
CHAPTER 6

PAPER-BASED SERS SUBSTRATE FOR THE

DETECTION AND ANALYSIS OF ROTAVIRUS

PARTICLES

This chapter illustrates a low-cost and sensitive SERS substrate developed on a printing-

grade paper to detect rotavirus in clinical stool samples. The proposed SERS substrate

has been fabricated through drop-casting AgNPs on a printing-grade paper. Rotavirus

samples were extracted from clinical stool samples. The presence of rotavirus antigen

in stool samples was confirmed using enzyme-linked immunosorbant assay (ELISA),

polymerase chain reaction (PCR), and sequencing. The charateristic Raman peaks

of rotavirus particles in solution have been found to be significantly enhanced when

Raman signals were recorded from the paper-based SERS substrates.

6.1 Introduction

Rotavirus is one of the main causes of severe gastroenteritis in infants and children

worldwide, leading to a high number of hospitalizations and deaths [1, 2]. Rotavirus

infection still poses a hazard in low-income nations, although vaccination has decreased

the number of fatalities linked to rotavirus illness in recent years [3, 4]. Recently, a

new report on the spread of group B rotavirus in foals has been a concern for pub-

lic and disease control authorities [5]. Thus, it is required to regularly monitor the

spread of rotaviruses and prevent any possible future pandemic. Rotaviruses are non-

enveloped double-stranded RNA viruses belonging to the family Reoviridae. Among

the structural proteins (VP1, VP2, VP3, VP4, VP6, and VP7) rotavirus particles,

VP4 and VP7 in the outer layer are used for serotyping and are crucial for vaccine

development [2, 6]. Commonly used virus detection and identification techniques are

PCR, sequencing-based tests, ELISA, and cell culture. However, the instruments re-

quired for these techniques are very expensive and bulky with time-consuming and
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complicated sample preparation steps making these techniques unsuitable for rapid

applications. RT-PCR [7, 8] and ELISA [9] are the most common techniques used to

detect rotavirus. Researchers have used several alternative techniques to detect and

identify rotaviruses. Using functionalized plasmonic label-free nanosensors based on

a LSPR sensing platform, a rotavirus concentration of less than 103 plaque-forming

units per mL (PFU mL−1) has been detected [10]. Functionalizing the surface with

anti-rotavirus antibodies, photonic crystal biosensors have been utilized in the label-free

detection and rapid of porcine rotavirus [11]. Colloidal gold immunochromatographic

assay (ICA) test strip has been designed to detect bovine rotavirus by utilizing the

principle of the double-antibody sandwich method [12].

SERS technique has been utilized in the detection and identification of viruses,

such as Influenza [13], SARS-CoV-2 [14], Hepatitis B [15], and HIV 1 [16]. With

AgNR array SERS substrate, Driskell et al. have detected and identified different

genotypes of rotavirus [17]. Using bio-conjugated hybrid graphene oxide-based SERS

substrate, Fan et al. selectively removed rotavirus particles from the solution and

detected prominent bands of the rotavirus sample [18]. SERS ICA has been developed

using Raman molecule-labelled gold-silver core-shell nanoparticles for quantitative and

rapid detection of rotavirus in feces [19].

Paper-based SERS substrates are cost-effective, flexible, biodegradable, and have

the potential for mass production in ordinary laboratory conditions [20, 21]. Various

techniques, including adsorption, self-assembly, brushing, inkjet printing, and in-situ

synthesis, have been used to integrate the plasmonic metal nanoparticles with paper

fibers [22, 23]. The uniform distribution of these nanoparticles and the creation of

hot-spots are both influenced by the natural folds and fibre structures in the paper

[24]. In this chapter, AgNPs were drop-casted on printing-grade paper to develop

a sensitive and low-cost paper-based SERS substrate. Clinical stool samples were

collected, and the presence of rotavirus particles was initially confirmed by VP6-based

ELISA and PCR techniques. Upon confirming the presence of the rotavirus particles,

Raman signal analysis has been performed using the designed SERS substrate. The

performance of the suggested SERS substrates was investigated using various printing-

grade papers, and it was discovered that the SERS substrate developed using 85 grams

per square meter (GSM) paper delivers higher sensitivity than the other grade paper

substrates. Figure 6.1(a) represents the schematic representation of the fabrication

process of paper SERS substrates for the present work, while figure 6.1(b) represents

the pictorial depiction of SERS signals being collected from the rotavirus sample.
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Figure 6.1: (a) Schematic representation of the fabrication process of the AgNP dec-
orated paper-based SERS substrate, (b) Pictorial depiction of SERS signal collection
from rotavirus samples adsorbed on a paper-based SERS substrate.
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6.2 Materials and methods

6.2.1 Materials

Trisodium citrate dihydrate (C6H5Na3O7·2H2O) and silver nitrate (AgNO3) were pur-

chased from Merck, India. Raman active molecules, rhodamine 6G (C28H31ClN2O3)

and malachite green (C23H25ClN2) were procured from Alpha Aecer, India. 85 GSM

and 100 GSM printing-grade papers were purchased from a local stationary shop. All

chemicals were utilized as supplied without additional processing and deionized (DI)

water was employed to prepare all experimental samples.

6.2.2 SERS substrate fabrication process

Colloidal AgNPs required for the proposed SERS substrate have been synthesized

following the procedure discussed in the section 4.2.2 of Chapter 4. TEM image of

the synthesized AgNPs is shown in the figure 6.2(a). The nanoparticles are mostly

spherical and a very few have rod-like structure. Figure 6.2(b) depicts the histogram

plot of the size distribution of the synthesized AgNPs calculated from the figure 6.2(a)

using ImageJ software. Crystallinity of the AgNPs are measured from the selected area

electron diffraction (SAED) pattern of the AgNP depicted in the figure 6.2(c). The

concentric circular rings in the figure correspond to the lattice planes (111), (200), (220)

and (311) of face centred cubic (fcc) silver [25]. Figure 6.2(d) shows the UV-Visible

absorption spectrum of the synthesized AgNPs with a peak at 422 nm.

To fabricate the SERS substrates, two different printing-grade papers namely, 85

GSM and 100 GSM papers have been considered for the present study. These papers

were cut into several small pieces of dimension 10 mm × 10 mm as depicted in the

figure 6.1. The synthesized AgNP solution has been centrifuged at 3000 rpm for 10

minutes and 10 µL volume of the solution has been drop-casted on each of the paper

substrates. These AgNP-treated paper pieces were then placed in a vacuum desiccator

for 2 hour for drying. Figure 6.3(a) represents the photo image of AgNP decorated

85 GSM and 100 GSM paper SERS substrates. Surface morphologies of 85 GSM and

100 GSM paper SERS substrates captured by FESEM instrument are shown in figure

6.3(b) and 6.3(c), respectively. Figure 6.3(d) depicts the zoomed-in image of one AgNP

cluster on 85 GSM paper SERS substrate. The fabricated substrates were then used

for SERS-based sensing applications.

6.2.3 COMSOL simulation for the fabricated SERS substrates

Prior to the detection of Raman signals scattered from the proposed SERS substrate,

the magnitudes of the LSPR field generated due to the coupling of the incident electro-
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Figure 6.2: Characterization of synthesized AgNPs displaying the (a) TEM image
with scale bar 50 nm. (b) Histogram of the diameter distribution of the AgNPs.
(c) Electron diffraction pattern of the synthesized AgNPs in TEM. (d) UV-visible
absorption spectrum with a peak at 422 nm.
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magnetic fields with AgNP clusters has been studied using the Wave Optics Module of

the COMSOL Multiphysics software. In this present simulation work, a 785 nm laser

signal is allowed to interact with different distributions of AgNPs as displayed in fig-

ure 6.3(d). Estimation of the average LSPR field magnitude generated by the AgNPs

is done by considering two indicated regions. Figure 6.3(e) and 6.3(f) represent the

simulation results of the coupled electromagnetic field magnitudes for the considered

regions. For both regions, the maximum field magnitudes of the order of ∼ 107 Vm−1

has been observed which is equivalent to the maximum EF (EFmax) of ∼ 2 × 106.

These simulation results suggest that the proposed AgNP decorated SERS substrate

would be suitable for Raman signal analysis from the samples in trace concentrations.

6.2.4 Rotavirus extraction from stool samples and confirma-

tion through ELISA and PCR

For the extraction of rotavirus from stool samples, we followed the protocol reported

elsewhere [26, 27]. 30% viral suspension has been prepared by diluting the fecal samples

with sterile 1X phosphate-buffered saline (PBS). The sample has been homogenized

by vortex-mixing at room temperature followed by centrifugation at 12000 rpm for 10

minutes. The supernatants has been filtered through a 0.22 µm filter and 20%, 10%

and 1% viral suspensions have been prepared by serial dilation. The detection of the

rotavirus particles in the stool specimen have been performed using Premier Rotaclone®

solid-phase sandwich enzyme immunoassay (EIA) that utilizes rotavirus VP6-specific

monoclonal antibodies. In the assay displayed in figure 6.4(a), the colourless substrate

is turned into yellow colour by the enzymes bound in the wells and the colour intensity

is directly proportional to the concentration of the rotavirus antigen in the sample.

Visual determinations have been made after 10 minutes of incubation with the ELISA

substrates. Positive samples are those in which the yellow colour changes more than the

negative control sample, while negative samples are those in which the colour change is

less than or equal to the negative control sample. Spectrophotometric determinations

have been carried out by adding 2 drops of 100 µL of Stop Solution (sulfuric acid) to

each well after the incubation with substrates. A long-pass reference filter has been

used to measure each well’s absorbance at 450 nm. Absorbance less than 0.15 has been

considered negative, while greater than or equal to 0.15 has been considered positive

for the rotavirus.

The presence of other enteric viruses (adenovirus, astrovirus, norovirus) for all

the samples has been confirmed by PCR using virus gene-specific primers followed

by agarose gel electrophoresis and sequencing. The presence of rotavirus has been

further confirmed by amplifying the VP7 gene which produces an amplicon of length

881 bp as shown in figure 6.4(b). CerTest Rota+Adeno+Astro+Noro, which is based
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Figure 6.3: (a) Images of AgNP decorated 85 GSM and 100 GSM paper SERS sub-
strates having grey circular spots as sensing regions. FESEM image showing the dis-
tribution of AgNPs over the (b) 85 GSM and (c) 100 GSM paper SERS substrates.
(d) Zoomed image of one AgNP cluster on the 85 GSM paper SERS substrate. Local
electric field generation due to different distributions of AgNPs, (e) 5 AgNPs of diam-
eter 100 nm and one AgNP of diameter 80 nm at the center of the arrangement, and
(f) the random distribution of AgNPs taken from the FESEM image.
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Figure 6.4: (a) Detection of rotavirus by ELISA using Premier® Rotaclone® kit from
Meridian Bioscience, Inc., (b) Confirmation of the presence of rotavirus by PCR, (c)
Confirmation of Control samples and Rotavirus samples from clinical stool samples
using CerTest Rota + Astro + Noro + Adeno rapid antigen test (CerTest Biotech).

on the principle of a qualitative ICA has also been performed for the determination

of rotavirus, adenovirus, astrovirus, and norovirus (genogroup I and II) in the stool

samples. In this colorimetric technique as depicted in figure 6.4(c), the red line in the

test line indicates the presence of the virus and the green line indicates the control

line. Anti-rotavirus antibodies, anti-adenovirus antibodies, anti-astrovirus antibodies,

and anti-norovirus antibodies that are present on the membranes of strip A (test line),

strip B (test line), strip C (test line), and strip D (test line), respectively, capture the

coloured conjugate and a red line appears in the strips. The detail on rotavirus isolates

acquired from clinical diarrhoea stool samples has been provided in Table 6.1.

62



T
ab

le
6.
1:

D
et
ai
ls
of

ro
ta
v
ir
u
s
is
ol
at
es

fr
om

cl
in
ic
al

d
ia
rr
h
ea

st
o
ol

sa
m
p
le
s

S
l.

N
o.

S
am

p
le

N
o.

Is
ol
at
e
N
o.

D
at
e

of
is
ol
at
io
n

P
la
ce

of
is
ol
at
io
n

G
en
ot
y
p
e

(R
ot
av
ir
u
s)

E
L
IS
A

re
su
lt
fo
r

R
ot
av
ir
u
s
(S
co
re

cu
t
off

=
0.
15
0

C
er
T
es
t

R
ot
a+

A
st
ro
+

N
or
o+

A
d
en
o

ra
p
id

an
ti
ge
n

te
st

V
er
ifi
ed

b
y
P
C
R

V
er
ifi
ed

b
y
R
N
A

P
A
G
E

1
48
4

R
M
60
72
01
8

30
-0
7-
20
18

R
IM

S
,

Im
p
h
al

-
N
eg
at
iv
e(
0.
10
11
)

N
eg
at
iv
e

fo
r

al
l

Y
es

Y
es

2
48
5

R
M
35
12
20
18

27
-1
2-
20
18

R
IM

S
,

Im
p
h
al

-
N
eg
at
iv
e(
0.
10
5)

N
eg
at
iv
e

fo
r

al
l

Y
es

Y
es

3
22
3

R
M
19
30
62
01
6

22
-1
1-
20
16

R
IM

S
,

Im
p
h
al

G
3P

n
t

P
os
it
iv
e
(2
.7
46
)

P
os
it
iv
e

fo
r

R
ot
av
ir
u
s

Y
es

Y
es

4
23
7

R
M
31
50
52
01
7

02
-0
5-
20
17

R
IM

S
,

Im
p
h
al

G
3P

n
t

P
os
it
iv
e
(2
.6
11
5)

P
os
it
iv
e

fo
r

R
ot
av
ir
u
s

Y
es

Y
es

5
29
0

R
M
27
50
22
01
7

03
-0
2-
20
17

R
IM

S
,

Im
p
h
al

G
3P

n
t

P
os
it
iv
e
(>

3.
5)

P
os
it
iv
e

fo
r

R
ot
av
ir
u
s

Y
es

Y
es

6
24
3

R
M
29
80
32
01
7

30
-0
3-
20
17

R
IM

S
,

Im
p
h
al

G
2P

n
t

P
os
it
iv
e
(2
.4
93
7)

P
os
it
iv
e

fo
r

R
ot
av
ir
u
s

Y
es

Y
es

7
27
1

R
M
31
40
52
01
7

17
-0
5-
20
17

R
IM

S
,

Im
p
h
al

G
3P

n
t

P
os
it
iv
e
(>

3.
5)

P
os
it
iv
e

fo
r

R
ot
av
ir
u
s

Y
es

Y
es

8
27
5

R
M
22
21
12
01
6

14
-1
1-
20
16

R
IM

S
,

Im
p
h
al

G
3P

n
t

P
os
it
iv
e
(>

3.
5)

P
os
it
iv
e

fo
r

R
ot
av
ir
u
s

Y
es

Y
es

9
32
8

R
M
26
50
12
01
7

10
-0
1-
20
17

R
IM

S
,

Im
p
h
al

G
3P

n
t

P
os
it
iv
e
(>

3.
5)

P
os
it
iv
e

fo
r

R
ot
av
ir
u
s

Y
es

Y
es

10
39
8

R
M
38
60
12
01
8

29
-0
1-
20
18

R
IM

S
,

Im
p
h
al

G
3P

n
t

P
os
it
iv
e
(0
.5
24
3)

P
os
it
iv
e

fo
r

R
ot
av
ir
u
s

Y
es

Y
es

63



6.3 Results and discussions

6.3.1 SERS performance of the fabricated substrate

Raman spectral signatures of the standard Raman active samples were initially ana-

lyzed to evaluate the performance of the developed SERS substrate. 1 µM solutions of

MG and R6G have been prepared and each sample of volume 10 µL has been pipetted

on two 85 GSM paper SERS substrates. Figure 6.5(a) and 6.5(b) represent the SERS

spectra of MG and R6G collected from 10 different points on the sensing region of the

substrate. The average spectrum has been represented in a dark line for both sam-

ples. The characteristic peaks of MG at 796 cm−1, 1172 cm−1, 1216 cm−1, 1390 cm−1,

and 1614 cm−1 are attributed to ring C-H out-of-plane bending, ring C-H in-plane vi-

bration, C-H rocking, N-phenyl stretching and ring C-C in-plane stretching vibrations

[28–30], respectively. The Raman peaks of R6G at 614 cm−1, 770 cm−1, 1126 cm−1,

and 1310 cm−1 are attributed to C-C-C in-plane bending, C-H out-of-plane bending,

C-H in-plane bending, C=C stretching vibrations, respectively [31]. The vibrational

peak at 1182 cm−1 is attributed to C-H and N-H bending vibrations [31]. The peaks at

1362 cm−1, 1510 cm−1, and 1650 cm−1 are attributed to C-C stretching vibration [32].

From figure 6.5(a) and 6.5(b), the signal intensity fluctuations for MG and R6G were

estimated to be below 8% for both samples. Clearly, the characteristic spectra suggest

that the proposed SERS substrate yields a fairly stable and reproducible signal for the

standard Raman active sample. These low values of intensity fluctuations suggest that

the proposed SERS substrate has a good degree of reproducibility characteristics.

The average EF (EFavg) of the developed SERS substrate has been estimated using

the following equation as discussed in the section 1.3.3:

EFavg =

ISERS

NSERS

IRaman

NRaman

(6.1)

To estimate the EFavg, 10 µL of MG of concentration 10 mM was pipetted on a

plane 85 GSM paper substrate and dried in a vacuum desiccator for 1 hour. Raman

spectra of MG from different points of the plane paper substrate were recorded and

the average peak intensity corresponding to the peak 1172 cm−1 was found to be 650

a.u. Similarly, 10 µL MG of concentration 1 nM was pipetted on the sensing region of

the proposed 85 GSM paper SERS substrate, and subsequently, upon drying, Raman

spectra were collected. The average Raman signal intensity for 1172 cm−1 peak has

been estimated to be 350 a.u. From equation 6.1, the EFavg of the designed substrate

is calculated to be 5 × 106. Figure 6.5(c) represents the variation of Raman intensity

with different concentrations of MG from 2 µM to 20 nM collected from 85 GSM paper

SERS substrate. MG concentration as low as 50 nM could be easily detected using

the fabricated 85 GSM paper SERS substrates. The SERS signal intensities of MG
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Figure 6.5: SERS spectra of (a) MG and (b) R6G of concentration 1 µM collected
from 85 GSM paper SERS substrates. Each figure contains the SERS spectrum from
10 different points and their average spectrum. (c) Variation of Raman signal intensity
with the concentration of MG from 2 µM to 20 nM collected from 85 GSM paper SERS
substrate. (d) SERS signal intensities of 1 µM of MG collected from 85 and 100 GSM
paper SERS substrates.

65



molecules were recorded from 100 GSM paper SERS substrates. Figure 6.5(d) shows

the SERS signal intensities of 1 µM MG scattered from 85 and 100 GSM grade paper

SERS substrates. Clearly, as compared to 100 GSM paper, with 85 GSM grade paper,

the fabricated SERS substrate yields a significant enhancement in the scattered Raman

signals for the considered sample, attributed to more uniform AgNPs distribution in the

micropores of the 85 GSM paper substrate as compared to 100 GSM paper substrate.

This has been evident from the captured FESEM images for these two different GSM

grade papers shown in figure 6.3(b) and 6.3(c). Although a fairly modest EFavg has

been observed with the 85 GSM paper SERS substrate, the rapid and relatively simpler

steps involved in the fabrication of the present SERS substrate provides an edge over

the SERS substrates reported elsewhere [33, 34].

Next, 10 different pieces of 85 GSM grade paper SERS substrates have been treated

with 10 µL volume of 1 µM of MG. From the figure 6.6(a), the RSD values of Raman

signal intensity collected from the indivisual SERS substrates for the peak 1172 cm−1

are found to be within 9%. On the other hand, variation of the average SERS signal

intensities form the 10 substrates has been calculated to be 10%, which suggests a good

degree of reproducibility of different batches of SERS substrates.

The limit of detection (LoD) has been evaluated using the 85 GSM paper SERS

substrates treated with 5 different concentrations of MG. Scattered Raman signals

from 5 different points on the substrates are collected. Figure 6.6(b) represents the

normalized SERS signal intensity variations with different concentrations of MG for

the peak at 1172 cm−1. LoD of the fabricated SERS substrate has been estimated

using the standard equation:

LoD =
3σ

S
, (6.2)

where, σ and S represent the standard deviation of y-intercepts and the slope of

the linear fitted line, respectively. From equation 6.2, the LoD of MG is calculated to

be 22 nM.

Next, Raman signal intensity variation with aging time of the fabricated SERS

substrates have been studied. 20 pieces of 85 GSM paper-based SERS substrates

have been prepared following the procedure mentioned earlier, and kept in a vaccum

desiccator. Next, on each consecutive days, one of these substrates were treated with 1

µM of MG of volume 10 µL, and dried for 1 hour before collecting the Raman spectra.

Figure 6.6(c) displays the Raman intensity for the peak 1172 cm−1 of MG collected

for 20 consecutive days. For the first 15 days, the signal intensity is found acceptably

stable. However, beyond this period it started to degrade suggesting that the proposed

SERS substrate can be best used within 2 weeks from the day of fabrication of the

substrate.
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Figure 6.6: (a) Histogram plot of Raman intensity of 1 µM of MG at 1172 cm−1

collected from 10 different substrates. (b) Variation of SERS intensity with different
concentrations of MG for the peak at 1172 cm−1. (c) Variation of SERS signal intensity
with aging time of the 85 GSM paper SERS substrates.
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Figure 6.7: (a) Raman spectra of 85 GSM paper and SERS spectra of control samples
484 and 485 collected from 85 GSM paper SERS substrates. SERS spectra of rotavirus
samples (b) 223 and (c) 237 collected from 85 GSM and 100 GSM paper SERS sub-
strates. (d) SERS spectrum of rotavirus sample 237 collected from the commercial
SERSitive silver SERS substrate.

6.3.2 SERS spectra of rotavirus particles in solution

Prior to the detection of the rotavirus particles with the proposed SERS substrates,

Raman spectrum investigation was carried out for the control samples. Samples 484

and 485 in the Table 6.1 are the control samples. Figure 6.7(a) indicates the recorded

Raman spectra of bare 85 GSM paper substrate, samples 484 and 485 from the 85

GSM paper SERS substrates. The figure clearly indicates that no significant SERS

spectra of the control sample have been noticed for the bare paper substrate.

Following this observation, Raman signal analysis of positive samples was performed

on different GSM grade paper SERS substrates. Figure 6.7(b) and 6.7(c) illustrate the

characteristic Raman peaks of two such positive samples namely 223 and 237 when the

scattered Raman signals were recorded from 85 GSM and 100 GSM paper substrates.

Here also, it has been observed that with 85 GSM paper substrate, the SERS signal in-

tensity of rotavirus samples is more enhanced than the 100 GSM grade paper substrate.

The characteristic Raman peaks at 648 cm−1 and 685 cm−1 are attributed to tyrosine

C-C twist [16] and cysteine C-H stretching vibration [35], respectively. Further, the

tryptophan indole ring vibration is responsible for the Raman peaks at 886 cm−1 and
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Figure 6.8: SERS spectra of rotavirus sample 290 of concentrations (a) 10%, (b) 20%
and (c) 30% collected using 85 GSM paper-based SERS substrate.

1360 cm−1 [36]. Again in figure 6.7(b) and 6.7(c), Raman peak shift of 2 cm−1 that

corresponds to the peak position 886 cm−1 has been observed with two different clinical

stool samples. The peaks at 718 cm−1 and 1100 cm−1 are attributed to the ring breath-

ing mode of adenine and the O-P-O backbone stretching of the nucleic acid present in

the stool sample [35], respectively. Due to the vibration of phenylalanine symmetric

ring breathing mode [26] and C-H in-plane bending mode [35], signature Raman peaks

can be found at 1003 cm−1 and 1040 cm−1, respectively. The strong Raman peak at

430 cm−1 is emerging because of the torsion vibration of the NH2 group [37]. Two

characteristic peaks for deoxycytidine triphosphate are found at 1252 cm−1 and 1300

cm−1 in the SERS spectra of the rotavirus samples [38].

Next, three 85 GSM paper SERS substrates are considered and treated with 10

µL volume of rotavirus sample 290 of concentrations 10%, 20% and 30%, respectively.

The Raman spectra from 10 different points are collected after 1 hour of drying in

vacuum desiccator. Figure 6.8(a-c) represent SERS spectra of three concentrations

of the rotavirus sample. The relative standard deviation (RSD) values of the Raman

signal intensity corresponding to the peak position 1362 cm−1 are estimated to be 3%,
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6% and 5% for the concentrations 10%, 20% and 30%, respectively.

6.3.3 SERS spectra of rotavirus particles collected from the

SERSitive SERS substrate

In order to validate the Raman signal analysis obtained from the proposed paper-

based SERS substrate, SERS signal of the same rotavirus sample was recorded from a

commercial-grade SERS substrate. Commercially available SERS substrates from SER-

Sitive Inc. (https://sersitive.eu/) have been considered in this present work. Figure

6.7(d) depicts the characteristic peaks of the rotavirus sample 237 when the scattered

signal was recorded from this SERS substrate. The Raman peak positions of the ro-

tavirus samples collected using the commercial and the proposed paper-based SERS

substrates are found to be similar which again infers the viability of the proposed

sensing scheme for such purpose.

Furthermore, the used paper-based SERS substrates can be disposed by dipping

the paper into a solution containing detergents (like triton X-100) for 5 to 10 minutes

as the detergent molecules are known to cause disintegration of many virus particles

including rotavirus.

6.4 Summary

In summary, a relatively simpler and rapid SERS substrate fabrication technique has

been proposed to detect rotavirus in clinical stool samples. The designed substrates

have been obtained by drop-casting of AgNPs on different GSM-grade papers. The

experimental data obtained from the paper-based SERS substrate has been compared

with the data from a commercial-grade counterpart and a fairly accurate results yielded

by the proposed scheme has been noticed. Owing to its low-fabrication cost INR 5 (∼
$0.06) per substrate, the fabricated substrates can be used as disposable and for large-

scale sensing of rotavirus particles.
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