Toward the development of a rapid diagnostic test for bacterial meningitis using laser-induced breakdown spectroscopy
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Laser-induced breakdown spectroscopy (LIBS) offers the
potential for rapid and accurate pathogen identification with X Indent in filter only on four corners, unable to fully
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Cerebrospinal fluid (CSF) is the fluid the brain,
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Results: PLS-DA Results: PCA-ANN

Partial least squares-discriminant analysis (PLS-DA) was used to calculate the likelihood of each

sample belonging to a predefined class.

107 independent variables inputted - 15 chosen emission lines and 92 ratios of those lines

* Each individual filter (consisting of 25 spectra) is withheld to create a test dataset that is
compared against the remaining filters which make up the model

Use an artificial neural network (ANN) to identify the bacterial species

Rather than entering the full LIBS spectra (200 — 590 nm) that contain 42,000 independent
variables into the ANN, principal component analysis (PCA) preprocesses the data. The result is

Internal cross-validation (80:20 split) randomly selects 20% of the dataset to be tested
against remaining 80% of spectra.

10 PC scores that capture 99.58 % of variance. PCA and ANN scripts were implemented in Python.

TP = True Positives FP = False Positives
TN = True Negatives FN = False Negatives
Sensitivity = Ll X 100%
TP + FN
Specificity = N X 100%
TN + FP
TP+ TN
Classification Accuracy = X 100%

TP+TN+FP +FN
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Excluding aCSF + M. smegmatis 100% : | External validation tests individually compare one filter (25 spectra) against left over spectra. %"
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Three Class: Diagnose bacterial identity Classification Accuracy 83.3 % 82.3 % 97.9 % 87.8 % the variance in the data
Class 3: aCSF + M. smegmatis Sample Average Sensitivity Conclusions Conclusions and Future Work
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| * Developed a custom centrifuge insert and new bacterial deposition method, increasing bacterial signal and reproducibili
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: Implemented PCA-ANN models to identify specific bacteria in aCSF, with overall test specificity and sensitivity of 81.7% and 90.9 %, respectively
Q Future Work

5  Improve PCA-ANN classification accuracy and investigate why M. smegmatis has better classification ability than E. coli or S. aureus

Class 1: aCSF + E. coli Many E. coli and S. aureus spectra failed to classify properly. * Extend analysis to other bacterial strains, such as M. tuberculosis and Streptococcus mitis
—— — An alternative technique is required.  Continue to enhance data reproducibility by reducing variability due to sample preparation and mounting
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