and difficult 

immunological information sets. Recent 

years have visible AI programs in 

scientific immunology create new 

possibilities to enhance diagnostic and 

treatment approaches [3]. Artificial 

intelligence “AI” based methods have 

great potential for the early detection and 

tracking of autoimmune diseases because 

they can identify subtle patterns in 

medical, serological, imaging, and genetic 

data that traditional diagnostic approaches 

frequently overlook. Early detection of 

these trends reduces headaches, prevents 

condition from worsening and improves 

long-term outcome for the affected person 

[4,5]. “AI” is being used more and more to 

carry out manual immunotherapy and 

forecast immune responses. “Artificial 

intelligence algorithms” can predict an 

individual's response to 

immunomodulatory treatment options by 

“analyzing large datasets, such as 

biomarkers, histories, immune mobile 

profiling, treatment and clinical effects” 

[6]. This goes a long way in promoting 

precision medicine. Providing services to 

monitor and identify diseases early, as 

well as to correct the consequences of 

illnesses and optimize immunotherapy 

methods, these programs show how the 

aspect known as AI is changing medical 

immunology. The autoimmune diseases 

that are characterized by the unintended 

attack on the healthy tissue by the immune 

system due to their complex 

pathophysiology and a wide variety of 

symptoms pose a serious scientific 

challenge [7,8]. Even though we now 

know a lot more about the molecular and 

cellular mechanisms underlying 

autoimmune diseases, there are still gaps 

in our ability to create a completely 

individualized prognosis and effective 

treatment. Integration of "Artificial 

Intelligence" shows promise in this field at 

the moment by enhancing diagnostic 

precision, permitting personalized 

treatment strategies, and permitting Real 

Time disease monitoring [9]. The large-

scale datasets from numerous belongings, 

which include “scientific imaging, 

laboratory markers, digital health data, 

and genomic or transcriptomic facts” may 

be analyzed by way of the use of Artificial 

Intelligence algorithms. AI can assist in 

early detection of patients at undue risk, in 

disorder diagnostics, as well as in 

improving healing strategies by detecting 

general correlations as well as hidden 

relationships [10]. These capabilities 

hasten the pace towards individualized 

patient care as well as scientific decision-

making. The application of “Artificial 

Intelligence” in autoimmune disease study 

as well as management has faced 

challenges despite having tremendous 

potential. Challenges remain to be 

addressed, particularly with regards to 

heterogeneity, interpretation, as well as a 

lack of longitudinal data. Improvements in 

data harmonization, optimization, as well 
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as development of more interpretable 

models that enhance clinical application 

as well as physician trust are required to 

hasten future advancements [11, 12]. 

There has been significant growth in AI 

research in immunology within the last 

two decades, reflecting parallel growth in 

both biomedical sciences as well as 

computational technologies [13]. The aim 

of this research is to examine how this 

field has changed over time, with an 

emphasis on how AI, is changing clinical 

immunology from early autoimmune 

disease detection to immune response 

prediction and immunotherapy guidance. 

Types of Artificial Intelligence in 

Clinical immunology  
 

    Artificial intelligence is the umbrella 

term for a variety of computational 

methods intended to mimic human 

cognitive capacities, allowing machines to 

analyze complex data, comprehend styles, 

and make predictions. Medical 

immunology typically uses the following 

five types of artificial intelligence: 

 

1. Machine Learning (ML): ML algorithms 

use substantial datasets to find styles 

and forecast results with out requiring 

express programming for every 

assignment. ML is utilized in medical 

immunology to stratify patients in step 

with the severity in their illnesses and 

forecast how they may react to 

immunotherapy. 

2. Deep Learning (DL): High-dimensional 

and extraordinarily complicated 

information, like genomic sequences or 

scientific imaging, may be processed 

by way of deep neural networks. DL is 

used to enhance diagnostic precision, 

become aware of minute tissue 

modifications, and examine immune 

cell photographs. 

3. Natural Language Processing (NLP): 

NLP methods allow synthetic 

intelligence (AI) to retrieve and 

analyze facts from unstructured textual 

resources, inclusive of medical 

publications and digital clinical 

information. This makes knowledge 

discovery, medical document 

summarization, and automatic facts 

extraction simpler. 

4. Reinforcement Learning (RL): RL 

optimizes choice-making techniques 

by means of using trial-and-blunders 

strategies. Based at the responses of 

every affected person through the 

years, RL can assist in immunology in 

enhancing remedy regimens. 

5. Explainable AI (XAI): XAI ambitions to 

make the results of AI models obvious 

and interpretable, which is vital in 

scientific settings to assure medical 

doctor self-belief and properly 

knowledgeable selection-making. For 

example, XAI can elucidate the motive 

behind the advice of a particular 

remedy plan or the prediction of a 

selected immune response [14,15,16]. 

 

Artificial Intelligence in Early 

Detection of Autoimmune Disease 
   Autoimmune illnesses are widely 

recognized for these multifactorial 

mechanisms and complicated nature, 

which make diagnosis and treatment 

extremely difficult. Unpredictable sickness 

development, behind schedule detection, 

and a lack of individualized treatment 

alternatives are some of the demanding 

situations that conventional processes 

regularly face [17]. Advancements in the 

knowledge, prognosis, and treatment of 

autoimmune diseases had been made 

viable via the improvement of synthetic 

intelligence in latest years [18].  Artificial 

intelligence has tremendous potential in the 

identification of early danger signs, 
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triggering timely interventions, especially 

when it comes to learning from data. The 

ability of artificial intelligence systems, by 

processing massive data—genetic, 

proteomic, environmental, and medical 

data—allows them to identify vague 

patterns that may not be easily identifiable 

by other means [19]. This, in turn, provides 

an opportunity to predict illness before the 

onset of the disease, allowing the 

individual to take steps that may slow 

down the onset of the disease by making 

appropriate lifestyle changes [20]. In 

addition, artificial intelligence can improve 

the accuracy of diagnosis, as we anticipate 

danger. Advanced algorithms used in MRI 

and other clinical image studies can detect 

small changes in tissues that might not be 

noticeable by the human eye. This is 

particularly useful in diseases such as 

multiple sclerosis. In addition, artificial 

intelligence in scanning clinical data can 

detect unique patterns that indicate 

diseases such as autoimmune diseases, 

often before a prognosis is made [21, 22]. 

The overall accuracy is improved, as is the 

reduction in delays, through artificial 

intelligence’s ability to automate certain 

aspects of the diagnostic process. This is 

especially useful in rheumatology, as 

diagnosing patients is a difficult and time-

consuming process. Aside from being 

helpful in diagnosing patients, artificial 

intelligence plays a vital part in managing 

patients with various rheumatic conditions 

by predicting patient prognosis as well as 

personalizing treatment regimens [23]. The 

monitoring of patient prognosis in real-

time allows clinicians to personalize 

patient management, thereby improving 

patient outcomes. Artificial intelligence 

has the ability to analyze patient-related 

information such as inflammatory markers, 

clinical manifestations, imaging studies, 

and laboratory results to improve the 

overall assessment of patient conditions as 

well as tailor appropriate patient 

management strategies [24]. In addition, 

artificial intelligence has been used in the 

early detection of various autoimmune 

diseases, as supported by quantitative 

evidence. Machine learning techniques in 

analyzing clinical and serological data for 

rheumatoid arthritis have shown 85% to 

94% accuracy in diagnosis, with sensitivity 

rates greater than 88% for early detection. 

In the diagnosis of multiple sclerosis (MS), 

deep learning techniques in analyzing MRI 

scans have shown an accuracy rate of 

greater than 90% in identifying early 

demyelinating lesions. AI systems in 

analyzing clinical and serological data for 

systemic lupus erythematosus (SLE) have 

shown sensitivity rates of 87% to 92% in 

predicting disease activity and flares. In 

type 1 diabetes, predictive models in 

analyzing genetic and environmental risk 

factors have shown an accuracy rate of 

80% to 85% in identifying individuals at 

risk prior to the onset of the disease [25]. 

Despite these positive attributes, artificial 

intelligence in autoimmune disease is 

hindered by certain obstacles [26]. 

 

Using AI to Monitor Disease 

Progression and Predict 

Complication    
      Artificial intelligence technology is 

becoming increasingly transformative in 

the medical field, especially in clinical 

prediction and decision-making. Medical 

images can be accurately analyzed by AI 

tools, leading to the early detection of 

abnormalities and development of diseases 

before they become apparent [27]. To 

obtain a holistic view of a patient’s health 

status and facilitate advanced medical 

management, various data sources such as 

electronic health records, wearable 

devices, pulse oximeters, and blood 

pressure monitors are integrated into AI-

based predictive analytics. These data 
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sources are important in the assessment of 

patients with autoimmune diseases, as they 

allow continuous monitoring of the 

patient’s state of inflammation and 

physiological changes. These parameters, 

including physiological and activity-based 

indicators, play a key role in disease 

assessment by supporting early detection 

of flares and tracking disease progression. 

For example, changes in heart rate 

variability and activity level monitored by 

wearable devices may signal an impending 

flare of the disease, thus allowing timely 

intervention before permanent damage to 

the affected joints and tissues [28,29]. 

Medical prediction or predicting health 

outcomes based on both past and present 

clinical data is an important part of 

contemporary medicine. Artificial 

Intelligence use in the same area has 

enhanced the prevention of illnesses, 

customized treatment of a diseased person, 

and treatment planning, just the way it has 

enhanced diagnostic precision. Artificial 

intelligence systems can quickly analyze 

large and complex datasets to discover 

traits, correlations, and risk factors absent 

to human clinicians [30]. Notably, these 

algorithms can be dynamic and continually 

evolving because they consider new 

records, and the predictive accuracy and 

reliability increases with each new record. 

The application of Artificial Intelligence in 

disease and personalized medicine 

discovery has proven to be extremely 

promising. As an illustration, it is much 

more responsive compared to the 

traditional means of detecting the early 

warning signs of autoimmune diseases, 

cardiovascular disease, and most forms of 

cancer [31]. “Artificial intelligence” 

allows medical practitioners to anticipate 

many types of responses to specific 

treatments and how the state of a patient 

can deteriorate to offer individual care. The 

field of AI has been very promising 

regarding the detection of illness and 

personalized drugs. It is therefore possible 

to design specific treatment arrangements 

that reduce the amount of side effects and 

maximize the gains of healing. Such 

precision treatment techniques are a 

paradigm shift of the current direction of 

generalized remedy protocols and towards 

a direction of individualized healthcare 

[32]. Artificial intelligence plays an 

important role in risk assessment and 

preventive medicine in addition to 

diagnosis and treatment. AI has the ability 

to recognize patients that are at a high risk 

of developing chronic or life-threatening 

diseases by analyzing various factors that 

may contribute to the disease, including 

genetic, lifestyle, environment, and clinical 

factors. This helps the healthcare providers 

take early measures to prevent the onset of 

the disease by adopting various preventive 

measures. In addition, the predictive 

models are increasingly being used to 

forecast health center needs, including 

readmissions, postoperative complications, 

and adverse events with treatment, in order 

to improve patient safety [33]. AI has the 

ability to forecast mortality risks and 

disease trajectories in critical and palliative 

care gives medical professionals important 

information for determining the 

appropriate level of treatment and for 

making delicate end of life care decisions. 

This guarantees that patients get care that 

is not only clinically suitable but also 

morally and emotionally suitable for their 

requirements [34]. Additionally, by 

decreasing diagnostic errors, streamlining 

workflow, and lowering expenses related 

to treating late-stage diseases, AI improves 

the efficiency of the healthcare system. By 

giving clinical teams evidence-based 

insights to supplement human expertise, it 

improves physician decision making rather 

than replaces it [35].  
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Artificial Intelligence in Guiding 

Immunotherapy 
   The use of artificial intelligence in 

medicine has significantly increased in 

recent years due to advancements in deep 

learning techniques, large-scale data 

analysis, and state-of-the-art algorithms 

[36]. AI is now vital in many areas, 

consisting of drug development, affected 

person management, scientific imaging, 

and individualized treatment planning for a 

wide range comorbidity. Artificial 

intelligence-based tools that integrate 

medical records and blood test results have 

demonstrated promise in oncology for 

predicting whether cancer patients will 

benefit from immune checkpoint inhibitors 

(ICIs), a revolutionary class of 

immunotherapy medications [37]. In 

addition to relieving the burden on 

healthcare resources, these approaches 

have been proven to have benefits in terms 

of increased accuracy in diagnosis, 

treatment planning, and outcome 

prediction [38]. While immunotherapy has 

revolutionized the treatment of cancer, it is 

difficult to determine which patients are 

going to benefit. Artificial intelligence has 

filled this knowledge gap with the ability to 

predict treatment outcomes using scores 

such as the immune score and 

immunephenoscore. This increases the 

accuracy of treatment selection. Another 

example of the growing list of applications 

of artificial intelligence in immunotherapy 

is the ability of AI methodologies to predict 

MHC-II epitopes using amino acid 

sequences and vaccine design against the 

MHC-II immunepeptidome [39]. Artificial 

intelligence is creating ripples in the field 

of digital pathology, especially when it 

comes to the analysis of hematoxylin and 

eosin-stained whole slide images. The 

current generation of deep learning 

algorithms is capable of identifying subtle 

histomorphological changes that may not 

even come within the realm of the naked 

eye [40]. Several studies have shown that 

convolutional neural networks are capable 

of inferring molecular changes, tumor 

mutational burden, microsatellite 

instability, as well as PD-L1 expression, 

from H&E-stained whole slide images 

alone. In a recent study, it has been shown 

that AI-based algorithms are capable of 

accurately predicting the MSI status of 

colorectal as well as gastric cancers, which 

is closely correlated with the likelihood of 

an effective response to immunotherapy 

[41]. In some studies, AI-based algorithms 

have been shown to compare favorably 

with immunohistochemical analysis when 

it comes to certain predictive tasks. 

Immunotherapy, especially immune 

checkpoint inhibitors that target PD-1, PD-

L1, and CTLA-4, has revolutionized the 

field of oncology. With the advent of 

newer checkpoints like LAG-3, TIM-3, 

and TIGIT, the future of immunotherapy is 

looking even brighter, with several studies 

underway [42]. Additionally, the 

reproducibility and generalizability of 

artificial intelligence models are hampered 

by the absence of standardized datasets, 

differences in imaging and histological 

protocols, and restricted access to high 

quality annotated data. Clinical translation 

is also significantly hampered by ethical 

issues, such as data privacy, possible 

algorithmic bias, and the interpretability of 

AI decisions. In order to create thorough 

predictive frameworks, future research is 

anticipated to concentrate on multi-omics 

integration, integrating genomic, 

transcriptomic, proteomic, and radiomic 

data [43]. Developments in explainable 

Artificial intelligence (XAI) have the 

potential to increase decision making 

processes' transparency, which would 

increase patient and clinician trust. 

Furthermore, federated learning techniques 

may make it possible to use large, multi-
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center datasets securely without 

jeopardizing patient privacy. When 

combined, these developments have 

enormous potential to improve cancer 

immunotherapy and eventually produce 

more accurate, customized, and successful 

treatment plans [44]. Insights gained from 

AI applications in cancer immunotherapy 

 may also help improve the identification 

of immune biomarkers and support the 

development of more precise diagnostic 

and treatment strategies for autoimmune 

diseases such as rheumatoid arthritis, 

systemic lupus erythematosus, and 

multiple sclerosis [45]. 

 

 

 

 

Figure 1: Application of AI-driven technologies in clinical immunotherapy. The figure was 

prepared by the authors based on information reported in the literature. 
 

Challenge and limitation of AI in 

clinical immunology  
    Even though artificial intelligence has a 

promising future in immunology, there are 

still a number of obstacles to overcome. 

The presence of various immune cell types, 

complex signaling pathway interactions, 

and the dynamic nature of immune 

responses over time are the main causes of 

this complexity. When combined, these 

elements make it difficult to create 

trustworthy predictive models in clinical 

immunology. Since they have a direct 

impact on the dependability and 

generalizability of predictive models, data 

quality and patient-to-patient variability 

are thought to be the most significant 

factors [46]. We believe that the main 

obstacle to current AI applications is the 

absence of standardized and high-quality 

datasets. The development of standardized 

data collection procedures, the integration 

of multi-center datasets, and the adoption 

of hybrid modeling techniques that more 

accurately reflect the immune system's 

dynamic nature should be the main 



Journal of Kerbala University, Vol. 23, Issue 1, March , 2026 

 

50 

strategies used to overcome these 

obstacles. 

     Furthermore, the safe and efficient 

application of AI in clinical immunology 

will be further improved by addressing 

ethical and regulatory issues through 

strong frameworks [47]. The heterogeneity 

of human diseases is one of the significant 

barriers because human immunity and 

associated problems tend to be vastly 

different, thereby posing difficulties for 

effective AI models. The lack of sufficient, 

appropriately annotated statistical 

information is another problem that is 

being faced in teaching as well as 

validating AI models, particularly when it 

comes to rare immunological disorders. As 

a result, the overall generalization as well 

as reproducibility of AI models is limited 

because a model that is effective in one 

situation may not be so in another [48]. 

Most of these algorithms, especially those 

that are deep learning-based, are "black 

boxes." Here, the term ‘algorithmic base’ 

simply refers to the main computational 

methods used, such as machine learning 

and deep learning models, including 

convolutional neural networks (CNNs), 

support vector machines (SVM), and 

ensemble techniques commonly applied in 

this field. This has made it difficult for 

clinicians to trust these algorithms or 

implement them, as interpretability and 

explain ability are key concerns. If the data 

used for training these algorithms is 

unbalanced or not representative, then 

biases can occur, which might be unfair or 

incorrect for certain patient groups. Legal 

and ethical concerns, such as patient 

privacy, consent, and accountability, are 

still key concerns. [49]. Economic and aid 

issues are limiting factors in the 

implementation of advanced forms of AI 

technology. In addition, there are issues 

related to regulations and validation that 

affect the implementation of medical AI. 

This is because proper guidelines on how 

to assess and align with other aspects of 

science are still in their developmental 

stages [50]. In addition, advanced forms of 

digital health records have to be adjusted to 

accommodate the logistics of 

implementing AI technology in science. 

All these challenges underscore the 

significance of meticulously designing, 

testing, and monitoring Artificial 

Intelligence equipment in scientific 

immunology to ensure that its potential is 

realized in a way that is both safe and 

ethical [51]. 

 

Conclusion  
           Artificial Intelligence has the 

potential of being a disruptive technology 

in medical immunology, as it is 

transforming the detection, monitoring, 

and management of various autoimmune 

and immune-mediated diseases in their 

early stages. AI has the potential of 

revealing underlying patterns in diseases, 

accurately predicting immune responses, 

and providing decision-making tools in 

immunotherapy by dealing with vast and 

complex data in the biomedical field. This 

has made it easier for immunologists, who 

have been struggling with the 

heterogeneity of disorders and 

unpredictable patient responses, to address 

these problems. In spite of these 

encouraging trends, there are still many 

challenges that must be overcome before 

AI is fully incorporated into day-to-day 

practice. The key challenges relate to 

privacy, transparency, biases, and lack of 

standardized datasets and expert advice. In 

addition to these technological 

advancements, for AI to be effectively 

incorporated into healthcare, regulation, 

ethics, and education of healthcare 

professionals must be considered. In the 

future, AI could be adapted and scaled to 

fit into clinical immunology and blend with 
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other related disciplines, such as mobile 

sequencing, proteomics, genomics, and 

epigenetics, without losing balance with 

existing disciplines. These integrations 

will create a more complete understanding 

of how immune devices interact with one 

another, possibly making it easier to 

advance precision medicine strategies that 

take into account each patient’s unique 

genetic and immunological development. 

Additionally, artificial intelligence-based 

prediction models can assist in improving 

treatments, hasten new therapeutic ideas, 

and assist with stratification within clinical 

studies. It is not just the creation and 

packaging of the medicines that could be 

aided by the technology. Artificial 

intelligence can actually help reduce the 

burden of autoimmune diseases on society 

and the economy by improving diagnosis, 

reducing the need to rely on trial drugs to 

treat the illnesses, and encouraging 

measures that can slow the onset of the 

diseases. The possibilities offered by the 

technology are limitless as the technology 

improves from being just an additional 

analytical tool to being the main player in 

the decision-making process in science. 
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