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Abstract

Bartonella endocarditis is notoriously challenging to diagnose due to its insidious onset, nonspecific symptoms, and the limitations
of conventional culture-based techniques. Artificial intelligence (Al)-driven metagenomic next-generation sequencing (MNGS)
represents a transformative diagnostic approach by integrating machine learning algorithms with culture-independent sequencing
data to improve accuracy and sensitivity. This technique overcomes barriers such as culture bottlenecks and post-surgical sample
limitations, achieving high diagnostic specificity while enabling the detection of rare or novel pathogens. Despite challenges
including limited reference databases, contamination risks, and cost-related barriers in low-resource settings, Al-enhanced
metagenomics offers a promising path toward faster and more precise diagnosis of Bartonella endocarditis. Its integration into
clinical workflows, supported by continuous algorithm development, cost optimization, and standardized protocols, has the
potential to improve patient outcomes in rare infectious diseases.
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To the Editor,

Bartonella species are gram-negative bacteria that cause a wide
range of clinical manifestations, like localized lymphadenopathy
and severe systemic diseases such as cat-scratch disease, Carrion’s
disease, trench fever, and endocarditis. These pleomorphic cocco-
bacillary organisms are transmitted by arthropod vectors and infect
erythrocytes, endothelial cells, and various macrophage-type cells,
including microglial cells and dendritic cells!). Bartonella endocar-
ditis has an insidious onset and non-specific symptoms. It presents
a particularly challenging diagnosis due to the difficulty in culturing
the causative agents from blood™. Rapid and accurate diagnostic
tools are critically needed due to possible cardiac damage and fatal
outcomes without treatment, and artificial intelligence (Al)-driven
metagenomics fulfills this need.

Metagenomics is a computational method that enables research-
ers to reconstruct microbial genomes directly from a given sample.
Studies indicate that metagenomics and next-generation sequen-
cing (NGS) have been used for the identification of central nervous
system infections (meningitis, encephalitis) caused by pathogens
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like Cryptococcus, Aspergillus, and Mycobacterium tuberculosis®®..
Al-driven metagenomics is revolutionary because it integrates
machine learning algorithms with data obtained from NGS. Al
algorithms are important because they process the detailed datasets
generated by metagenomic sequencing. This makes data processing
more efficient and also ensures that different microorganisms are
accurately identified. Computational tools are great at identifying
subtle patterns and predicting microbial functions. These tools are
even capable of uncovering novel microbial species and genes that
conventional bioinformatics pipelines would find intractable!*!.
Infective endocarditis is difficult to diagnose due to the incon-
spicuous nature of Bartonella species, like in blood-culture-negative
endocarditis. These intracellular organisms are difficult to isolate
and diagnose using conventional techniques such as valve culture
and polymerase chain reaction (PCR). Al-driven metagenomics
next-generation sequencing (mNGS) has revolutionized the diag-
nosis of infective endocarditis as it has achieved a sensitivity of
82.4% and a specificity of 100%, which are markedly high in
comparison to valve culture and microscopy, but has a little
lower sensitivity than in blood culture!™’. This technique mainly
uses culture-independent sequencing of total genetic material,
which overcomes persistent limitations such as the culture bottle-
neck and specimen-specific variability!®!. Usually, conventional
tests fail to detect any remains of causative agents after valve
replacement surgery; in such cases, metagenomics (mainly its
branch metataxonomics) is helpful in detecting the infective agent.
Al-driven mNGS has transformative potential for the diag-
nosis of Bartonella infections, yet it has limitations. A primary
challenge is the lack of availability of reference databases,
because it is hard to reference sequence a vast amount of
data, which limits the accurate detection of pathogens!”.
Additionally, the difficulty in differentiating true pathogens
from background contaminants contributes to false positives,
while low-abundance targets may be missed which resulting in
false negatives. In resource-limited settings, scalability and
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accessibility are restricted due to high financial and computa-
tional costs. Most clinical laboratories lack the bioinformatics
expertise required to analyze complex mNGS data.

In conclusion, the successful integration of mNGS into stan-
dard diagnostic workflows is quite necessary. This requires the
continuous development and rigorous clinical validation of
emerging Al models, designed to accurately interpret complex
data sequencing and detect true pathogens. Furthermore, differ-
ent strategic measures are required to make it cost-effective and
establish standardized interpretation protocols. By adopting
these developments, rare Bartonella endocarditis can be diag-
nosed much more quickly and accurately, improving patient
outcomes and treatment in the long run. This letter to editor is
in compliance with the TITAN guideline!®.
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