
Laser-Induced Breakdown Spectroscopy 
(LIBS):

An Optical Diagnostic Tool 
for the Rapid Identification and Classification of 

Pathogenic Bacteria

CAP Congress 2011 

Steven J. Rehse   
University of Windsor, Department of Physics



bacteria are ubiquitous
10x more prokaryotic cells in your body 

than eukaryotic cells

Staph. epidermidis

V. cholerae

Staph. aureus

E. coli







there is an urgent need right now in the military, civilian 
(hospital, food processing, environmental), and first 
responder communities for a “…rapid point-of-care 

(multiplex?) diagnostic for disease-causing pathogens.”

Yersinia pestis
MRSA

Acinetobacter baumannii 

Bacillus anthracis



Why?
“It is well-accepted that the microbiological 
expertise and cost required to perform…
identifications preclude their common use as 
a screening mechanism to prevent human 
infection.”1

1Tarr, P.I. 1995. Escherichia coli O157:H7: clinical, diagnostic, and 
epidemiological aspects of human infection.  Clin. Infect. Dis. 20, 1-8.



Due to certain well-recognized advantages, laser-
induced breakdown spectroscopy (LIBS) is an 
attractive diagnostic candidate technology

• speed / portability / durability (ruggedness)
• lack of complicated sample preparation
• no expertise required
• no genetic or antigenic precursors (consumables) 

necessary
• same technology / hardware useful for explosives, 

chemical, other threats (CBRNE capable)
• capability of sensor fusion
• optical technique can be use in “stand-off” mode



EMMA: Elemental Multivariate 
Microbiological Analysis 

• utilizes laser-induced breakdown spectroscopy 
(LIBS) to measure the unique atomic or elemental
composition of bacteria
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LIBS Spectrum is like a Bar Code- Unique for Each Sample
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Once a LIBS spectrum is 
obtained..

1)  concentrations of 
elements (or ratios of 
concentrations) become 
independent variables in 
a chemometric 
multivariate analysis

2) the chemometric 
algorithms classify/ 
identify the unknown 
target on the basis of its 
unique atomic signature



how we did it…
10 microliter of 
bacteria pellet

about 500-1500 
bacteria per 
sampling location

E. coli from liquid 
specimen.  
Centrifuged than 
supernatant 
removed

bacto-agar (99% 
water)



Does it work?  YES!
• Intensity of lines, 

ratios of intensities 
used in a statistical 
multi-variate analysis

• Discriminant function 
analysis (DFA)
– principal 

component 
analysis (PCA)

– partial least 
squares –
discriminant 
analysis (PLS-DA)

– linear discriminant 
analysis (LDA)

E. coli

M. smegmatis
Streptococcus

Staphylococcus



100.000000000010:Strep. viridans

5.095.0000000009:Strep. mutans

00100.000000008:Staph. aureus

005.994.10000007:Staph. saprophyticus

000093.3006.7006:E. coli (HfrK-12)

00000100.000005:E. coli (HF4714)

00000096.43.6004:E. coli (C)

0000004.096.0003:E. coli (O157:H7)

0000000072.028.02:M. smegmatis (WT)

0000000017.682.41:M. smegmatis (TA)

10987654321
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We have already demonstrated…

EMMA spectral fingerprint is:
– growth-medium independent
– independent of state of growth (how “old” the 

bacteria are)
– independent of whether the bacteria are live 

or dead (or inactivated by UV light)
– obtainable even when other types of bacteria 

or contaminants are present (mixed samples)
– capable of strain discrimination
– obtainable from about 500 bacteria

7 publications in Applied Physics Letters, Journal of Applied Physics, Applied Optics, and 
Spectrochimica Acta B, Applied Spectroscopy



“Mixed” Samples

• Mixtures of known mixing fraction were 
prepared from suspensions E. coli C and 
E. cloacae. 

• Mixing represent “clinical” contaminations 
and/or mixtures (i.e. 10:1, 100:1, 1000:1).



“Dirty” clinical samples

S. viridans
S. epidermidis: H2O

S. epidermidis: urine

E. coli

• Samples of Staph. epidermidis were 
prepared in DI water and sterile urine.

• Samples were collected and tested 
via LIBS with NO WASHING.

• LIBS spectral fingerprint from urine-
exposed bacteria were identical to 
water-exposed bacteria.

• EMMA correctly classified 100% of 
the urine-exposed bacteria as being 
consistent with S. epidermidis



Strain discrimination confirmed 
by others…

• 100% accuracy exhibited in blind trials of 4 
MRSA strains and one E. coli strain

• lyophilized (“freeze-dried”) specimens used



We Must Proceed, and Faster…

LIBS research must proceed along two equally 
important avenues: 

• fundamental research to explore the 
microbiological diversity that can occur in 
specimens 

• specimen preparation and handling protocols 
and techniques to isolate pathogens from 
contaminants of biological origin

NOTE: we do NOT need to fingerprint hundreds 
and hundreds of “new” bacteria 



what must we do to make LIBS a 
clinical tool?

Develop hardware and protocols for clinical 
sample testing (blood, urine, sputum)

• isolation
• concentration under the laser focus

solutions
1. differential centrifugation
2. filtration (sequential?)
3. optical trapping / separation
4. microfluidic separation
5. antibody isolation/phage display technology (consumables!)
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Thanks to you for listening…

Questions?


