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• Tests in the context of Covid-19 pandemics

• Rapid test technology (most spread): Lateral Flow Assay (LFA)

• Alternative technology (for antigenic test): colorimetric biosensor

• Physical modelling

• Perspectives (saliva and other)

Outline



Guglielmi, G. Nature 590, 202–205 (2021).



Lateral Flow Assay

Koczula, K. M. & Gallotta, A. 

Lateral flow assays. Essays Biochem. 60, 111–120 (2016).



LFA for COVID-19 (serological and antigenic)

Mahmoudinobar, F., Britton, D. & Montclare, J. K. Protein-based lateral flow 

assays for COVID-19 detection. Protein Eng. Des. Sel. 34, 1–10 (2021).

Serological test

Blood

Antigenic test

LFA
Easiness of use
Sensitivity



FOR SUB-WAVELENGTH PARTICLES, THE

ABSORPTION INTENSITY DOMINATES OVER THE

SCATTERING EFFICIENCY.

AuNPs size

Localized Surface Plasmon Resonance



Colorimetric biosensing by LSPR

Surface functionalization
is a key step in (optical) 
biosensing

Simple read-out

Mixing
(can be improved by core-shell 
magnetic nanoparticles: future 
research) 



Gold NP functionalization
Robust functionalization
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E2 detected in the range of 1-50 pg/mL.

Minopoli et al., Sensors and Actuators B: Chemical, 308, 127699 (2020)

Detection of 17 -estradiol (E2) in tap water by AuNPs

Hook effect
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Della Ventura et al., ACS Sensors, 2020, 5, 3043−3048

A visual and quick response is

obtained from patients with high viral

loads (Ct > 15) contributing to identify

the so-called superspreaders and to

downregulate the pandemic spread
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Detection of SARS-CoV-2 in nasal and throat swabs
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Della Ventura et al., ACS Sensors, 2020, 5, 3043−3048

OD560 𝐶 = ∆ OD560
𝐶𝑛

𝐾𝑛 + 𝐶𝑛
+ OD560 0

Sensitivity 94% Specificity 100%

Limit of detection Ct = 30

Detection of SARS-CoV-2 in nasal and throat swabs

Receiver Operating Characteristic (ROC)



≲ 108 virions/mL ~109 virions/mL ~1010 virions/mL ≳ 1011 virions/mL
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Minopoli et al., AIP Advances 11, 065319 (2021)

Number of f-AuNPs in 1 mL of colloidal solution ≅1011

Modeling the colorimetric biosensor
Virion: Ø=100 nm with  2000 M, 20 E and 100 S (10 nm height)



Reading at 560 is optimal,

in full agreement with the experiment.
Minopoli et al., AIP Advances 11, 065319 (2021)

Simulation: extinction spectra and dose-response curve



Minopoli et al., AIP Advances 11, 065319 (2021)

Complete coating matters

100 f-AuNPs binds S

80 f-AuNPs binds M and E

One order of magnitude is lost in LOD



Della Ventura, et al. Analyst 144 (23), 6871-6880 (2019)
R. Funari, et al. Langmuir 32, 8084-8091 (2016)

Photochemical Immobilization Technique

KEY STEP IN BIOSENSING: FUNCTIONALIZATION PROCEDURE

Key step in biosensing: functionalization procedure



SALIVA (patent pending)
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First study

Napoli, January 2021

- 100 specimen (70 negatives, 30 

positives with Ct < 30)

- Reference standard RT-PCR

- Specificity 99% (69/70)

- Sensitivity 90% (27/30)

RT-PCR
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a Positive 27 1 28

Negative 3 69 72

Total 30 70 100

RT-PCR

Positive Negative Total

T
G

S
 V

E
L

O
X

 
A

g
 S

al
iv

a Positive 89 4 93

Negative 1 119 120

Total 90 123 213

Second study

Rome, March 2021

- 213 specimen (120 negatives, 93 

positives with Ct < 30)

- Reference standard RT-PCR

- Specificity 99% (119/120)

- Sensitivity 96% (89/93)

Clinical validation



• Colorimetric immunosensor sensitive to “virion”

• Good performances against SARS-CoV-2

• Photochemical Immobilization Technique (PIT) is a powerful tool for (gold) surface

functionalization

CONCLUSIONS

… and PERSPECTIVES

• Rapid test with saliva

• Application to other viruses
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