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SI-1 Enhancement factor (EF) calculation

The SERS enhancement factor (EF) of Au@Ag@Au was evaluated by
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Where “SERS and Tyt were intensities of the same band of SERS spectrum and normal

Raman spectrum, respectively. Nsers and Nbulk were the number of molecules

participating in SERS signal and Raman signal, respectively. In our experiment, laser-

illuminated area, laser power, exposure time and microscope magnification were the



same. The droplet volume was the same, and the number of NBA molecules was

proportional to its concentration. Therefore, EF was roughly estimated by
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Where “SERS and e were intensities of NBA of 591 cm! of SERS spectrum and

normal Raman spectrum, respectively. Csers and Chutt were concentrations of NBA
participating in SERS signal and Raman signal, respectively. The UV-Vis spectra of
NBA before and after adsorbed to Au@Ag were measured in Figure S1(a) to calculate
the concentration of NBA in Au@Ag@Au NPs. As shown in Figure S1(b), the SERS
intensities of NBA from Au@Ag@Au NPs and Si substrate were 38980 and 2166,
respectively. The concentrations of NBA were 1.69x10- M and 10 mM, respectively.

Thus, the EF of Au@Ag@Au was estimated to be 1.06x10.
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Figure S1 (a) Absorption spectra of NBA before and after adsorbed to Au@Ag (b)
Raman spectra of NBA on different substrates: 10 mM NBA on Si substrate (black

line), and 1.69x10° M NBA on Au@Ag@Au NPs (red line).

Figure S2 (a) Absorption spectra and (b) SERS spectra of Au@AgNBA@Au NPs

with different volumes of Au! solution.
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Figure S3 Zeta potentials of nanoparticles
The negative zeta potential of Au NPs arises from citrate ligand. Meanwhile, the

positive zeta potentials of residual NPs arise from CTAC which is a cationic surfactant.
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Figure S4 (a) Element mapping image of Au@Ag NPs (b) Element mapping image
of Au@Ag@Au NPs (¢) 2D Z-normal refractive index monitor in numerical
simulation of Au@Ag@Au NPs.

Figure S4(a) and Figure S4(b) show the element mapping image of Au@Ag and
Au@Ag@Au NPs, respectively. The structure parameters of Au@Ag@Au NPs were
configurated according to element mappings in TEM images. The diameters of Au core
and Au@Ag NPs were 15 nm and 56 nm, respectively. The thickness of outer Au shell

was 11 nm and there was a 1 nm gap between Au@Ag and outer Au shell. The dielectric



functions of Au and Ag were taken from Johnson and Christy. The wavelength of
excitation source was 785 nm and the mesh size was 0.1 nm. Figure S4(c) shown the

result from 2D Z-normal refractive index monitor.
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Figure S5 Modification steps of AAO
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Figure S6 Depth mapping of test spot at 10 ng/ml of SARS-CoV-2 NP
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Figure S7 Colorimetric results of SARS-CoV-2 and influenza A measured by

commercial LFA strips. (a) Assay results of SARS-CoV-2 NP in the range of 0-100

ng/ml (b) Assay results of influenza A antigen in the range of 0-100 ng/ml.
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Figure S8 SERS intensities at 591 cm™ and 1621 cm™! of 1 ng/ml SARS-CoV-2 NP

and Influenza A antigen collected from 15 substrates
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Figure S9 Images of commercial LFA strips of three repeated detections at three

concentrations of SARS-CoV-2 NP (100 ng/ml, 10 ng/ml and 1 ng/ml)
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Figure S10 SERS intensities at 591 cm™! of 1 pg/ml SARS-CoV-2 NP after SERS-

VFA device being exposed in the air for 8 weeks
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Figure S11 (a) SERS spectra of Au@AgN®*@Au SERS nanotags mixed with
complex samples (10 mM PBS, 50 mM Tris-HCl, saliva, sputum and nasal mucus).
(b) SERS intensities at 591 cm™! of Au@AgNBA@Au SERS nanotags mixed with
complex samples (10 mM PBS, 50 mM Tris-HCl, saliva, sputum and nasal mucus).
Inset is the appearance of six Au@AgNPA@Au SERS nanotags mixed with complex
samples: 10 mM PBS, 50 mM Tris-HCl, saliva, sputum and nasal mucus,

respectively.
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Figure S12 (a) SERS spectrum of negative sputum sample (b) Image of AAO after
negative sputum sample detection (c¢) Image of absorption pad after negative

sputum sample detection
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Table S1 Concentrations of SARS-CoV-2 NP and Influenza A antigen in ten

samples in the cross-reactivity test.

Sample Number SARS-CoV-2 NP (ng/ml) | Influenza A antigen (ng/ml)
1 0.02 0.2
2 0.1 0.2
3 0.5 0.2
4 2 0.2
5 16 0.2




6 0.5 0.02
7 0.5 0.2
8 0.5 0.85
9 0.5 3
10 0.5 30

Table S2 Comparison of the proposed SERS-VFA with other immunoassays for

simultaneous detection of SARS-CoV-2 and influenza A

Method Analytes Dynamic range | LOD Test time
SARS-CoV-2 50-1000
5.2 PFU/mL
virus PFU/mL Not
SERS-LFA [1]
Influenza A | 168-8064 mentioned
23 HAU/mL
virus HAU/mL
SARS-CoV-2 S
0.01-100 ng/ml | 8 pg/ml
SERS-LFA |2] protein 30 min
HINI1 102-107 copy/ml | 85 copies/ml
SARS-CoV-2 N
0.01-100 ng/ml | 50 pg/ml
Fluorescence- protein
15 min
LFA [3] Flu A HINI
100-10° pfu/ml | 50 pfu/ml
viron
SARS-CoV-2 N
10-500 pg/mL | 8 pg/mL
Fluorescence- protein
15 min
LFA [4] Influenza A | 500-10000 488
virus copies/mL copies/mL
Electrochemical | SARS-CoV-2 S
0.15-100 ng/ml | 150 pg/ml >105 min
immunoassay [5] | protein




HIN1 HA 4-64 unit/ml 1.12 unit/ml
SARS-CoV-2
0-5000 PFU/ml | 0.78 PFU/ml
SERS aptasensor | virus
15 min
[6] Influenza A 0.62
0-2016 HAU/ml
virus HAU/ml
Magnetic SARS-CoV-2 N 0.0086
0-50 ng/ml
particle  based | protein ng/mL 20 min
LFA [7] Flu A N protein | 0-50 ng/ml 0.012 ng/mL
PLGA SARS-CoV-2 S
103-1012 g/ml | 143 fg/ml
nanovesicles protein
>2h
based Influenza A
10-10° fg/ml 32.37 fg/ml
immunoassay [8] | virus
SARS-CoV-2 N | 0.01 ng/ml-1
0.47 pg/ml
SERS-VFA protein pg/ml
15 min
This work Influenza A 0.0 ng/ml-1
0.62 pg/ml
antigen pg/ml
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