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Quantitative analysis of Staphylococcus aureus in patients with chronic
rhinosinusitis under continuous ultrasound treatment
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ABSTRACT

Background and Objectives: Bacterial pathogens, in particular drug resistant strains, involved in chronic rhinosinusitis
may result in treatment failure. Ultrasound waves are able to destroy bacterial population in sinus cavities and can recover
patients.

Materials and Methods: Twelve patients with chronic sinusitis and 10 healthy controls were treated by continuous ultra-
sound waves. Clinical specimens were collected before and after treatment. Serial diluted specimens were cultured on blood
agar, chocolate and MacConkey agar plates for bacterial isolation. Bacterial DNA was extracted and used for Staphylococcus
aureus detection using quantitative PCR.

Results: S. aureus was the most isolated bacterium (10 patients), which was eradicated from § patients after treatment. Using
phenotypic methods at the beginning, 3 out of 10 healthy individuals were found to be positive. From 11 positive patients for
S. aureus identified by real time qPCR, 9 showed significant reduction after treatment. In the healthy group, S. aureus was
detected in 4 samples using qPCR, but they were clean at the second sampling.

Conclusion: According to our phenotypic and molecular experiments, continuous ultrasound treatment effectively reduced
the bacterial population in studied patients (p < 0.01). This was a hopeful basis for doing more studies with ultrasound ther-
apy as a treatment option.
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STAPHYLOCOCCUS AUREUS UNDER ULTRASOUND TREATMENT

INTRODUCTION

Chronic rhinosinusitis (CRS) is a chronic inflam-
mation of the sinonasal mucosa with multifactorial
causes (1). Many factors, such as mucosal inflamma-
tion, mucociliary dysfunction, and microbial condi-
tions, contribute to this disease (2). Among these fac-
tors, bacterial agents play an important role in CRS.
It has been reported that patients with CRS appear
to have an increased abundance of certain bacteria
species,especially Staphylococcus aureus (3, 4).

Bacteria can form biofilms on the paranasal epithe-
lium in refractory sinus patients in spite of repetitive
treatment with antibiotics (5). A biofilm is a polymi-
crobial community with altered metabolism, growth,
and gene transcription phenotypes. This community
is embedded in a self-produced extracellular matrix
which let the bacteria to attach to surfaces and re-
sist to harsh conditions (6). The biofilms have been
observed more frequently on the mucosa of patients
with CRS relative to control groups (7).

Although CRS antibiotic therapy reduces bacterial
population in short-term, it allows colonization with
bacterial cells that are less susceptible to the pre-
scribed antibiotics or biofilm producing bacteria. A
biofilm state makes bacterial cells resistant to most
antibiotics (3, 8). However, these biofilms responds
to treatment if they expose to ultrasonic (US) waves
in vitro (9-12).

Ultrasound therapyis capable of killing bacteria
by disrupting the bacterial cell membrane (9, 13) and
generation of free radicals, causing eventual bacteri-
al death (9, 14). Ultrasound therapy can also damage
the biofilm matrix and decrease the biofilm stability
(15).

Because of the bacterial antibiotic resistance with-
in biofilms, new treatment options and strategies
are needed to overcome this therapeutic challenge.
Therefore, the aim of this study was to investigate the
effect of ultrasound treatment on S. aureus, which
is one of the prevalent pathogens in patients with
rhinosinusitis. Bacterial culture and quantitative
real-time PCR were used to follow-up the fluctua-
tions of this agent before and after US treatment.

MATERIALS AND METHODS

Study design. This was a double-blind random-
ized clinical trial which was conducted from January
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2018 to May 2018. The study population included
adult patients with the following criteria: clinical
diagnostic criteria of more than or equal to 2 major
symptoms or 1 major symptom, including nasal ob-
struction, facial pain/pressure, postnasal drip, and
hyposmia; and 2 minor symptoms, including head-
ache, halitosis, fatigue, dental pain, and ear pain);
and CT scan findings of patients with CRS who had
failed medical treatment or surgery. Patients with
head and neck malignancy or those who had a cur-
rent medical disease for which US was contraindi-
cated were excluded. All patients were recruited and
referred by an ear, nose, and throat (ENT) surgeon.
In total, 12 patients with CRS and 10 healthy people
who voluntarily filled out the informed consent form
were included in this study.

Specimen collection. All participants were sub-
jected to sampling for microbiological analysis and
imaging CT scan 2 times, with a 3-week interval.
Specimen collection was done before and after treat-
ment for patients and for the first and second time
for healthy controls without any intervention. Sam-
ples were taken from the right and left meatus and
nasopharynx by Dacron swabs. Then, swabs trans-
ferred to laboratory in sterile tubes, including 1 mL
saline solution for further analysis. Also, SNOT-20
questionnaire was filled 2 times before and after the
treatment (supplementary data).

Ultrasound treatment. All patients were treated
by continuous US, with the probe velocity movement
of 4 cm/s. The intensity was 1 W/ecm? for maxillary
sinuses, and it was 0.5 W/cm? for frontal sinuses.
Treatment period was 10 sessions intermittently
during 3 weeks. After the treatment period, sam-
pling was repeated for microbiological analysis and
CT scan imaging. If CT scan did not show recovery,
routine treatment procedure started for the patient by
an ENT physician.

Laboratory bacterial identification and col-
ony-forming unit calculation. All samples were
transferred immediately to microbiology laboratory
of Tehran University of Medical Sciences in 10 mL
falcon tubes containing 1 mL saline solution. Each
falcon was vortexed before culturing. Then, 10 mi-
croliter of each sample was serially diluted from
10' to 10 concentration in PBS. Finally, 10 micro-
liter of each concentration was separately cultured
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by spread culture method in 2 sheep blood agar, 2
chocolate agar and MacConkey agar. Cultures me-
dia were incubated aerobically and anaerobically at
37°C for 24 hours. The colony-forming units (CFUs)/
mL of each sample was calculated after 24 hours us-
ing Miles and Misra Method (16). After calculating
CFU, all the suspected bacterial grown colonies were
identified by Gram staining, a standard routine bio-
chemical and microbiological test according to Ma-
hon et al. (17).

Primers and probe. The fibronectin-binding pro-
tein A (FnbA) gene was used to detect S. aureus in
patients’s pecimens. The sequences of primers and
probe used for amplification of fnbA gene is shown
in Table 1 (18).

DNA extraction. Bacterial DNA was extracted
from S. aureus ATCC 29213 strain and clinical spec-
imens using Macherey Nagel (MN), a DNA purifica-
tion kit (Macherey Nagel, Germany). First, I mL of
collecting sample was centrifuged for 10 minutes at
13000 rpm. The pellet was suspended in 200 uL of
IXTE buffer with 0.04 mg/mL of lysozyme. Follow-
ing steps were done according to the manufacturer
protocol (Macherey Nagel, Germany). Finally, ex-
tracted DNA was eluted in 50 uL elution buffer and
saved in -20°C for further procedures.

Quantitative real-time PCR. DNA from S. au-
reus ATCC 29213 was used as a positive control. The
concentrations of DNA templates were determined
using Nanodrop 1000 (Thermo Scientific, USA).
The following formula was used to calculate the
molecules of template per gram: molecules of DNA
= mass (in gram) Avogadro’s number/average mo-
lecular weight of a base x template length (19). To
gain the efficacy of real-time PCR, a 10-fold serial
dilutions of DNA was used for the standard curve
of assay.

LinGene K Real-Time PCR apparatus (Bioer,
Hangzhou, China) was used for real-time PCR as-

Table 1. Primers and probe for fnbA gene

says. Each reaction contained 1 uL of 10 pM forward
and reverse primers, 0.1 mM of TagMan probe, 1 uL
of template, in addition to qPCR Master mix (Ampl-
icon, Danmark), and distilled water in a total volume
of 25 uL. Real-time PCR was run as follows: 95°C
for 5 minutes, 95°C for 20 seconds, 59°C for 20 sec-
onds, and 72°C for 40 seconds, repeating 50 cycles
of steps 2 to 4. All the samples were run in duplicate.

Data analysis. Chi-square test was used to com-
pare the presence of S. aureus among patients and
control groups. Also, addition nonparametric Mc-
Nemar’s test was used to determine phenotypically
S. aureus presence in samples before and after the
treatment. The Wilcoxon test was used to analyze
our qPCR results between related groups before and
after the treatment. This was done by SPSS software
version 21. A p-value of <0.05 was determined as sta-
tistically significant.

RESULTS

Ultrasound treatment outcome. CT findings
showed a remarkable reduction after the treatment
for 8 out of 12 patients. The 4 remained patients had
the same score before and after the treatment (Fig.
1, Table 2). In addition, the questionnaire results
demonstrated a notable reduction of the all patient
scores after treatment. Both of these results represent
that US treatment was significantly successful in the
patient’s recovery (Table 2).

Phenotypical analysis. Using bacteriology meth-
od, more S. aureus was detected in patients (n=10)
than in healthy control group (n=3) (p-value=
0.011). In addition to S. aureus, other pathogenic
and non-pathogenic bacteria, such as Streptococcus
pneumoniae, Haemophilus influenzae, Klebsiella
pneumoniae, Enterobacter cloacae, Enterobacteria-
ceae family, nonhemolytic streptococci, Gram-neg-
ative cocci and coagulase-negative staphylococci

Sequence Tm°C Product size
Forward primer 5-AGTGAGCGACCATACAACAG-3 58.4
Reverse primer 5-CATAATTCCCGTGACCATTT-3 543 185 bp
Probe 5-FAM-AAGCACAAGGACCAATCGAGG-BHQ-1-3 61.2
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Fig. 1. CT scan findings before (A) and after (B) the treatment

Table 2. CT and SNOT-20 questionnaire scores of patients
before and after the treatment.

Patient CT scores Questionnaire scores
1D Before After Before After
1 17 17 40 5

2 6 6 36 25

3 6 6 43 23
4 13 13 25 5

5 20 12 34 17

6 18 0 36 6

7 25 0 49 9

8 8 0 76 18

9 36 0 74 48
10 29 0 43

11 30 1 22 5
12 25 0 48 5

were also identified. After treatment, S. aureus was
eradicated from 8 patients (p-value= 0.011).

Real-time qPCR output. According to the quan-
titative PCR results, 4 out of 10 individuals in the
healthy control group were positive for S. aureus on
the first sampling, but they were all negative at the
second time. In the patient group, S. aureus was not
detected in 1 patient, but all others showed different

http://ijm.tums.ac.ir

copies of examining gene as shown in Table 3. All
the positive patients showed significant reduction (p
< 0.01) for studied agent, except for 2 of them. S. au-
reus has been slightly increased in nasopharynx of
1 patient (No. 8) and left meatus of another patient
(No. 4) was positive after treatment while it was clear
before treatment.

DISCUSSION

It has been reported that many bacteria residing
on mucosal surfaces of patients with CRS exist in a
biofilm state, making them resistant to most systemic
antibiotics (7). Unlike relative success of treatment
of these patients, antibiotics are the most common
choice for CRS condition (20, 21). Moreover, the
widespread use of antibiotics seems to result in de-
velopment of resistant bacteria, and thus treatment
failure (22). Bhattacharyya and Kepnes showed in-
creased methicillin resistant S. aureus (MRSA) in
CRS conditions due to extensive encounter of sinus
microbiome to the antibiotics (22). S. aureus is one of
the important agents which can produce the thick lay-
er of biofilm (23). Hence, perhaps this factor makes
S. aureus an important colonizer of CRS patients (3,
4). Increasing resistance against common antibiotic
options for CRS treatment has convinced research-
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ers to investigate alternative therapies (24). In theo-
ry, US is breaking down bacterial biofilms and make
bacterial population reduction in CRS patients (25).
In the present study, the efficacy of US treatment
targeting S. aureus populationin CRS patients was
evaluated. According to the literature, S. aureus is
the most frequent bacteria isolated from CRS pa-

Table 3. Copy number of fnbA gene in patients group.

tients (3, 4). Based on the results of this study, con-
tinuous US treatment reduced S. aureus considerably
as determined by both phenotypic and genotypic
methods. These results were also inconsistent with
the CT and questionnaire scores. Results of qPCR
showed significant differences among the number of
organisms before and after the US treatment. All the

Patient Site of Before treatment Before treatment After treatment After treatment
ID sampling (mean values) (SD) (mean values) (SD)
Nasopharynx 29100 192.3 N* -
1 Rightmeatus N - N -
Leftmeatus N - N -
Nasopharynx 900.2 48.4 275 18.4
2 Rightmeatus 269 12.7 N -
Leftmeatus 20900 113.1 N -
Nasopharynx 7440 63.6 283 18.4
3 Rightmeatus 6290 43.8 1440 56.5
Leftmeatus N - N -
Nasopharynx N - N -
4 Rightmeatus N - N -
Leftmeatus N - 7190 155.5
Nasopharynx N - N -
5 Rightmeatus 11300 91.9 N -
Leftmeatus 81000 169.7 N -
Nasopharynx N - N -
6 Rightmeatus N - N -
Leftmeatus 166 8.5 N -
Nasopharynx 14700 90.5 N -
7 Rightmeatus 15900 183.8 N -
Leftmeatus 8550 70.7 N -
Nasopharynx 28.3 4.1 126 16.6
8 Rightmeatus 468000 670.5 24600 219.2
Leftmeatus 513 24 60.5 7.6
Nasopharynx N - N -
9 Rightmeatus 289 19.8 N -
Leftmeatus N - N -
Nasopharynx N - N -
10 Rightmeatus 99.8 13.3 N -
Leftmeatus 497 26.9 N -
Nasopharynx N - N -
11 Rightmeatus 372 25.4 N -
Leftmeatus 18600 182.4 N -
Nasopharynx N - N -
12 Rightmeatus N - N -
Leftmeatus N - N -

*N; negative
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S. aureus positive patients showed significant reduc-
tion after treating with US, except for 2 of them. This
may cause by sample contamination or patient’s sec-
ondary colonization by S. aureus during the process.
However, this was the first report on the quantitative
analysis of this organism in these patients and the re-
sults were in agreement with patients who responded
to therapy (data not provided).

A study was conducted on 48 acute sinusitis pa-
tients (24 in the patient group and 24 in the control
group). The control group received amoxicillin 500
mg 3 times a day for 10 days, while the patient group
received 4 consecutive days of US. They showed
relapses and they also found that future attack was
reduced in patients who were treated by US (26).
In another study 57 CRS patients were treated by
low-intensity pulsed US (27). They reported that al-
most major and minor symptoms showed significant
changes after US treatment. According to Naghdi
et al. (28), 30 patients with CRS were treated by 10
time of continuous US. At the end of treatment, the
“percent improvement” was 74%. Also, 72% of pa-
tients reported continued improvement 1 month after
treatment. Our results were in accordance with those
of Naghdi et al study. In addition to CRS patient’s
improvement, the S. aureus count was reduced dra-
matically after US therapy.

US method can potentially reduce the microor-
ganism’s mass in sinuses and can be helpful in pa-
tients’treatment. Nevertheless, our patient’s popu-
lation was limited and more patients are needed for
future studies. Also, evaluation of other involved
agents could provide useful information in this re-
gard. This data can be used as a basis for next studies
on similar patients under different treatment condi-
tions and for analyzing more potential agents.

ACKNOWLEDGEMENTS
This project was supported by Iran University

of Medical Sciences (project No. IRCT201498100-
18754N8).

REFERENCES

1. Tomassen P, Zele TV, Zhang N, Perez-Novo C, Bru-
aene NV, Gevaert P, et al. Pathophysiology of chronic

http://ijm.tums.ac.ir

10.

11.

12.

13.

14.

15.

IRAN. J. MICROBIOL. Volume 10 Number 6 (December 2018) 354-360

rhinosinusitis. Proc Am Thorac Soc 2011; 8:115-120.
Timperley D, Schlosser RJ, Harvey RJ. Chronic rhi-
nosinusitis: an education and treatment model. Otolar-
yngol Head Neck Surg 2010; 143: S3-8.

Boase S, Foreman A, Cleland E, Tan L, Melton-Kreft
R, Pant H, et al. The microbiome of chronic rhinosinus-
itis: culture, molecular diagnostics and biofilm detec-
tion. BMC Infect Dis 2013; 13: 210.

Feazel LM, Robertson CE, Ramakrishnan VR, Frank
DN. Microbiome complexity and Staphylococcus au-
reus in chronic rhinosinusitis. Laryngoscope 2012;
122: 467-472.

Suh JD, Cohen NA, Palmer JN. Biofilms in chronic
rhinosinusitis. Curr Opin Otolaryngol Head Neck Surg
2010; 18: 27-31.

Donlan RM, Costerton JW. Biofilms: survival mecha-
nisms of clinically relevant microorganisms. Clin Mi-
crobiol Rev 2002; 15: 167-193.

Tan NC, Foreman A, Jardeleza C, Douglas R, Tran H,
Wormald PJ. The multiplicity of Staphylococcus au-
reus in chronic rhinosinusitis: correlating surface bio-
film and intracellular residence. Laryngoscope 2012;
122: 1655-1660.

Abreu NA, Nagalingam NA, Song Y, Roediger FC,
Pletcher SD, Goldberg AN. et al. Sinus microbiome di-
versity depletion and Corynebacterium tuberculostea-
ricum enrichment mediates rhinosinusitis. Sci Trans!
Med 2012; 4(151): 151ral24.

Scherba G, Weigel RM, O'brien WD. Quantitative as-
sessment of the germicidal efficacy of ultrasonic ener-
gy. Appl Environ Microbiol 1991; 57: 2079-2084.

Qian Z, Sagers RD, Pitt WG. Investigation of the mech-
anism of the bioacoustic effect. J Biomed Mater Res
1999; 44: 198-205.

Rediske AM, Hymas WC, Wilkinson R, Pitt WG. Ul-
trasonic enhancement of antibiotic action on several
species of bacteria. J Gen Appl Microbiol 1998; 44:
283-288.

Carmen JC, Runyan CM, Robison RA, Nelson JL,
Beckstead BL, Pitt WG, et al. Ultrasonic-enhanced
gentamicin transport through colony biofilms of Pseu-
domonas aeruginosa and Escherichia coli. J Infect
Chemother 2004; 10: 193-199.

Hedges M, Lewis M, Lunec J, Cramp WA. The Effect
of Ultrasound at 1+ 5 MHz on Escherichia Coli. Int J
Radiat Biol Relat Stud Phys Chem Med 1980; 37: 103-
108.

Gogate PR, Wilhelm AM, Pandit AB. Some aspects
of the design of sonochemical reactors.Ultrason
Sonochem 2003; 10: 325-330.

Broekman S, Pohlmann O, Beardwood ES, de Meule-
naer EC. Ultrasonic treatment for microbiological con-
trol of water systems. Ultrasonics Sonochemistry 2010;
17: 1041-1048.

359



NARJES FEIZABADI ET AL.

16.

19.

20.

21.

22.

360

Miles AA, Misra SS, Irwin JO. The estimation of the
bactericidal power of the blood. J Hyg (Lond) 1938; 38:
732-749.

. Mahon CR, Lehman DC, Manuselis G. Textbook of

diagnostic microbiology-E-Book. Elsevier Health Sci-
ences; 2014 Mar 25.

. Ghodousi A, Nomanpour B, Davoudi S, Malekne-

jad P, Omrani M, Kashef N, et al. Application of

fnbA gene as new target for the species-specific and

quantitative detection of Staphylococcus aureus di-
rectly from lower respiratory tract specimens by real
time PCR. Indian J Pathol Microbiol 2012; 55: 490-
495.

Schmittgen TD, Livak KJ. Analyzing real-time PCR
data by the comparative C T method. Nat Protoc 2008;
3:1101-1108.

Lee LN, Bhattacharyya N. Regional and specialty vari-
ations in the treatment of chronic rhinosinusitis. Laryn-
goscope 2011; 121:1092-1097.

Smith SS, Evans CT, Tan BK, Chandra RK, Smith SB,
Kern RC. National burden of antibiotic use for adult
rhinosinusitis. J Allergy Clin Immunol 2013; 132: 1230-
1232.

Bhattacharyya N, Kepnes LJ. Assessment of trends in

23.

24.

25.

26.

27.

28.

IRAN. J. MICROBIOL. Volume 10 Number 6 (December 2018) 354-360

antimicrobial resistance in chronic rhinosinusitis. Ann
Otol Rhinol Laryngol 2008; 117: 448-452.

Ghafourian S, Mohebi R, Rezaei M, Raftari M, Sekawi
Z,Kazemian H. Comparative analysis of biofilm devel-
opment among MRSA and MSSA strains. Roum Arch
Microbiol Immunol 2012; 71: 175-82.

Bordin A, Sidjabat HE, Cottrell K, Cervin A. Chron-
ic rhinosinusitis: a microbiome in dysbiosis and the
search for alternative treatment options. Microbiol Aust
2016; 37: 149-152.

Bartley J, Ansari NN, Naghdi S. Therapeutic ultra-
sound as a treatment modality for chronic rhinosinus-
itis. Curr Infect Dis Rep 2014; 16: 398.

Heoseien E, Lund AB, Vasseljen O. Vasseljen, Simi-
lar effect of therapeutic ultrasound and antibiotics for
acute bacterial rhinosinusitis: a randomised trial. J
Physiother 2010; 56: 29-32.

Ansari NN, Naghdi S, Farhadi M, Jalaie S. A prelim-
inary study into the effect of low-intensity pulsed ul-
trasound on chronic maxillary and frontal sinusitis.
Physiother Theory Pract 2007; 23: 211-218.

Naghdi S, Ansari NN, Farhadi M. A clinical trial on
the treatment of chronic rhinosinusitis with continuous
ultrasound. J Phys Ther Sci 2008; 20: 233-238.

http://ijm.tums.ac.ir



