Indonesian Journal of Biotechnology A

VOLUME 27(3), 2022, 151-162 |

RESEARCH ARTICLE

Early development of self-administered COVID-19 rapid test based on nu-
cleocapsid detection in saliva sample

Siti Soidah?, Toto Subroto?2, Sari Syahruni®, Fauzian Giansyah®, Henry Chandra®, Dhiya Salsabila®, Bachti Alisjahbana*, Nisa
Fauziah®, Hesti Lina Wiraswati®, Leonardus Widyatmoko®, Basti Andriyoko®, Anita Yuwita’, Muhammad Yusuf>®’

1Master of Biotechnology Program, School of Postgraduates, Universitas Padjadjaran, JI. DipatiUkur 35 Bandung, West Java 40132,
Indonesia

2Department of Chemistry, Faculty of Mathematics and Natural Sciences, Universitas Padjadjaran, JI. Raya Bandung-Sumedang Km 21,
Jatinangor, Sumedang, West Java 45363, Indonesia

3Research Center for Molecular Biotechnology and Bioinformatics, Universitas Padjadjaran, JI.Singaperbangsa 2 Bandung, West Java
40132, Indonesia

4Department of Internal Medicine, Faculty of Medicine, Universitas Padjadjaran, Hasan Sadikin Hospital, JI. Pasteur No.38 Bandung, West
Java 40161, Indonesia

5Department of Biomedical Sciences, Parasitology Division, Faculty of Medicine Universitas Padjadjaran, JI. Raya Bandung-Sumedang Km
21, Jatinangor, Sumedang, West Java 45363, Indonesia

éDepartment of Clinical Pathology, Faculty of Medicine, Universitas Padjadjaran, Hasan Sadikin Hospital, JI. Pasteur No.38 Bandung, West
Java 40161, Indonesia

7Research and Development Division, PT. Pakar Biomedika, JI. Rancabentang No.12B Ciumbuleuit, Bandung, West Java 40142, Indonesia
*Corresponding author: m.yusuf@unpad.ac.id

SUBMITTED 15 January 2022 REVISED 10 May 2022 ACCEPTED 11 May 2022

ABSTRACT More than 6,000,000 people have died due to the coronavirus (COVID-19) pandemic. This disease spread
quickly due to its highly contagious nature. The SARS-CoV-2 virus that causes the disease can be transmitted through
saliva droplets secreted by infected people at a distance of less than 1 m. As a result, saliva has been accepted as an
alternative specimen for COVID-19 detection by the Centers for Disease Control and Prevention (CDC). Furthermore, WHO
recommended the use of rapid antigen tests based on lateral flow immunoassay when reverse transcription-polymerase
chain reaction (RT-PCR) is not available. We developed a saliva-based rapid antigen test by optimizing the antibody
concentration and optimum pH for the conjugation of antibody and gold nanoparticles. We found that the best running
buffer formulation consisted of 75 mM sodium phosphate buffer, 1% NaCl, 1% Triton X-100, 0.5% N-acetyl-L-cysteine,
and 0.02% sodium azide. The addition of a mucolytic agent in the buffer can reduce the viscosity of saliva, thus improving
sensitivity. The rapid test developed detected the lowest concentration of nucleocapsid protein at 0.1 pug/mL. Our study
revealed 100% specificity against negative COVID-19 saliva and no cross-reaction with avian influenza virus hemagglutinin.
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1. Introduction ity of the machine, operators, and reagents, makes the test

expensive. Furthermore, there is a significant time lag

The coronavirus disease (COVID-19) pandemic has im-
pacted global health problems also economic and social
stability. Therefore, detecting the severe acute respira-
tory syndrome coronavirus 2 (SARS-CoV-2) is urgently
required to trace and break the chain of disease transmis-
sion. In addition, several diagnostic strategies are also
needed to efficiently evaluate potential cases and dissemi-
nate information about population exposure and immunity
(Azzi et al. 2021; Mina and Andersen 2021).

Reverse transcription-polymerase chain reaction (RT-
PCR) is currently the gold standard test for detecting
SARS-CoV-2 despite its limitations, such as the availabil-

from the time of sampling to the end decision, causing
more possibilities for transmission while waiting for the
result (Crozier et al. 2021). Moreover, RT-PCR is not an
ideal test tool for mass screening because it can crowd peo-
ple at the specimen collection point (Azzi et al. 2020b; To
et al. 2020b). Furthermore, some regions, especially third-
world countries, do not have access to the RT-PCR test
(Grant et al. 2021).

Lateral flow immunoassay (LFIA) based on an anti-
gen offers an inexpensive and rapid virus detection. This
assay explicitly meets the ASSURED criteria (Afford-
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able, Sensitive, Specific, User-friendly, Rapid and Ro-
bust, Equipment-free, Deliverable to end-users) (Kosack
et al. 2017). Although antigen assays have lower analyti-
cal sensitivity than RT-PCR tests, their capacity to detect
infectious individuals with culturable viruses is compara-
ble (Mina and Andersen 2021). In addition, the availabil-
ity of antigen tests based on LFIA has shortened the wait-
ing period for the detection results. This tool can provide
quick results and avoid examination-related delays, allow-
ing patients to isolate themselves on time (Crozier et al.
2021). As evidence, Liverpool’s epidemic curve declined
when paired LFIA based on antigen, and PCR testing was
performed (Mina et al. 2021).

On the other hand, the demand for COVID-19
throughput has prompted new collection methods, includ-
ing saliva (Mina and Andersen 2021), where the SARS-
CoV-2 virus has been found in it by several researchers.
They collected saliva using various techniques and an-
alyzed it with RT-PCR. The results revealed a sensitiv-
ity range of 87% to 100% (Azzi et al. 2020b; To et al.
2020a,b).

Saliva can be an alternative specimen to detect the
SARS-CoV-2 and has been categorized as an upper res-
piratory tract specimen (CDC 2021). Compared to na-
sopharyngeal and oropharyngeal specimens, the salivary
specimen collection process is non-invasive. In addition,
the saliva sampling process does not require skilled health
workers, so it can minimize costs related to diagnostics
and reduce virus transmission to the health workers from
accidental exposure to droplets caused by patients who are
triggered to sneeze or cough during nasopharyngeal swab
sampling (Azzi et al. 2020b; To et al. 2020b; Wyllie et al.
2020).

Further studies have shown that saliva specimens con-
tain saliva secreted from the major or minor salivary
glands and contain secretions that descend from the na-
sopharynx or exit the lungs through the action of cilia lin-
ing the airways (To et al. 2020b). In addition, angiotensin-
converting enzyme 2 (ACE 2), the main receptor for the
entry of SARS-CoV-2 into human body cells, is highly ex-
pressed in oral epithelial cells, especially in the tongue (Xu
et al. 2020).

As a diagnostic fluid, saliva has several advantages,
including saliva that the patient can easily collect, thereby
minimizing the risk of transmitting the virus to health
workers, and the specimen collection procedure is non-
invasive (Azzi et al. 2020b; To et al. 2020b). Another ad-
vantage of the saliva specimen is that the viral load pro-
file in saliva containing SARS-CoV-2 almost reaches its
peak at symptom onset. Salivary viral load increases in the
first week after symptom onset and decreases over time
(To et al. 2020a). In addition, SARS-CoV-2 can be de-
tected in saliva for 20 days or longer (To et al. 2020a).
Moreover, the detection of SARS-CoV-2 in saliva has low
variability compared to nasopharyngeal swabs. Besides,
asymptomatic patients can be detected using saliva sam-
ples (Wyllie et al. 2020).

Several factors should be considered when developing
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a rapid test based on LFIA, including the selection of an-
tibodies (Koczula and Gallotta 2016; de Puig et al. 2017),
the formulation of a buffer based on the characteristics of
the sample, and the optimization of conjugation pH for the
orientation of the antibody with the highest antigen ca-
pacity (Ruiz et al. 2019). In the lateral flow immunoas-
say development, it is preferable to use antibodies with a
high binding affinity. However, the fastest binding kinetic,
which shows how quickly the antibody binds to the antigen
to form a complex, is also critical (Biosciences 2017). This
binding kinetics is especially important for optimizing the
test line because the interaction between antigen with cap-
ture antibody will take only a few seconds (Gasperino et al.
2018). Measuring binding kinetics is essential because it
reveals the time component of the interaction. This pa-
rameter can be measured by surface plasmon resonance
(SPR), biolayer interferometry (BLI), and isothermal titra-
tion calorimetry (ITC). These methods can provide helpful
information about the association and dissociation binding
kinetics (Parolo et al. 2020).

Previously, the saliva-based antigen rapid test was de-
veloped to detect the viral spike protein. The sensitivity
of this assay using the saliva specimen of a confirmed
COVID-19 patient was 93%, but its specificity was still
low (42%), owing to the high number of false positives
(Azzi et al. 2020a). In this study, we developed an LFIA
based on an antigen for detecting SARS-CoV-2 nucleo-
capsid using saliva specimens because nucleocapsid pro-
teins are highly immunogenic and abundant during infec-
tion (Dutta et al. 2020). This study aims to develop a
saliva-based COVID-19 antigen rapid test by selecting the
best antibody using SPR, formulating the running buffer
for a saliva sample, and evaluating the antigen detection,
including determining the limit of detection of the proto-
type, specificity using saliva samples that were confirmed
negative for COVID-19, and selectivity to the other viral
protein.

2. Materials and Methods

2.1. Material and reagents

IgG anti-N SARS-CoV-2 monoclonal antibody clone
3H11 (Cat. no. AO02047) and clone 4H2 (Cat. no.

TABLE 1 The different composition of running buffer for optimiza-
tion

Type of running Composition

buffer

A 75 mM sodium phosphate buffer, 1% NaCl,
1% Triton X-100 and 0.02% sodium azide

B 75 mM sodium phosphate buffer, 1% NaCl,
1% Triton X-100, 0.5% N-acetyl-L-cysteine,
and 0.02% sodium azide

C 75 mM sodium phosphate buffer, 1% NaCl,
1% Triton X-100, 0.025 M EDTA and 0.02%
sodium azide

D 75 mM sodium phosphate buffer
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A02048), SARS-CoV-2 nucleocapsid (N) protein (Cat.
no. Z03488), and Biotin L protein (Cat. no. M00097)
were obtained from Genscript (USA). Tetrachloroauric
(I1T) acid (HAuCly, 99.99%) was obtained from Sigma
Aldrich (USA). Bovine serum albumin was obtained from
Sigma Aldrich (USA). All reagents were of analytical or
chemical purity. For lateral flow test strips, sample pad
and absorbent pad were obtained from Ahlstrom-Munksjo,
the conjugate pad was obtained from GE Healthcare (Ger-
many), and fast nitrocellulose membrane was obtained
from MDI membrane technology and backing cards.

2.2. The measurement of antibody binding kinetics

The measurement of binding kinetics was carried out
using Nano SPR. The antibody was immobilized on
the gold plate surface using covalent linking with 3-
Mercaptopropionic acid and N-(3-Dimethylaminopropyl)-
N’-ethyl carbodiimide hydrochloride (EDC): N-
Hydroxysuccinimide (NHS) (1:1), with the flow rate
25 pL/min. The bovine serum albumin (1%) was flowed
to reduce or eliminate non-specific responses. The
nucleocapsid of SARS-CoV-2 was then flowed to the
device at a 100 ng/mL concentration. After obtaining the
sensorgram, the association binding kinetics (ko) was
calculated.

2.3. The synthesis of gold nanoparticles

Gold nanoparticles (AuNP) were synthesized by the ther-
mal citrate reduction method described in previous work
(Dong et al. 2020). The HAuCly solution (0.5 mM) was
heated to 90 °C with constant stirring. Then, 2 mL of
1.5% trisodium citrate (with a temperature approximately
equal to that of HAuCly solution) was added to the solution
rapidly. The solution mixture was kept heated at 90 °C for
30 min after the solution turned wine red. AuNP solutions
were characterized using a UV-Vis spectrophotometer at a

Saliva + buffer

Sample pad Conjugate pad

Test line

Nitrocelullose membrane

x AuNP-IgG anti-N SARS-CoV-2

Y IgG anti-N SARS-CoV-2

Y Protein L

wavelength of 400-800 nm. Particle size (nm) was mea-
sured using a Malvern Zetasizer (Malvern Instrument Ltd,
UK).

2.4. The conjugation of AuNP and IgG anti-N SARS-
CoV-2

2.4.1 pH optimization

The AuNP solution was adjusted to pH 7.5 until 9.0 us-
ing 0.3 M potassium carbonate (K,CO3). Then, 200 pL
of each solution was placed in a 1.5 mL microtube, fol-
lowed by the addition of 20 pL IgG anti-N SARS-CoV-
2, which has diluted in 10 mM borate buffer, which has
the same pH as AuNP. The solution was incubated with
constant stirring at 600 rpm at room temperature for 30
min. Each microtube was added with 10% NacCl solution,
then allowed to stand for 5 min. AuNP aggregation occurs
when the solution changes color from red to purple.

2.4.2 Minimum concentration of antibody optimiza-
tion for conjugation

The AuNP solution was adjusted to the optimized pH.
Then, 200 pL of each solution was placed in a 1.5 ml
microtube, followed by the addition of 20 pL IgG anti-
N SARS-CoV-2 in different concentrations. The solution
was incubated with constant stirring at 600 rpm at room
temperature for 30 min. Each microtube was added with
10% NaCl solution, then allowed to stand for 5 min. AuNP
aggregation occurs when the solution changes color from
red to purple.

2.4.3 Preparation of AuNP-IgG anti-N SARS-CoV-2
conjugate

The AuNP was conjugated to SARS-CoV-2 anti-N IgG at
the the optimized pH and minimum concentration accord-

Control line

¥

fhsorbent pag Backing card

Az SARS-CoV-2 virus

e 4

O Nucleocapsid protein SARS-CoV-2

FIGURE 1 Schematic illustration of saliva-based antigen rapid test detection.
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ing to the conjugation method (Parolo et al. 2020) with
slight modifications. A total of 100 pL IgG anti-N SARS-
CoV-2 (in 10 mM borate buffer) was added to 1 mL of
AuNP solution that had been adjusted for pH using 0.3
M potassium carbonate. The mixture was incubated with
constant stirring at 600 rpm at room temperature for 30
min and then centrifuged at 14000 rpm at 4 °C for 20 min.
The pellets were resuspended using 2 mM borate buffer
and 10% bovine serum albumin (BSA; final concentration
of BSA in solution was 1%), then incubated with constant
stirring at 600 rpm at room temperature for 30 min. The
solutions were centrifuged at 14000 rpm 4 °C for 20 min.
Finally, the conjugate was resuspended with a conjugate
diluent (2 mM borate buffer containing 0.5% BSA, 5%
sucrose, 5% trehalose, and 0.095% sodium azide). The fi-
nal product was characterized using a UV-Vis spectropho-
tometer and stored at 4 °C in a dark container.
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FIGURE 2 Sensorgram of SPR binding kinetics of (a) IgG anti-N
SARS-CoV-2 clone 4H2 with N protein, and (b) IgG anti-N SARS-
CoV-2 clone 3H11 with N protein. Clone 4H2 demonstrated 2.5
times faster association binding kinetics than clone 3H11, indicat-
ing that clone 4H2 binds to the antigen and forms a complex faster
than clone 3H11.
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2.5. Preparation of saliva samples

Saliva (posterior oropharyngeal saliva) is taken by cough-
ing first and then spitting it into a collecting container (spu-
tum pot). It is advisable to take saliva in the morning
and not eat or drink for 30 min before saliva is collected.
The saliva used in this study was the saliva that was con-
firmed negative by PCR. This study was approved by the
Research Ethics Commission of the Ministry of Educa-
tion and Culture, Padjadjaran University, with the number
860/UN6.KEP/EC/2020 dated September 15, 2020.

2.6. Preparation of lateral flow immunoassay test strip

The sample pad was blocked by 10 mM Tris buffer pH 8.0,
0.2% casein, 0.05% Tween 20 and adjusted until reached
pH 8, then dried for 1 h by vacuum drying. The dried sam-
ple pad was mounted on a strip containing a dried conju-
gate pad, nitrocellulose membrane, and an absorbent pad,
as shown in Figure 1.

2.7. Antigen Detection Performing

Saliva was diluted in the running buffer with the dilution
ratio of 3:5 (saliva: running buffer), then 70 pL of the mix-
ture was applied to the sample pad. The signal was ob-
served on the test line and control line for 15 min. The test
was also carried out by adding N protein to the saliva and
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FIGURE 3 (a) UV-Vis spectrum of AuNP and (b) AuNP’s particle size
distribution.
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buffer (the final concentration of N protein is 1 pg/mL).
The running buffer optimization was also performed in
different compositions (Table 1). The optimum running
buffer is then optimized at different pH.

Different concentrations of N protein were tested to
find out what is the smallest concentration of N protein can
be detected by a developed saliva-based antigen test. For
specificity, the saliva samples have been confirmed nega-
tive by RT-PCR. For selectivity, the recombinant protein
of hemagglutinin (HA) avian influenza virus was tested to
the developed saliva-based antigen test.

3. Results and Discussion

3.1. The kinetic binding of I3G anti-N SARS-CoV-2

The antibodies characterized in this study were IgG anti-N
SARS-CoV-2 (mAb) clone 3H11 and IgG anti-N SARS-
CoV-2 (mAb) clone 4H2, while the antigen used was the
nucleocapsid protein SARS-CoV-2. The measurement us-
ing Nano-SPR showed that IgG anti-N SARS-CoV-2 clone
4H2 had association binding kinetics of 2.5 times faster
(Kon = 2.08 x 10* M s71) compared to IgG anti-N SARS-
CoV-2 clones 3H11 (ko = 8.16 x 103 M s1), this demon-
strates that clone 4H2 binds to the antigen to form a com-
plex more quickly than clone 3H11 (Figure 2). So, clone
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FIGURE 4 (a) The color change of the AuNP-IgG anti-N SARS-CoV-
2 clone 3H11 conjugate solution after the addition of 10% NaCl (b)
and its UV-Vis spectra at various pH.
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FIGURE 5 (a) The color change of the AuNP-IgG anti-N SARS-CoV-
2 clone 3H11 conjugate solution after the addition of 10% NaCl (b)
and its UV-Vis spectra at various concentration (c) the flocculation
curve of AuNP-IgG anti-N SARS-CoV-2 clone 3H11 with various
concentrations of antibody at a wavelength of 580 nm.

4H2 could be used as a capture antibody, while clone 3H11
was used as a detection antibody or an antibody conjugated
with AuNP.

3.2. Characterization of the synthesis of gold nanopar-
ticles

Figure 3 shows UV-Vis absorption spectra and the average
and particle size distribution of AuNP. The maximum ul-
traviolet absorption peak of AuNPs was measured at 524
nm. The synthesized AuNPs have the highest intensity
(21.4%), with the size particle around 21.04 nm.
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FIGURE 6 UV-Vis spectrum of AuNP before and after conjugation
with IgG anti-N SARS-CoV-2 clone 3H11.

3.3. pH optimization for conjugation

The pH of the colloidal gold nanoparticles and the number
of antibodies is important factors in the conjugate prepara-
tion process. The conjugation was tested at 10 mM borate
buffer at various pH to determine the optimal value. Visual
observations showed that the pH 7.5, 8.0, and 8.5 conju-
gates colors were not changed, while the 9.0 conjugates
were changed from red to purple. This color change is due
to aggregation, which is caused by unstable AuNPs.

Figure 4 shows UV-Vis absorption spectra of various
pH. These spectra can be used to monitor the stability of
nanoparticle solutions. As the particles become unstable,
the peak frequently broadens, and there is a significant
wavelength shift due to aggregate formation, as evidenced
by the shape of the absorbance peak at pH 9.0. The ab-
sorbance of the particles was also decreased as a result of
the depletion of stable nanoparticles, indicating that pH 8.0
is a pH that can stabilize nanoparticles.

3.4. Minimum concentration of antibody optimization
for conjugation

Besides pH, the concentration of antibodies conjugated
with AuNP influences conjugate stability. The results
showed that at a concentration of 0 pg/mL and 25 pg/mL
the conjugate solution’s color was changed after adding
10% NaCl. These color changes were caused by the for-
mation of aggregates due to the addition of an electrolyte.
In this condition, the amount of added antibodies was in-
sufficient to stabilize AulNP. If the concentration of an-
tibody added is sufficient to stabilize AuNP, the solution
will not change color (Hermanson 2008), as shown in solu-
tions with concentrations of 50, 75, and 100 pg/mL (Figure
5).

UV-Vis absorption spectra of various concentrations
are shown in Figure 5a. The shape of the absorbance peak
at concentration 0 pg/mL is wider than the shape of the ab-
sorbance peak at other concentrations, showing the pres-
ence of aggregation caused by the instability of the suspen-

156

» »

Test using saliva samples
that had been spiked with

Test using saliva samples
that had not been spiked

with protein N protelri‘ N
| |
| |
! | | |
| |
k- | | ,
C)H - b ! 4 J_ L
T | |
| |
| l
1
| |
l 1
(@)
c A
-
15
c B
|
T
c Cc
T
c D
T
(b)
10,000
9,000
8,000
(]
£ 7,000
& 6,000
g 5,000
S 4,000
©
3 3,000
2,000 I
1,000 .
0 -
A B C D

Type of running buffer
(c)

FIGURE 7 (a) Saliva-based antigen rapid test result of various run-
ning buffer composition. C = control line, T = test line. The compo-
sition of running buffer is as follow: A: 75 mM sodium phosphate
buffer, 1% NaCl, 1% Triton X-100 and 0.02% sodium azide; B: 75
mM sodium phosphate buffer, 1% NaCl, 1% Triton X-100, 0.5%
N-acetyl-L-cysteine, and 0.02% sodium azide; C: 75 mM sodium
phosphate buffer, 1% NaCl, 1% Triton X-100, 0.025 M EDTA and
0.02% sodium azide; and D: 75 mM sodium phosphate buffer. (b)
The Image) results of the saliva-based antigen rapid test result of
various running buffer composition, and (c) the area histogram on
the test line.
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FIGURE 8 (a) Saliva-based antigen rapid test result of various pH of
the running buffer, (b) the ImageJ result, and (c) the area histogram
on the test line. C = control line, T= test line.

sion due to the addition of 10% NaCl. The absorbance at
580 nm was also measured to determine the minimum con-
centration used in the conjugation process. An increase in
absorbance at 580 nm indicates aggregation in the solution
(Byzova et al. 2017; Parolo et al. 2020). Because of elec-
trostatic, hydrophobic, and Van der Waals interactions, the
addition of antibodies to AuNPs results in spontaneous ad-
sorption on the surface of gold particles. Because antibody
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molecules are bound to the AuNP surface, the conjugate
will be stable and will not coagulate if the absorbance at
580 nm decreases (Hermanson 2008).

In Figure 5c, the absorbance at 580 nm was increased
from bare AuNP to antibody concentration of 0 pg/mL.
At concentrations of 25 pg/mL, the absorbance begins
to decline, then gradually increases to concentrations of
50 pg/mL, and finally stabilizes at concentrations of 75
pg/mL and 100 pg/mL. As can be seen, a concentration of
antibodies of 50 pg/mL is a stabilization point and the min-
imum concentration of antibodies capable of stabilizing
AuNP. The antibody concentration used for AuNP-IgG
conjugation was 10% higher than the antibody concentra-
tion at the stabilization point (Hermanson 2008). Thus,
the minimum concentration used in the AuNP-IgG conju-
gation process is 55 pg/mL.

3.5. The conjugation of AuNP-IgG anti-N SARS-CoV-2

AuNP-IgG anti-N SARS-CoV-2 clone 3H11 conjugation
was performed at a pH of 8.0 and an antibody concentra-
tion of 55 pg/mL. The UV-Vis absorption spectra showed
a shift in wavelength from 524 nm to 528 nm (Figure 6).

3.6. Optimization of the running buffer

The running buffer was optimized with various composi-
tions. The buffer compositions used in the study were: (A)
75 mM sodium phosphate buffer, 1% NaCl, 1% Triton X-
100 and 0.02% sodium azide; (B) 75 mM sodium phos-
phate buffer, 1% NaCl, 1% Triton X-100, 0.5% N-acetyl-
L-cysteine, and 0.02% sodium azide; (C) 75 mM sodium
phosphate buffer, 1% NaCl, 1% Triton X-100, 0.025 M
EDTA and 0.02% sodium azide; and (D) 75 mM sodium
phosphate buffer. The tests using saliva samples that had
not been spiked with protein N revealed that all running
buffers produced signals on the control line but not on
the test line, so it was concluded that all buffers did not
provide non-specific interactions on the developed saliva-
based antigen test system.

The test results using saliva samples spiked with N
protein with a final concentration of 1 pg/mL showed that
running buffer B produced a stronger signal on the test and
control lines after 15 minutes compared to another running
buffer (Figure 7). The signal that appears on the test line is
then quantified using the ImageJ application, and running
buffer B produces the largest area on the test line than the
area in running buffers A, C, and D. This showed that the
addition of mucolytic agent to the running buffer could re-
duce the viscosity of saliva and improving its sensitivity.

The buffer was then optimized with various pH. The
test results using saliva samples spiked with N protein with
a final concentration of 1 pg/mL showed that all running
buffers produced a thin signal on the test line after 15 min-
utes. The signal on the test line is then quantified using the
ImageJ application. Running buffer B with pH 7 produces
the largest area on the test line than running buffer B with
pH 7.5 and 8.0 (Figure 8). This result demonstrated that
the greater the ionic strength of the buffer, the lower the
sensitivity.
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FIGURE 9 (a) Antigen detection performed using various N protein concentrations showed the saliva-based antigen rapid test could detect
the N protein at 0.1 pg/mL, (b) the ImageJ result, and (c) the area histogram on the test line showed that resulted was linear, with an R2 value
of 0.9954. C = control line, T= test line.

3.7. The smallest concentration of N protein was de- saliva-based antigen test prototype could detect N protein

tected by a developed saliva-based antigen test. with the smallest concentration of 0.1 pg/mL. The signal

on the test line was quantified using the ImageJ applica-

The developed saliva-based antigen test prototype was tion. The resulting area graph showed linearity with R2 =
tested with saliva spiked with N protein at various con- 0.9954 (Figure 9).

centrations. The final concentration of N protein was 0
pg/mL, 0.1 pg/mL, 0.5 pg/mL, 1 pg/mL. A developed

FIGURE 10 LFIA of saliva samples which confirm negative COVID-19 by RT-PCR by using developed saliva-based rapid antigen, showed
that there were no lines in the test line. This indicated that the assay was specific for COVID-19. C = control line, T= test line.
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3.8. The specificity and selectivity of the developed
saliva-based antigen test

The specificity tests were carried out using 10 saliva sam-
ples confirmed negative for COVID-19, and the results
showed 100% true negative (Figure 10). We also eval-
uated the selectivity using a recombinant hemagglutinin
protein of the avian influenza virus was tested with a con-
centration of as much as 1 mg/mL. The test results did not
show any signal on the test line (Figure 11), showing no
cross-reaction with it.

3.9. The comparison between developed saliva-based
antigen rapid test and commercialized rapid anti-
gen test.

The prototype of the developed saliva-based antigen rapid
test was then compared with the commercialized prod-
uct which is the nasopharyngeal swab-based antigen rapid
test, to determine the performance of the assays to de-
tect 20 pg/mL N protein. The N protein was spiked into
the saliva specimen for saliva-based rapid antigen and
spiked into the nasopharyngeal specimen for nasopharyn-
geal swab-based antigen rapid test CePAD® and Abbot®.
The commercialized products were used as a control for
the developed saliva-based antigen rapid test. The devel-
oped saliva-based antigen rapid test produces a less strong
signal on the test line than the commercialized antigen
rapid test (Figure 12). This result indicates that the cre-
ated test’s sensitivity is still below expectations and that
there is still an opportunity for improvement by using an-
tibodies with improved binding kinetics.

3.10. Discussion

In this work, a few points must be considered to get better
sensitivity, including the selection of antibodies, the size
of AuNP, the minimal non-specific binding (NSB), and the
running buffer formulation. The selection of antibodies is
critical to empirically testing the available pairs to deter-
mine which pair performs the best (de Puig et al. 2017).

FIGURE 11 The developed saliva-based antigen rapid test using re-
combinant HA protein of avian influenza virus, showed that there
were no line in the test line. This indicated that the assay was no
cross reaction. The test was performed duplo. C = control line, T=
test line.
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FIGURE 12 (a) The comparison of the antigen detection performed
of developed saliva-based antigen rapid test and commercialized
antigen rapid test using 20 pg/mL N protein. The commercialized
antigen rapid test is used as a control for developed saliva-based
antigen rapid test (a). 1 = developed saliva-based rapid antigen,
2 = nasopharyngeal CePAD®, 3 = nasopharyngeal Abbot®. The
N protein is spiked into the saliva specimen for saliva-based rapid
antigen and spiked into nasopharyngeal specimen for nasopharyn-
geal CePAD® and nasopharyngeal Abbot®. (b) The ImageJ results.
(c) The area histogram on the test line of various antigen rapid test.
When compared to the nasopharyngeal swab-based antigen rapid
test, the saliva-based antigen rapid test produces a weaker signal
on the test line. C = control line, T= test line.
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This pair of antibodies can be determined which one is
the detection antibody and which is the capture antibody
based on the fastest antigen binding kinetics. The capture
antibody must have a faster binding kinetic because the
interaction with the analyte is in a few seconds when the
flow passes through the test line area. Meanwhile, the de-
tection antibody has a longer time to bind to the analyte
when the flow passes through the conjugate pad to the test
line (Parolo et al. 2020). SPR could measure the binding
kinetics of the antigen that binds to the antibody immo-
bilized on the surface of the SPR sensor (Miyazaki et al.
2017). In this experiment, we can determine the antibody
which has the fast association binding kinetics, which tells
us how quickly the antibody binds to the antigen to form
a complex. This selection is very important to improve
the sensitivity because it is a major issue in the develop-
ment of LFTA. Therefore, the antibodies must be pure and
carefully designed because it is an important step to ob-
taining good sensitivity and specificity in the assay system
(Koczula and Gallotta 2016). It is very important to select
antibodies that are specific for use in the lateral flow assay.

According to dynamic light scattering (DLS), the syn-
thesized AulNP were monodispersed with the size particle
around 21.04 nm. These small AuNPs have a small sur-
face area for antibody internalization (Byzova et al. 2017).
Moreover, the AuNP with size 26 + 6 nm was also used to
develop LFIA of cortisol in saliva, which has an analytical
sensitivity of 73% (Panfilova 2021).

The nitrocellulose membrane used in this developed
LFIA was the fastest membrane due to the viscosity of
saliva. In addition, the use of blocking agents such as BSA
and casein together with surfactants can reduce the NSB
between the AuNP and the antibody immobilized in the
test line. The blocking agent was added into the conjugate
AuNP-IgG anti-N SARS-CoV-2, conjugate pad, and sam-
ple pad and is proven to reduce the NSB (O’Farrell 2009;
Parolo et al. 2020).

The running buffer formulation was considered by the
characteristics of saliva, which contains a lot of water, in-
organic compounds, and organic compounds (Pfaffe et al.
2011). The saliva is more viscous than water because it
contains a lot of mucins. The presence of mucin in saliva
can interfere with the SARS-CoV-2 virus detection pro-
cess because mucin is the main structural component of
mucus that makes saliva viscous (Frenkel and Ribbeck
2015). This viscosity prevents saliva from flowing in the
rapid test device. So, the sample needs to be treated to re-
duce viscosity by adding a mucolytic agent that can cleav-
age the intermolecular and intramolecular disulfide bonds
of mucin (Carlson et al. 2018). Four running buffers were
used for optimization as listed above in the Results sec-
tion. Figure 7 demonstrates that running buffer B is the
best choice, and we can conclude that the type of run-
ning buffer may affect the sensitivity of LFIA. N-acetyl-
L-cysteine has been shown to increase the signal intensity
in the test line, and this is because saliva can flow rapidly
along the membrane. The pH of the running buffer was
also optimized. Figure 8 demonstrates that the running
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buffer B with pH 7 is the best choice, and we conclude
that the pH also may affect the sensitivity of the developed
LFIA.

The antigen detection was performed in various con-
centrations of N protein. The linear graph showed that
the linearity of the test has a good result with a value of
R2 = 0.9954. And the smallest concentration of N pro-
tein that was detected by developed LFIA was 0.1 pg/mL.
The developed LFIA produced half the signal intensity of
the commercial nasopharyngeal swab-based antigen rapid
test. This result shows that the developed test’s sensitivity
is still under expectation, and there is still room for im-
provement by using antibodies with better binding kinet-
ics. We do not have access to the better antibodies that
are suitable for lateral flow assay, considering antibod-
ies that were purchased are meant for ELISA-based de-
tection. The specificity was also tested using the avian in-
fluenza virus’s recombinant hemagglutinin protein, which
revealed no cross-reaction. In addition, when the devel-
oped LFIA was performed on negative saliva samples,
high specificity (100%) was also demonstrated.

4. Conclusions

The pair of IgG anti-N SARS-CoV-2 for detecting nucle-
ocapsid in the sandwich-format of developed saliva-based
antigen rapid test was characterized by SPR to determine
the association kinetic binding rate of antibody, and it re-
vealed that IgG anti-N SARS-CoV2 clone 4H2 as a capture
antibody, and IgG anti-N SARS-CoV-2 clone 3H11 as the
detection antibody. The optimum condition for conjuga-
tion of developed saliva-based antigen rapid test is at pH
8 in 10 mM borate buffer with IgG anti-N SARS-CoV-2
clone 3H11 concentration at 55 pg/mL. The best formula-
tion of running buffer is 75 mM sodium phosphate buffer,
1% NaCl, 1% Triton X-100, 0.5% N-acetyl-L-cysteine,
and 0.02% sodium azide at pH 8. The application of N-
acetyl-L-cysteine in the buffer has been demonstrated can
increase the signal strength in the test line and reduce the
viscosity of saliva. The developed LFIA can detect the
nucleocapsid antigen at 0.1 pg/mL, and show no cross-
reaction with avian influenza virus hemagglutinin. We
can conclude that all kinds of treatments in the experiment
could increase the signal. The advantage of the developed
saliva-based antigen rapid test is providing an early diag-
nosis of COVID-19, allowing patients to choose to isolate
directly at home and receive prompt treatment. This assay
can be performed on a daily, and it can help to reduce the
spread of the SARS CoV-2 virus because the sampling and
examination of the sample will not involve other people.
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