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Louvain la Neuve, located in Belgium
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Louvain la Neuve – then (1972)
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Louvain la Neuve – now
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BACTERIAL DETECTION IN COMPLEX SAMPLES

BLUE ENERGY & IONTRONICS RF SUBSTRATES

Prof. Jean-Pierre Raskin’s
RF SOI group

THz WAVEGUIDES

Collaboration with Prof. Dimitri Lederer’s team
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BACTERIA?

B. cereus

Gastrointestinal, respiratory tract,
nosocomial, eye, CNS, urinary tract and
cutaneous infections, endocarditis,
osteomyelitis. The potential of this
bacterium to cause life threatening
infections has increased.

[https://www.msjonline.org/index.php/ijrms/article/view/2049] [Y Tambe, CC BY-SA 3.0  via Wikimedia Commons]

S. aureus (S. epidermidis)

Minor skin infections: boils, abscesses,
impetigo;
More serious infections: meningitis,
osteomyelitis, pneumonia, septic
phlebitis, endocarditis;
MRSA, displays antibiotic resistance

B. subtilis

« Not a frank human pathogen, but has
on several occasions been isolated
from human infections.
Infections attributed to B. subtilis
include bacteremia, endocarditis,
pneumonia, and septicemia. »
[https://www.epa.gov/sites/default/files/2015-
09/documents/fra009.pdf]



Traditional methods for bacterial detection
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BIOSENSORS

               

✓ Cost-effective
✓ Specific
✓ Sensitive (1 CFU*/mL)
 Time-consuming (>12h)
 Prone to errors

✓ Fast (>2h)
✓ Specific
✓ Sensitive (1-10 CFU*/mL)
 Expensive

✓ Fast (>1h)
✓ Specific
✓ Sensitive (1 CFU*/mL)
 Expensive
 High-end instrumentation
 Prior knowledge of suspected 

pathogen

* CFU = Colony Forming Units



BIOSENSORS
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Assay time 
Sensitivity 
Selectivity 
Reliability/Robustness
Complex sample
Versatility
Cost 
Portability

Figures of merit
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PSI MEMBRANES

R. Vercauteren; G. Scheen; J.-P. Raskin; L. A. Francis; Porous silicon
membranes and their applications: Recent advances, Sens. Actuator
A-Phys. 2021, 318, 112486, https://doi.org/10.1016/j.sna.2020.112486

https://doi.org/10.1016/j.sna.2020.112486
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R. Vercauteren; G. Scheen; J.-P. Raskin; L. A. Francis; Porous silicon
membranes and their applications: Recent advances, Sens. Actuator
A-Phys. 2021, 318, 112486, https://doi.org/10.1016/j.sna.2020.112486
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LYTIC ENZYMES

Image from Antibiotics 2021, 10(2), 124; https://doi.org/10.3390/antibiotics10020124 

Lytic enzymes can be produced by bacteria or bacteriophage

Present “naturally”

https://doi.org/10.3390/antibiotics10020124


15

LYTIC ENZYMES
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LYTIC ENZYMES

Model: Bacillus cereus (ATCC10987)
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POROUS SI

Porous silicon interferometer

Sensing layer

Support layer

Large pores - thin layer

Small pores - thick layer
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POROUS SI



POROUS SI

Sensing layer

Contrast layer
Small pores, thicker layer

Large pores, thin layer

Small pores
15 nm

Large pores
50 nm
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nm

nm

Filtration membrane

PSi Membrane
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POROUS SI

Sensing layer

Support layer

Large pores - thin layer

Small pores - thick layer

F.E.M. simulation (Comsol Multiphysics)
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OPTICAL SENSING

Fourier 
transform

Fabry-Pérot fringes Effective optical thickness (EOT)
EOT=2nL

Measurement Signal processing

L
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OPTICAL SENSING

Fourier 
transform

Fabry-Pérot fringes Effective optical thickness (EOT)
EOT=2nL

Measurement Signal processing
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PROTOCOL & SETUP

The detection of Bacillus cereus (ATCC10987, ~106 CFU/mL), 
lysed by PlyB221 endolysins

1h30 max

Pump
1-2 µL/min

Sample

Optical setup
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ALD PASSIVATION
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ALD PASSIVATION

Atomic 

Layer 

Deposition 

(ALD)

SiO2Si Al2O3, HfO2, or TiO2
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ALD PASSIVATION

Al2O3

SiO2 HfO2

TiO2
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ALD PASSIVATION

Reflectance is improved
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ALD PASSIVATION
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ALD PASSIVATION

Highest EOT shift

Highest EOT 
shift relative 
to PBS 
baseline

The detection of Bacillus cereus (ATCC10987, ~106 CFU/mL), lysed by PlyB221 endolysins, shift after 1h
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THEORETICAL LOD

YES, but…



FIGURES OF MERIT
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Sensitivity

10² CFU/mL  Detected but not reliably (p-value>0.05)

10³ CFU/mL  Limit of Detection (LoD) (p-value<0.05) !

Noise level = 3σPBS

✓

DetectedNot always 

detected

Infection levels for foodborne infection 



FIGURES OF MERIT
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Selectivity ✓

*

*



FIGURES OF MERIT
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The detection of Staphylococcus epidermidis (ATCC35984, ~106 CFU/mL), lysed by lysostaphinVersatility ✓

*



FIGURES OF MERIT
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Complex sample: human plasma Blood without white blood cells, red blood
 cells and platelets

✓

The detection of Bacillus cereus (ATCC10987, ~106 CFU/mL),
 lysed by PlyB221 endolysins, shift after 1h

*

By KnuteKnudsen
at English Wikipedia, 
CC BY 3.0



FIGURES OF MERIT
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Assay time ✓
Sensitivity ✓
Selectivity ✓ 
Complex sample✓
Versatility ✓

Cost ± 
Reliability/Robustness ±

Portability    bench-top device for now

 Promising results, but improvements are (always) possible!
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BRAGG MIRROR

Work of E. Colomer Clavel and C. Gevers
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BRAGG MIRROR

4% EOT shift

Theoretical LoD

PSi 2.15·10-1 RIU

PSi+Bragg mirror 1.35·10-3 RIU

Work of E. Colomer Clavel and C. Gevers
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PSI FLAKES

Much simpler method to achieve the fabrication of membranes, if we cope with the mechanical fragility … 

Work of R. Hanus
& C. Gevers
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AU NP FOR SERS

Au nanoparticles

Under submissionWork of C. Gevers & L. Lejeune

Methylen blue mediation 5·10-7 M

Star-shaped Au NPs



Perspectives

Design Optimisation

Fluidic integration

Other detection methods

Other biological targets

?
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CONCLUSION
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