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Abstract Antibiotic-resistant microbes have been closely associated with drug misuse and careless drug disposal, indicating
a mutualistic relationship between certain environmental conditions and antibiotic resistance. This study investigates the effects
of the sound on the growth and antibiotic susceptibility of ESBL-producing E. coli (ESBL-E. coli). We examined how various
frequencies, intensities, and powers of sound exposure influenced E. coli development and antibiotic resistance. Our findings
revealed that E. coli exposed to sound waves exhibited a more rapid specific growth rate and higher biomass compared to the
control group. Specifically, the average length of E. coli cells increased by over 27.26%. The stimulation group experienced
maximum biomass and specific growth rates approximately 1.7 and 2.5 times higher than the control group when exposed
to an 8000 Hz, 80 dB sound wave. Before receiving sound treatment, ESBL-E. coli showed resistance to four antibiotics:
amoxicillin/clavulanic acid, trimethoprim/sulfonamides, ciprofloxacin, and gentamicin. However, post-treatment susceptibility
tests indicated that these antibiotics became effective. The study demonstrates that the moderate sound wave significantly
impacts multidrug-resistant ESBL-E. coli. Attempts to enhance the sound effect using probiotic bacteria from kefir and
kombucha showed no improvement. Notably, certain Moderate sound verses had a profound impact on E. coli, suggesting a
unique approach to combating antibiotic resistance. Considering projections that effective antibiotics might be scarce between
2030 and 2050, this study offers a promising alternative. This groundbreaking research holds significant potential for application
in Saudi Arabia and globally. We have secured a patent for this innovation from the United States of America, underscoring its
importance and potential impact.
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1. Introduction
Antimicrobial resistance has recently increased significantly,
presenting a dynamic public health challenge that affects
all genders and age groups. It is now a leading cause of
death from infectious diseases globally, particularly concern-
ing bacteria resistant to last-line antibiotics, suggesting a
future with untreatable infections. Extensive research has
focused on 30-day mortality rates of 15–20%, but no single
study reports significantly higher rates than infections caused
by methicillin-resistant Staphylococcus aureus (MRSA),
carbapenem-resistant organisms (CRE), and Clostridium dif-
ficile infection [1]–[3]. Until recently, healthcare-associated
E. coli bacteremia, an infection prevention and control (IPC)
area, has been neglected. E. coli, part of the Enterobacte-
riaceae family, is the most common cause of urinary tract
infections (UTIs), responsible for up to 80% of cases [4],

[5]. Over the past 20 years, extensive use of antibiotics to
treat pathogenic bacteria has led to widespread antimicrobial
resistance, now a radical risk to global health [6].

Sound travels as a mechanical vibration in elastic me-
dia like liquid, air, and solids. In humans, the ability to
perceive sound at different frequencies decreases with age.
Humans can hear frequencies between 20 Hz and 20 kHz
[7], while microorganisms are affected by vibrations outside
this range, such as infrasound and ultrasound [8]. Vibrations
can significantly impact the growth of both gram-positive
and gram-negative bacteria, depending on the organism and
the sound frequencies used. Studies have shown that sound
frequencies between 1 and 5 kHz significantly increased
growth in the bacterial model organism E. coli compared
to quiet conditions [9]. However, more research is needed
on the effects of sound intensity, as only E. coli has been
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subjected to a range of sound intensities [10]. The Murottal
Al-Qur’an generates sound through atmospheric oscillations
or waves, with frequency defined as the number of vibrations
or waves per second. Studies on the impact of Al-Qur’an
sound on bacterial proliferation and antibiotic resistance are
still incomplete. Consequently, this investigation will explore
how short-term exposure to Al-Qur’an sound affects the
development of pathogenic E. coli from various clinical
samples. The goal is to deeply understand the antibiotic
susceptibility profile of ESBL-producing E. coli isolates from
different clinical samples before and after treatment, which is
crucial for improving control and treatment outcomes.

2. Materials and Methods
A. Study design and sampling
The current study included patients in the intensive care unit
at King Faisal Hospital who had been hospitalized for a
minimum of 48 hours. Consequently, a census sampling ap-
proach was used, encompassing all 48 eligible patients from
the Electronic Medical Record (EMR). The study involved a
randomized experimental investigation by the Microbiology
Lab, focusing on ESBL-producing E. coli strains found in
various clinical samples. Specimens with more than 105

CFU/mL of specific ESBL-producing E. coli strains were
cultured for this research.

B. Antibiotics susceptibility test pattern
The Kirby-Bauer disc-diffusion technique was used to test
the following antimicrobial discs on Mueller-Hinton agar
according to CLSI guidelines 2021: Amoxicillin/Clavulanic
Acid (20/10 µg), Cefoxitin (30 µg), Ceftazidime (30 µg),
Ciprofloxacin (10 µg), Gentamicin (30 µg), Trimetho-
prim/Sulfamethoxazole (1.25/23.75 µg), and Clindamycin
(2 µg). Freshly grown colonies were suspended in saline
to adjust the turbidity to 0.5 McFarland standard. On av-
erage, forty pure colony samples were subjected to the
detected frequency sound on the original plate. The re-
maining samples were adjusted to 0.5 McFarland standard
and exposed to the determined frequency sound three more
times. This suspension was then inoculated onto Mueller-
Hinton agar using a sterile cotton swab. Antibiotic discs of
Ciprofloxacin, Trimethoprim/Sulfamethoxazole, Oxacillin,
Clindamycin, Gentamicin, Amoxicillin/Clavulanic Acid, and
Ceftazidime were placed with a 20 mm spacing and incu-
bated at 37°C for 24 hours. The zones of inhibition were
measured with a ruler and interpreted by comparing the
results with the VITEK 2 System according to CLSI recom-
mendations.

C. Effect of sound of Moderate sound of different frequencies
on growth and antibiotic sensitivity pattern
In the experimental setup, sound exposure tests were con-
ducted (refer to Figure 1) to investigate the impact of sound
recitations on the development and antibiotic sensitivity pat-
tern of ESBL-producing E. coli (ESBL-E. coli). The study
involved playing a sound for multidrug-resistant ESBL-E.

Figure 1: A system (050) designed to eliminate resistance
in multidrug-resistant bacteria, embodying the present inven-
tion. The system (050) may include, but is not limited to,
a metal case (062) containing a sound-absorbing material
(064), a beaker (060) equipped with a magnetic stirrer (066),
a source of sound waves (052), a conductor for transmit-
ting sound waves (054), a speaker (056) connected to the
sound waves transmission conductor (054), and a light source
(058). As part of the present invention, the metal case (062)
incorporates a sound-absorbing material (064) which may
comprise cellulose, aerated plaster, fibrous mineral wool and
glass fiber, open-cell foam, or felted or cast porous ceiling
tile

coli. Following exposure to specific sounds, at least two drugs
to which the bacteria had shown resistance in the sensitivity
test were selected, and their sensitivity was retested.

D. Sound exposure experiments

E. coli samples were subjected to the following experimental
conditions: (I) varying sound power levels between 55 and
63 dB, maintaining a frequency of 8 kHz and intensity of
80 dB; (II) varying sound intensity levels between 0 and
100 dB, maintaining a frequency of 8 kHz and power level
of 55 dB; (III) varying sound frequencies between 250 and
16,000 Hz, maintaining intensity levels of 80 dB and 55
dB. The waveform generator and amplifying circuit of the
sound-wave-producing unit adjusted the sound frequency and
intensity levels accordingly. Variations in the size of the
speaker were implemented to achieve different sound power
levels. Samples not exposed to sound were designated as the
control group. The temperature was maintained at 37 ± 1
°C throughout the experiment using the sound waves load
equipment. Sound exposure occurred continuously during the
experiment, and a magnetic stirrer was utilized to stir the
samples for five minutes every 15 minutes.

E. Measurement of biomass and specific growth rate

The maximum optical density served as a measure of E.
coli biomass, with the optical density of the culture broth
determined at 600 nm. Cell dry weight was assessed through
a six-hour drying procedure at 70°C.
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F. Measurement of E. coli intracellular protein
After sampling every 6 hours, the culture was either diluted or
concentrated to an optical density of 1 at 600 nm (OD600).
Protein extraction was performed using a bacterial protein
extraction kit, and the protein content was measured using a
modified BCA protein assay kit.

G. Morphologic observation of E. coli
E. coli was exposed to sound waves at intensities of 80 dB
and 100 dB, with a frequency of 8 kHz and a power level
of 61 dB, respectively. Following a 48-hour sampling pe-
riod, the cells were centrifuged, washed with distilled water,
and dehydrated using graded ethanol (20%, 50%, 80%, and
100%). The dehydrated cells were then dissolved in alcohol.
Glass slide samples were dried, and a layer of metal film
was deposited on the surface using a vacuum evaporator.
The morphology of E. coli was observed using a scanning
electron microscope (SEM).

H. Statistical Analysis
To minimize variability, each experiment was conducted in
triplicate. Data were presented as mean ± standard deviation
and compared using a non-parametric Mann-Whitney test.

3. Results
This study comprised 48 patients admitted to the ICU for at
least 48 hours, with clinical specimens primarily collected
from the throat and respiratory tract. Among these patients,
29 (60.4%) were females, and 19 (39.6%) were males, with
an average age of 54.8 years. Among the 48 samples ana-
lyzed, 30 (62.5%) tested positive for ESBL-producing E. coli
(ESBL-E. coli).

A. Antibiotics susceptibility profile of ESBL-E. coli
Among the ten antibiotics tested, Trimethroprim Sulfa,
Ciprofloxacin, Amoxicillin/Clavulanic Acid, and Gentamicin
demonstrated resistance to ESBL-producing E. coli and were
selected for further testing after moderate sound trating (Ta-
ble 1).

B. Effects of sound citation on ESBL-E. coli growth
1) Sound Frequency effect The Wave Pad Sound Editor

Masters Edition v 5.5 was used to analyze the fre-
quency of the sound sound played. When subjected to
sound frequencies of 2 kHz and 8 kHz, E. coli exhibited
a significant increase in biomass, with levels rising by
approximately 21.04% and 27.06% compared to the
control group, respectively (P<0.001). Additionally,
E. coli exposed to sound waves at frequencies of 2
kHz and 8 kHz demonstrated an increase in µmax,
indicating accelerated growth compared to the control
group (Figure 2).

2) Sound intensity level effect MODERATE SOUND
waves with varying degrees of sound intensity were
applied to E. coli at a frequency of 8 kHz and a power

Figure 2: Effects of sound frequency on the growth of E. coli

Figure 3: Effects of moderate sound intensity level on the
growth of E. coli

level of 55 dB. When comparing the treated group
with an 80 dB sound intensity level to the control
group, we observed a significant increase in ESBL-
E. Coli biomass. The treated group initially showed
a rapid increase in biomass, reaching a maximum of
1.371 (OD600) at a sound intensity level of 80 dB,
approximately 27.06

3) Sound power level The growth of E. coli exposed
to varying MODERATE SOUND power significantly
increased, as demonstrated in Figure ??. The biomass
exhibited a roughly linear rise as sound strength in-
creased, peaking at 59 dB. In contrast, the biomass
gradually increased from 59 dB to 61 dB before dras-
tically declining. The highest biomass of E. coli ex-
posed to 61 dB of sound pressure was 1.863 (OD600),
approximately 1.7 times higher than the biomass of the
control group (OD600 1.079). E. coli’s µmax increased
rapidly, reaching a peak at 61 dB before dramatically
dropping. Both biomass and µmax gradually decreased
when the sound power level surpassed 61 dB, indicat-
ing that excessive sound exposure may inhibit E. coli
growth through several mechanisms.

4) Effects of sound exposure on intracellular protein syn-
thesis in E. coli Studies on the effects of MODERATE
SOUND TREATMENT at frequencies of 8 kHz, inten-
sity levels of 80 dB, and power levels of 61 dB on the
intracellular macromolecules of E. coli revealed that
specific sound exposures significantly impacted intra-
cellular protein levels in E. coli. Both the treatment and
control groups showed a gradual decrease in intracellu-
lar protein over time. However, after six hours of sound
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Pipe/Taz Amik Amox/Clav Cipro Nitr Gent Trim/Sul Etra Mero Imip
S S R R S R R - - -
S - S R S S R - - -
S - S R S S S S S -
S - R R S S R S - -
S - R R S S R - - -
S - S R S S R - - -
S - S R S S S - - -
S R S R S R S S S
S S S S S R S S S -
S S S R S R R S S -
S - S R S S R S S -
S - S S S S S S S -
S - S R S S S - S -
R - R R S S R - S S
S S R R S R R S S -
S - S R S S R S S -
S - S R S S R - - -
S S R R S R R
- - - R - S R - S S
- - - R - S R S S S
S S S S S S R - S -
S - S S S S R - - -
S - S R S S R S S -
- - - S S S R S S S
S - S S S S S S S -
S S S R S R R S S
S - S S S S R - - -
S S S S S S - - -
S - S R S S R S S -

Table 1: The susceptibility test of several antibiotics against ESBL-E. coli

Figure 4: Effects of moderate sound power level on the
growth of E. coli

exposure, the treatment group’s intracellular protein
concentration rose notably to 566.4 mg/g, nearly 1.1
times higher than the control group’s 511.1 mg/g. This
suggests that early stages of MODERATE SOUND
TREATMENT exposure may significantly enhance in-
tracellular protein production in E. coli, promoting cell
proliferation (Figure 5).

C. Morphological change of E. coli cells exposed to
MODERATE SOUND
The cellular morphology of E. coli was analyzed 48 hours
after sound exposure. Using SEM software, the length and
width of an E. coli cell were measured. The average length of
E. coli was determined to be 2.060 ± 0.485 µm (at 80 dB) and
2.395 ± 0.904 µm (at 100 dB), respectively. Under a sound
intensity level of 100 dB, the length increased by more than
27.26% compared to the control group (1.882 ± 0.375 µm).

Figure 5: The total intracellular protein of E. coli exposed to
sound waves at different times

However, there was no discernible difference in width.

D. Effects of sound on ESBL-E. Coli antibiotics susceptibility
Ciprofloxacin, trimethoprim/sulfonamides, gentamicin, and
amoxicillin/clavulanic acid, previously resistant antibiotics,
all exhibited sensitivity in the test following treatment. The
response of ESBL-producing E. coli (ESBL-E. coli) to au-
ditory sound stimulation from the sound wave, especially
concerning multi-drug-resistant ESBL-E. coli, underscores
the significance of moderate sound. however, no improve-
ment was observed in the effectiveness of the moderate sound
when probiotic bacteria from Kefir and kombucha were in-
troduced to a single sample. Before treatment, ESBL-E. coli
was susceptible to Clavulanic Acid but resistant to all other
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antibiotics. If an ESBL-E. coli test utilizing Kamboucha +
Kefir is employed (refer to Table 2).

4. Discussion
Public health primarily focuses on protecting people’s
health, including limiting healthcare inequities and improv-
ing healthcare quality and accessibility. According to the
Centers for Disease Control and Prevention (CDC) [11],
there are thirty-one recognized foodborne pathogens, in-
cluding E. coli, and unidentified agents that can infect hu-
mans. Sound, a mechanical wave, is produced by particles
in a medium vibrating back and forth. When sound waves
travel through living organisms, they can have biological
effects, such as displacing cells. Certain organisms may
exhibit beneficial growth responses to auditory stimuli [9].
Different sound exposures, varying in amplitude, frequency,
and duration, can cause interspecies differences in growth,
biomass, and intracellular chemical production, significantly
impacting various ecological processes [12].

This study investigated how E. coli cells react to au-
ditory sound stimulation under both relaxed and stressful
conditions. The results showed that colony formation in E.
coli increased significantly under typical growth conditions
when exposed to audible sound. Specifically, sound stim-
ulation enhanced E. coli growth, with growth promotion
increasing as the sound frequency increased. Exposure to
sound frequencies of 2 kHz and 8 kHz resulted in signifi-
cant differences (P<0.001) in biomass, which increased by
approximately 21.04% and 27.06%, respectively, due to an
increase in the µmax, indicating faster growth. These findings
align with those of Shao-Bin Gu et al.; 2013 [13], who found
that audible sound waves stimulated E. coli growth. When
the vibration frequency matches the microbial cells’ natural
frequency, they can absorb more energy [14].

Sound stimulation at specific strengths may promote the
development of E. coli, as shown in studies on sound waves
at varying intensities and power levels. Our research found
that a high sound power level (between 55 and 63 dB) with
a consistent sound frequency of 8 kHz and an intensity level
of 80 dB reduced the impacts of E. coli growth promotion.
Similar findings were reported by Gu et al.; 2016 [9] bio-
logical macromolecules like proteins, lipids, nucleic acids,
and polysaccharides must rapidly accumulate inside cells
for cell division [15]. Early in treatment, sound exposure
significantly increased intracellular protein production. The
treated group’s intracellular protein value at 6 hours was
566.4 mg/g, 1.1 times higher than the control group. This re-
sult is consistent with Yang’s findings that sound stimulation
can promote the synthesis of intracellular molecules such as
protein [16].

Sound stimulation can also induce changes in cell struc-
ture, affecting growth, metabolism, and division [9]. In this
investigation, the average length of E. coli cells increased
by more than 29.67%. The stimulation group experienced
maximum biomass and a specific growth rate about 1.8 and
3.4 times higher than the control group when exposed to a

7900 Hz, 90 dB sound wave. The responses of bacterial cells
to sound stress may involve several pathways. The results are
consistent with Vadia and Levin [17], who found that cell
size is a linear function of growth rate. High-intensity sound
waves can destroy microorganisms by breaking down their
cell walls, while low-intensity sound waves may increase
cellular metabolism, enhancing growth and reproduction
[18]. This phenomenon, known as sonoporation, has been
researched as a potential treatment for bacterial infections.

Antibiotic resistance continues to accelerate due to var-
ious human actions. This study’s findings can signifi-
cantly contribute to our understanding of the many pro-
cesses of antibiotic resistance, opening new avenues for
developing effective antibiotic therapies [19]. Four an-
tibiotics—Trimethoprim/Sulfamethoxazole, Ciprofloxacin,
Amoxicillin/Clavulanic Acid, and Gentamicin—showed re-
sistance to ESBL-E. coli and were selected for testing after
sound trearing based on this investigation’s results. Following
treatment, susceptibility tests showed positive results for
ciprofloxacin, trimethoprim/sulfonamides, gentamicin, and
amoxicillin/clavulanic acid. ESBL-E. coli responded better
to the auditory sound stimulation. The results of sound test
on multidrug-resistant ESBL-E. coli are noteworthy. No
improvement was observed when probiotic bacteria from
Kefir and Kombucha were introduced to a sample to enhance
the sound. Before treatment, the findings showed resistance
to all antibiotics except amoxicillin, to which clavulanic
acid is responsive. When testing for ESBL-E. coli using the
Kombucha + Kefir test, Quranic verses, particularly those
more potent than others, profoundly affected the E. coli
bacteria.

5. Conclusion
The sound of specific moderate sound can be used to create
sound clips that target bacteria, potentially eliminating or
reactivating them. This investigation provides evidence that
the sound frequency invention device operates as intended.
This technology could transform antibiotic-resistant germs
into susceptible ones. Additionally, sound treatment has been
shown to reduce biofilm production, which is crucial for the
energy needs of microorganisms for growth and reproduc-
tion. The effectiveness of sound treatment depends on various
factors, including the type of microbe being treated and the
duration and intensity of the exposure.
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