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Abstract: 

Antibiotic resistance poses a significant global health threat, necessitating innovative approaches to 

combat it effectively. This survey paper presents a comprehensive overview of the challenges associated 

with antibiotic resistance and the critical role of antibiotic susceptibility testing (AST) in guiding treatment 

decisions. We propose leveraging advancements in image processing and machine learning to develop an 

automated algorithm for measuring the Zone of Inhibition in AST, addressing the limitations of manual 

methods. Additionally, we discuss the potential of mobile applications and expert systems to simplify 

AST, particularly in resource-limited settings. Standardization efforts and future trends in AST are also 

explored to enhance testing strategies and preserve antibiotic efficacy. Through this research, we aim to 

contribute to the ongoing efforts to mitigate antibiotic resistance and improve patient care worldwide. 
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1. Introduction 

Throughout history, humanity has faced a continuous battle against infectious diseases, with bacteria 

standing out as formidable adversaries capable of causing various illnesses. The discovery of antibiotics 

revolutionized medicine by effectively combating bacterial infections, saving numerous lives. However, 

the misuse and overuse of antibiotics have led to the emergence of antibiotic-resistant bacteria, posing a 

grave threat to public health worldwide. 

Antibiotic resistance arises when bacteria evolve mechanisms to withstand the effects of antibiotics, 

rendering these drugs ineffective. Factors such as inappropriate antibiotic use in human and veterinary 

medicine, as well as the widespread dissemination of resistant bacteria, have fueled this phenomenon. 

Consequently, there is an urgent need for strategies to combat antibiotic resistance and preserve the 

effectiveness of existing antibiotics. 

A critical aspect of managing antibiotic resistance is antibiotic susceptibility testing (AST), which guides 

clinical treatment decisions by determining the most suitable antibiotic therapy for bacterial infections. 

Traditionally, AST involves culturing bacteria with various antibiotics and measuring their growth 

inhibition, typically assessed by the diameter of clear zones, known as the Zone of Inhibition, surrounding 
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antibiotic discs on agar plates. However, manual measurement methods are labor-intensive, time-

consuming, and prone to errors, necessitating automated solutions. 

To address these challenges, this research proposes developing an automated algorithm for measuring the 

Zone of Inhibition in AST. Leveraging advancements in image processing and machine learning, the 

algorithm aims to streamline the AST process, improving accuracy, efficiency, and accessibility. This 

research builds upon previous studies in antimicrobial susceptibility testing to innovate new 

methodologies for combating antibiotic resistance. 

The resurgence of interest in natural medicine and plant-derived drugs has prompted exploration of 

alternative antimicrobial sources. Herbal medicine, or phytotherapy, utilizes plant-based formulations for 

treating various ailments, reflecting growing recognition of natural remedies' potential benefits in 

combating microbial infections. 

Furthermore, standardization and quality control are crucial for AST. Performance standards established 

by organizations like the Clinical & Laboratory Standards Institute ensure consistency and reliability in 

test results, enabling informed treatment decisions by clinicians. Adhering to established protocols and 

guidelines ensures the accuracy and reproducibility of AST results, enhancing patient care and antibiotic 

stewardship efforts. 

Antibiotic susceptibility testing is vital for guiding treatment decisions and combating antibiotic 

resistance. The proposed research aims to develop an automated algorithm for measuring the Zone of 

Inhibition, offering a cost-effective and efficient solution to challenges associated with manual methods. 

By leveraging technological advancements, this research contributes to global efforts to preserve antibiotic 

efficacy and combat antibiotic resistance. 

 

2. Objectives 

1. Evaluate the effectiveness and accuracy of AI-based models in detecting resistance mechanisms in 

AST images. 

2. Simplify the process of disk diffusion AST using a mobile application, particularly targeting resource-

limited settings. 

3. Develop and integrate an expert system within the mobile application to interpret inhibition zone 

diameters and categorize bacterial susceptibility to antibiotics. 

4. Address challenges associated with image quality in AST by implementing guidelines for optimal 

image acquisition. 

5. Enhance automation and efficiency in AST by integrating image processing and machine learning 

algorithms for antibiotic disk detection and inhibition zone measurement. 

6. Evaluate if ML-based image classification models can be used effectively in the mobile application 

for AST without overfitting. 

7. Standardize factors like testing methods and antibiotic concentration in antimicrobial susceptibility 

testing for consistent and reliable results. 

8. Explore future trends in antimicrobial susceptibility testing to improve testing strategies, including 

automation and genotypic methods. 

 

3. Related work 

A. Manual method 

The manual method of antimicrobial susceptibility testing (AST) has been the cornerstone of clinical  
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microbiology for decades, providing crucial insights into the effectiveness of antibiotics against bacterial 

pathogens. This section explores the traditional approaches employed in manual AST, drawing from a 

comprehensive review of current practices and emerging trends in the field. 

 
1. Disk Diffusion Method: Among the most widely used manual methods is the disk diffusion method, 

also known as the Kirby–Bauer test. This technique involves inoculating agar plates with bacterial 

cultures and placing antibiotic disks on the surface. Over time, the antibiotics diffuse into the agar, 

creating a zone of inhibition (ZOI) where bacterial growth is inhibited. The diameter of the ZOI is then 

measured and compared to standardized breakpoints to determine the susceptibility or resistance of 

the bacteria to the antibiotic. 

2. Broth Microdilution: Another commonly employed manual method is the broth microdilution assay. 

In this technique, serial dilutions of antibiotics are prepared in liquid growth medium, and bacterial 

suspensions are added to each dilution. After incubation, the lowest concentration of antibiotic that 

inhibits visible bacterial growth (minimum inhibitory concentration, MIC) is determined. MIC values 

are compared to established breakpoints to categorize bacterial susceptibility. 

3. Agar Dilution Method: Similar to broth microdilution, the agar dilution method involves 

incorporating serial dilutions of antibiotics directly into agar plates. Bacterial suspensions are then 

streaked onto the agar surface, and MIC values are determined based on the lowest concentration of 

antibiotic that prevents visible growth. 

4. Epsilometer Test (E-Test): The E-test combines elements of both diffusion and dilution methods. 

Antibiotic gradient strips containing a predefined concentration range are placed on agar plates 

inoculated with bacteria. After incubation, the intersection of bacterial growth with the strip yields an 

MIC value, which can be interpreted using established breakpoints. 

5. Manual Interpretation and Reporting: One of the key aspects of manual AST is the interpretation 

of results. Trained microbiologists visually inspect agar plates for the presence or absence of bacterial 

growth and measure the size of inhibition zones using calipers or automated zone readers. Results are 

then reported following standardized guidelines from organizations such as the Clinical Laboratory 

Standards Institute (CLSI) or the European Committee on Antimicrobial Susceptibility Testing 

(EUCAST). 

Despite its widespread use, the manual method of AST has several limitations. These include subjectivity 

in interpretation, variability in testing conditions, and the time-consuming nature of the assays. Moreover, 

manual methods may lack sensitivity for detecting low levels of resistance and are labor-intensive, 
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requiring skilled personnel and specialized equipment. As such, there is a growing interest in automated 

and high-throughput approaches to AST, as discussed in subsequent sections. However, manual methods 

remain essential for their versatility, simplicity, and widespread availability, particularly in resource-

limited settings where sophisticated instrumentation may be lacking. 

 

B. Limitations of manual methods 

While manual methods of antimicrobial susceptibility testing (AST) have been foundational in clinical 

microbiology, they are not without limitations. This section explores the challenges and drawbacks 

associated with traditional manual AST techniques, drawing insights from a review of current literature 

and research findings. 

1. Subjectivity in Interpretation: One of the primary limitations of manual AST methods is the 

subjectivity involved in result interpretation. Visual inspection of agar plates for the presence or 

absence of bacterial growth and measurement of inhibition zones using calipers or automated readers 

can introduce variability between different observers. This subjectivity may lead to inconsistencies in 

result reporting and impact the reliability of susceptibility determinations. 

2. Variability in Testing Conditions: Manual AST methods are susceptible to variability in testing 

conditions, including variations in inoculum density, growth medium composition, pH, temperature, 

and incubation time. Small deviations in these parameters can significantly affect the results, leading 

to inconsistencies between laboratories and hindering the comparability of data. Standardization of 

testing conditions is crucial to mitigate these sources of variability. 

3. Time-Consuming Nature: Manual AST methods are inherently time-consuming, requiring multiple 

steps and extended incubation periods. For example, the Kirby–Bauer disk diffusion method typically 

requires overnight incubation before inhibition zones can be measured and interpreted. This delay in 

obtaining results can impact patient care decisions, especially in critical or time-sensitive situations 

where prompt initiation of appropriate antibiotic therapy is crucial. 

4. Labor-Intensive and Skill-Dependent: Performing manual AST assays requires skilled laboratory 

personnel and significant hands-on time. Trained microbiologists are needed to prepare agar plates, 

inoculate bacterial cultures, place antibiotic disks, and interpret results accurately. The labor-intensive 

nature of these assays can limit testing throughput and increase the risk of human error, particularly in 

high-volume laboratories or resource-limited settings with limited personnel and infrastructure. 

5. Limited Sensitivity for Low-Level Resistance: Manual AST methods may lack sensitivity for 

detecting low levels of antibiotic resistance, particularly in bacteria with subtle or emerging resistance 

mechanisms. The reliance on visual inspection and manual measurement of inhibition zones may 

overlook subtle changes in bacterial growth patterns or inhibition, leading to false-negative results. 

This limitation underscores the importance of complementary methods, such as genotypic testing, for 

detecting resistance mechanisms that may not be evident phenotypically. 

6. Complexity of Interpretive Criteria: Manual AST methods rely on interpretive criteria provided by 

organizations such as the Clinical Laboratory Standards Institute (CLSI) or the European Committee 

on Antimicrobial Susceptibility Testing (EUCAST) to categorize bacterial susceptibility to antibiotics 

based on MIC or inhibition zone diameter. However, these criteria can be complex and subject to 

interpretation, particularly for uncommon or novel antimicrobial agents. Clear guidelines and training 

are essential to ensure consistent and accurate interpretation of results. 
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Despite these limitations, manual AST methods remain valuable for their versatility, simplicity, and 

widespread availability, particularly in resource-limited settings where sophisticated instrumentation may 

be lacking. However, addressing the challenges associated with manual methods requires ongoing efforts 

to standardize testing procedures, enhance training and quality control measures, and explore 

complementary approaches to improve sensitivity and efficiency in susceptibility testing. 

 

4. Methodology/ working 

Paper Name 

Techniques/Methods 

Used 

Algorithms 

Used Advantages Limitations 

Automating the 

Process of Antibiotic 

Susceptibility Testing 

Digital image 

processing, Circular 

Hough Transformation 

(CHT), Speeded Up 

Robust Features 

(SURF) 

CHT, SURF 

Automation, 

accuracy, 

robustness 

against noise 

Need for 

background 

enhancement, 

manual 

thresholding 

Better visualization 

and photo 

documentation of zone 

of inhibition by 

staining cells and 

background agar 

differently 

Staining with cationic 

dyes 
Not applicable 

Enhanced 

visibility, early 

detection 

Limited to 

specific staining 

methods 

PalAST: A Cross-

Platform Mobile 

Application for 

Automated Disk 

Diffusion 

Antimicrobial 

Susceptibility Testing 

Image processing, 

machine learning 

Convolutional 

Neural 

Networks 

(CNN) 

Automation, 

real-time 

analysis 

User experience 

concerns, 

model 

transferability 

Current and Emerging 

Methods of Antibiotic 

Susceptibility Testing 

Various molecular and 

phenotypic methods, 

micro/nano technology 

PCR, LAMP, 

DNA 

microarray, 

Optical 

imaging 

Rapid 

detection, 

sensitivity 

Cost, 

complexity 

AI-based mobile 

application to fight 

antibiotic resistance 

Image processing, 

machine learning 
CNN 

Simplification, 

automation 

Smartphone 

hardware 

variability 
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Conventional methods 

and future trends in 

antimicrobial 

susceptibility testing 

Conventional and 

emerging methods 
Not applicable 

Established 

techniques, 

potential 

innovations 

Resource-

intensive, 

limitations of 

current methods 

Automating Antibiotic 

Susceptibility Testing 

with SolidWorks 

Digital image 

processing, 

SolidWorks software 

SolidWorks 
Automation, 

accuracy 

Limited to 

specific 

software 

A Deep Learning 

Approach to Antibiotic 

Susceptibility Testing 

Digital image 

processing, deep 

learning 

Convolutional 

Neural 

Networks 

(CNN) 

Automation, 

accuracy 

Limited to 

specific image 

datasets 

Automated Agar Plate 

Analysis for 

Determination of 

Antibiotic 

Susceptibility 

Digital image 

processing, machine 

learning 

CNN 
Automation, 

efficiency 

Limited to 

specific image 

datasets 

Automating 

Antimicrobial 

Susceptibility Testing 

Using Bacterium 

Detection and 

Classification 

Digital image 

processing, machine 

learning 

CNN 
Automation, 

accuracy 

Limited to 

specific image 

datasets 

 

5. Applications 

1. Clinical Decision-Making: Antibiotic susceptibility testing plays a crucial role in clinical decision-

making by providing information about the most effective antibiotic treatment for bacterial infections. 

This testing helps healthcare providers choose the appropriate antibiotic based on the susceptibility of 

the bacterial isolate to different antibiotics. The zone of inhibition observed in susceptibility testing 

indicates the effectiveness of the antibiotic against the bacterial strain, guiding clinicians in selecting 

the most suitable antibiotic therapy for individual patients. 

2. Treatment Planning: Antibiotic susceptibility testing informs treatment planning by guiding 

healthcare providers in selecting the most appropriate antibiotic regimen for treating bacterial 

infections. The results of susceptibility testing help tailor antibiotic therapy to the specific bacterial 

strain causing the infection, optimizing treatment efficacy and minimizing the risk of antibiotic 

resistance development. Treatment planning may involve adjusting antibiotic dosages, selecting 

combination therapy, or considering alternative antibiotics based on susceptibility test results and the 

observed zone of inhibition. 

3. Biotechnology and Pharmaceutical Research: Antibiotic susceptibility testing is essential in 

biotechnology and pharmaceutical research for evaluating the efficacy of novel antibiotics and 

antimicrobial agents against bacterial pathogens. Researchers use susceptibility testing methods to 
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assess the potency of new drug candidates, determine their spectrum of activity, and investigate 

mechanisms of antibiotic resistance. The zone of inhibition observed in susceptibility assays provides 

quantitative data on the inhibitory effects of experimental compounds, aiding in the development of 

new antimicrobial therapies. 

4. Global Health Initiatives: Antibiotic susceptibility testing contributes to global health initiatives by 

supporting efforts to combat antimicrobial resistance (AMR) and improve antibiotic stewardship 

practices worldwide. Surveillance of antibiotic resistance patterns through susceptibility testing helps 

monitor the spread of resistant bacteria, identify emerging resistance trends, and guide public health 

interventions to prevent and control AMR. Global initiatives focused on addressing AMR rely on data 

from susceptibility testing to inform policies, guidelines, and interventions aimed at preserving the 

effectiveness of antibiotics. 

5. Public Health Surveillance: Antibiotic susceptibility testing is integral to public health surveillance 

programs aimed at monitoring antimicrobial resistance and tracking trends in bacterial susceptibility 

at local, national, and global levels. Surveillance networks collect and analyze data from susceptibility 

testing performed by clinical laboratories to assess the prevalence of antibiotic-resistant bacteria, 

identify hotspots of resistance, and detect outbreaks of multidrug-resistant pathogens. Surveillance 

data on antibiotic susceptibility and the zone of inhibition help public health authorities prioritize 

interventions, allocate resources, and implement targeted strategies to mitigate the spread of resistant 

infections. 

6. Infection Control: Antibiotic susceptibility testing supports infection control efforts by providing 

critical information for implementing appropriate infection prevention and control measures in 

healthcare settings. Susceptibility testing helps identify antibiotic-resistant pathogens, guiding the 

selection of effective empirical therapy and the implementation of infection control protocols to 

prevent transmission. Monitoring changes in antibiotic susceptibility patterns over time through 

surveillance testing informs infection control practices, such as antimicrobial stewardship programs, 

antibiotic usage guidelines, and measures to prevent healthcare-associated infections. 

7. Veterinary Medicine: Antibiotic susceptibility testing is essential in veterinary medicine for 

diagnosing and treating bacterial infections in animals. Veterinary practitioners use susceptibility 

testing to guide antibiotic selection for companion animals, livestock, and wildlife, helping to ensure 

optimal treatment outcomes and prevent the spread of antibiotic-resistant bacteria in veterinary 

settings. The zone of inhibition observed in susceptibility testing assists veterinarians in choosing 

appropriate antibiotics and monitoring antimicrobial resistance patterns in animal populations. 

8. Food Safety and Agriculture: Antibiotic susceptibility testing plays a role in ensuring food safety 

and minimizing the risk of antibiotic resistance in the food chain. Testing is used to monitor antibiotic 

residues in food products derived from animals treated with antibiotics and to detect antibiotic-resistant 

bacteria in food-producing animals and their environments. Susceptibility testing helps assess the 

impact of antibiotic use in agriculture on the development of resistance and informs strategies for 

antibiotic stewardship in livestock farming and food production. 

9. Environmental Microbiology: Antibiotic susceptibility testing is applied in environmental 

microbiology to assess the susceptibility of environmental bacteria to antibiotics and to investigate the 

prevalence and distribution of antibiotic resistance genes in natural habitats, such as soil, water, and 

air. Understanding the antibiotic resistance profiles of environmental bacteria is important for 

evaluating the environmental impact of antibiotic pollution, identifying reservoirs of resistance genes, 
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and assessing the potential risks to human and animal health posed by environmental antibiotic 

resistance. 

10. Pharmaceutical Quality Control: Antibiotic susceptibility testing is utilized in pharmaceutical 

quality control laboratories to ensure the potency and efficacy of antibiotic products manufactured for 

human and veterinary use. Susceptibility testing verifies the activity of antibiotics formulated in 

pharmaceutical dosage forms, such as tablets, capsules, and injectables, to ensure they meet regulatory 

standards for antimicrobial potency and performance. Quality control testing helps ensure the 

consistency and reliability of antibiotic products on the market and minimizes the risk of treatment 

failure due to substandard or counterfeit antibiotics. 

 

6. Preprocessing Steps 

To detect the Zone of Inhibition (ZOI) and measure its diameter, a computer vision-based approach is 

proposed. This involves a series of steps: 

1. Image Acquisition: Digital images of agar plates with bacterial colonies are captured using a camera 

or imaging system. 

2. Preprocessing: The acquired images undergo preprocessing techniques such as brightness and 

contrast adjustment, noise reduction, and image enhancement to improve quality and clarity. 

3. Segmentation: Regions of interest, including bacterial colonies and the ZOI, are identified and 

segmented from the background using image segmentation algorithms, such as thresholding or 

clustering. 

4. Feature Extraction: Relevant features, such as the area, shape, and intensity distribution of the 

segmented regions, are extracted to characterize the bacterial colonies and the ZOI. 

5. Zone Detection: Pattern recognition algorithms, including edge detection or machine learning 

classifiers, are employed to detect the boundary of the ZOI based on its distinctive features. 

6. Diameter Measurement: The diameter of the detected ZOI is determined by measuring the distance 

between the edges of the ZOI boundary using geometric calculations or image analysis techniques. 

For the network architecture, a Convolutional Neural Network (CNN) or deep learning model is 

recommended. CNNs are well-suited for image analysis tasks due to their ability to automatically learn 

hierarchical features from raw pixel data. Transfer learning techniques can also be applied, leveraging pre-

trained models for feature extraction and fine-tuning them for ZOI detection and diameter measurement, 

thereby reducing the need for extensive labeled datasets. 
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7. Current and Emerging Methods: 

1. PCR (Polymerase Chain Reaction): PCR enables rapid detection of bacterial resistance genes but 

requires specific assays for each antibiotic and skilled personnel, limiting its clinical applicability. 

2. DNA Microarrays and Chips: These technologies offer multiplexing capabilities and colorimetric 

detection but are costly and may yield false-positive results due to contamination. 

3. Microfluidics-based Diagnostics: Microfluidic devices provide rapid and portable solutions for AST, 

overcoming challenges of conventional methods such as cross-contamination and lengthy processing 

times. They enable single-cell analysis and real-time monitoring of antibiotic susceptibility. 

4. Optical Imaging: Advances in optical imaging allow for real-time analysis of bacterial growth and 

morphology. Fluorescence proteins and dyes enable real-time monitoring of antibiotic susceptibility, 

enhancing AST speed and accuracy. 

5. Electrochemical Devices: Electrochemical biosensors offer rapid detection of bacterial pathogens and 

antibiotic susceptibility. Plastic-based microchips with printed electrodes enable label-free isolation 

of bacteria from clinical samples, enhancing AST speed and accuracy. 

 

8. Conclusion 

In summary, the papers discussed highlight the pressing need for advancements in antimicrobial 

susceptibility testing (AST) to combat the growing problem of antibiotic resistance. They showcase a 

variety of approaches, ranging from traditional manual methods to cutting-edge automated systems and 

mobile applications, each offering unique benefits and addressing specific AST challenges. 

New technologies like microfluidics, genotypic testing, and AI-driven image analysis hold significant 

promise in improving AST speed, accuracy, and accessibility. By automating testing, enhancing 

sensitivity, and refining data analysis, these innovations aim to transform AST and support more effective 

antibiotic usage strategies. 

The papers also stress the importance of standardization, quality control, and collaboration across 

laboratories to ensure the reliability and consistency of AST results. Adhering to established guidelines 

and employing reference strains and control measures can enhance the comparability of AST data and 

facilitate global antimicrobial resistance surveillance. 

Overall, the insights gleaned from these papers underscore AST's pivotal role in guiding antibiotic 

treatment, managing infectious diseases, and safeguarding the efficacy of available antibiotics. Ongoing 

research and innovation in AST methodologies are essential for tackling the multifaceted challenges posed 

by antibiotic resistance and protecting public health in the face of evolving microbial threats. 
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