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Abstract 

Identifying the microorganisms responsible for illnesses and infections is crucial for 
accurate diagnosis, which is an essential aspect of providing medical care. Artificial 
intelligence (AI) systems can enhance drug discovery, epidemiological monitoring, 
prediction of antibiotic resistance, and disease management in the field of microbiological 
diagnosis.Artificial intelligence (AI) is a branch of science and technology that uses 
computers to simulate human intelligence. AI has recently shown tremendous promise as 
a powerful computational tool for the detection and management of bacterial infections. 
These machines can imitate human thought processes and cognitive capacities. Today, 
pathogen identification and Antimicrobial Susceptibility Testing (AST) in clinical 
laboratories often rely on culturing and isolating pathogens. With the rapid advancement 
of technology, artificial intelligence (AI) has become a vital tool for bacterial AST, 
providing numerous fast and efficient methods for testing drug susceptibility. AI systems 
offer enhanced diagnostic methods and early detection of antibiotic resistance. Moreover, 
they can rapidly and accurately identify diseases, including those that are novel or drug-
resistant.In addition, AI can be applied to identify cells infected with malaria, detect drug 
resistance in pathogens like tuberculosis (TB) and HIV, understand and tackle 
antimicrobial resistance (AMR), and predict outbreaks. The primary goals of applying AI to 
bacterial diagnosis are the rapid and precise identification of pathogens and the 
prediction of drug resistance. 

Keywords: Artificial Intelligence, traditional methods, microbiology, Diagnostics, 
advantages. 

Introduction 
Artificial intelligence (AI) refers to the intelligence displayed by machines, especially 
computer systems. It is a field of research in computer science that focuses on developing 
and studying methods and software enabling machines to perceive their environment and 
use learning and intelligence to take actions that maximize their chances of achieving 
predefined goals[1].AI has numerous applications in microbiology. It can be used to 
interpret images in clinical laboratories, including detecting rare events or classifying 
images based on scores or categories. AI has been employed for identifying 
microorganisms in microbiology pathology specimens, especially for malaria, bacteria, 
nematodes, and other protozoa[2].AI can also enhance precision oncology decision-
support systems by analyzing data from real-world sources and multi-omics 
technologies[3]. Additionally, AI can aid in the study of large, complex datasets generated 
by genomics and other meta-omics technologies, helping to solve issues related to 
biological complexity, compositional data, and the curse of dimensionality [3]. AI 
generally has the potential to improve the effectiveness and quality of clinical 



 

2 
 

microbiology practice, aiding pathologists in identifying microbes and advancing our 
understanding of the microbiome and its role in disease[4].Artificial intelligence (AI) has 
completely changed the field of microbiological identification and analysis, producing 
more accurate and timely findings than ever before[5]. AI systems can analyze genetic 
data, helping researchers and medical professionals find new microbial species, identify 
infections, and anticipate drug resistance. Microbial diagnostics has undergone a 
revolution thanks to artificial intelligence (AI), which produces more accurate and up-to-
date results. AI improves up data analysis, pattern identification, and diagnostic 
procedures. It is necessary for early disease detection, treatment progress, individualized 
care, and epidemic detection. Artificial intelligence (AI)-driven algorithms evaluate 
sophisticated data sets to quickly identify infections, predict disease outbreaks, and 
enhance treatment strategies and results[6].Artificial intelligence (AI) has transcended its 
earlier conceptual boundaries and now permeates modern society, significantly 
influencing many aspects of our daily lives. Its evolving definitions reflect the diverse 
applications of AI, which include tackling complex cognitive challenges and transforming 
healthcare and technology. Integrating AI into community development initiatives can 
enhance societal outcomes. AI technologies assist communities in addressing challenges, 
creating opportunities, and promoting sustainable, inclusive development[7]. Ethical 
considerations are essential when using AI for community development. Investigators 
highlight the significance of adopting an evolutionary ethics perspective regarding 
blockchain and artificial intelligence[8].The application of artificial intelligence in 
microbiological research has the potential to enhance data accuracy and predictions, 
offering researchers a detailed and precise dataset. From a financial perspective, AI can 
identify patient subgroups that are more likely to benefit from specific treatments based 
on their genetic profiles and clinical histories. Additionally, it can help signal potential 
drug-drug interactions. This approach reduces the risk of trial failure by allowing 
pharmaceutical companies to enhance patient selection, improve the design and targeting 
of clinical trials, and make more accurate predictions regarding a drug's effectiveness. 
High-resolution data from advanced medical devices, such as imaging technologies like 
MRI and CT scans, as well as diagnostic tools, can be utilized to assess how a drug impacts 
the progression of a disease. The time required for radiologists to manually interpret 
these images can be reduced by using AI-driven image analysis to automatically identify 
biomarkers or disease-specific changes. This enables quicker and more accurate 
evaluation of drug efficacy [9]. Application of Artificial intelligence in microbial research 
would strengthen the precision of data and it's forcast making accurate and complete data 
set for researchers. Financial it may serve as an important AI can flag potential drug-drug 
interactions or identify subpopulations of patients who are more likely to benefit from a 
particular therapy based on their genetic profile and clinical history. This allows 
pharmaceutical companies to better design and target clinical trials, improve patient 
selection, and make more precise predictions about a drug’s performance, ultimately 
reducing the risk of trial failure. Sophisticated medical devices, such as imaging 
technologies such as, MRI, and CT scans and diagnostic tools, produce high-resolution data 
that can be used to assess a drug’s impact on disease progression. AI-driven image 
analysis can automate the detection of biomarkers or disease-specific changes in these 
images, reducing the time required for manual interpretation by radiologists. This enables 
more accurate and timely assessments of drug efficacy [10].This review explores the use 
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of artificial intelligence (AI) in microbiological diagnosis, highlighting its difference from 
traditional techniques, and outlining its advantages and disadvantages. 
 
Definitions 
AI: Artificial intelligence (AI) is the technology that enables computers and other devices 
to imitate human learning, creativity, problem-solving, and comprehension. 
ML: Machine learning (ML) is a branch of artificial intelligence concerned with developing 
algorithms that allow computers to learn from data. While machine learning is effective 
for data analysis, it struggles with processing large volumes of data. 
DL: Deep Learning (DL) is a specialized technique in machine learning (ML) that utilizes 
deep neural networks to analyze data and produce results. 
 
Examples of Applications of AI in microbiology 
Medical microbiology is undergoing a transformation due to the impact of artificial 
intelligence (AI) and machine learning (ML). These technologies enable quick and accurate 
diagnoses and treatments for infectious diseases. For example, machine learning 
techniques, such as convolutional neural networks (CNNs), are utilized in computer-aided 
diagnosis (CADx) software, significantly enhancing the accuracy of identifying cells 
infected with malaria [11]. Enhanced techniques have significantly boosted the sensitivity 
of parasite detection in fecal samples, surpassing traditional human slide examination 
[12]. Automated systems can now analyze laboratory samples presented as images, 
transforming the identification of bacterial genera and species. Machine learning is crucial 
for understanding and tackling antimicrobial resistance (AMR). It plays a significant role in 
identifying drug resistance in pathogens like tuberculosis (TB) and HIV, leading to new 
strategies for predicting and managing resistance [13]. Machine learning is crucial for 
understanding and tackling antimicrobial resistance (AMR) and predicting outbreaks. It 
has greatly aided in detecting drug resistance in infectious agents like tuberculosis (TB) 
and HIV, leading to better strategies for predicting and controlling resistance. 
Furthermore, machine learning has been employed to anticipate disease outbreaks 
utilizing data from unconventional sources such as social media and search engines, 
showcasing its capability for real-time monitoring of infectious diseases [14]. 
 
The differences between the use of traditional methods and AI in microbiological 
diagnostics 
Accurately identifying and classifying microbial species is a major challenge in microbial 
diagnostics. Conventional techniques, such as biochemical assays and microscopy, may 
not reliably identify an organism due to deceptive morphological traits or unusual 
behaviors displayed by specific microbes[15]. In order to diagnose medical conditions, 
traditional methods often require a large team of highly qualified personnel, specialized 
equipment, and significant resources. Due to the reliance on experts, human error is more 
likely to occur in environments with limited resources. Therefore, it is essential to create 
new and accessible diagnostic techniques [16]. It can be challenging to determine if 
bacterial isolates are susceptible to antibiotics when selecting a treatment. Conventional 
susceptibility testing methods, such as the disc diffusion method, are time-consuming and 
sometimes rely on making precise predictions about how the infecting strain will respond 
to antibiotics. This can lead to suboptimal treatment decisions and potential problems 
[17].Microbial identification and analysis have been revolutionized by the use of AI, which 



 

provides more accurate and timely results compared to traditional techniques. Scientists 
and medical professionals can now identify pathogens, predict antibiotic resistance, and 
even discover new microbial species by analyzing genomic data with the help of AI 
algorithms. Machine learning models can also enhance the speed and precision of 
microbiological diagnosis by quickly analyzing complex data patterns[18,19]. Pattern 
recognition, prediction modeling, and improving the effectiveness of microbe analysis are 
just a few of the many crucial aspects of AI application in microbe diagnosis. AI plays a 
crucial role in predictive modeling by forecasting microbial behavior and guiding future 
decision-making based on historical data. This predictive power enables the identification 
of antibiotic resistance trends, disease outbreaks, and the streamlining of treatment 
protocols [20]. One of the most notable examples includes machine learning models 
capable of analyzing the genomic sequences of bacteria and viruses to forecast their 
likelihood of mutation and resistance to specific drugs. Similar to the DNA sequencers, 
these models can assist clinicians in determining the most effective treatment [21]. 
Automation driven by AI accelerates tasks such as data interpretation, image analysis, and 
sample processing, speeding up the diagnostic process and allowing medical staff to focus 
on the most challenging patient care tasks [22](Figure 1). 
 

 

 
 
Figure 1: The relationship between machine learning (ML), robotics, and artificial 
intelligence. 
 
Role of AI in the diagnosis of microbial diseases 
Microorganisms that cause infections include bacteria, viruses, fungi, and parasites. 
Numerous variables influence the way an infection presents itself, such as the 
microorganism's organ or system tropisms, microbial virulence, the patient's age, sex, and 
immunologic status, as well as the site of acquisition or entry. The pathogen can be 
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endogenous, from the body's natural flora, or exogenous, acquired from the environment, 
animals, or other individuals. The interaction between the microorganism and the host is 
reflected in the clinical presentation of an infectious disease. Microbial virulence factors 
and the state of the host's immune system influence this interaction. The location and 
intensity of the infection determine the signs and symptoms. A diagnosis requires a 
combination of data, including history, physical examination, radiographic results, and 
laboratory findings. Traditional methods of microbiological diagnosis require a large 
number of personnel, often resulting in delayed treatment [23,24]. Artificial intelligence 
(AI) has revolutionized the field of microbiological diagnostics by providing more accurate 
and current results. AI accelerates data analysis, pattern identification, and diagnostic 
procedures, playing a crucial role in early disease detection, monitoring treatment 
progress, providing personalized care, and conducting epidemic surveillance. AI-driven 
algorithms analyze complex data sets to improve treatment strategies and outcomes, 
rapidly detect infections, and forecast disease outbreaks[19-21] (Figure 2). 
 



 

 
 
Figure 2: Application of artificial intelligence in microbial diagnostics and medicine. 
 
Identification of microorganisms by AI 
Microorganisms are diverse living organisms that play crucial roles in various industries, 
including biotechnology, healthcare, and environmental monitoring. Precise identification 
and classification of microorganisms are essential for purposes such as clinical 
microbiology, agriculture, and food production [25]. Microorganisms have numerous 
benefits, including their capacity to produce useful products through biotechnology, such 
as enzymes, antibiotics, and biofuels. Microorganisms are also used in food production, 
waste management, and environmental monitoring [26,27]. Microorganisms play a crucial 
role in agriculture by enriching the soil, promoting plant growth, and protecting crops 
from pests and diseases. It is essential to accurately identify and classify microorganisms 
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due to their diverse applications [27]. Microorganisms have numerous advantages and are 
essential in various fields including agriculture, environmental monitoring, and 
biotechnology. Precise identification and classification of microorganisms is crucial for 
creating beneficial products and defending against infectious diseases [28]. Professionals 
in various fields, including clinical microbiology, agriculture, and food production, rely on 
precise classification and identification of microorganisms. Traditional methods like 
manual microscopy and culture techniques can be expensive, time-consuming, and 
occasionally inadequate due to similar morphologies of different species. Therefore, there 
is a growing need for intelligent image recognition systems to automate microorganism 
classification processes with minimal human intervention [29]. Microorganisms must be 
precisely identified and classified for various purposes, including food production, 
agriculture, and clinical microbiology. They are utilized in the production of biofuel, 
bioremediation, and bio-fertilizers. However, they also carry the risk of causing infectious 
diseases as pathogenic microorganisms [30-32]. Recent advancements in Deep Learning 
(DL) and Machine Learning (ML) have demonstrated outstanding results in various 
application domains, including pattern recognition, object segmentation, image 
recognition, and autonomous vehicles [15]. Building on these accomplishments, 
researchers have started exploring the use of machine learning and deep learning 
techniques to identify and classify microorganisms in images for species-level 
classification. The use of these techniques has greatly increased the efficiency and 
accuracy of microorganism analysis in feature extraction, classification, and image 
preprocessing [33]. 
 
 
Different methods of identification of microorganisms 
Microbial contaminants in the manufacturing process can come from various sources, 
including contact with surfaces, water, air, human handling, and raw materials. The 
microbial identification tests are conducted subsequent to bioburden testing, 
environmental monitoring, tissue testing, microbial limits, and positive results from 
biological indicator testing. The methods for identifying microbes are as follows[34]. 
 
1. Macroscopic Features 
Macroscopic features are determined by analyzing the macroscopic and gross 
morphological characteristics on an agar culture. These features include a 
microorganism's shape, size, color, and smell. 
2. Microscopic Features 
This technique uses a microscope to precisely describe and identify the microscopic 
features of an organism [35]. 
3. Staining and Microscopy 
Staining cells under a microscope facilitates visualization. Cytology microscopes must 
meet specific requirements to ensure clear differentiation between stained cells. The 
most commonly used stains in microbiology are the Gram stain, Grocott’s methenamine 
silver stain, Trypan blue, aniline blue, calcofluor white, periodic acid Schiff stain, malachite 
green, and Ziehl-Neelsen stain. The initial test typically used for bacterial identification is 
the Gram stain. Colony morphology is examined in isolated colonies. Common Gram-
positive bacteria include Bacillus, Staphylococcus, Streptococcus, and Clostridium species, 
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while common Gram-negative bacteria include Salmonella, Escherichia, and Helicobacter 
species[36]. 
4. Simple Biochemical Tests 
These tests include catalase testing, oxidase testing, Substrate Utilization Tests, and 
Physiological Requirements of microorganisms for Growth[37]. 
5. Genetic identification using PCR 
Genetic identification is typically carried out along with Gram stain. Maintaining a pure 
culture is crucial for distinguishing between yeast and bacteria. This process also provides 
information about phenotypic traits. DNA is utilized for genetic identification instead of 
traditional biochemical methods. First, DNA is extracted from the sample, and then a 16S 
rDNA gene fragment is amplified using PCR. The PCR product is purified to remove 
impurities. Next, the unknown sequence is sequenced and compared to the MicroSeq 
library. If there is no match in the MicroSeq library, a public database can be consulted. 
The top ten sequences are selected based on the highest identity score[23]. 
Microarray-Based Microbial Identification uses arrayed species-specific oligonucleotide 
probes to hybridize pre-amplified microbial DNA sequences. A unique dye that fluoresces 
upon hybridization is contained in each probe. Microarrays are an incredibly useful tool 
that makes it easier to identify and separate various microbial samples on one slide. 
Microarray technology is quick, and in clinical settings, quickness is crucial for accurate 
diagnosis and prompt initiation of appropriate antimicrobial therapy[38]. 
7. Immunological Identification 
ElISA-based techniques can be configured for species-specific microbial detection, 
typically in the context of diagnostics. These techniques are highly sensitive, relying on 
specific antibodies and discriminating proteins found in the target [39]. 
 
Artificial intelligence (AI) has revolutionized the field of microbiological diagnostics by 
providing more accurate and up-to-date results. AI accelerates diagnostic procedures, 
pattern recognition, and data analysis, which are essential for early illness detection, 
treatment development, individualized care, and epidemic surveillance. The analysis of 
bacterial cultures is a popular study in microbiology labs because it helps in making 
choices such as selecting antibiotic therapy. A team of researchers at the University of 
Brescia, led by Alberto Signoroni, has proposed an artificial intelligence (AI) algorithm 
called Deep Colony. This algorithm can interpret culture plates and provide an initial 
identification of the bacterial species present [40,41]. Artificial intelligence (AI) algorithms 
are able to analyze genomic data, assisting researchers and medical professionals in 
identifying pathogens, predicting antibiotic resistance, and even discovering new 
microbial species. Moreover, by rapidly analyzing complex data patterns, machine 
learning models can enhance the speed and accuracy of microbiological diagnosis. 
Features such as pattern recognition, prediction modeling, and improved effectiveness of 
microbe analysis highlight the versatility and importance of AI in microbe diagnosis [18]. 
(Figure 3). 
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Figure 3: Methods of bacterial identification. 

 
Advantages and disadvantages of AI in microbial diagnosis. 
 
Artificial intelligence has various impacts on the fields of medicine, microbiology, 
economy, technology, and society, both positive and negative[42]. Here are some 
advantages and disadvantages of AI. The advantages of AI in this regard include 
organizations using it to automate laborious tasks, freeing up employees' time for more 
complex and strategic work, increasing productivity, and simplifying procedures. Rapid 
microbiological data analysis improves patient outcomes by enabling prompt diagnosis, 
increasing accuracy, and reducing false positives [43]. Artificial intelligence (AI) systems 
can detect patterns and minute details that humans might miss, enhancing the precision 
of pathogen and symptom identification. Labor costs can be reduced by using artificial 
intelligence to replace manual labor. Additional cost savings can be achieved by 
diagnosing cases with less expensive laboratory equipment. AI-powered remote 
diagnostics can bridge geographic divides and reach underprivileged populations, 
improving access to healthcare, particularly in the event of a pandemic. Customizing 
treatments with patient data can improve results and reduce side effects. AI improves 
patient outcomes and healthcare efficacy through personalized treatment plans, drug 
discovery, and more accurate diagnoses[44].The use of AI in microbial diagnostics has its 
drawbacks. One major concern is that AI has the capability to automate tasks that were 
originally done by humans, potentially leading to job displacement. This may necessitate 
workers to acquire new skills to adapt to changes in the labor market. Cyberattacks can 
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impact artificial intelligence (AI) systems, posing serious security risks when AI is used to 
create deepfakes or manipulate data [45]. Trustworthy and secure AI technologies are 
necessary to prevent malicious use. Biases in AI training data can lead to unfair outcomes 
in hiring, lending, and criminal justice. It's crucial to identify and minimize these biases to 
ensure fairness [46].Table 1 presents different advantages and disadvantages of using AI 
for microbial diagnosis. 
 
Table 1: Advantages and disadvantages of AI in microbial diagnosis. 

 
Advantages 

 

 
Disadvantages 

Fast analysis of microbiological data enables 
quick diagnosis, improved accuracy, and 
reduced false positives, leading to better 
patient outcomes. 
 

AI systems may be costly to purchase and 
implement, posing a challenge for smaller 
healthcare facilities and those with limited 
budgets. 

Artificial intelligence (AI) systems can detect 
small details and patterns that humans might 
miss, improving the accuracy of identifying 
pathogens and symptoms. 
 

Inaccurate diagnoses and treatment 
recommendations can result from 
incomplete or biased data, so unbiased, 
high-quality data are crucial for AI learning 
and training. 

AI can assist researchers in uncovering 
hidden patterns leading to significant 
scientific discoveries, aiding academics in 
making well-founded decisions. 

Healthcare professionals may be hesitant 
to trust AI recommendations due to the 
complexity of AI decision-making 
processes. 

Using patient data to customize treatments 
can enhance outcomes and minimize side 
effects. 

AI systems may make poor 
recommendations due to biases learned 
from training data. 

Artificial intelligence reduces the need for 
manual labor, leading to lower labor costs. 
Additionally, by relying less on expensive 
laboratory equipment for diagnosis, overall 
costs can be decreased.  

To monitor AI operations and analyze 
results, one needs qualified experts. There 
are many highly skilled AI specialists in 
certain areas. 

AI systems are constantly evolving to keep 
pace with new diseases. 
 

Healthcare professionals are refusing to 
use AI due to concerns about job security. 

AI-powered remote diagnostics improve 
healthcare access, especially during 
pandemics, by reaching underserved 
populations and bridging geographical gaps. 

The use of patient data for diagnosis raises 
ethical and privacy concerns. 

AI reduces human error, leading to reliable 
and consistent results, ultimately increasing 
treatment success and safety. 
 

The implementation and maintenance of 
AI systems may be hindered by the lack of 
internet connectivity in areas with limited 
resources. 

 

CONCLUSION 
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Advancements in artificialintelligence technology have revolutionized the treatment of 
bacterial infections. AI has been applied in various crucial areas, including the analysis of 
intricate genomic data, the development of personalized treatment plans, and the rapid 
detection of pathogens as well as analysis of their susceptibility to antimicrobials. These 
advancements have been made possible through the utilization of state-of-the-art 
technologies such as machine learning (ML) and deep learning (DL). AI technology 
enhances clinical decision support for physicians by using optimized algorithms to predict 
pathogen susceptibility to specific antibiotics based on historical data, as well as 
improving pathogen identification speed and accuracy.  Through the analysis and 
processing of large amounts of epidemiological data, artificial intelligence (AI) technology 
has enhanced the real-time monitoring and early warning capabilities for the spread of 
bacterial infectious diseases. This has become a crucial tool for public health decision-
making and analysis[47]. The diagnosis and treatment of bacterial infections will undergo 
a significant evolution due to artificial intelligence technology. AI will increasingly replace 
doctors as their right hand in pathogen identification, drug susceptibility testing, and 
genomic analysis as it continues to develop and mature. AI has a transformative impact on 
healthcare, revolutionizing vaccine development, combating antimicrobial resistance, and 
enhancing epidemiological surveillance. AI will empower medical professionals to advance 
the field of medicine, improving accuracy, efficiency, and personalization, while also 
assisting them in better managing the challenges presented by bacterial infections[48, 49]. 
 
Disclaimer (Artificial intelligence) 

Author(s) hereby declare that NO generative AI technologies such as Large Language Models 
(ChatGPT, COPILOT, etc.) and text-to-image generators have been used during the writing or editing 
of this manuscript.  
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