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Abstract

Objectives: Numerous studies have been conducted on the
prevention, diagnosis, and treatment of the SARS-CoV-2
pandemic, which remains a global health concern.
Low-frequency and low-dose ultrasound can help eradicate
the virus from the air and the environment. Our research
aims to determine how altering ultrasonic waves fre-
quencies and low power affects the virulence and replica-
tion rate of a virus.

Methods: The virus was identified using atomic force
microscopy before the initiation of laboratory tests. The
experimental environment was exposed to 8 W of ultra-
sound at frequencies of 40 KHz, 25, 50, and 110 MHz. The
cycle threshold (Ct) of the samples before and after ultra-
sonography was evaluated using real-time PCR (RT-PCR).
Before and during ultrasonography, the VERO E6 Cell line
was employed to determine whether the virus was still alive.
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Results: Following the RT-PCR results, the application of
40 KHz ultrasonic waves frequency enhanced the Ct values
of the virus while concurrently inhibiting its growth rate in
the cell culture.

Conclusions: Our findings suggest that employing ultra-
sound to eliminate SARS-CoV-2 and possibly other closed
and single-stranded RNA viruses from the environment is
feasible.

Keywords: SARS-cov-2; ultrasound; real-time PCR; atomic
force microscopy; cell culture

Introduction

The pandemic, also known as Severe Acute Respiratory
Syndrome Coronavirus-2 (SARS-CoV-2; COVID-19 illness), has
caused and continues to create significant economic, social,
and psychological difficulties, particularly in the realm of
worldwide public health. The condition may first present as a
cold, but it can progress to other organ failure and death ifleft
untreated. After being recovered from clinical specimens,
viruses’ genomes were sequenced rapidly [1, 2]. To begin,
SARS CoV-2is a large, enveloped, positive-stranded RNA virus.
Genomes of these organisms generally measure between 27
and 32 kilobases. The nucleocapsid protein [N] folds into a
helical capsid that encloses the genome and is surrounded by
an envelope. The viral envelope is composed of at least three
structural proteins: the membrane protein (M), the envelope
protein (E), and the spike protein (S) [3-6]. The M and E pro-
teins are essential for virus production, while the S protein
identifies which cells the virus prefers to infect [7, 8].
COVID-19 cases are diagnosed using a combination of
patient symptoms and the real-time reverse transcription
polymerase chain reaction examination of particular
sequences of viral RNA (RT-PCR). RT-PCR is the most sensi-
tive diagnostic approach [9]. While not commonly employed,
atomic force microscopy has been utilized to determine the
SARS-CoV virus’s molecular structure and surface nano-
structure [10, 11]. Strengthening one’s immune system is
crucial in the fight against infectious diseases. In this
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respect, vaccination procedures play a crucial role in con-
trolling the pandemic. Vaccines based on messenger RNA
(mRNA) and DNA (DNA) as well as inactivated vaccines are
commonly employed because they help the body develop
immunity to the virus. Vaccines, on the other hand, have their
efficacy reduced by the virus’s ability to undergo genetic
changes. Several treatments that are not designed to deal
with COVID-19 are being tested out. Protease inhibitors
like Lopinavir and RNA-dependent RNA polymerase
(rdrp) inhibitors like Remdesivir and Favipiravir are used
at the outset of these therapies [12]. The use of ultraviolet
(UV) [13] or hypochlorous acid has been proposed to
destroy viruses from the environment [14]. Despite this,
there are several difficulties with using these methods.
Because of its toxicity and the many different ways it may
be put to use, using sodium hypochlorite to clean the
environment on a large scale is not feasible. UV may
weaken immune system, create cataracts, and even cause
skin cancer, according to the World Health Organization
[15]. Ultrasound has several non-medical applications,
such as in manufacturing. Ultrasonic is a sort of wave that
may pass through solid, liquid, or gaseous substances. It is
in no manner comparable to radio waves or light waves
[16]. Ultrasound sound waves may be a useful option for
cleaning public spaces and air during the COVID-19
pandemic, compared to UV and hypochlorous acid.

In 1952, it was reported for the first time that ultra-
sound could clarify the molecular structure of DNA in
aqueous solution [17]. Freifelder et al. provided support for
the use of DNA as a test material to investigate the process
of acoustic decay [18]. Ultrasonic waves degradation of DNA
in aqueous solution, as seen by Elsner’s team, involves
the disruption of hydrogen bonds as well as single- and
double-stranded breaks in the DNA helix. It has been
hypothesized that a mechanical or thermal action is respon-
sible for the destruction. Double-stranded oligonucleotides of
different lengths in DNA solution were subjected to ultrasonic
experiments by Basedow and his research group [19].
Cavitational processes in a liquid solution, as demonstrated
experimentally, generate a mechanical-chemical reaction
known as ultrasonic waves of DNA [20]. Serguei L. Gro-
khovsky and coworkers. He showed experimentally that
the cleavage of double-stranded oligonucleotides of vary-
ing lengths and the fragmentation of the nucleic acid
structure in a DNA solution may be caused by ultrasonic
waves generated by a 300 W generator at a frequency of
22 KHz. Fragmentation of the DNA molecule occurs when
the phosphodiester bond is broken. Electrophoresis was
used to identify DNA fragments in this investigation [21]. All
of this research looked at how in vitro ultrasonography
affected the chemical bonding of nucleic acids in DNA
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structures. Ultrasound may have a disruptive impact on the
membrane structure of SARS-CoV-2, as it has been shown
that low frequency and low power ultrasound can disrupt
the nucleic acid structure of RNA.

Tomasz Wierzbicki’s theoretical work inspired our
research topic [22]. Wierzbicki’s discovery might have a rev-
olutionary impact in controlling the COVID-19 pandemic if its
models were tested in a controlled laboratory setting. For the
present pandemic, Wierzbicki’s hypothesis asked three key
questions: (i) under what conditions does ultrasound induce
large amplitude resonant vibrations of the crown and viral
envelope? (ii) Does ultrasound stimulation interrupt the
SARS-CoV-2virus life cycle without causing damage to normal
cells? (iii) What mechanism allows for irreversible damage to
spike proteins and viral shells? The geometry of the virus was
used in computer simulations for this investigation. At
110 GHz, Wierzbicki shows significant alterations to the viral
shell and spike protein structures. At 110 MHz, the viral en-
velope completely disintegrates in 0.35 ms, but at 50 MHz, it
takes just 0.13 ms. This causes the viral envelope to develop
pits and fissures. It is possible to interrupt the virus’s life cycle
by releasing RNA from the viral envelope. Extensive sections
of the viral envelope were found to promote growth within
the study’s assumed safe range of 25-50 MHz. It has been
reported that the ultrasound-induced fracture in the viral
envelope began at the base of the spike and propagated up-
wards until the membrane broke. The viral membrane’s
integrity must be compromised, and the spike proteins must
be dispersed throughout the membrane, for the virus to be
rendered ineffective.

Flavio P. Veras’ study showed that ultrasonic wave fre-
quencies between 5 and 10 MHz were most effective for
reducing SARS-CoV-2live particles [23]. Nevertheless, this
study could not find evidence linking changes in nucleic acid
structure to a decrease in viral activity. Importantly, our
research corroborates the conclusions given by Flavio P.
Veras and Wierzbicki. Our work uses RT-PCR and specialized
cell culture techniques to show that low-frequency, low-po-
wer ultrasound application affects SARS-CoV-2 under in vitro
settings.

In our study, the effect of ultrasound application at 8 W
power and different frequencies on the virulence and prolif-
eration rate of the SARS-COV-S virus was investigated.Due to
the difficulties in developing a methodology to establish the
disruptive effect of ultrasound on the membrane structure of
the virus or the spike proteins in the lab, we evaluated the
effect of ultrasound on the genetic structure of the virus using
RT-PCR and cell culture in our investigation. We hypothesize
that more improved dynamic laboratory techniques will allow
us to examine the influence of ultrasound on the membrane
and spike proteins of the virus under in vitro settings.
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Materials and methods

The study’s laboratory facilities were provided by the Gazi University
Life Sciences Application and Research Center and the Virology
Department at the Gazi University Training and Research Hospital.
Researchers in the working group created the device’s design and
manufacturing process. Nasopharyngeal swab which was taken from
two regions from nasal and pharyngeal were delivered to the Medical
Virology Laboratory at the Gazi University Medical Faculty for PCR
analysis of the COVID-19 virus. The specimens were collected in Viral
Transport Medium (VTM, Bioeksen, Turkey) transfer tubes and
transported to the laboratory where they were stored at 4 °C. Viral RNA
was extracted using EZ1 Virus Mini Kit v2.0 on the automated EZ1
Advanced (Qiagen). A sample volume of 400 uL was used and the viral
RNA was eluted in 60 uL. For the quality control of the extraction
process, 2 uL. of Genesig Easy RNA Internal Extraction Control was
added to each sample. Following the extraction, real- time RT-PCR
targeting the RdRp region of the SARS-CoV-2 genome was performed
using Primer Design Genesig COVID-19 (Genesig). Rotor-Gene Q (Qiagen)
was used in fluorescence channel Cycling Green for the detection of
amplicons. Rotor-Gene Software was used to evaluate the amplification
curves.

Manufacture and test model of ultrasound device

To create audible waves, a signal generator was developed. The digital
generator can produce signals between 20 KHz and 200 MHz. The gadget
was able to generate sound at 40 KHz, 25, 50, and 110 MHz. It was found
that a potentiometer may be used to get the necessary frequency ranges
for the sounds. Based on the amplifier we developed, the output sound
signals may be amplified from 10 to 100 W, depending on user prefer-
ence. The generated sound waves were broadcast using transducers that
could operate at 40 KHz, 25, 50, and 110 MHz. The human ear is incapable
of picking up these noises because of their high frequency. The Signal
Generator was an Si5351 module. The I2C protocol is used for module
control. The apparatus was set up on a sealed platform to direct the
sound waves toward the intended recipient. The transducers send out
sound waves that precisely hit the spot where the virus sample is. The
target was exposed to 8 W of 40 KHz, 25, 50, and 110 MHz sound waves at
distances of 10, 20, and 40 cm, respectively. Since in the preliminary
study of our project, no effect of ultrasound 10, 20 and 40 cm applications
on the results was observed, the results obtained from 10 cm are pre-
sented in the text. Tests were conducted by delivering 8 W of power for
1 min, with the target sample positioned at the designated location and
the primary exit point of the sound source located 10 cm away. Several
ultrasonic wave frequencies (40, 25, 50, and 110 MHz) were used in each
experiment. Frequencies were applied uniformly to all samples. In each
test, the device was activated and acoustic pulses were transmitted to
the target for 1 min before being shut down.

Atomic force microscopy

After collecting samples from individuals diagnosed with COVID-19,
the virus was distributed on slides and dried in a Class-2 laminar flow
cabinet before being analyzed by ultrasonography and RT-PCR. The
AFM (atomic force microscopy) testing was performed in the open
air and contact mode. The analyses were performed beginning in a
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100 x 100 mm? region and zooming into a 10 x 10 mm? region; the
scanner’s focal length is 150 mm. In the meanwhile, the applied force is
0.7nN, and the image resolution is anywhere from 4,000 x 2,000 to
2,000 x 1,000 pixels; the data so collected is processed in software to
produce a picture. We used AFM to examine the virus’s membrane and
protein architecture in this work (Figure 1).

Sample selection and real-time-PCR application

We received the samples in COPAN, UTM, and Italy transit containers
with 2 mL of viral transport media. With the use of an EZ1 Advanced XL
(Qiagen, Germany) instrument and an EZ1 Virus Mini Kit v2.0, nucleic
acid was extracted from the samples in a completely automated fashion
(Qiagen, Germany). The genesig® COVID-19 kit was used for the Real-
Time gPCR analysis (PRIMER DESIGN, UK). The kit’s sensitivity is opti-
mized for the ORFlab gene area, with a detection threshold of 0.33
copies/L. Four samples, all of which tested positive for COVID-19 DNA but
with varying virus loads, were ultimately chosen for analysis.

Cell culture

The sample material in viral transport medium (VIM) frozen and kept
at—80 Cwas placed in water bath at 36 C for 3-5 min and just after stored
at —80 C deep freezer again. These dissolving and freezing process are
repeated 3—4 times to succeed the release of the virus from its reservoir
mammalian cells to be able to handle more free viruses. Then this virus
containing viral transport medium was filled in a 15 mL Falcon tube and
5mL DMEM or VTM was also added. Following placing it in water bath
at 36 °C for a while, the Falcon tubes were centrifuged for 15min at
3129 RCF. Using a sterile 0.20 mL syringe filter and sterile syringe,
we transferred all of the supernatants from the falcon tubes into a
DMEM-washed VERO E6 cell flask. The VERO E6 cell was inoculated with
the SARS-CoV-2 RNA virus. Since the viruses can infect the VERO E6 cells
in the absence of fetal bovine serum (FBS), the DMEM wash of VERO cells
served to removing of existing FBS. After 37 min in an oven at 5% CO,,
the flasks were taken out to control the cytopathic effect (CPE) process.
Microscopical analysis of the flasks was performed every day for 7 days
to monitor the development of CPE. Viral titration was determined by
either CPU applying the formula established by Ramakrishnan MA et al.
[24] and real-time PCR method.

Figure 1: Image of SARS-COV-2 virus obtained by atomic force
microscope.
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Statistical analysis

The data of the research were analyzed with SPSS 23.0
(Social Sciences Statistical Package) program. Descriptive
statistics were performed before data were evaluated. The
conformity of continuous variables to normal distribution
was evaluated using visual (histogram and probability
plots) and analytical methods (Kolmogorov-Smirnov/Sha-
piro-Wilk tests). In the statistical analyzes in Tables 1 and 2,
Median Value (min-max) values were used instead of
Mean+Standard Deviation, and statistical analyzes were
evaluated using Mann Mann-Whitney U and Wilcoxon tests.
P<0.05 was considered statistically significant.

Ethics committee decision

Ethics committee decision of Gazi University Clinical Research
Ethics Committee dated 31.05.2021 and numbered 579.

In addition, the notification made to the Ministry of
Health before the study was approved by the Ministry.

Results

The threshold (Ct) for virus replication was determined
before and after ultrasound treatment was applied to a
collection of samples (Table 1). Ultrasound treatment
resulted in an increase in the mean value of the RT-PCR
viral cycle threshold (Ct) in the 40 KHz group. In contrast,
viral Ct levels dropped in the 25 and 50 MHz groups
following the ultrasonography. No statistically significant
difference was seen between the pre-and post-ultrasound
states of the 110 MHz group (Table 1).

Table 1: RT-PCR cycle threshold (Ct) before and after ultrasound
application.

Groups RT-PCR cycle RT-PCR cycle p-Value

threshold result threshold result

before ultrasound after ultrasound

application application

Median value Median value

(min-max) (min-max)
40 Khz (n=9) 24.06 (22.74-25.29)  30.00 (29.00-30.00) p=0.007°
25 Mhz (n=9) 26.33 (26.04-27.20) 18.00 (15.00-21.00) |o=0.007b
50 Mhz (n=9) 19.14 (18.71-19.56) 11.00 (11.00-15.00) p=0.007°
110 Mhz (n=9) 16.43 (16.24-17.32) 16.00 (12.00-35.00) p=0.857d

Wilcoxon test. %40 Khz p<0.01. °25 Mhz p<0.01. °50 Mhz p<0.01. %110 Mhz

n.s.
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Table 2: Replication number of SARS CoV 2 RNAvirus in VERO E6 cell after
ultrasound.

Groups Median(min-max)

40 KHz (n=4) 75+5 10 (0-10)
25 MHz, (n=4) 300 + 469 100 (0-1,000)
p=0.178
40 KHz (n=4) 75+5 10 (0-10)
50 MHz (n=4) 775 + 450 1,000 (100-1,000)
p=0.015°
40 KHz (n=4) 75+5 10 (0-10)
110 MHz (n=4) 525 + 550 550 (0-1,000)
p=0.178
25 MHz (n=4) 300 + 469 100 (0-1,000)
50 MHz, (n=4) 775 + 450 1,000 (100-1,000)
p=0.155
25 MHz (n=4) 300 + 469 100 (0-1,000)
110 MHz (n=4) 525 + 550 550 (0-1,000)
p=0.647
50 MHz, (n=4) 775 + 450 1,000 (100-1,000)
110 MHz (n=4) 525 + 550 550 (0-1,000)
p=0.405

Mann-Whitney U test. °p<0.05 40 KHz group compared with and 50 MHz
group.

As shown in Table 2, after ultrasound application, the
replication number of the SARS CoV 2 RNA virus in the VERO
E6 cell was determined to be Median (min-max) 7.5 + 5.0
10.0(0.0-10.0) in the 40 KHz group. In the statistical evalua-
tion, a statistically significant difference was observed only
between the averages of group 1 and group 3 (p<0.05). In cell
culture, the growth rate of the virus was observed to be
severely inhibited in the 40 KHz group. Nevertheless, in the
25, 50, and 110 MHz groups, replication rates were found to
be higher than 40 KHz grops. In the 25, 50, and 110 MHz
groups, these results demonstrated that ultrasound appli-
cation did not inhibit the virus’s proliferation’ Only in the
40 KHz group was viral replication significantly reduced
compared to the other groups.

The AFM analysis confirmed the viral envelope struc-
ture but failed to provide any evidence of spike proteins.

Discussion

In our study; ultrasound application in the 40 KHz group
caused an increase in the mean value of the RT-PCR viral
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cycle threshold (Ct). In contrast, viral Ct levels decreased in
the 25 and 50 MHz groups. There was no statistically sig-
nificant difference between the pre- and post-ultrasound
conditions of the 110 MHz group (Table 1). It has been
determined that 40 KHz ultrasound application inhibits the
replication number group of the SARS-CoV-2 virus in the
VERO E6 cell.

The genomic size of the SARS-CoV-2 virus ranges between
27 and 32 kilobase pairs [1, 2]. The envelope structure of the
virus and the spike protein on the surface of the envelope
have proven crucial factors in the onset of infection [3-8]. Asa
result of the membrane structure of the virus in the envi-
ronment interfering with the function of the spike protein, the
virus will have difficulty entering the host cell. This may be a
crucial aspect in preventing infection. Instead, disruption to
the nucleic acid structure and membrane structure of the
virus may hinder the onset of infection. RNA viruses with a
single strand are more responsive to ultrasound than DNA
viruses. One of the fundamental theories is that ultrasound
may be used to disrupt the nucleic acid structure of DNA.
Several researchers have tested and published their find-
ings on this notion [17-21]. Ultrasound with different fre-
quencies and power is used for many different purposes in
the field of medicine and production [25, 26].

It has been claimed that ultrasound may disrupt the
phosphodiester bonds of DNA by causing the cavitation
effect of the DNA molecule and reactive free radicals in the
surroundings. In the in vitro liquid phase investigation,
ultrasonic wave power levels as high as 300 W were
employed [21]. There is limited information in the literature
on application of ultrasound to disarm viruses that was
found helpful in the present investigation, even though the
keyword “ultrasound” was used in hundreds of papers [27].
Wierzbicki and colleagues tried to describe the effect of ul-
trasound on the spike protein structure of the virus at the
atomic level [21, 27]. They used the molecular dynamics (MD)
method to examine the interaction between atoms and the
formation of molecules and proteins. The main difference of
our study focused on how ultrasound affects the virulence
and proliferation rate of the active viriis [27].

In our study, low-frequency and low-power ultrasound
were favored over high-frequency and high-power ultra-
sound applications, which may be harmful to the envi-
ronment or human health. In ultrasound applications, the
intensity of the ultrasonic waves is just as crucial as their
frequency. The pioneering work of Tomasz Wierzbicki
et al., who modeled the action of ultrasound on the enve-
lope and spike protein of the virus, provided light on our
study endeavor. In contrast to the theoretical investigations
of Tomasz Wierzbicki et al. In our study, the effect of a
40 kHZ and 8 w ultrasound sound effect on virulence and
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proliferation rate may be through the membrane structure
of the virus, its effect on spike proteins, or an effect directly
on the nucleic acid structure of the virus. RTPCs and cell
culture results support this claim.

It can serve as a possible guide for the positive/negative
diagnosis of SARS-CoV-2 in the clinic using Ct values. Typically,
a low Ct suggests a large concentration of viral genetic ma-
terial and an elevated risk of infectivity. It is stated that there
is a clear relationship between low Ct values and the presence
of clinical symptoms. In contrast, a high Ct implies a low
concentration of viral genetic material, which is often corre-
lated with a reduced chance of infection [28]. The most
noteworthy findings of our study are the increase in Ct
following ultrasound in the 40 KHz group and the reduction in
the viral growth rate in cell culture. The detrimental effect of
low-dose and low-power ultrasound on the virulence and
proliferation rate of the virus might lead to the creation of a
novel technique for limiting the COVID-19 pandemic. A cell
culture study is the most crucial instrument for supporting
the hypothesis of our research. Flavio’s research demon-
strates that SARS-CoV-2 activity decreases in the ultrasonic
wave frequency range of 5-10 MHz [26]. Although the
ultrasonic wave frequency range in the new study proposed
by Feras differs from the 40 KHz frequency that prevents the
virus from proliferating in our research, it is significant
for demonstrating the effect of ultrasound on the rate of
SARS-CoV proliferation. The results of Feras and our study
indicate that additional research is required in this area. The
primary distinction between our work and Flavion’s is that
the effect of ultrasound treatment on the viral load of
SARS-CoV-2 is determined by Real-Time PCR. In the absence of
clinical values, a single Ct value cannot be relied upon to
determine the virus’s transmissibility. According to the find-
ings of our research, we believe it is more important to
evaluate the viral activity and monitor the virus’s replication
rate in cell culture. Our notion is supported by Jian-statement
Longu’s that RT-PC has a clinical sensitivity of 79% and a
specificity of 100 %. In terms of demonstrating virus activity
under laboratory conditions, cell culture studies are more
significant experimentally, but their practical applications are
limited. In clinical practice, the clinical compatibility of both
RT-PCR and cell culture studies is essential.

The ultrasonic wave ranges used in our research are
in the range of 5-100 [21, 23, 27], which were previously
determined theoretically or practically in the literature.
There is no accepted value about ultrasound frequency and
power in the literature. In addition, ultrasound waves at
the MHZ level were also used in our research in order to
evaluate a wider area.

Another important difference of our study is that the
wavelength used in the study was chosen in the low range. In
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order to explain the effect of ultrasound on SARS COV-2 in
more detail, we think that testing it at different low fre-
quencies and powers will illuminate the subject better.

The preliminary results of our research indicate that the
application of low-frequency and low-power ultrasound may
be a practical and safe method for removing viruses from the
environment. To further comprehend the impact of ultra-
sound on the nucleic acid or envelope structure of SARS-CoV-2,
additional laboratory and experimental models are required.
Our inquiry, which is a preliminary study, has produced
ground-breaking information about this issue. This discovery
may be crucial not only for the eradication of SARS-Cov 2 but
also for the elimination of other RNA-containing viruses.

Conclusions

In vitro, ultrasound application at 40 KHz and 8w increased
the Ct values of SARS-CoV-2 and decreased the viral growth
rate in VERO E6 cells. The results of our preliminary study
suggest that low-frequency, low-power ultrasound can be
used as a new strategy to control the COVID-19 epidemic.
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