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Urinary tract infections (UTIs) are the second most common infectious disease for which people seek treat-
ment. The current gold standard for diagnosis requires the culturing of bacteria, a method that is time-
consuming, costly, and can result in false-negatives. As an alternative diagnostic technique, laser-induced
breakdown spectroscopy (LIBS) is being investigated for the rapid and accurate identification of pathogenic
bacteria in clinical specimens of urine.

LIBS utilizes a nanosecond laser pulse to ablate a target, producing a plasma uponwhich spectroscopic analysis
is performed. A broadband high-resolution Echelle spectrometer with an intensified-CCD camera allows for
the measurement of a high signal-to-noise optical emission spectrum which can be used to make a near-
instantaneous determination of the elemental composition of a target. To stimulate clinical UTIs, sterile urine
specimens obtained from four patients at a local hospital were spiked with known concentrations of different
bacterial species including Escherichia coli, Staphylococcus aureus, and Enterobacter cloacae. A partial least
squares discriminant analysis (PLS-DA) performed on the spectra obtained from these specimens resulted in
a 98.3% sensitivity and a 97.9% specificity for the detection of pathogenic cells in urine when single-shot LIBS
spectra were tested. When the model was constructed using the average of thirty single-shot spectra acquired
from a single target, a 100% sensitivity and a 100% specificity was obtained. Once a sample was identified
as bacteria-positive, more advanced machine learning techniques were needed to differentiate the spectra
acquired from the three bacterial species. The average sensitivity and specificity of an artificial neural network
analysis with principal component analysis pre-processing (PCA-ANN) was 70.9% and 85.5% respectively.
Ongoing work to improve these discrimination algorithms will be presented as well as efforts to improve the
deposition method to increase the repeatability and improve the signal to noise of the spectra acquired from
urine specimens.
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