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Abstract : 

In microbiological diagnostics, artificial intelligence (AI) has become a potent 

instrument that provides quick, precise, and economical pathogen detection. Traditional 

microbiological approaches, such culture-based procedures, need a lot of work and time. 

Complex datasets produced by mass spectrometry, microscopy, and genetic sequencing may 

be automatically analyzed thanks to AI technologies like machine learning (ML) and deep 

learning (DL). This article examines how artificial intelligence is being used in 

microbiological diagnostics, identifies present issues, and talks about potential future paths 

in clinical microbiology. Artificial intelligence (AI) has developed into a useful tool for 

microbiological diagnostics, offering rapid, accurate, and reasonably priced pathogen 

detection. Conventional microbiological methods, such as culture-based methods, are labor-

intensive and time-consuming. Two AI technologies, machine knowledge and deep 

knowledge, allow complex datasets generated by genetic sequencing, microscopy, and mass 

spectrometry to be automatically interpreted.  
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Introduction : 

Microbial diagnostics are crucial to the identification and treatment of communicable 

diseases. The long incubation durations and skilled personnel required for traditional 

diagnostic methods may delay treatment decisions. Recent advancements in artificial 

intelligence have enabled the provision of more rapid and accurate diagnostic findings by 

evaluating enormous volumes of biological data. Clinical microbiology labs are increasingly 

using AI-driven technologies to increase assessment accuracy and efficiency. 

The process of characterizing bacteria by imaging, culture, and molecular analysis is 

known as microbial diagnostics, and it is an active component of healthcare. However, 

traditional approaches have issues with misidentification, sample handling, culture issues, 

and delays in testing for antibiotic susceptibility (Franco-Duarte et al., 2019). The use of 

computer technology (AI) in healthcare is quickly changing traditional methods in several 

fields, including microbiological diagnosis. Microbiology's challenge is to detect and treat 

infectious illnesses. By providing cutting-edge computational tools that can accurately and 
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quickly comprehend complicated microbiological data, AI presents a potential alternative 

(Barh et al., 2020). 

Advances in artificial intelligence (AI), especially in the fields of machine learning 

(ML) and deep learning (DL), have significantly aided the development of innovative and 

novel techniques for the detection of microbial illnesses (Ching et al., 2018; Vamathevan et 

al., 2019). Artificial intelligence (AI) uses data analysis, pattern recognition, and diagnostic 

processes to support early disease detection, therapeutic improvements, personalized 

treatment regimens, and epidemic monitoring (Bohr et al., 2020). This paradigm shift not 

only improves the effectiveness of antimicrobial medical treatments but also tackles the 

growing problem of antimicrobial resistance (AMR), which is a crucial concern in 

contemporary healthcare (Aslam et al., 2018). 

AI Applications in Microbiological Diagnostics : 

Genomic Data Investigation : 

Algorithms based on artificial intelligence that aid in the analysis of whole-genome 

sequencing data may enable the rapid identification of disease-causing organisms and 

resistance genes. These tools have significantly shortened the time required for diagnosis as 

compared to conventional molecular approaches. 

Mass Spectrometry : 

Machine learning algorithms analyze spectrum fingerprints from MALDI-TOF mass 

spectrometry to improve the accuracy of microbiological identification. 

Diagnostics on Images : 

MALDI-TOF mass spectrometry spectrum fingerprints are analyzed by machine 

learning techniques to increase the precision of microbiological identification.  

Diagnostics on Images : 

Human error and effort can be reduced by using deep learning models trained on 

microscopic images to automatically detect and classify bacteria.  

Problems and Limitations Before AI can be applied to microbiological diagnostics, a 

number of challenges must be resolved, notwithstanding its advantages. These include the 

difficulty of integrating AI systems into existing laboratory procedures, the lack of high-

quality annotated datasets, and the difficulty of comprehending models. Ethical concerns and 

regulations are significant barriers as well. 

 

Artificial Intelligence in the Sector of Health (Health sector AI) : 

AI has the ability to provide accurate, customized diagnoses that respect patient rights 

and increase access to medical equipment (Naik et al., 2022; Ali et al., 2023). ChatGPT, an 

example of artificial intelligence, is used by over 100 million people and is growing more and 
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more prevalent in daily life (Eysenbach et al., 2023). According to Alto et al. (2023) and 

Talaei-Khoei et al. (2024), 80% of Fortune 500 companies have incorporated ChatGPT into 

their operations, enabling laypeople to interact with cutting-edge AI technology without any 

previous technical knowledge. Exploring disease-related information with next-generation AI 

and ML algorithms may reveal hidden patterns, including critical locations within multi-

omics sequencing data. According to Deo et al. (2015), machine learning (ML) involves 

applying mathematical models to data in order to find relational patterns that provide insight 

into the complex biological mechanisms behind a variety of diseases. It encompasses both 

supervised learning, which trains on labeled data, and unsupervised learning, which looks for 

underlying patterns in unlabeled data via clustering. 

The research provides valuable new data for developing gas-sensing diagnostics that 

might rapidly and non-invasively detect pathogenic microorganisms, potentially 

revolutionizing clinical diagnostics. ML techniques were used in a pan-genome approach to 

characterize antibiotic-resistant Escherichia coli strains (Her H. et al., 2018). The 

identification of core gene clusters and ARGs inside the auxiliary pan-genome improved the 

prediction accuracy for antibiotic resistance genes (AMR).  

Role of AI in Microbial Detection : 

Traditional microbiological diagnosis has challenges at every stage of the diagnostic 

process, from sample collection to identification and susceptibility testing. Problems and 

incorrect results might arise from improper sample processing (Fournier et al., 2013). The 

procedure of growing and isolating bacteria can be time-consuming and prone to false-

negative findings since antibiotics are utilized in clinics (Franco-Duarte et al., 2019). Among 

the challenges include cross-contamination, false positives, and the lack of real-time data for 

effective surveillance. Furthermore, because there are no established methods, results in 

diagnostic laboratories are more complex and variable (Singer et al., 2016). Every step of 

traditional microbiological diagnosis, from sample collection to susceptibility testing, 

presents difficulties. Improper sample processing is the primary cause of these problems, 

which can lead to erroneous conclusions (Rodrigues et al., 2018; Shrestha et al., 2020; Khan 

et al., 2019; Parsons et al., 2011).  

Diagnosis of Malaria : 

Malaria, one of the several infectious diseases, is a global health concern that has 

never been worse. In 2020 alone, almost 240 million individuals had a malaria diagnosis, 

which led to around 600,000 fatalities (Venkatesan et al., 2022; Fambirai et al., 2022). This is 

a shocking figure. Effective treatment of malaria depends on a timely and accurate diagnosis. 

Peripheral blood smears (PBS) to manually detect red blood cells infected with parasites and 

light microscopy (LM), which is considered the gold standard, are examples of conventional 

methods. The time-consuming microscopic inspection procedure is the main disadvantage of 

this approach, though. This requires almost fifteen minutes for every slide. The complexity of 

distinguishing between Plasmodium species, which is exacerbated by the range of life stages 

they display, requires more work. In response to these problems, innovative AI-based 

solutions have emerged. These AI systems have demonstrated promising outcomes with 
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exceptional ranges of 80–90% for accuracy, sensitivity, specificity, and F1 scores when 

compared to traditional LM. They are successful in both parasite classification and 

parasitemia estimation (1Loddo et al., 2022; Kassim et al., 2021; Rajaraman et al., 2018; 

Horning et al., 2021).  

Diagnosis of Mycobacterial Diseases : 

In 2018, an estimated 10 million mycobacterial infections were reported, causing 

significant morbidity and mortality, posing a major threat to global health. According to 

WHO et al. (2021), these disorders mostly affect those who have underlying vulnerable 

factors, such as immunodeficiency and malnutrition. Mycobacterium tuberculosis and 

atypical mycobacteria are the two main categories into which organisms in the mycobacterial 

group are separated. Common stains like H and E (hematoxylin and eosin) and traditional 

LM are not always effective in diagnosing these bacteria because of their small, bacilli-

shaped characteristics. Despite efforts to enhance detection using specialist stains like Ziehl-

Nielsen and Auramine O, mycobacteria in biological specimens remain challenging to 

manually identify. It takes 15 to 20 minutes to screen each slide, and errors are common in 

this procedure. The presence of at least one persistently stained bacillus is often required for a 

positive diagnosis of mycobacteriosis; the predictive value of this is connected with the 

number of acid-fast bacilli (AFB) present, which may be low in early or partially resolved 

infections.  

Diagnosis of Infectious Diseases : 

By employing machine learning (ML) algorithms to examine vast databases of 

microbiological samples, AI systems are able to precisely detect and classify diseases based 

on their distinctive features. AI may be used to automate microbial colony counts, which 

eliminates errors and saves time in laboratory procedures. AI-powered tools may also be able 

to identify a person's antibiotic susceptibility, which might assist direct the usage of 

appropriate treatment substitutes. By examining genetic data and spotting trends that indicate 

virulence or antibiotic resistance, AI also assists in the identification of microbial diseases. 

This enables the use of more precise medicines.  

Rather than focusing just on microbe detection, artificial intelligence has 

revolutionized pathology by automating the recognition of morphological patterns and 

cytologic changes associated with infections. Recent studies have shown that image analysis 

significantly accords with WSI and LM in distinguishing Helicobacter pylori-related gastritis 

from autoimmune gastritis (Franklin et al., 2022). The incorporation of DL algorithms 

produced sophisticated tools for recognizing nuclear features, including a remarkable 92.7% 

accuracy in predicting HPV status in cervical samples with an average processing time of 22 

seconds (Konstantinou et al., 2020).  

Review Methodology : 

A comprehensive review of the literature was conducted using PubMed, Scopus, Web 

of Science, and Google Scholar, incorporating specific search terms such as Artificial 

Intelligence and Diagnostic technology,' focusing on publications in English from the year 
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2015 to 2025. Studies which had a focus on research in original articles, systematic reviews, 

or a meta-analysis and dealt with biofilm-related disease and its treatment were eligible for 

inclusion. Conversely, non-English publications, conference abstracts, and studies deemed to 

be of low quality were excluded from consideration. Data from the selected studies were 

extracted and synthesized in a narrative format, emphasizing biofilm mechanisms, clinical 

implications, and therapeutic approaches. A quality assessment was performed using suitable 

evaluation tools, and the findings were organized into thematic categories, with a descriptive 

analysis that underscored significant trends.  

Initially, 94 articles were identified from databases including PubMed, Google 

Scholar, Scopus, ResearchGate, and ScienceDirect. After excluding irrelevant articles (19), 

removing duplicates (12), and accounting for articles that couldn't be retrieved (12), 51 

articles remained. Of these, 19 were excluded due to access issues or lack of relevance, 

resulting in 37 studies being included in the final review.  Ethical approval was not required 

since the review relied on previously published research, with potential limitations including 

variability among studies and language constraints. 

 

Identification of studies via databases and registers : 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

FIGURE 1: PRISMA flow chart 

n: Number of studies; PRISMA: Preferred Reporting Items for Systematic Reviews 

AI in Microscopy for Automated Microbial Classification : 

Articles included via Pubmed, Google scholar, Scopus, Research Gate and 

Science Direct (n=94) 

Articles kept after screening titles and abstract (n=75) 

Excluded articles after screening (n=19) 

Articles included in the review (n=37) 

Retained articles after removing duplicates (n=63) 

Duplicates removed after screening (n=12) 

Articles excluded: 

Open access articles are not available (n=04) 
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Retained articles (n=51) 

Articles not retrieved (n=12) 
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Microscopes hold considerable potential for assisting microbiologists in examining 

organisms and using data for diagnostics and root cause analysis when paired with artificial 

intelligence. In a prior study, it was shown that an automated AI-enhanced microscopy 

system could effectively and rapidly identify images of bacteria (Smith K.P. et al., 2018). An 

automated microscope designed specifically for collecting high-resolution images of small 

slides was employed in the investigation.  

Role in AI in Antibiotic Susceptibility :  

AI is essential for detecting harmful bacteria and determining their drug sensitivity 

patterns, as the current study demonstrates. In microorganisms such as Escherichia coli and 

Staphylococcus aureus, it has been shown that AI algorithms can detect aminoglycoside 

resistance (Peiffer-Smadji et al., 2020). Additionally, early detection of drug-resistant insects, 

such MRSA or vancomycin-resistant Enterococcus (VRE), has been facilitated by the use of 

computer vision technology in screening cultures, allowing for timely treatment and control 

measures (Rhoads et al., 2020).  

Conclusion : 

AI-powered diagnostic technologies, driven by machine learning and computing 

breakthroughs, are revolutionizing the healthcare industry. They are essential to public health 

initiatives because they can promptly identify illnesses, even novel and resistant forms. 

People may now closely monitor their health thanks to ongoing technology advancements, 

which aids in the early detection of microbial illnesses. AI in healthcare is a paradigm shift 

that affects AMR, vaccine development, and epidemiological surveillance. A key element of 

the healthcare industry's transformation is its application in microbiological diagnostics. As 

ethical and legal frameworks develop, artificial intelligence in microbial diagnosis is ready to 

offer precise and customized solutions, ensuring patient confidentiality and equitable access. 

AI is firmly establishing itself as a significant influence in determining the future of the 

healthcare industry as it transforms healthcare delivery while maintaining convenience and 

ethical standards. 
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