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ARTICLE INFO ABSTRACT

Keywords: The COVID-19 pandemic has significantly increased the development of the development of point-of-care (POC)
COVID-19 diagnostic tools because they can serve as useful tools for detecting and controlling spread of the disease. Most
SARS-CoV-2

current methods require sophisticated laboratory instruments and specialists to provide reliable, cost-effective,
specific, and sensitive POC testing for COVID-19 diagnosis. Here, a smartphone-assisted Sensit Smart potentio-
stat (PalmSens) was integrated with a paper-based electrochemical sensor to detect severe acute respiratory
syndrome coronavirus 2 (SARS-CoV-2). A disposable paper-based device was fabricated, and the working elec-
trode directly modified with a pyrrolidinyl peptide nucleic acid (acpcPNA) as the biological recognition element
to capture the target complementary DNA (cDNA). In the presence of the target cDNA, hybridization with
acpcPNA probe blocks the redox conversion of a redox reporter, leading to a decrease in electrochemical
response correlating to SARS-CoV-2 concentration. Under optimal conditions, a linear range from 0.1 to 200 nM
and a detection limit of 1.0 pM were obtained. The PNA-based electrochemical paper-based analytical device
(PNA-based ePAD) offers high specificity toward SARS-CoV-2 N gene because of the highly selective PNA-DNA
binding. The developed sensor was used for amplification-free SARS-CoV-2 detection in 10 nasopharyngeal swab
samples (7 SARS-CoV-2 positive and 3 SARS-CoV-2 negative), giving a 100% agreement result with RT-PCR.

Portable potentiostat
Paper-based device
PNA

Point-of-care testing

1. Introduction approved, it will take time to keep the COVID-19 pandemic under

control and there will continue to be a need for diagnostic testing to

The severe acute respiratory syndrome coronavirus 2 (SARS-CoV-2)
is the latest threat to global health and economies. Due to rapid trans-
mission through direct contact, aerosol spread and new variants [1],
cases now exceed 346 million with approximately 5.5 million deaths
worldwide as of January 2022 [2]. Although vaccines have been

monitor breakthrough cases [3-5]. Thus, diagnostics continue to play a
crucial role in limiting the infection spread and identifying individuals
who are candidates for therapies. Current COVID-19 diagnostics rely
primarily on molecular tests and immunological assays [6]. Molecular
tests use either reverse transcriptase real-time polymerase chain
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reaction (RT-PCR), which is a highly sensitive and specific diagnostic
tool, or isothermal techniques like loop mediated isothermal amplifi-
cation (LAMP) [7]. However, these approaches can only be performed in
a laboratory setting due to the requirement of specialized handling and
sophisticated equipment. Thus, the lack of resources has become the
major obstacle for using RT-PCR testing in developing countries [8].
Immunological assays use antibody-antigen reactions for detecting the
target viral protein (antigen) or immune response (antibody) against the
SARS-CoV-2 [9]. Immunoassays have been miniaturized in several for-
mats such as lateral flow device and electrochemical sensor at
point-of-care (POC) diagnostics [10]. For example, Grant et al. devel-
oped a half-strip lateral flow assay for SARS-CoV-2 antigen detection
[11]. Yakoh et al. developed the electrochemical paper-based analytical
device for SARS-CoV-2 detection that relied on a label-free immuno-
assay strategy in clinical serum samples [12]. Fabiani et al. developed a
magnetic bead (MB)-based electrochemical biosensor using labeled
immunoassay strategy for SARS-CoV-2 detection in saliva samples [13].
Also, Samper et al. developed electrochemical capillary-flow device for
determination of IgG antibody against SARS-CoV-2 in human blood
samples [14]. However, these devices either require long analysis times
(>1 h) and/or are prone to false-positives [15]. False-positives are
frequently caused by non-specific reactions between the target and the
immobilized proteins and is a leading source of inaccuracy [16].
Consequently, a rapid, sensitive, selective, accurate approach for
COVID-19 diagnosis is still needed for POC testing to control the
pandemic.

As mentioned above, sensor selectivity and specificity are major
challenges for immunological assays, while the nucleic acid-based as-
says via RT-PCR are too costly for routine use. Thus, the use of nucleic
acids (DNA, RNA) as well as analogues such as peptide nucleic acid
(PNA) as a biorecognition element are proposed as an alternative to
enhance biosensor selectivity and specificity [17]. PNA offers particular
advantages due to its unique electrostatically neutral structure that
contributes to its stronger binding affinity towards DNA/RNA targets
without compromising specificity [18,19]. Among several available
PNA systems, our pyrrolidinyl peptide nucleic acid (acpcPNA) [19,20]
offers outstanding characteristics that make them a powerful sensing
probe. The rigid D-prolyl-2-aminocyclopentanecarboxylic acid (ACPC)
backbone [21] of acpcPNA leads to the stronger binding affinity and
sequence specificity toward DNA compared to many systems including
the original PNA [22]. Given the benefits of PNA probe over conven-
tional oligonucleotide probes, it has been used as a probe for RT-LAMP
[23] and RT-PCR [24] with colorimetric assay for highly specific
determination of SARS-CoV-2.

Electrochemical detection can be performed in a reagent-free format,
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providing user-friendly operation for a variety of protein and nucleic
acid analytes [25]. The reagent-free-based biosensor relies on the
target-induced conformational change that triggers a change in the
electrochemical response either of the DNA bases or of a redox active
indicator such as methylene blue (MB) [26,27], [Ru (NHS)E,]3+ [28,29]
and [Fe(CN)6]3’/ 4= [30,31]. Among redox active indicators, the com-
mon negatively complex of [Fe (CN)s]®>~/%~ has been extensively used
due to its property of high chemical stability, inexpensive, and fast
electrochemical kinetics [32]. Moreover, the repulsive force from the
same negatively charged motif between the redox indicator and the DNA
hybridization generates the change in electrochemical response. It is
exceedingly useful to monitor and detect DNA hybridization using an
electrochemical sensor [30,33]. Among electrochemical sensing sub-
strates, paper is readily available, inexpensive, and possesses desirable
characteristics of natural capillary-driven fluid flow and disposability,
making it ideal for the proposed diagnostic tool [34].

Here, a paper-based electrochemical paper-based analytical device
(ePAD) featuring the high affinity and specific acpcPNA probe coupled
with a smartphone potentiostat was developed to detect SARS-CoV-2.
The platform offers rapid, sensitive, specific, and portable sensing of
the SARS-CoV-2 nucleocapsid N gene (Scheme 1). For the diagnostic
step, the electrochemical signal is measured using amperometry to
monitor the signal of [Fe(CN)6]3’/ 4= with a smartphone application.
The amperometric response decreases upon the hybridization of target
c¢DNA with the acpcPNA probe designed to recognize the SARS-CoV-2 N
gene. We further demonstrate the high selectivity of electrochemical
paper-based analytical device (ePAD) originates from the acpcPNA
probe affinity towards its complementary N gene target due to the
unique rigid and electrostatically neutral backbone of the acpcPNA
probe [35]. Finally, the biosensor was evaluated for SARS-CoV-2
detection in clinical nasopharyngeal swab samples without amplifica-
tion, showing potential in COVID-19 diagnosis with amplification-free
system.

2. Materials and methods

This section mainly describes the methodology for SARS-CoV-2
detection via PNA-based ePAD sensing, including devices fabrication
and electrochemical measurement. The details of acpcPNA synthesis,
the ePAD fabrication, and the sample preparation were presented in the
supporting information (S2-S5).

2.1. Immobilization of acpcPNA probe on the device

Taking the advantage of the presence of abundant polyol functional
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Scheme 1. (A) Schematic illustration of the proposed PNA-based ePAD with front and back views; (B) the detection principle and procedure for SARS-CoV-2
detection using the PNA-based ePAD sensor connected with a smartphone-based potentiostat.
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groups on the cellulose paper, periodate oxidation was used to create
aldehyde groups for the covalent attachment to the amino (-NH3) group
of the acpcPNA probe. The covalent immobilization of the acpcPNA
probe on the backside of the working ePAD was performed via a facile
two-step reaction sequence: (i) periodate oxidation of the hydroxyl
group of cellulose, generating an aldehyde group and (ii) imine forma-
tion between the aldehyde group and the amino group of the acpcPNA
probe followed by the reduction with sodium cyanoborohydride to form
a stable covalent bond [30,36]. Briefly, 3 pL of 2.10 M LiCl dissolved in
0.04 M NalO4 was directly dropcast on the sample zone and the oxida-
tion reaction was allowed to perform in the dark for 15 min. The residual
inorganic salt was removed by washing with Milli-Q water and the
modified paper was allowed to dry at room temperature (25 °C). For the
covalent immobilization of the acpcPNA probe, 3 pL of a solution con-
sisting of 1 pM acpcPNA and 1 mg/mL NaBH3CN in DMF was added to
the aldehyde-modified paper and the reaction proceeded in the dark
under humid conditions for 12 h at 25 °C. Once the reaction was
completed, the unbound acpcPNA probe was removed by washing with
a mixture of Milli-Q water: acetonitrile (1:1 v/v) and allowed to dry at
room temperature for 30 min. The device was stored at 4 °C until use. No
additional materials or reagents (e.g graphene oxide and glutaralde-
hyde) were required.

2.2. DNA hybridization

To conduct SARS-CoV-2 (N gene) detection using the COVID-19
PNA-based ePAD for SARS-CoV-2 (N gene) detection, 3 pL of the
SARS-CoV-2 N gene DNA was directly added to the sample zone con-
taining the immobilized complementary acpcPNA probe and allowed to
hybridize for 30 min at room temperature in a humidity chamber to
prevent evaporation. Next, the unhybridized DNA was removed by
washing with 0.1 M PBS (pH 7.4).

2.3. Electrochemical measurement

All electrochemical measurements were performed using 5 mM of
hexacyanoferrate (III)/(I) ([Fe (CN)6]3_/ 4_) in 0.1 M KNOg3 as a redox
indicator. The smartphone equipped with Sensit Smart electrochemical
workstation from Palmsens (the Netherlands) and a Pstouch app were
employed using amperometry by applying +0.05 V for 2 min.

For electrochemical characterizations, the Nyquist plot for electro-
chemical impedance spectroscopy (EIS) was recorded in the frequency
range of 0.01 Hz-100 kHz with the alternating current (AC) potential of
+0.1 V (vs Ag/AgCl) and logarithmic scale of 10 points per decade.
Cyclic voltammetry (CV) measurements were conducted between —0.4
and + 0.6 V (vs Ag/AgCl) with potential step of 0.01 V (vs Ag/AgCl) and
scan rate of 0.1 V/s.

3. Results and discussion
3.1. Characterization of the acpcPNA-modified electrode surface

The acpcPNA probe immobilization is a crucial step for specificity
toward the target SARS-CoV-2 DNA capturing. The polyol functional
groups of unmodified cellulose paper were modified toward the active
aldehyde group (called as aldehyde modified paper) through an oxida-
tion reaction. After that, the acpcPNA probe was subsequently immo-
bilized onto the aldehyde-modified paper via imine formation,
generating acpcPNA immobilized paper for detecting the target DNA.
Therefore, the probe immobilization was confirmed by investigating the
electrochemical behavior of the device at each stage of the fabrication
using EIS and CV. EIS enables discrimination of a small change on the
electrode surface by monitoring the electron transfer efficiency of a
redox couple (generally [Fe (CN)6]3_/ 4 solution) at the electrode/
electrolyte interface (the charge transfer resistance, R.y) [37,38]. Here,
the Randles equivalent circuit model was fitted to the EIS Nyquist plot as
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shown in Fig. 1A. The unmodified paper-based electrode showed the
largest Rt (20.45 + 0.80 k<) due to its insulating nature that hinders
electron transfer between the electrode surface and the redox reporter.
In contrast, the R¢ (17.38 + 0.65 kQ) of the aldehyde modified
paper-based electrode decreased due to electroactive functional group
[30,39], showing the successful paper modification. Following acpcPNA
probe immobilization, the R value decreased further to 11.56 + 0.92
kQ. This result might be attributed to the electrocatalytic property of the
nitrogenous bases (guanine (G) and adenine (A)) in the acpcPNA probe,
leading to the improved electron transfer [40-43]. The result demon-
strates successful acpcPNA immobilization. Once the SARS-CoV-2 (N
gene) DNA was hybridized with its complementary acpcPNA probe, the
Ree value (20.29 + 0.55 kQ) increased since the anionic PNA-DNA
duplex impeded the electron transfer at the interface, indicating the
successful DNA hybridization.

Additionally, these results are consistent with CV results, as shown in
Fig. 1B. In comparison to unmodified paper-based electrodes, the peak
current of aldehyde-modified electrodes increased to 11.13 + 0.90 pA,
and the peak potential shifted positive by +0.20 V vs Ag/AgCl against
the unmodified paper-based electrode (peak current of 5.69 + 0.43 pA
and peak potential of 0.17 V vs Ag/AgCl). After the acpcPNA probe
immobilization, the peak current increased to 71.38 &+ 1.67 pA, and the
peak potential continually shifted positive to +0.30 V vs Ag/AgCl due to
the presence of the electroactive G and A bases that increased electron
transfer kinetics [44]. A decrease in peak current (30.80 + 0.34 pA) was
observed after hybridization with the target cDNA, giving a negative
shift of the peak potential (+0.24 V vs Ag/AgCl) because of the repulsion
between the anionic phosphate DNA backbone and the anionic Fe
(CN)E74, According to the EIS and CV results, immobilization of the
acpcPNA probe on the cellulose paper was accomplished, and the hy-
bridization with the DNA target occurred on the paper surface. More-
over, laser scanning confocal microscopy (LSCM) and the attenuated
total reflection fourier transform infrared spectroscopy (ATR-FTIR) were
employed to investigate the surface roughness and the change in the
functional group of each probe immobilization step, respectively, as
discussed in the supporting information (S6).

3.2. SARS-CoV-2 DNA detection using smartphone-based amperometric
measurements

After hybridization was complete, the sample zone was folded onto
the test zone to create a closed format device for electrochemical mea-
surement. The device was designed to protect the user against direct
contact with the biohazardous fluid. Next the device was inserted into
the connector of the Sensit Smart potentiostat and the potentiostat was
connected to the smartphone. Finally, [Fe(CN)gf /4= was directly added
to the sample zone. The solution initially flowed toward the bottom zone
and covered the three electrodes to complete the electrical circuit.
Subsequently, the amperometric signal was measured.

3.3. Assay optimization

To achieve the best performance for SARS-CoV-2 testing, parameters
affecting the PNA-based device potential toward the SARS-CoV-2 diag-
nostic, including the acpcPNA probe concentration, hybridization time,
and detection potential, were systematically investigated using a com-
plementary synthetic DNA oligonucleotide as a model for SARS-CoV-2 N
gene.

3.3.1. acpcPNA probe concentration

Since the concentration that determines the amounts of the immo-
bilized acpcPNA probe may affect the DNA hybridization capacity, this
parameter was investigated at first. The acpcPNA probe concentration
was studied in the range of 0.25-3 pM at a detection potential of +0.1 V
vs Ag/AgCl for 120 s, while the target DNA concentration was fixed at
50 nM with 60 min hybridization time. The signal obtained after the
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acpcPNA immobilization (blue line) and DNA hybridization (orange line) via (A) EIS and (B) CV techniques. (All EIS Nyquist plots were fitted with the Randles
equivalent circuit). (For interpretation of the references to color in this figure legend, the reader is referred to the Web version of this article.)

targeted DNA hybridization at different probe concentrations (Fig. 2A)
increased and reached a maximum at 1 pM acpcPNA probe, and then
decreased at higher probe concentrations likely due to steric hindrance
that prevents efficient hybridization. Therefore, 1 pM acpcPNA probe
was chosen as the optimal concentration.

3.3.2. Hybridization time
The hybridization time was also investigated. Different hybridization
times ranging from 10 to 120 min were evaluated using 50 nM target
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DNA. As shown in Fig. 2B, the Al value gradually increased with the
increasing hybridization time up to 30 min and then became constant.
Thus, the hybridization of acpcPNA probe with target DNA in this study
was completed in 30 min and was selected as an optimal hybridization
time.

3.3.3. Detection potential
The detection potential was investigated in the range of —0.2 to
+0.3 Vvs Ag/AgCl for 120 s sampling time. The current in the presence

600
500 -
400 -
300 -
200 4

-Al/ nA

10 20 30 40 50 60
Hybridization time / min

120

1 -e-Signal current (S)
| -e-Background current (B)

02 01 O 01 02 03
Detection potential V vs Ag/AgCI

-0.3 0.4

Fig. 2. Assay optimization of the important parameters for SARS-CoV-2 DNA based detection including: (A) acpcPNA concentrations; (B) hybridization times; (C)
detection potentials for measuring 50 nM SARS-CoV-2 DNA (N gene) via amperometric technique at 120 s sampling times; (D) the amperometric current response for
5 mM [Fe(CN)e]>/# in presence (S) and in absence (B) of 50 nM SARS-CoV-2 target. The error bar of all experiment represented the standard deviation of three

repetitive measurements using three independent devices (n = 3).
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(S) or absence of SARS-CoV-2 target (B) for 5 mM of [Fe(CN)G]S'/ “~was
used to obtain signal to background (S/B) values. The S/B ratio (Fig. 2C)
increased significantly with the increasing detection potential up to
+0.05 V vs Ag/AgCl and then decreased with detection potential over
+0.05 V vs Ag/AgCl. This result can be attributed to the increase in both
the signal and background current response with increasing the detec-
tion potential as shown in Fig. 2D. The increase might occur from the
faster reduction kinetic rate of Fe (III) toward Fe (II) at high detection
potential. A larger current differential between signal and background
current was chosen to acquire a high sensitivity for the target DNA
detection. Therefore, a detection potential of +0.05 V vs Ag/AgCl was
used for further experiments.

3.4. Analytical performance

After optimizing each parameter, the analytical performance of the
system was determined. The amperograms (Fig. 3A) displayed a gradual
decrease in the current as a function of the target DNA concentration. A
linear correlation (Fig. 3B) between Al and the logarithmic SARS-CoV-2
N gene concentration was observed in the range of 0.1 nM-200 nM with
good correlation coefficient (R? = 0.9922). The limit of detection (LOD)
as calculated by 3SDpjank/slope was found to be 1.0 pM. The analytical
performance of the developed PNA-based ePAD for SARS-CoV-2 detec-
tion is compared to the previous reports for SARS-CoV-2 detection in
Table S2. Although the previous electrochemical sensors for detecting
the specific antibody (IgG, IgM) [12,14] and antigen (nucleocapsid (N)
and spike (S) protein) [13] of SARS-CoV-2 protein provide lower LOD
than the proposed sensor, their assays rely on biological recognition
elements which reduce the sensor stability and increase the device cost.
Moreover, the nucleic acid-based sensors for detecting specific genomes
of SARS-CoV-2 (N gene, S gene, and RdRp gene) [45-49] also show high
performance with lower LOD. There is some previous report using EIS
biosensor showing high LOD (10 nM) for the RARP gene [48]. However,
the assays still require the multistep label-based assay and sample
amplification step, resulting in long analysis time. Therefore, the
PNA-based ePAD sensor is compensated by being a label-free system
using small volume of sample (3 pL) without the need of complicated
pretreatment steps. In addition, the current limit of detection is close to
existing rapid antigen assays, making it useful for clinical applications.
Additionally, the overall analysis time of the proposed PNA-based ePAD
sensing was accomplished within 42 min (including 10 min of sample
extraction, 30 min of hybridization time and 2 min of measurement
time). This was faster than other DNA-based methods (e.g. RT-PCR or
other DNA sensing), which require at least 3 h of total analysis time.
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Therefore, the proposed DNA-based sensing offers simplicity, rapid
analysis, affordability, and can be used for on-site measurement via a
portable smartphone-based potentiostat.

The stability of the PNA-based ePAD was also evaluated by
comparing storage at 4 °C versus a desiccator at room temperature. The
sensor after storage was tested by measuring the current response after
hybridization with the target DNA (100 nM) as shown in Fig. S4. The
current remained at 96% (stored at RT) and 102% (stored at 4 °C) of the
initial response after 12 and 16 days of storage, respectively. The results
demonstrate excellent storage stability for the proposed PNA-based
ePAD, showing the applicability of the device distribution worldwide
during pandemics [50].

3.5. Specificity

The specificity of the PNA-based ePAD was investigated using non-
target DNA with sequences similar to the target SARS-CoV-2 N gene.
Four control mismatched DNA sequences, including non-
complementary DNA, single-base mismatch DNA, two-base mismatch
DNA, and SARS-CoV-2 RdRp genes were tested. As shown in Fig. 4A, the
high signal response was only observed in the presence of the target
SARS-CoV-2 DNA (N gene), whereas all other the control DNA sequences
produced responses that were barely different from the background,
indicating high specificity for the target DNA sequence. Besides the
mismatch DNA test, other potential proteins including human serum
albumin (HSA) and IgG expressed in respiratory secretion were inves-
tigated at the maximum concentration of 15.6 mg/mL [51]. As a result,
HSA and IgG provided insignificant AI changes for the target
SARS-CoV-2 DNA, demonstrating that the washing step after sample
incubation on PNA-based ePAD can be effectively avoided nonspecific
adsorption of these HSA and IgG proteins.

3.6. Sample analysis

To verify the applicability of the ePAD for detecting SARS-CoV-2,
artificial saliva samples were spiked with various concentrations of
the standard DNA to concentrations of 1 nM, 10 nM and 100 nM. As
shown in Table S3, the satisfactory recovery and error values were found
to be in the range of 96.5%-104.5% and 1.9%-6.9%, respectively. The
recovery percentage of over 100% might be caused by the different
media and viscosity of saliva [52,53]. 10 clinical nasopharyngeal swab
samples were collected, including seven samples from COVID-19 pa-
tients and three from healthy volunteers. After RNA extraction, the
samples were tested with our proposed ePAD sensing platform and
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Fig. 3. (A) Amperograms and (B) calibration plot of the current response at 120 s in a function of SARS-CoV-2 DNA concentrations in the range from 0.1 nM to 200
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compared to RT-PCR (Table 1). Additionally, the scatterplot between the
Al value obtained from the ePAD sensor and Ct value obtained from the
RT-PCR assay from 10 nasopharyngeal swab samples was also in good
agreement with a good regression coefficient (R? = 0.977) as shown in
Fig. 4B. The result shows the cluster of low values is clearly separated
from the cluster of higher values. It is useful to discriminate between
each the COVID-19-negative test and the COVID-19-positive test in real
sample analysis [54]. Regarding this result, the Al value > 600 nA was
exhaustively considered as the COVID-19-positive test using the pro-
posed PNA-based ePADs. The amperometric response of all clinical
sample measurements using the ePAD (Fig. S5) was clear between
positive (COVID-19 patients) and negative (healthy volunteers). The
percentage of sensitivity and specificity was found to be 100% con-
cerning the real sample.

4. Conclusions

Here, a paper-based electrochemical DNA sensor based on a specific
binding of immobilized acpcPNA probe against target SARS-CoV-2 (N
gene) sequence was developed for COVID-19 diagnosis. This DNA sensor
was integrated with a portable Sensitsmart electrochemical potentiostat
and smartphone app. The whole assay was performed in 42 min. Under
optimal conditions, the proposed sensing platform showed a wide linear
range from 0.1 nM to 200 nM with an LOD of 1 pM, demonstrating the
high sensitivity for SARS-CoV-2 DNA sensing. Moreover, the proposed
sensing offers highly specific SARS-CoV-2 N gene detection against other
relevant DNA sequences, emphasizing the beneficial use of acpcPNA
probe. Finally, the ePAD was applied for the detection of the target DNA
in human saliva samples with satisfactory recovery in the range of
96.5%-104.5%. In addition, we successfully demonstrated the applica-
bility of the proposed PNA-based ePAD for amplification-free detection
of SARS-CoV-2 (N gene) in RNA samples extracted from nasopharyngeal
swab samples, with the satisfying sensitivity and specificity values of
100%. Therefore, the developed biosensor will be promising as an
alternative tool for screening COVID-19 infections.
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Table 1

SARS-CoV-2 (N gene) detection in nasopharyngeal swab samples using the
proposed PNA-based ePAD comparing with the standard RT-PCR assay.

Sample Proposed system” RT-PCR"

Patient #1 +) (AI = 943 + 4.3 nA) +) (Ct =29.19)
Patient #2 (€D (AI =730 + 4.4 nA) +) (Ct = 22.60)
Patient #3 +) (AI =865 + 7.2 nA) +) (Ct = 25.59)
Patient #4 +) (AI = 658 + 5.0 nA) +) (Ct = 20.36)
Patient #5 +) (Al = 679 + 4.6 nA) (+) (Ct =19.00)
Patient #6 +) (AI = 663 + 7.6 nA) +) (Ct = 23.08)
Patient #7 +) (Al = 749 + 3.3 nA) +) (Ct = 25.08)
Patient #8 -) (AI =106 + 2.6 nA) -) (N/A)
Patient #9 ) (AI =95 + 7.2 nA) ) (N/A)
Patient #10 ) (Al = —15 + 0.96 nA) ) (N/A)

# (+) and (-) signs represent the positive and negative tested patients,
respectively,

> RT-PCR test was performed at virology laboratory, Faculty of Medicine
Ramathibodi Hospital, Mahidol University.
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