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Introduction
The field of artificial intelligence (AI) was proposed by 
John McCarthy at the Dartmouth Conference in the 
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Background: Artificial Intelligence (AI) and Machine Learning (ML) are rapidly transforming the 
field of microbiology by improving the accuracy, speed, and efficiency of disease diagnosis, microbial 
identification, antimicrobial susceptibility testing, and outbreak surveillance. These advanced 
technologies facilitate the analysis of large microbiological data sets and support clinical decision-
making, thereby enhancing patient care and public health outcomes.
Objective: To review the applications, advantages, and future prospects of AI and Machine Learning 
in microbiology and their role in improving diagnostic and research capabilities.
Methods: A comprehensive review of published literature was conducted using scientific databases, 
including PubMed, Google Scholar, and Scopus. Relevant articles focusing on AI and ML applications 
in clinical microbiology, diagnostic microbiology, antimicrobial resistance detection, epidemiological 
surveillance, and laboratory automation were analyzed.
Results: AI and ML have demonstrated significant potential in various microbiological applications. 
These technologies enable rapid identification of microorganisms through image analysis, automated 
interpretation of culture plates, molecular diagnostics, genomic data analysis, and prediction of 
antimicrobial resistance patterns. AI-based systems have improved the detection of infectious diseases 
such as tuberculosis, COVID-19, sepsis, and bloodstream infections. Furthermore, machine learning 
algorithms facilitate outbreak prediction, disease surveillance, and personalized treatment strategies. 
The integration of AI with laboratory information systems has also enhanced workflow efficiency and 
reduced human errors.
Conclusion: Artificial Intelligence (AI) and Machine Learning (ML) are transforming modern 
microbiology by enabling rapid, precise, and cost-effective diagnostic approaches. These technologies 
play a significant role in microbial identification, prediction of antimicrobial resistance, disease 
surveillance, and outbreak detection. Their integration into microbiological practices has the potential 
to enhance healthcare services, support clinical decision-making, and improve patient outcomes. With 
ongoing technological advancements, proper validation, and adherence to ethical standards, AI and 
ML are expected to have an increasingly important role in both clinical and research microbiology in 
the future.
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summer of 1956.1 AI is concerned with modeling human 
intelligence’s extending capabilities and developing 
related theoretical frameworks, methodological tools, 
and application systems.2 Alan Turing, creator of the 
Turing test used to distinguish between humans and 
machines, had previously highlighted concerns about 
the prospect of machines mimicking human behavior 
and thought. Since then, advances in computing power 
have made it possible to perform computations in a flash 
and to compare new data with older data that has already 
been evaluated.3 Over several decades, AI has progressed 
from using simple codes to increasingly complicated 
algorithms with human-like capabilities.4 Personal 
assistants, automated public transport, aviation and 
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Table 1: Classification of Artificial Intelligence (AI)

Binary classification models Multi-class classification models Clustering models Association rule mining models

Decision Tree Decision Tree Partitional Clustering (K-Means) Apriori

Random Forest Random Forest Hierarchical Clustering FP-Growth

k-Nearest Neighbour (KNN) K-Neighbour (KNN) DBSCAN Eclat

Naïve Bayes Neural Networks Gaussian Mixture Model (GMM)

Neural Networks Support Vector Machine (SVM)

Support Vector Machine (SVM) Ada Boost (Adaptive Boosting)

Ada Boost (Adaptive Boosting) Multinomial Logistic Regression

Linear Classifier Linear Classifier

Polynomial Classifier

computer games are just a few examples of how AI has 
made its way into our everyday lives today.3 The subfields 
of artificial intelligence (AI) are machine learning, deep 
learning and computer vision (Table 1).4

In 1959, Arthur Samuel (Bell Labs, IBM, and Stanford) 
suggested machine learning as a subfield of artificial 
intelligence to extract features from massive datasets of 
diverse types.4 Machine learning (ML) employs a set of 
characteristics to examine a problem. The computer can 
“learn” from this experience and use it to improve its 
performance in similar future situations.

Rather than using a predetermined formula, this 
forecasting tool can be dynamically applied to clinical 
decision-making, allowing for more individualized 
patient care.4 The matter is applying algorithms to 
data to parse it, automatically analyse it for patterns, 
and then use those patterns to forecast and act upon 
real-world occurrences.5 Machine learning (ML) uses 
massive amounts of data and trains it using algorithms 
to understand how to do jobs, as opposed to traditionally 
written software programs that are hard-coded to solve 
certain tasks.6

Ethical and regulatory issues also present significant 
challenges. The use of personal and clinical data raises 
concerns regarding data privacy, informed consent, and 
the potential for algorithmic bias. If these AI algorithms 
are trained on datasets that lack diversity, they may 
inadvertently perpetuate existing health disparities. The 
“black-box” nature of some AI systems complicates efforts 
to maintain transparency and accountability in decision-
making, particularly in healthcare environments where 
trust and safety are crucial. Addressing these concerns is 
essential for building public and professional confidence 
in AI-driven microbiology (Figure 1).7

AI and ML Techniques in Microbiology
AI, particularly through its subset machine learning 
(ML) is becoming increasingly important in modern 

microbiology. These advanced computational techniques 
are being applied to a variety of applications, including the 
classification of microbes, the prediction of their behavior, 
and the analysis of how microorganisms interact with 
their environments. AI is also enhancing microscopy 
processes, enabling the automated identification and 
classification of microbes from complex visual data, which 
improves both accuracy and efficiency in diagnostics and 
research. One of the main benefits of AI and ML is their 
ability to analyze vast and complex datasets, uncovering 
meaningful patterns that traditional statistical methods 
might miss. In microbiology, this involves examining 
genomic, proteomic, and metagenomic data to identify 
pathogenic markers, monitor microbial evolution, and 
predict disease outbreaks.8

These methods also enable real-time analysis, 
which can lead to faster clinical decisions and more 
personalized treatment options. However, using AI and 
ML in microbiology comes with its own set of challenges. 
A significant issue is the availability and quality of 
data. Machine learning models require substantial 
amounts of high-quality, well-annotated data to operate 

Figure 1: Classification, prediction, microbial interaction and 
association
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Table 2: Applications of AI and ML in microbiology and healthcare

Application Area Description Reference

Genome Sequencing Enhances genome assembly and discovery of new genes. Cao. et al.,2023

Microbiomes Analysis Links microbial diversity with diseases and supports personalized
Medicine.

Good swen et al., 2021;
Tsuyuzaki et al.,2020

Vaccine Development Predicts antigenic targets using immunological and biophysical
data.

Deo et al 2015

Antimicrobial
Resistance Prediction

Identifies resistance patterns using genomic data and helps tailor
Treatment.

Gao et al., 2022;Shan et
al.,2020

Diagnostic Imaging & 
Spectrometry

Uses ML to interpret microscopy and mass spectrometry data with 
precision.

Chadagaetal.et al 2022; 
Essalat et al., 2023

Forensic Microbiology Automates the detection of microorganisms (e.g-diatoms),aiding
In legal investigations and forensic analysis

Chadagaetal et al.2022

Smart Healthcare
Tools

AI-powered systems fortriage, symptom-checking and home
Based monitoring.

D.F.Cobreetal.et al
2022

Drug Discovery & 
Repurposing

Accelera retarget identification and reduces trial failures. Tangetal.et al, 2023 and 
Deo,et al-2015

Table 3: Challenges and case studies in the integration of AI in microbiology
Issue/Case Study Details Reference(s)

“BlackBox”problem Complex AI models lack transparency, raising concerns in clinical Decision-making.
Fengetal.et al,2023

AMRP rediction case
(E.coli)

AI models successfully predicted antibiotic resistance in specific
Pathogens using genomic markers.

Gaoetal.,2022

Collaborative gaps Limited international collaboration restricts the exchange of data and
knowledge.

Habgood- Cooteetal.et al
-2023

Data quality &
standardization

Nconsistent and poorly annotated data affects model reliability. I.Baoetal.,et al 2021;
Campbell et al.,2021

Algorithmic bias A lack of diversity in datasets can lead to biased results and exacerbate
health disparities.

Bechtetal. Et al 2018; 
Fabianetal.,2011

Public trust & ethics Mistrust, data privacy concerns, and the ethical use of personal data
Are key barriers.

Fue.et al 2021

Industrial applications AI ensures microbial purity and enhances safety in the
pharmaceutical, food, and cosmetics industries.

Ghosh et al.,2022

Microbiome-disease link Machine learning has identified microbial shifts associated with chronic 
conditions such as diabetes and IBD.

Good .swen et al.,2021

effectively. Unfortunately, microbiological datasets can 
often be limited, diverse, or prone to errors, which can 
impact model performance and lead to inaccurate or 
biased conclusions. The situation is further exacerbated 
by inconsistent data collection methods and a lack of 
standardized formats across different laboratories.9

Applications of AI in Microbiology
Artificial intelligence is transforming the field of 
microbiology into exciting ways, making it easier and 
more accurate to analyze and understand microbial 
data. One of the standout applications is in genome 

sequencing, where AI helps determine the precise 
nucleotide sequences in DNA. By automating tasks 
such as genome assembly, annotation, comparison, and 
visualization, AI not only accelerates these processes but 
also improves their accuracy.10

Machine Learning Paradigms in Microbiology
Machine learning has become an integral part of 
microbiological research, offering various approaches 
with distinct benefits. Two of the most common methods 
are supervised and unsupervised learning. In supervised 
learning, researchers train models using labeled datasets. 
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Figure 2: Antimicrobial resistance driven by genetic exchange or mutation, leading to evolving resistance.

This means the models learn from examples with known 
outcomes, which helps them predict results or classify 
data accurately. This technique is beneficial for tasks such 
as identifying different microbial species or predicting 
antimicrobial resistance.11

On the other hand, unsupervised learning works 
with unlabeled data. It helps scientists discover hidden 
patterns and group similar data points without any 
prior classifications, which is excellent for studying the 
diverse communities of microbes found in different 
environments. To address the challenges posed by 
both methods, semi-supervised learning has emerged 
as a valuable alternative. This approach combines a 
small amount of labeled data with a larger body of 
unlabeled data, allowing for better model performance, 
particularly insinuations where gathering labeled 
datasets is challenging or expensive. Another interesting 
advancement is self-supervised learning, where the 
model generates its labels from the data during the 
training process.12

Applications of AI and ML in Microbiology and 
Healthcare
The integration of artificial intelligence (AI) and machine 
learning (ML) into microbiology and healthcare is 
transforming the way we approach medical practices. 
These advanced technologies are not just buzzwords; 
they are driving real progress in how we diagnose 
illnesses, develop treatments, discover new drugs, and 
improve public health services. By helping us analyze 
complex biological data more effectively, AI and ML are 
enabling more personalized and efficient healthcare.13

Artificial intelligence AI plays a key role in identifying 
and characterizing pathogens. Advanced deep learning 
models are now capable of interpreting complex DNA 

sequences and accurately classifying microbial species. 
Tools like deep microbes showcase this potential by 
efficiently analyzing short sequences from metagenomic 
samples, making microbial diagnostics faster and more 
accurate. This technology is crucial for understanding 
microbial ecosystems and their interactions, which is 
essential not just for infectious disease management 
but also for environmental microbiology. Vaccine 
development is another key area where AI is making 
significant strides (Table 2 and Figure 2).14

Challenges and Limitations of AI and ML in 
Microbiology
While artificial intelligence (AI) and machine learning 
(ML) hold great promise for advancing microbiology, their 
adoption in real-world applications presents significant 
challenges. It is crucial to tackle these hurdles to use them 
safely and ethically. One important issue is the lack of 
clear regulations and standards surrounding the use of AI 
in microbiology. For these technologies to be reliable and 
safe, we need adaptable and enforceable rules. Although 
some regulatory bodies are beginning to address these 
concerns, many processes related to approvals, safety 
evaluations, and performance assessments remain in 
flux, resulting in confusion and inconsistency. Ethical 
considerations also pose a significant challenge for the 
integration of AI in healthcare and microbiology.15

While complex “black box” models may yield 
highly accurate predictions, they often do so without 
any explanation of how decisions are made. This can 
undermine trust among microbiologists, clinicians, and 
patients. On the other hand, “white box” models provide 
more understandable outputs but may not perform as 
well on complicated tasks. Finding a balance between 
model performance and clarity is crucial in clinical 
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Figure 3: Sepsis Intensive care uni r(ICU),a severe response to infection, intensifies the urgency for effective treatment.

settings, where understanding how decisions are made 
is essential to responsible practice (Table 3).

Case Studies and Notable Applications of AI in 
Microbiology
The application of AI and ML in microbiology is 
progressing rapidly, providing valuable solutions to 
some of the most complex biological challenges we face 
in research, clinical practice, and industry. Several eye-
opening case studies showcase how these technologies 
are making a real difference in the field.

One key area where AI is making strides is in 
predicting antimicrobial resistance. Machine learning 
models are being trained to analyze genetic data—such 
as the presence or absence of specific genes and genetic 
variations- allowing researchers to predict how particular 
pathogens, like Escherichia coli, may resist multiple 
antibiotics. For instance, some models have successfully 
forecasted resistance patterns in different geographical 
regions by examining variations in genetic sequences16.

Future Perspectives of AI and ML in Microbiology
The combination of AI and ML in microbiology is 
opening up exciting possibilities for both research and 
practical applications. As these technologies advance, 
several critical trends and considerations will likely 
shape their growth and application in various fields of 
microbiology (Figure 3).

One of the most promising developments is the 
growth of collaborative research networks. Currently, 
leading institutions such as the University of California, 
Harvard University, and the Chinese Academy of 
Sciences conduct a significant portion of the research.17

Discussion
The integration of AI and ML into modern microbiology 
marks a transformative shift in how we generate, interpret, 

and apply microbial data in both clinical and research 
contexts. This intersection of advanced technologies 
with microbiological study is beginning to redefine 
traditional methodologies by enhancing the accuracy, 
speed, and scalability of microbial diagnostics. With these 
advancements, we can predict antimicrobial resistance, 
conduct genomic analyses, develop vaccines, and explore 
complex interactions in microbiome research.18 AI tools 
possess the remarkable capability to analyze complex 
genomic data rapidly and with a precision that would be 
unattainable through manual processes. Utilizing deep 
learning algorithms, researchers can uncover intricate 
patterns and connections within DNA sequences.19 These 
tools provide law enforcement with rapid and reliable 
results, potentially transforming how microbial evidence 
is analyzed in criminal cases. Moreover, the efficiency 
of machine learning models in the early detection and 
prediction of antimicrobial resistance (AMR) addresses 
a pressing global health crisis. Numerous studies have 
demonstrated that ML models, when trained on genomic 
features such as single-nucleotide polymorphisms(SNPs), 
gene presence-absence data and gene expression profiles, 
can accurately predict resistance phenotypes.20 The global 
landscape of healthcare is increasingly interconnected, 
and the ability of AI models to generalize findings across 
distinct geographical regions and microbial populations 
positions them as vital tools for global health surveillance 
and personalized medicine.21

Conclusion
Microorganisms are involved in many life activities 
and affect their surrounding environment and other 
organisms. Microorganisms play important roles 
in human health, crop growth, livestock farming, 
environmental management, industrial chemical 
production, and food production. In the 19th century, 
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people first observed microbes using microscopes and 
began to study them. However, the development of 
high-throughput sequencing technology has led to the 
generation of large amounts of microbial-related data. 
As a result, machine learning methods are now being 
applied to microbiological research. Here, we discuss 
the current application of ML in microbiome. The results 
revealed that ML is widely used in microbiological 
research, and that it focuses on classification problems 
and analysis of interaction problems. However, many 
problems remain unresolved and will require the 
cooperation of researchers from different fields, such as 
biology, informatics and medicine, to jointly promote the 
development and progress of microbiological research.
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