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ARTICLE INFO ABSTRACT

Keywords: Amid the global threat caused by the coronavirus disease 2019 (COVID-19) pandemic, developing sufficiently
Immunosensor rapid, accurate, sensitive and selective methods of diagnosing both symptomatic and asymptomatic cases is
(Sjlc\)}\{/SIIS(l)\le essential to alleviating and controlling the pandemic’s effects. This article describes an electrochemical immu-

noassay platform developed to determine the severe acute respiratory syndrome-coronavirus-2 (SARS-CoV-2)
spike antibody by using gold-clusters capped with cysteamine, glutaraldehyde, the spike protein of the SARS-
CoV-2 antigen and bovine serum albumin on a glassy carbon electrode. The electrochemical oxidation signal
of the antigen-based immunosensor at 0.9 V was used to detect the SARS-CoV-2 spike antibody. When saliva and
oropharyngeal swab samples were analysed, the recovery and relative standard deviation values were 96.97%-—
101.99% and 4.99%-5.74%, respectively. The method’s limit of detection relative to the SARS-CoV-2 spike
antibody in synthetic media and in saliva or oropharyngeal swab samples was 0.01 ag/mL, while the immu-
nosensor’s linear response to the SARS-CoV-2 spike antibody varied from 0.1 to 1000 ag/mL. The cross-reactivity
of the Middle East respiratory syndrome-coronavirus spike antigen was evaluated after being immobilised onto
the functionalised gold-cluster based sensor, indicated that the good specifity of the produced immunosensor.

Gold-cluster
Square wave voltammetry

1. Introduction

After emerging from Wuhan in China’s Hubei Province, the coro-
navirus disease 2019 (COVID-19), beginning as severe acute respiratory
syndrome-coronavirus-2 (SARS-CoV-2), rapidly spread to more than 100
countries. SARS-CoV-2, a member of the genus Betacoronavirus, has oval
structure and a size ranging from 60 nm to 140 nm [1]. As of 23
February 2021, more than 110 million cumulative cases of COVID-19
and 2.4 million deaths had been reported worldwide [2]. Because the
course of COVID-19 can be asymptomatic, moderately flu-like or severe
[3], the asymptomatic version, accounting for 20%-40% of cases, re-
mains primarily responsible for its spread and the underestimation of
cases, both of which continue to make the pandemic difficult to control
[4-6]. Therefore, the early diagnosis of COVID-19 can be critical to
determining whether to apply treatment. For that reason, simple, fast,
accurate and highly sensitive methods of determining the SARS-CoV-2
antigen and antibody are urgently needed.

Many methods of diagnosing COVID-19 have been reported,
including ones based on real-time polymerase chain reaction (RT-PCR)
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[7-14], lateral flow assay (LFA) [15], lateral flow immunoassay (LFIA)
[1,16-19] enzyme-linked immunosorbent assay (ELISA) [20], plas-
monic sensors [21,22] computed tomography (CT) imaging [23] and
electrochemical biosensing technologies [3,24-31]. Despite being the
primary and most sensitive and selective method of diagnosing COVID-
19, RT-PCR is time-consuming and expensive, requires qualified
personnel and can be run only in laboratory-based medical institutions
[3,8,25,26]. Worse still, RT-PCR has demonstrated a high post-exposure
false-negative ratio ranging from 20% to 67% [32,33] possibly caused
by sampling, the source and quality of samples, and the poor sensitivity
of diagnosing kits. These are also the common drawbacks of all the
COVID-19 diagnostic tests. Of the six commercial diagnosing kits for
COVID-19 reported to have high limits of detection (LOD) and result in
false-negative results [34], ELISA-, LFA- and LFIA-based methods afford
important benefits, including being inexpensive, easy to implement and
moderately fast, despite having relatively low sensitivity that indicate
false-negative results. Meanwhile, plasmonic sensor-based methods
[21,22] are sensitive and inexpensive but entail complex experimental
procedures and require highly experienced personnel, while CT imaging
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is not suitable for early diagnosis, quick response or on-site analysis
[21,35].

By comparison, electrochemical methods of biosensing proteins,
nucleic acids, bacteria, viruses, antibodies and their fragments have
become attractive [36-40] in terms of some features such as simplicity,
low cost, rapidity, robustness, high sensitivity and selectivity [40].
Owing to those advantages, electrochemical biosensors and methods
have been developed to determine molecular SARS-CoV-2 antigens,
antibodies, and/or their fragments. Among them, antigen-based
methods rely on either molecular (e.g. viral RNA) [3,28] or viral pro-
teins that are spike [25,27,29,30] or nucleocapsid [26,31]. In the
former, for the best LOD (i.e. 200 copies/mL in clinical specimen, 3 aM
ORF1lab gene in synthetic media) and dynamic response (10717-10712
M ORF1lab gene), preparing the electrochemical sensor and performing
the measurement takes 29 h and 3 h, respectively [28]. In the latter
[25,27,29,30], despite a brief period of measurement except the method
developed by Mojsoska et al. [30] with a measurement step of about 45
min, preparing the sensors can take between 5 h and 12 h. Rahmati et al.
[29] have obtained a LOD of 0.04 fg/mL in synthetic media, while Seo
etal. [25] have achieved LODs of 1 fg/mL in synthetic media and 100 fg/
mL in clinical specimens. On the contrary, Vadlamani et al. [27] and
Mojsoska et al. [30] have obtained LODs at the high magnitudes of pg/
mL in synthetic and plaque assay media, respectively. The methods
involving nucleocapsid proteins, preparing the electrochemical sensor
takes 25 h [31] and less than 2 h [26]. The first method could detect 0.8
pg/mL of nucleocapsid protein in 30 min in synthetic media [31]. The
second method, which also includes immunosensor studies with the
SARS-CoV-2 spike and nucleocapsid antibodies, has no information
regarding the LOD and dynamic range [26]. In one such study, the re-
searchers determined the SARS-CoV-2 spike or nucleocapsid antibodies
in 30 min, but the LODs were at high levels in terms of ng/mL [24].

In view of those drawbacks, it was aimed to develop an immunoassay
platform and voltammetric method of determining the SARS-CoV-2
spike antibody able to overcome the mentioned limitations. To that
end, it was created a novel immunoassay platform involving gold (Au)-
clusters capped with cysteamine (CysAm), glutaraldehyde (GluAl), the
spike protein of the SARS-CoV-2 antigen (S-gene) and bovine serum
albumin (BSA) on a glassy carbon electrode (GCE)-altogether, BSA/S-
gene/GluAl/CysAm/Au/GCE-for a simple, rapid, low-cost, ultrasensi-
tive way of voltammetrically determining the SARS-CoV-2 spike anti-
body in real as well as synthetic samples.

2. Experimental
2.1. Chemicals and equipment

The SARS-CoV-2 (2019-nCoV) spike S1-his recombinant protein
(verified by HPLC, Cat: 40591-VO8H), SARS-CoV-2 spike antibody
(Chimeric MAb Cat: 40150-D00) and Middle East respiratory syndrome-
coronavirus (MERS-CoV) spike-S1 protein (S1 Subunit, aa 1-725, His
Tag, Cat: 40069-V08B1) were purchased from Sino Biological Inc.
Standard Au solution (1000 mg Au/ampoule (HAuCl4-3H20 in 12.7%
HCl), Merck 109868), cysteamine hydrochloride (BioXtra, Sigma
30078), glutaraldehyde (50% in water, Merck 814393), bovine serum
albumin (>98, Sigma-Aldrich 05470), phosphate buffered saline (PBS,
tablet, Sigma-Aldrich P4417, 0.01 M phosphate buffer, 0.0027 M po-
tassium chloride and 0.137 M sodium chloride, pH 7.4, at 25 °C) and all
other chemicals were of analytical reagent grade.

All solutions with the antibody and antigen were prepared in 0.01 M
PBS solution and stored in Eppendorf protein LoBind tubes, whereas all
other solutions (only GluAl was in dimethyl formamide), were prepared
in ultrapure water and stored in high-density polyethylene falcon tubes.
Milli-Q Direct 8 system was used to produce ultrapure water.

A Metrohm Autolab PGSTAT 128N potentiostat-galvanostat con-
sisting of chemically modified glassy carbon electrode (Au-clusters
capped with CysAm, GluAl, S-gene and BSA modified GCE-BSA/S-gene/
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GluAl/CysAm/Au/GCE, supporting material: BASi MF-2012 GCE) as the
working electrode, Ag/AgCl/3 M NaCl (BASi MF-2052 RE-5B) as a
reference electrode and platinum wire (BASi MW-1032, 7.5 cm) as an
auxiliary electrode for the voltammetric determination of the SARS-
CoV-2 spike antibody in synthetic and real samples.

A Mettler Toledo Seven Excellence pH meter with InLab Routine Pro-
ISM combined pH electrode was used to measure pH, and a FEI Quanta
FEG 250 environmental scanning electron microscope with FEI Quanta
250 XFLASH 5030 energy dispersive X-ray spectroscopy module was
used to characterise the surfaces of the electrodes.

2.2. Preparation of the SARS-CoV-2 immunosensor

To prepare the BSA/S-gene/GluAl/CysAm/Au/GCE sensor, the sur-
face of the GCE was lustered with 0.05 ym of alumina suspension on felt,
followed by rinsing with ultrapure water. The GCE was subsequently
exposed to ultrasonic waves in a 1:1 ethanol-ultrapure water mixture
and in ultrapure water for 5 min each. The Au-clusters were formed on
the electrode surface by using cyclic voltammetry for 20 cycles in a
range of potential between 0.1 V and 0.9 V in 6 mM HCIO4 and 0.1 M
HCI. After being washed with ultrapure water, 25 pL of 20 mM CysAm
was dropped onto the electrode (i.e. Au/GCE) for 1 h, then thiol sites of
the CysAm were chemisorbed on the surface of the Au/GCE. After
another washing with ultrapure water, the electrode (i.e. CysAm/Au/
GCE) was incubated for 1 h with 25 pL of 7.5% GluAl in dimethyl
formamide. Next, the surface of the electrode (i.e. GluAl/CysAm/Au/
GCE) was covered with 10 pL of S-gene, and incubated for 45 min. This
reaction based on the imine formation of the aldehyde group in
glutaraldehyde and the amine group in the S-gene in 0.01 M PBS solu-
tion (pH 7.5). Last, free spaces of the electrode (i.e. S-gene/GluAl/
CysAm/Au/GCE) were blocked with 2% BSA for 20 min to produce BSA/
S-gene/GluAl/CysAm/Au/GCE. All incubations were performed at room
temperature, and upon completion, the sensor was stored at 4 °C until
further use.

All steps for preparing the BSA/S-gene/GluAl/CysAm/Au/GCE
sensor and measuring the SARS-CoV-2 spike antibody are illustrated in
Fig. 1.

2.3. Measurement procedure

Once the sensor was prepared, the SARS-CoV-2 spike antibody was
kept on the sensor for 30 min, and square wave voltammetry measure-
ments were taken between 0.1 V and 1.4 V with 5 mV of step potential,
20 mV of pulse amplitude, 10 Hz of frequency and 0.1 s of interval time.
Cyclic voltammetry measurements were taken in the same potential
range with 2.5 mV of step amplitude and 50 mV/s of scan rate. The
solution containing 0.01 M PBS solution (pH 7.5) and the appropriate
amount of the SARS-CoV-2 spike antibody or real spiked sample with a
final volume of 10 mL was used. The peak of the BSA/S-gene/GluAl/
CysAm/Au/GCE sensor at 0.9 V decreased with the addition of the
SARS-CoV-2 spike antibody, which was evaluated as a response for
determining the SARS-CoV-2 spike antibody. The measurements were
taken at 21 + 3 °C and 45 + 15% relative humidity.

2.4. Sample preparation

Saliva and oropharyngeal swab samples were collected from six
healthy individuals and half of the samples were spiked with 20 ag/100
uL (1 ag/5 pL) of the SARS-CoV-2 spike antibody, then all of the samples
were transferred into 1 mL of lysis buffer solution containing 50 mM
Tris-Tris.HCl (pH 7.5), 1 mM dithiothreitol, 100 mM NaCl and 5%
glycerol. Afterwards, 5 pL of the spiked and pretreated oropharyngeal
swab and saliva samples were deposited onto the immunosensor plat-
form and analysed using external calibration.
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Fig. 1. Schematic presentation of the procedure of preparing the BSA/S-gene/GluAl/CysAm/Au/GCE and measuring the SARS-CoV-2 spike antibody.

3. Results and discussion
3.1. Sensor characterisation

Cyclic voltammetry (CV), scanning electron microscopy (SEM) and
energy dispersive X-ray spectroscopy (EDX) techniques were used to
characterise the surfaces of the electrodes after each modification and
the results consistent with the literature were obtained [40]. In partic-
ular, cyclic voltammograms of the GCE, Au/GCE, CysAm/Au/GCE,
GluAl/CysAm/Au/GCE, S-gene/GluAl/CysAm/Au/GCE and BSA/S-
gene/GluAl/CysAm/Au/GCE electrodes in 2 mM of Ks[Fe(CN)gl
appear in Fig. 2. After the Au-clusters were modified on the bare GCE,
the peak heights of redox couple considerably increased owing to the
enlarged surface area of the electrode and the improved rate of electron
transfer (Fig. 2b). The peak heights of the redox couple also increased
after the incubation of CysAm on the Au/GCE (Fig. 2¢) due to the
electrostatic interaction and attraction between the [Fe(CN)6]3’/ [Fe
(CN)6]4_ couple and the amine terminals of the CysAm/Au/GCE [40].
With GluAl and S-gene modified on the CysAm/Au/GCE, the peak
heights decreased for each electrode (Fig. 2d, e), which it was attributed
to the physical barriers of GluAl and S-gene hindering the redox couple
from reaching the surface of the GluAl/CysAm/Au/GCE or S-gene/
GluAl/CysAm/Au/GCE. Since the [Fe(CN)6]®~/[Fe(CN)6l*~ couple
cannot approach the innermost of this electrode due to the physical
barrier and BSA fills the empty surfaces of this innermost part, it is
considered as usual for the current values not to be changed (Fig. 2f). In
addition, when the experiments were carried out without BSA

20

10

Current (pA)

-20 v T T T T T
-0,2 0,0 0,2 0,4 0,6 0,8

Potential (V) vs. Ag/AgCl (3M NacCl)

Fig. 2. Cyclic voltammograms of (a) GCE, (b) Au/GCE, (c) CysAm/Au/GCE, (d)
GluAl/CysAm/Au/GCE, (e) S-gene/GluAl/CysAm/Au/GCE and (f) BSA/S-gene/
GluAl/CysAm/Au/GCE in 2 mM K3[Fe(CN)¢] with a scan rate of 50 mV/s.

modification, it was observed that the peaks became flat, their in-
tensities decreased and reproducible results were not obtained. Thus,
BSA modification was also made while producing the sensor.

SEM images and EDX spectra for the bare GCE, Au/GCE, CysAm/Au/
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GCE, GluAl/CysAm/Au/GCE and BSA/S-gene/GluAl/CysAm/Au/GCE
appear in Figs. 3 and S1, respectively. As expected, a flat SEM image
and an EDX spectrum containing only carbon and oxygen were obtained
for the bare GCE (Figs. 3A and S1A). As shown in Fig. 3B, Au-clusters
deposited onto the GCE’s surface with a roundish shape, and the EDX
spectrum (Fig. S1B) showed that more than half of the GCE’s surface was
covered by Au. The enlargement of the Au-clusters and the sharpness of
the structures indicate that modification with CysAm on the Au/GCE’s
surface had occurred. Added to that, nitrogen peaks appeared in the EDX
spectrum due to lingering nitrogen terminals on the surface when
CysAm bound from the sulphur terminal to the Au-clusters (Fig. S1C).
The sharp structures and particle size ratios continued to rise with the
modification of GluAl on the CysAm/Au/GCE, and thready, cloudy
structures emerged due to GluAl’s long chain structure. Because GluAl
attached to the surface at CysAm’s amine terminals, the nitrogen content
at the surface of the CysAm/Au/GCE dropped from 3% to 2.2% in the
GluAl/CysAm/Au/GCE (Fig. S1D). Upon the immobilisation of the S-
gene and BSA on the GluAl/CysAm/Au/GCE, the particle size ratios rose
slightly, whereas the sharp and thready, cloudy structures decreased on
the surface, likely due to the bulky structures of the S-gene and BSA as
appear in Fig. 3E. Last, the amount of heteroatoms on the surface,
especially the occurrence of sulphur and increasing of nitrogen, in-
dicates that the protein-like structures attached to the surface (Fig. S1E).

All of the CV, SEM and EDX measurements confirmed that the
electrode modifications were successfully performed for the voltam-
metric determination of the SARS-CoV-2 spike antibody in synthetic and
real samples.

3.2. Cyclic voltammetric characteristics of the system
CV was used to clarify the electrode reaction mechanism belonging

to the SARS-CoV-2 spike antibody by using the BSA/S-gene/GluAl/
CysAm/Au/GCE. As shown in Fig. S2, the immunosensor in the
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supporting electrolyte solution had an oxidation peak at 0.9 V, which
decreased as the SARS-CoV-2 spike antibody was added. The irrevers-
ibility of the electrode reaction could be associated with the repulsive
forces formed between the partially negative species oxidizing at the
electrode surface and the negative phosphate species (HyPOz and
HPO%’) in the media, and thus the loss of the electron transfer. CV scans
performed at increasing scan rates to determine whether the SARS-CoV-
2 spike antibody’s relocation to the sensor’s surface was diffusion- or
adsorption-controlled revealed plots of the peak height (I,, uA) — scan
rate (v, V/s) and the peak height (I,, uA) — the square root of the scan rate
(o, +/V/s) of I,=189.270+2.08(R2=0.996) and I, =
89.87/v —7.93(R%2 = 0.999), respectively (Fig. S3). The linearity of
both equations showed that the system was based on a joint adsorption-
and diffusion-controlled electrode reaction.

3.3. Optimisation studies

Parameters affecting the immunosensor’s performance were inves-
tigated in the presence of 10 ag/mL of the SARS-CoV-2 spike antibody.
As a result, the concentration of CysAm, GluAl and S-gene, and the
binding time of CysAm, GluAl, S-gene, BSA and the SARS-CoV-2 spike
antibody were respectively optimised to 20 mM, 7.5%, 5 pg/mL, 1 h, 1 h,
45 min, 20 min and 30 min, as shown in Fig. S4 for the voltammetric
determination of the SARS-CoV-2 spike antibody in synthetic and real
samples. Because the pH of body fluids usually remains in a roughly
neutral range, measurements were performed in 0.01 M (pH 7.5) PBS
solution.

3.4. Method validation

The groups containing heteroatoms such as hydroxyl on the surface
of the SARS-CoV-2 spike antibody were oxidized during the anodic scan.

’f‘h’f;‘,’ "‘.

d
®

Fig. 3. SEM images for (A) bare GCE, (B) Au/GCE, (C) CysAm/Au/GCE, (D) GluAl/CysAm/Au/GCE and (E) BSA/S-gene/GluAl/CysAm/Au/GCE (SEM analysis: 20

kV voltage, 4.0 spot value, ETD detector).
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The peak height of the developed sensor decreased in the presence of the
SARS-CoV-2 spike antibody in 0.01 M (pH 7.5) PBS solution due to the
large size of immuno-complex to block the electron transfer, which was
compatible with the literature [38]. The square wave voltammograms
and curve belonging to the SARS-CoV-2 spike antibody appear in Fig. 4.
Al values were calculated by subtracting the new signal generated by
the added SARS-CoV-2 spike antibody from the signal of the immuno-
sensor. The LOD and analytical range for the SARS-CoV-2 spike antibody
found while using the BSA/S-gene/GluAl/CysAm/Au/GCE were 0.01
ag/mL (i.e. from blank signal) and 0.1-1000 ag/mL in 0.01 M (pH 7.5)
PBS solution.

The MERS-CoV spike antigen (M-S-gene) was immobilised on the
GluAl/CysAm/Au/GCE and blocked with BSA, for BSA/M-S-gene/
GluAl/CysAm/Au/GCE, to gauge the proposed method’s selectivity. As
a result, the fabricated sensor showed no response to 1 ag/mL of the
SARS-CoV-2 spike antibody (Fig. S5). Moreover, the interference effects
of some enzymes, compounds and ions that could be found in saliva
were investigated in a solution containing 1 ag/mL of the SARS-CoV-2
spike antibody as shown in Table 1. A 5% variation in the peak height
was employed as the criterion for the evaluation of tolerable amounts or
ratios. The results showed that the developed method was not affected
by the large amounts of interferences.

Since temperature is the most important parameter for the evalua-
tion of method robustness and sensor stability/robustness in biosensor
studies, it was extensively investigated. In the former, the method
robustness was evaluated using the data in Fig. 4, since it included the
changes in humidity difference (45 + 15% relative humidity) in addition
to temperature difference (21 + 3 °C). RSD% values obtained between
5.01% and 7.36% for 10, 100 and 1000 ag/mL of the SARS-CoV-2 spike
antibody in the respective temperature and humidity ranges show that
the system is adequately robust. In the latter, the sensor stability was
examined by measuring the peak height at the end of each 3 d for 30
d and it was observed that the signal received on the first day was
preserved as 94.1% on the 30th day as shown in Fig. S6. As for the sensor
robustness, it was investigated similar to the sensor stability study at
25 °C and 37 °C for 30 d as appear in Fig. S7 and it was found that the
signal received on the first day was preserved as 91.4% and 80.0% at
25 °C and 37 °C on the 30th day, respectively. As a result, the sensor is a
very stable and robust platform for the detection of the SARS-CoV-2
spike antibody despite the strict temperature conditions.

3.5. Sample application

When the developed method was applied to the spiked and pre-
treated saliva and oropharyngeal swab samples to determine the SARS-
CoV-2 spike antibody, the relative standard deviation and recovery
values varied from 4.99% to 5.74% and 96.97% to 101.99%, respec-
tively. Voltammograms and results for the spiked saliva and oropha-
ryngeal swab samples appear in Figs. S8, S9 and Table 2. The results
generally suggest that the method offers good precision and trueness.

4. Conclusion

A rapid (~35 min), inexpensive (3 €/test), easy-to-use, ultrasensitive
immunosensor platform is presented for voltammetrically determining
the SARS-CoV-2 spike antibody in spiked saliva and oropharyngeal swab
samples. The developed biosensor has a shorter preparation and similar
analysis time compared to some prominent electrochemical methods in
the literature [25,27-30]. In addition, the developed method is better
than the RT-PCR technique in terms of analysis time and cost [7-14].
Beyond that, to the best of my knowledge, the sensor has achieved the
best LOD of reported voltammetric immunoassays [24-27,29-31]. In
the context of immunoassays described in the literature, the developed
sensor also offers relative simplicity, ultrasensitivity and a wide
analytical range. It was proposed that using saliva and oropharyngeal
swab samples instead of time-consuming blood and serum samples
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Fig. 4. (A) The square wave voltammograms and (B) the calibration curve (n =
3 for each concentration) at BSA/S-gene/GluAl/CysAm/Au/GCE in 0.01 M (pH
7.5) PBS solution. (a) 0.01 M (pH 7.5) PBS solution, (b) +0.1 ag/mL, (c) +1 ag/
mlL, (d) +10 ag/mL, (e) + 100 ag/mL and (f) +1000 ag/mL of the SARS-CoV-2
spike antibody.

Table 1

The results of interference studies for the detection of the SARS-CoV-2 spike
antibody. Conditions: 1 ag/mL of the SARS-CoV-2 spike antibody, 0.01 M (pH
7.5) PBS solution.

Interference Tolerable amount” (unit/mL) Tolerable ratio”
a-Amylase 500 -

Lipase 100 -

Na*, K* - 1000

Cat, Mg** - 500

H,POg, HPOF~ - 400

Urea - 350

HCO3 - 300

NH;3 - 250

@ The tolerable amounts were calculated by performing measurements in PBS
solution after the relevant enzymes were transferred to the lysis buffer.
® The tolerable ratios were calculated by direct measurement in PBS solution.

requiring various processes, as well as avoiding the non-response of the
SARS-CoV-2 spike antibody to the sensor produced based on MERS-CoV,
may have allowed the platform’s mentioned benefits. On top of that, the
results of the spiked saliva and oropharyngeal swab samples revealed
the proposed method’s relative accuracy. Moving forward, the devel-
oped immunosensor could be readily integrated into a ready-to-use
commercial kit.
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Table 2
The results of spiked saliva and oropharyngeal swab samples (n = 6).
Sample Added SARS-CoV-2 Recovery Relative
amount of spike antibody (%) (mean standard
SARS-CoV-2 found (mean + =+ standard deviation
spike standard deviation) (%)
antibody (1 deviation; ag/
ag/5 pL) 5 pL)
Saliva 1 1.020 + 0.058 101.99 + 5.74
5.85
Oropharyngeal 1 0.970 + 0.048 96.97 + 4.99
swab 4.84
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