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Introduction

Bacterial meningitis is a dangerous disease caused by infection and inflammation of
the meninges. Among the causative infectious agents for meningitis are certain
Streptococcus and Staphylococcus species. These bacterial infections often
present with overlapping symptoms and may be easily mistaken. However, as
treatments differ, it is clinically essential to distinguish the pathogen responsible.

Problem and Solution

Presently, meningitis is diagnosed after analyzing a sample of cerebrospinal fluid,
which can only be obtained through an invasive lumbar puncture. Then, the culture
confirmation to determine the specific pathogen can take days, putting a patient
more at risk of delay or inappropriate treatment. The risk of delaying treatment is
especially harmful, as the odds of an unfavourable outcome rise by 30% every hour?
. Thus, a rapid method to determine the pathogen responsible is needed.

Laser-induced breakdown spectroscopy (LIBS) could provide the necessary
solution to these impediments, being a rapid analytical technique capable of
differentiating various bacterial species.

LIBS Methodology

In LIBS, a laser ablates the surface of a material, creating a high-temperature plasma.
The light emitted by this plasma is then analyzed to determine its constituent atoms
and ions, making a rapid elemental assay of the bacterial cells.
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3 filters of sterile aCSF were
classified against 20 filters of
infected aCSF (10 with Staph., 10
with Strep.). The model was
constructed from 84 spectra of
sterile aCSF (red, class 1) and 543
spectra of infected aCSF (green,
class 2).

Individual spectrum test: Each spectrum on a filter was tested against

all other spectra from all other filters
The sensitivity of the test was determined to be 99.1%,
and the specificity of the test was determined to be 100%.
The classification accuracy was determined to be 99.2%.
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Bacterial Preparation and Deposition

The two species were cultured on blood TSA agar plates, harvested, and suspended

in artificial cerebral spinal fluid (aCSF) to replicate the environment of the meninges.

Known aliquots of Staph. aureus and Strep. salivarius, along with sterile aCSF for a
control, were then deposited onto a nitrocellulose medium using a custom
centrifuge tube insert to concentrate bacterial cells at the centre of the filter.
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Light emitted from the ablated sample is collected by the spectrometer, which produces an
emission spectrum (above) in which the intensity of each spectral line is proportional to its

concentration in the sample.
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Individual spectrum test: Each spectrum on a filter was tested against
all other spectra from all other filters

The sensitivity of the test was determined to be 79.6%, and
the specificity of the test was determined to be 68.8%. The
classification accuracy was determined to be 74.4%.
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TN = True Negatives FN = False Negatives
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Custom 3D-Printed
Centrifuge Insert

3D-printed cone with two

components: a (small insert) and
% B (large insert). The two pieces
= screw together with the filter in
between. The aperture in the large
insert concentrates the bacteria
in a 1.8 mm diameter circle, while
the ridge prevents bacterial cells
from escaping.

Top view

The aperture on the small insert
allows water and ions to drain
through while larger bacterial
cells remain on the filter surface,
forming an easily-identifiable
indent.
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Conclusions

LIBS was used to obtain elemental emission spectra
from aCSF solutions with Staphylococcus and aCSF
solutions with Streptococcus.

The PLS-DA test was successful in detecting the
presence of pathogenic bacteria in aCSF, with a
classification accuracy of 99.2%. The system was
moderately successful in diagnosing bacterial
identity, with a classification accuracy of 74.4%.

Future Work

e Improve chemometric and machine-learning algorithms
to enhance efficiency and optimize accuracy

e Improve reproducibility in bacterial deposition

e Incorporate ultrasonic dismembration to homogenize
bacterial solutions

e Train the data on an artificial neural network (ANN) to
better predict bacterial identities.
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