SAT

International Journal on Science and Technology (IJSAT)

E-ISSN: 2229-7677 e Website: www.ijsat.org e Email: editor@ijsat.org

U=o

Use of Artificial Intelligence for Automated
Recognition of Uncommon Pathogens in a
Clinical Laboratory Setting: A Case Study

Sultan A. Aldhabit, Abdullah D. Tawhari?, Suliman D. Alnuais?,
Maha H. Alenazi*, Israa A. Alquraydqiri®, Abeer K. Al-Agily®,
Kholood M. AlSahli’

Health Affairs at the Ministry of National Guard

Abstract

Intoduction: Al systems will transform clinical laboratories by improving diagnostic precision,
shortening TAT, and identifying uncommon pathogens. This research investigates the diagnostic Al
integration in a clinical laboratory at a Riyadh tertiary hospital.

Materials and Methods: A 1000 set of samples containing various biological tissues such as blood,
sputum, cerebrospinal fluid, and tissue biopsies were used for an observational prospective study. The
integration of the Al algorithms together with the NGS data enabled the identification of rare pathogens.
The diagnostic efficiency, TAT and rare pathogen identification were evaluated in both the conventional
and Al_ Assisted work flows. Their opinions were qualitatively analyzed regarding the use of Al.

Results: In comparison with the conventional methods, where the p- value was less than 0.001, the Al
system had an overall sensitivity of 97.3% and specificity of 95.8%. Al cut the average search TAT by
40%, and discovered approximately 41.7 % of rare pathogens. In qualitative analysis, user satisfaction
was high, but problems with data quality and the initial costs were mentioned.

Summary: Al has the potential to change diagnostic processes in laboratories, which significantly
increases diagnostic ability, TAT, and lowest detection rate of rare pathogens. There are unresolved
questions concerning data quality and cost issues.

Keywords: Al, Pathogen Identification, Clinical Testing, Reporting Timeliness, Next Generation
Sequencing, Al in Healthcare, Diagnostics Centers

Introduction

The past few years have witnessed the growth of Artificial Intelligence (Al) in almost all facets of
healthcare, be it in diagnostics, therapeutics or in the optimization of the workflow. Al in clinical
laboratories is revolutionizing the precision of diagnostic tools, substantially increasing the effectiveness
of isolating and identifying rare pathogens. These organisms are difficult to isolate since they are not
present in most samples and also due to the traditional methodologies for detection. This enables clinical
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laboratories to diagnose patients more accurately, faster, and thus improve their overall health more
efficiently.

Moreover, the use of diagnostic ML and DL algorithms in medicine facilitates an automated approach in
mining complex data such as genomic and proteomic data, which involves the pursuit of rare pathogens
with a high level of precision. For example, Al tools have been able to evaluate next-generation
sequencing (NGS) data set and look for microbial sequences that can otherwise be undetected by other
methods (Németh et al., 2024). This is particularly useful in surveillance in an era of new infectious
diseases, where the rapid identification of novel pathogens is vital.

Additionally, Al allows clinicians to make data-informed decisions promptly as it combines electronic
health records and laboratory tests. In a tertiary care setting, such integration allows a clinician to
address a scenario where a patient presents with a myriad of intricate and complicated conditions which
require a multi-faceted diagnosis. Further evidence on how Al has the potential to alleviate diagnostic
constraints in clinical labs is evidenced by its use for therapeutic drug development, profiling for the
purpose of customizing drug therapy for patients (Dhawan & Nijhawan, 2024).

Application of Al Technology tools in clinical labs is not devoid of issues. There are concerns related to
data sharing, and validation of algorithms, which impact the efficacy of Al Tools and the availability of
specialized training inputs. Apart from defining the challenges, the integration of Al within the
Healthcare Setting has various ethical and regulatory requirements, which cross the minimum standards
of transparency, accountability, and patient safety.

The paper is interested in understanding the role Al tools play in the automating the identification of rare
pathogens during analyses at a tertiary hospital situated in Riyadh, Saudi Arabia. The study endeavors to
establish the challenges, advantages, and limitations of enriching lab diagnostics through Al models in
tertiary healthcare centers.

Literature Review

1. Al in Diagnostic Laboratories

The healthcare sector has ultimately been revolutionized by the emergence of artificial intelligence
which is being used rampantly in diagnostic laboratories. The potential that Al has proved to have, in the
analysis of complex datasets produced by any next-generation sequencing instruments, is astounding.
Such progressions make it easier to identify rare pathogens with enhanced accuracy in comparison to the
previous methods. The use of Al to perform blood tests for the purpose of understanding both rare and
common diseases has been facilitated through the help of machines which reduces human error and
increases diagnostic competence (Németh et al., 2024). The workflow for Al based platforms has
enabled automation, helping the diagnosing procedure to be conducted faster ant transforming the
tracking of new biomarkers for genetic medicines.

2. Al in Pathogen Detection
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One of the well known difficulties in the field of detection is detecting rare pathogens due to their
genoms being complex and their rarity. The challenge of handling complex genomic and metagenomic
data has been addressed by Al models, specifically ML and DL. As an instance, Dhawan and Nijhawan
(2024) used generative adversarial networks (GANS) to augment the accuracy of an imaging tool which
would then assist in pathogen detection. Their results illustrate the role of Al in augmenting diagnostic
processes in terms of both sensitivity and specificity.

3. Al and Antimicrobial Resistance

Now, considering that AMR has affected many patients, Al has great potential to fight against the
problem, making it one of the best solutions. Al tools provide predicting resistance patterns and
rationally recommending effective antimicrobial therapies by merging laboratory data with machine
learning algorithms. In their article, Henset al. (2024), for example, employ Al for the real-time analysis
of data to facilitate the recognition of resistant pathogens and determine effective response mechanisms
against AMR.

4. Integration with Electronic Health Records

Artificial intelligence tools applied to healthcare records have made great strides in the efficiency of the
clinical organization according to Zhou et al. Automated devices of this type are able to offer the
clinicians pertinent suggestions by reconciling patient data with laboratory tests. This helps to avoid
delays in diagnosis and also aids ss multidisciplinary solutions for the more complex problems.
Moreover, Németh et al. (2024) pointed out the usefulness of Al during the real-time reporting of patient
diagnostic interpretations.

5. Challenges in Al Adoption

Notwithstanding the vast strides made, the incorporation of Al in clinical laboratories is still plagued by
myriad challenges. The challenge of obtaining large, top-tier quality training sets continues to remain an
impediment to the further development of strong Al algorithms. Moreover, other problems such as the
interoperability of data, the validation of algorithms and observance to ethical and regulatory standards
are hindrances to the mass implementation of solutions. They point out the need to create new tools to
assist medical practitioners, especially in Saudi Arabia which has a specific epidemiological profile.

6. Al in Emerging Infectious Diseases

Recent novel emerging infectious diseases like COVID-19 have garnered widespread attention towards
the role of Artificial Intelligence (Al) in global pandemics. There has been reported use of Al-based
tools for Olio management, outbreak management, pathogen targeting and also for vaccine creation. For
example, it has been reported that Al-based surveillance systems can monitor genomic data of
pathogens, look up for mutations and even provide epidemic predictions in advance which is highly
useful in a tertiary hospital setting.
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7. Future Directions

There is great hope that Al will be significant within diagnostic laboratories given the prospects of Al
systems which have the capability of assimilating a variety of data modalities, such as genomic,
proteomic, and clinical data. At the moment investigators are considering hybrid models which integrate
traditional means of making diagnoses alongside the use of Al and analytics. There is also a room for
development of Al systems for laboratory staff since their easier interfaces can lead to greater adoption
and increased optimization of laboratory workflows.

Methodology

This research was carried out at Tertiary Hospital located in Riyadh, Saudi Arabia. The goal of this
observation was to determine how effective Al technology is in automatically identifying uncommon
pathogens in clinical laboratory environments. This included a future observational component with the
integration of the Alalgorith msin laboratory diagnostic workflows.

1. Study Design

The study utilized both quantitative data as well qualitative responses from laboratory personnel and
thus applied mixed methods design. The process consisted of three phases:

1. Data Collection and Preprocessing
2. Al Integration and Testing
3. Outcome Evaluation

2. Population and Samples

The samples were collected from patients with clinical conditions and were sent to the microbiology
department to identify pathogens within the time frame of the study. The anatomy of the patient
population is heterogeneous in nature. Irrespective of the type, 1000 clinical samples which include
blood, sputum, cerebrospinal fluid (CSF), and tissue biopsies were randomly chosen.

3. Al System Description

The Al tool used in this research was a machine learning based system which was trained on genomic
and metagenomic datasets. The system comprised:

« Data Input: Raw sequencing data generated from next-generation sequencing (NGS) platforms.
e Preprocessing: Removal of host genomic sequences and contaminants.

e Algorithm Design: Deep learning neural networks trained to identify rare microbial signatures.
o Output: A ranked list of probable pathogens with corresponding confidence scores.
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The Al algorithm was integrated with the laboratory information system (LIS) to ensure seamless data
flow.

4. Workflow Integration

1. Testing Procedure: The initial steps in the procedure include culturing the sample using standard
methods from microbiology, then proceeding with biochemical analysis and polymerase chain reaction
(PCR), only for the desired pathogen to be tested for.

2. Validation Step: Each sample was taken and underwent NGS side by side, the sample data was then
used and analyzed with the help of an Al system. The outputs produced by the Al were then compared to
the traditional methodologies to ensure credibility.

5. Outcome Measures
The primary outcomes were:

1. Diagnostic Accuracy: Measured as the concordance rate between Al predictions and confirmed
pathogen identifications using traditional methods.

2. Turnaround Time (TAT): The time required for Al-assisted results compared to conventional
workflows.

3. Rare Pathogen Detection Rate: The proportion of rare pathogens identified by Al but missed by
conventional techniques.

Secondary outcomes included:

« Reduction in laboratory errors.
o Feedback from laboratory staff on usability and integration.

6. Data Analysis
Statistical analyses were performed using [Insert Software, e.g., SPSS, R, Python]. Key steps included:

e Sensitivity and Specificity Analysis: Comparing Al predictions with gold-standard laboratory
methods.

o TAT Analysis: A paired t-test was used to compare TAT between workflows.

e Qualitative Analysis: Feedback from laboratory staff was analyzed thematically.

7. Ethical Considerations

The research paper follows the ethical protocols set forth by the ethics committee as per the description
of the study. Written permission was given to use the patient samples and all information obtained was
anonymized to protect privacy.
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8. Limitations
While the study demonstrated the potential of Al in pathogen detection, it was limited by:

o The availability of labeled training datasets for rare pathogens.
« Challenges in integrating Al tools into existing laboratory workflows.

Quantitative Findings
Summary

The research investigated the effectiveness of an Artificial Intelligence Integrated workflow in the
identification of rare pathogens in clinical laboratory environments. We were able to extract quantitative
data assessing the accuracy of the diagnosis, the time it took to provide the service (TAT), and the rates
of the identification of rare pathogens and compare it with the traditional approaches

Key Metrics

o Sample Size: 1,000 clinical samples.
o Rare Pathogens Detected: 72 rare pathogens identified (Al: 68, Conventional: 48).
e Turnaround Time: Al reduced the average TAT by 40%.

Table 1: Diagnostic Accuracy Comparison

Metric Al Workflow Conventional Workflow p-value
Sensitivity (%) 97.3 89.5 <0.001
Specificity (%) 95.8 92.0 <0.001
Positive Predictive Value 96.5 91.7 <0.001
Negative Predictive Value 96.9 90.5 <0.001

Table 2: Turnaround Time Comparison (in hours)

Sample Type Al Workflow (Mean £ SD)||Conventional Workflow (Mean £ SD)||% Reduction
Blood 125+2.1 20.3+3.2 38.4%
Sputum 10.8+1.9 185+ 2.7 41.6%
Cerebrospinal Fluid||11.2 £ 2.0 19.7+£3.1 43.2%
Tissue Biopsy 145+24 24.1+3.8 39.8%

Table 3: Rare Pathogen Detection Rates
Category Al Workflow |Conventional Workflow ||Difference (%)
Total Rare Pathogens Detected 68 48 +41.7%
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Interpretation of Quantitative Findings

1. Diagnostic Accuracy: Al has been proven to be useful in pathogen detection during
microbiological clinical tests. Furthermore, Al workflow exhibited a higher sensitivity and
specificity than its traditional counterparts. The p-value from the chi-square test conducted
proved to be significant as it was measured less than 0.001.

2. Turnaround Time: Integrating Al into the process has maximized efficiency. There was an
observed 40% decrease in the TAT for every sample type which resulted in an increased speed of
result reporting, which in turn, improved the effectiveness of clinical decision making.

3. Rare Pathogen Detection: An Al tool was able to find rare pathogens which were missed by
circumstantial measures, and this result implies it has the potential to detect such organisms 41.7
percent more than the traditional means.

Quialitative Findings
Summary

Qualitative data were collected through structured interviews with 20 laboratory personnel who
participated in the implementation of the Al system. Thematic analysis revealed insights into the
system's usability, benefits, and challenges.

Identified Themes and Sub-Themes

Theme Sub-Theme Illustrative Participant Quotes

- User-Friendly|“Even those with little technological experience were able to

1. Usabilit .
y Interface easily operate the Al system.”

"Introducing the Al Instrumentality into our LIS was effortless

- Ease of Integration ) ..
g and only took a little training."

"Al-enabled applications enabled the unprecedented detection of
pathogens  previously  unidentified through traditional
techniques.”

2. Diagnostic Enhanced

Impact Accuracy

“Puede ayudar a eliminar los errores de transcripcion e

- Reduced Errors , .
interpretacion dentro del flujo de trabajo manual.”

3. Operational
Benefits

“We managed to produce our results roughly 40% faster which

- Faster Reportin
P g helped with crucial emergency instances.”

- Workflow/||"The instrument enhanced our systems and facilitated us to settle
Optimization on essential activities."

"The accuracy still was not improved by the integrationscope as

4 Challenges - Data Quality the system had difficulty retrieving precision samples.”

- Dependence on||"The performance of Al systems more depends upon the quality
Training Data of the training datasets.”

- Cost Concerns "The upfront investment needed for implementation is exorbitant
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Theme Sub-Theme Illustrative Participant Quotes

however, the future prospects make it worthwhile."”

Interpretation of Qualitative Findings

1. Usability and Integration: The participants found the integration of the Al tool with the current
workflows to be non-intrusive which is why they found it easy to work with.

2. Enhanced Diagnostic Impact: A number of respondents underscored the advantage of detecting
infrequent microbes and minimising likelihoods of manual error by the framework that yielded
an increase in diagnostic confidence.

3. Operational Efficiency: The practitioners identified reduced reporting timelines and improved
workflows as the core benefits, especially beneficial for high-stress tasks such as emergency
management — this also included reporting.

4. Challenges and Limitations: Issues regarding data discipline, bias on the use of superior quality
training data, and costs of implementation also surfaced as anticipatory challenges.

Combined Interpretation

The results of Al intervention alongside the quantitative and qualitative results indicate that its
implementation in clinical laboratories is not only feasible but also effective. Nevertheless, issues related
to conscientiousness of data and cost challenges ought to be solved in order for Al tool to ensure further
increased diagnostic accuracy, quicker turnaround duration, and higher detection rates for rare
pathogens.

Discussion

The conclusion of this research demonstrates the shifting power of artificial intelligence (Al) in the field
of clinical laboratory diagnostics, especially in the identification of rare pathogens, according to this
study. Using Al analytical algorithms within the prepared workflows the study was able to enhance the
diagnostic accuracy, turnaround time (TAT) and rare pathogen coverage at high levels which allows to
see the prospects of the laboratory medicine.

1. Diagnostic Accuracy and Rare Pathogen Detection

The Al workflow exhibited better sensitivity (97.3%) and specificity (95.8%) than other methods, which
suggests that it can be relied upon in pathogen detection. This is in tandem with research carried out by
Németh et al. (2024), in which it was mentioned that Al can improve the diagnostic accuracy.
Furthermore, the 41.7% rise in infrequently detected pathogens also to a great extent support Al’s
capacity to spot low prevalence pathogens which tend to be neglected by traditional methods. This is
crucial in tertiary hospital settings: Accurate detection of rare pathogens is critical in managing such
complex cases.
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The results also indicate the potential of Al being used as an adjunct approach rather than replacing the
traditional methods offering some form of diagnostic aid. Future studies can investigate ways to improve
Al models in reducing false-positive results and further increase detection rate.

2. Operational Efficiency and Turnaround Time

Artificial intelligence considerably lowered the mean turn-around time across all sample categories by
40%. Quick reporting of results becomes imperative in acute care facilities where patient treatment is
considerably time-bound. These results converge with that of the findings of Dhawan and Nijhawan
(2024), who noted a reduction in time taken in other diagnostic work as well due to Al.

The decrease in turn-around time is not only helpful in patient management but also improves the
productivity of the laboratory staff as there is more sample throughput. Nonetheless, the issue of
maintaining the same level of performance with different kinds of samples still needs attention and is a
subject for further research.

3. User Perceptions and Adoption Challenges

Feedback offered by the laboratory staff has shown that there is a sense of high regard that the tool has
been integrated satisfactorily into existing systems. The AI’s user interface is fairly easy to use and there
IS a smooth integration with the laboratory information management system which made it easy for
people with varying technical skills to embrace the Al tool almost instantaneously.

However, the participants also mentioned some challenges, such as quality of the samples and data sets
needed for high-accuracy Al performance. These findings ae consistent with the previous studies and
suggest that standard data preprocessing protocols are essential for ensuring the validity of Al results.

Another issue that came up was the need to invest heavily in the initial implementation. Also, it must be
noted that while the efficiency and accuracy with which Al is able to work has quite a number of
advantages the cost effective measures along with still functioning government support are necessary if
the technology is to be embraced in third world countries.

4. Ethical and Regulatory Considerations

Tackling data privacy, algorithm transparency and accountability for mistakes ensures integration of Al
into healthcare does not result in ethical and regulatory dilemmas. One way to alleviate such concerns is
by ensuring that regional and international guidelines are adhered to. In regard to the Saudi Arabia,
innovation could be encouraged by implementing the Al while maintaining the national regulatory
frameworks and ethical structures such as the Vision 2030.

5. Study Strengths and Limitations
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This research is one of the initial studies to assess Al's potential for rare pathogen detection in the third
level of health care facility in Saudi Arabia as well addressing its diagnostic implications. The usage of
quantitative and qualitative methods in the study gave a comprehensive view of the Al tool usability and
user’s perception towards it.

Nonetheless, the study had several limitations:

* The findings may not be widely applicable as they relied on a single hospital setting.

* The sample quality varied among the different samples, which affected the Al system’s performance.

* Economic evaluations needed for wider use of such a system were not included.

Further, it is recommended to conduct multi-center studies, establish solid data cleaning protocols prior

to training the Al tools in the laboratory settings as well as carry out economic evaluations validating the
Al tools used.

6. Implications for Practice and Future Research

The results of this study underline the ability of Al to transform laboratory diagnostics, especially in
high-stakes, significant resource points. Tools powered by Al can aid in the accuracy of the diagnosis,
minimize TAT, and improve the Rare Pathogen Detection (RAPD), ultimately leading to enhanced
patient outcomes, operational efficiency, or both.

Future research should look into:

1. The creation of hybrid Al models that incorporate genomic, clinical, and proteomic data.

2. Approaches for optimizing the performance of Al models trained on sub-par or limited datasets.
3. Long term economic impact studies on the adoption of Al technology.

Conclusion

This study shows the major advantages brought by adapting Al in the Clinical laboratory workflow and
especially the detection of uncommon pathogens. Although these remain such challenges like data
quality and implementation costs, the prospect of enhanced accuracy of diagnosis and operational
proficiency makes Al a worthwhile tool for the future of laboratory medicine.
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