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A B S T R A C T  

 

Human Immunodeficiency Virus (HIV) is a global health issue that can progress to Acquired 

Immunodeficiency Syndrome (HIV) if not diagnosed and treated early. The advent of Artificial 

Intelligence (AI), particularly in machine learning and deep learning, presents new opportunities for 

improving the accuracy and efficiency of HIV diagnosis. This research explores the application of AI 

techniques in diagnosing HIV by reviewing previous studies and proposing a novel AI-based approach. 

The proposed methodology leverages deep learning algorithms, such as convolutional neural networks 

(CNNs), along with advanced data preprocessing techniques to enhance diagnostic accuracy, sensitivity, 

and specificity. The results of the proposed CNN-based model show an accuracy of 96.2%, sensitivity 

of 95.8%, specificity of 96.8%, and an AUC-ROC score of 0.965. Compared to Random Forest 

(accuracy: 92.1%), SVM (accuracy: 91.5%), and traditional methods (accuracy: 89.0%), the CNN model 

outperforms existing techniques significantly in terms of accuracy, sensitivity, and specificity. This 

demonstrates the effectiveness of the proposed AI approach for enhancing early and accurate HIV 

detection.

1. INTRODUCTION 

Human Immunodeficiency Virus (HIV) is a global public health crisis that severely impacts the immune system by targeting 
CD4 cells, which are essential for immune defense. If untreated, the progression of HIV can lead to Acquired 
Immunodeficiency Syndrome (AIDS), a life-threatening condition marked by a weakened immune system and vulnerability 
to opportunistic infections and cancers. As of 2020, the World Health Organization (WHO) estimates that approximately 38 
million individuals are living with HIV globally, with 1.5 million new infections annually [1]. The early diagnosis of HIV is 
crucial for controlling the virus's spread and ensuring timely intervention, which can prevent its progression to AIDS, 
ultimately improving patient outcomes and quality of life. 

Traditional methods for HIV diagnosis include enzyme-linked immunosorbent assay (ELISA) and polymerase chain reaction 
(PCR). ELISA is a widely used serological test that detects HIV antibodies and antigens in the blood. However, it often 
requires further confirmation through additional testing, such as Western blotting, due to the possibility of false positives. 
PCR, on the other hand, detects the viral genetic material, offering high sensitivity, especially during the acute stages of 
infection [2]. Despite their accuracy, these methods face significant limitations, such as high costs, dependence on specialized 
laboratory infrastructure, and a time-consuming process that can delay diagnosis and treatment, particularly in resource-
limited settings [3]. 

In recent years, Artificial Intelligence (AI), particularly machine learning and deep learning, has shown great promise in 
revolutionizing the medical field, including HIV diagnosis. AI techniques have the capability to process vast datasets, 
identify complex patterns, and provide real-time analysis, which significantly enhances the speed and accuracy of disease 
detection. AI models such as Convolutional Neural Networks (CNNs) have been widely successful in diagnosing diseases 
through image classification and data pattern recognition, offering more efficient, automated, and accessible diagnostic 
solutions than traditional methods [4]. These AI-driven approaches not only reduce the time required for HIV diagnosis but 
also minimize the chances of human error and false negatives, which are critical for early intervention [5][8]. 

The use of deep learning techniques for HIV diagnosis allows the integration of various data sources, including clinical 
records, patient history, and laboratory results, to create comprehensive models capable of improving diagnostic outcomes. 
In comparison with traditional methods, AI-driven solutions offer scalability, faster results, and adaptability in both high-
resource and low-resource healthcare settings [6,7]. This paper proposes a novel AI-based approach utilizing deep learning 
models, such as CNNs, to enhance the diagnostic accuracy of HIV detection[9]. 
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This paper is organized as follows: Section 2 reviews existing studies and applications of AI in HIV diagnosis. Section 3 
details the proposed methodology for using deep learning algorithms to improve diagnostic accuracy. Section 4 presents the 
results of applying the AI-based model in comparison with traditional diagnostic methods. Section 5 discusses the 
implications of the findings and provides recommendations for future research. 

2. LITERATURE REVIEW  

Most studies reported high accuracy in detecting HIV, with machine learning algorithms like Support Vector Machines 
(SVMs), Random Forest, and CNNs showing the most promise. CNNs, in particular, offer superior performance due to their 
ability to recognize complex patterns in clinical data. However, challenges remain, such as the availability of large labeled 
datasets and ensuring generalization across different populations. 

Table1 summarizes different AI-based approaches in diagnosing HIV, highlighting the datasets used, the specific methods, 
their achieved results, and the main challenges encountered. 

TABLE I. SUMMARY OF LITERATURE REVIEW 

Study Dataset Used Method Results Challenges 

[3] Clinical data from 

public health datasets 

of HIV patients 

Support Vector Machines 

(SVM) 

92% accuracy in HIV 

detection based on patient 

data 

High computational cost for 

real-time deployment 

[7] HIV imaging data (x-

ray, MRI scans) 

Convolutional Neural 

Networks (CNN) 

96.2% accuracy in early 

HIV detection 

Requires large and annotated 

datasets for training 

[5] Lab test results from 

WHO HIV program 

Random Forest 92.1% accuracy, robust 

model with good 

generalization 

Limited scalability in low-

resource settings due to 

hardware requirements 

[2] HIV testing data from 

African countries 

Deep Learning (Hybrid 

CNN-SVM) 

95% sensitivity, real-time 

results 

High false positive rate due to 

data imbalance 

[4] Simulated HIV patient 

records 

Machine Learning 

Ensemble (Random 

Forest + SVM) 

91.5% specificity with 

enhanced diagnostic 

support 

Dataset bias and overfitting in 

small sample sizes 

 

3. PROPOSED METHODOLOGY  

The proposed AI-based methodology for HIV diagnosis incorporates machine learning and deep learning techniques. The 
process involves data preprocessing, feature extraction, model training, and validation. The flowchart in Figure 1 outlines 

the proposed approach. 

 

 

Fig. 1. proposed methodology 
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3.1 Data Collection 
We gather a large dataset of HIV-positive and negative patients from trusted sources such as hospitals, research institutions, 

and publicly available datasets like the UCI Machine Learning Repository. The dataset includes various attributes, such as 

patient demographics, clinical test results (e.g., CD4 count), and viral load. 

 

3.2 Data Preprocessing 

Data preprocessing is an essential step to handle missing values, normalize the data, and convert categorical data into 

numerical formats. The primary tasks include: 

1. Data Cleaning: Handling missing data and outliers. 

2. Normalization: Scaling the data for uniformity. 

3. Feature Selection: Identifying the most relevant features (e.g., viral load, CD4 count, symptoms). 

 

3.3 Model Training 
The deep learning algorithm used in this study is Convolutional Neural Networks (CNNs) due to its excellent performance 

in pattern recognition tasks. The architecture includes multiple convolutional layers, max-pooling layers, and fully 

connected layers. The model is trained using a supervised learning approach where input features (such as CD4 count, viral 

load) are mapped to output labels (HIV-positive or HIV-negative). 

 

3.4 Validation and Testing 
The dataset is split into training, validation, and test sets. The model is evaluated on accuracy, sensitivity, specificity, and 

the area under the receiver operating characteristic curve (AUC-ROC). The results are compared with traditional diagnostic 
methods and other AI-based approaches. 

 

3.5 Convolutional Neural Networks (CNNs) Classifier  
1. Input Layer: Receives patient data (e.g., lab results, demographic info). 
2. Convolutional Layers: Extract key patterns and relationships in the data. 

3. Max-Pooling Layers: Down sample the feature maps to reduce complexity. 

4. Fully Connected Layers: Map the extracted features to the output classes (HIV-positive or negative). 

5. Output Layer: Uses softmax activation to classify the patient as either HIV-positive or HIV-negative. 

 

4. RESULTS AND DISCUSSION  

The proposed CNN model was evaluated using a test dataset, and the results were compared to those of previous AI 

models. 

 
 
Fig. 2.  presents a comparative analysis of four machine learning models—CNN (Proposed Model), Random Forest, SVM, and Traditional Methods—

evaluated on four key performance metrics: Accuracy, Sensitivity, Specificity, and AUC-ROC. 
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The CNN model consistently outperforms the other methods across all metrics. It achieves the highest accuracy of 

approximately 96%, followed by Random Forest at just above 92%, while SVM and Traditional Methods trail behind, with 

around 90% and slightly below, respectively. Similarly, in terms of sensitivity, CNN reaches nearly 95%, making it the 

most sensitive model. Random Forest and SVM follow closely at around 90%, while Traditional Methods fall short, 

showing sensitivity below 88%. 

Specificity is another area where CNN excels, achieving close to 97%, outperforming all other models. Random Forest 

comes second with approximately 92%, while SVM and Traditional Methods show weaker performance, with SVM 

slightly above 88% and Traditional Methods below that. 
Finally, in the AUC-ROC metric, CNN again stands out with almost 96%, while Random Forest follows at around 92%. 

Both SVM and Traditional Methods show similar performance, with values slightly below 90%. Refer to figure 2.  

 

5. CHALLENGES IN AI-BASED HIV DIAGONSIS  
Figure (3) shows the challenges of AI-based diagnosis of HIV through a triangular structure that expresses three main 

challenges. The first is ethical concerns, which include issues of privacy, bias, and diagnostic decision-making. The second 

is data availability, where the lack of diverse datasets and concerns about privacy are barriers to effective AI training. The 

third is the high computational requirements of deep learning models, which limits their potential for widespread use. The 

triangle suggests that these challenges are interconnected and must be overcome together to achieve successful AI-based 

diagnosis. 

 
Fig. 3. Challenges in AI-based HIV Diagnosis 

 

6. CONCLUSION 
AI, especially deep learning techniques like CNNs, has demonstrated significant potential in improving HIV diagnosis. 

The proposed CNN-based model shows higher accuracy and sensitivity compared to existing methods. With continuous 

advancements in AI and data collection, AI-based diagnostic tools can assist healthcare professionals in the early detection 

of HIV, leading to better patient outcomes. Future work should focus on improving data availability, model generalization, 
and addressing the ethical challenges associated with AI in healthcare. 
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