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Abstract
Background: Acute otitis media (AOM) is the commonest pediatric bacterial infection, affecting up to 75% of
children at some time before age 5 years. AOM is among the primary reasons for antibiotic prescriptions in
pediatric outpatients. This study aimed to detect the value of immunostimulant as an adjuvant therapy with
antibiotics for treatment of acute otitis media in children. This study included 60 children suffering from acute otitis
media; their age ranged from 3 to 5 years during the period from May 2018 to March 2019. The patients in this
study were divided into 2 groups: group A included 30 patients with AOM who received amoxicillin and clavulanic
acid antibiotic at attack of AOM. Group B included 30 patients with AOM who received the same antibiotic with
immunostimulant (Echinacea extract) for 3 months. Samples of blood were taken from all patients to detect the
level of Toll-like receptor by real-time PCR, before and after 3 months of antibiotic and immunostimulant therapy.
All cases underwent assessment including complete history taking, otoscopic examination of the ear, and blood
sample to detect the level of Toll-like receptor (TLR) before and after the therapy by real-time PCR.
Results: There was a significant (P < 0.05) decrease in the TLR2 expression in antibiotic-treated patients than its
expression before treatment. On the other hand, there was a significant (P < 0.05) increase in the TLR2 expression
in immunostimulant plus antibiotic-treated patients than its expression before treatment; there was a high
significant (P < 0.001) increase in the expression of TLR2 in the immunostimulant plus antibiotic than the antibiotictreated patients.
Conclusion: The role of antibiotics against bacterial infection causing acute otitis media can be enhanced by
immunostimulant which increases the expression of Toll-like receptors which play a major role stimulating immune
system to resist bacterial infection.

Background
Otitis media is the inflammation of the mucous membrane of the middle ear cleft. It is one of the most common infectious diseases of childhood worldwide. Two
out of three children will have at least one episode of
otitis media before their third birthday. Varying prevalence rates of otitis media have been documented from
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various parts of the world. Infants and young children
are at the highest risk of developing otitis media, with
peak prevalence between 6 and 36 months of age. It is
particularly prevalent among children with cleft palate
and other craniofacial defects, and those from lower
socio-economic status [1].
Bacteria have remained the most important etiological agents in suppurative or discharging otitis
media. Resistance to multiple antibiotics is not uncommon, further predisposing to complications
among affected children [2].
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The most common bacteria responsible for AOM
have been Streptococcus pneumoniae in 27–52%, Haemophilus influenzae in 16–52%, and Moraxella catarrhalis in 2–15% of episodes. The proportion of these
bacteria has been relatively constant in recent years.
The most notable changes in data collected from 1980
to 1989 in 2807 children in the USA were an increase
in the prevalence of S. pneumoniae and a rise in the
beta-lactamase-producing strains of H. influenzae and
M. catarrhalis [3].
Other pathogens include Staphylococcus aureus,
Streptococcus pyogenes, Pseudomonas aeruginosa, Klebsiella, Escherichia coli, and as a new pathogen Alloiococcus
otitidis, all at a proportion of a few percent [4].
A human Toll homolog or human TLRs were then
identified and found to induce cytokine production and
expression of costimulatory molecules. To date, 12
members of the TLR family have been identified in
mammals. TLRs are type 1 integral membrane glycoproteins characterized by the extracellular domains containing varying numbers of leucine-rich repeat (LRR) motifs
and a cytoplasmic signaling domain homologous to that
of the interleukin 1 receptor (IL-1R) [5].
TLRs can be further divided into several subfamilies,
each of which recognizes related PAMPs: the subfamily
of TLR1, TLR2, and TLR6 recognize lipids, whereas the
highly related TLR7, TLR8, and TLR9 recognize nucleic
acids. However, the TLRs are unusual in that some can
recognize several structurally unrelated ligands [6].
Amoxicillin is the drug of choice if antibiotics are required, amoxicillin-clavulanate should be considered if
there is concurrent purulent conjunctivitis, a history of
amoxicillin treatment within the previous 30 days, relapse of a recent infection, or nonresponse to amoxicillin. Consider a second-generation (cefprozil or
cefuroxime) or third-generation cephalosporin if the
child has a nonsevere allergic reaction to amoxicillin or
penicillin [7].
Echinacea may be beneficial for individuals who
already have an immune disorder but that it has little or
no effect on a healthy immune system. The use of
immunostimulants in the prevention of the upper respiratory tract infection is controversial [8].
The aim of this study was to detect the value of immunostimulant as an adjuvant therapy with antibiotics for
treatment of acute otitis media in children.

Methods
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were divided into two groups: group A included 30 patients with AOM who received amoxicillin and clavulanic acid antibiotic 45 mg/kg/day every 12 h for 10 days at
the attack of AOM. Group B included 30 patients with
AOM who received the same antibiotic at the attack of
AOM with immunostimulant (Echinacea extract) in a
dose of 2 teaspoonfuls three times daily for 3 months.
Informed written consents were obtained from parents
of all patients who participated in this study.
Inclusion criteria include acute otitis media (acute onset of symptoms and signs, Bulging drum, congestion,
and suppuration), absence of any systemic disease, and
no previous ear surgery.
Exclusion criteria include previous perforation in the
same ear and patients needing adenotonsillectomy.
First visit assessment

All sixty patients were subjected to history taking, clinical examination, otoscopic examination of the ear, and
blood investigations. Samples of blood were obtained
from all patients to measure the level of Toll-like receptor by real-time PCR.
Treatment data

All patients were on amoxicillin and clavulanic acid (45
mg/kg/day every 12 h) for 10 days at time of attack during the period of 3 months. All cases of group B were on
immunostimulant (Echinacea extract) in a dose of 2 teaspoonfuls three times daily for 3 months in addition to
the same antibiotic.
Echinacea purpurea (Asteraceae) is a perennial
medicinal herb with important immunostimulatory and
anti-inflammatory properties, especially the alleviation of
cold symptoms. The plant also attracted scientists’ attention to assess other aspects of its beneficial effects. For
instance, antianxiety, antidepression, cytotoxicity, and
antimutagenicity as induced by the plant have been
revealed in various studies. The findings of the clinical
trials are controversial in terms of side effects. While
some studies revealed the beneficial effects of the plant
on the patients and no severe adverse effects, some
others have reported serious side effects including abdominal pain, angioedema, dyspnea, nausea, pruritus,
rash, erythema, and urticaria. Other biological activities
of the plant such as antioxidant, antibacterial, antiviral,
and larvicidal activities have been reported in previous
experimental studies [9].

Patients

This study was carried out in the period from May 2018
to March 2019 and included children suffering from
acute otitis media presented to the outpatient clinic of
the University Hospital; their age ranged from 3 to 5
years. Sixty patients were included in the study, and they

Post-treatment assessment

All cases underwent assessment including complete history taking, otoscopic examination of the ear, and blood
sample to detect the level of Toll-like receptor by realtime PCR.
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Samples of blood were obtained from all patients to
detect the level of Toll-like receptor by real-time PCR.
Blood sample collection

Venous blood samples (3 ml) were collected from
patients in the 1st visit and after 3 months of medical
treatment under complete aseptic conditions in EDTAcontaining tubes; blood was used for RNA extraction,
and the extracted RNA was stored at − 80 °C until the
analysis of TLR 2 gene.
Detection of level of TLR 2 gene by PCR

PCR is a test for in vitro amplification of specific RNA
sequences using two primers that hybridize to opposite
strands and flank target RNA region. Sequences flanking
TLR 2 polymorphism were PCR-amplified from genomic
RNA using a pair of specific primers; the amplified products were then analyzed by electrophoresis.
Protocol of extraction of genomic RNA from peripheral
blood leucocytes

It was done as described by the manufacturer (Thermo
Scientific): 50–500 μl of blood was centrifugated for 5
min at 4 °C, and the supernatant was discarded. The pellet was resuspended in 600 μl of lysis puffer, mixed well
by vortexing, and then 450 μl of ethanol (96–100%) was
added, mixed by pipetting or vortexing. Half of the prepared lysate was transferred to a column inserted in a
collection tube; the column was centrifugated for 1 min
at 12,000×g (11,000 rpm), the flow-through solution discarded, and the column and collection tube reassembled.
Then, the remaining lysate was transferred into the column and centrifugated as before, the collection tube
containing the flow-through solution was discarded, and
the column was placed into a new 2-ml collection tube.
Seven hundred microliters of wash buffer WB 1 (with
ethanol added) was added and centrifugated for 1 min at
12,000×g (11,000 rpm), flow-through discarded, and the
purification column placed back into the collection tube.
Five hundred microliters of wash buffer 2 (with ethanol
added) was added to the purification column and centrifugated for 1 min at 12,000×g (11,000 rpm). Five hundred microliters of wash buffer 2 (with ethanol added)
was added to the purification column, centrifugated for
2 min at 12,000×g (11,000 rpm), the collection tube containing the flow-through solution discarded, and the
purification column transferred to RNase-free 1.5 ml
microcentrifuge tube. Fifty microliters of nuclease-free
water was added to the center of purification column
membrane and centrifugated for 1 min at 12,000×g (11,
000 rpm). The purification column was discarded, and
the purified RNA was used immediately in downstream
applications and kept the RNA on ice after extraction.
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Steps of cDNA by process of reverse transcriptase

The protocol was done using Maxime RT PreMix kit.
Template RNA (5 μl) and distilled water (15 μl) were
added to the Maxime RT Premix tubes to a total volume
of 20 μl. The clear pellet was dissolved by pipetting.
Then, the cDNA synthesis reaction was performed using
PCR machine. The reactant was diluted by adding 20–
50 μl of sterile water into the tube containing the cDNA
obtained at RT reactant. PCR reaction was proceeded.
Gene amplification using PCR

TLR2 gene was amplified using PCR with forward primer: (5′d 5′-GCC AAA GTC TTG ATT GAT TGG-′
3′) and reverse primer: (5′-TTG AAG TTC TCC AGC
TCC TG-3′). The amplification was carried out in realtime PCR instrument (Step One—Applied Biosystems).
The following components were added to each 20 μl reaction tube at room temperature: 2 μl cDNA template,
6 μl nuclease-free water, 10 μl HERA SYBRqPCR kit lo,
Hi&No (wf1030400x), forward primer 1 μl reverse primer, and 6 μl nuclease-free water. The PCR reaction
mixture was mixed well. The PCR reaction tubes were
closed and placed inside real-time PCR instrument (Step
One—Applied Biosystems®). The run method of PCR is
initial denaturation at 95 °C for 2 min, followed by 40 cycles of denaturation at 95 °C for 10 s then annealing at
51 °C for 1 min, and finally melting at 95 °C for 15 s,
60 °C for 1 min, and 95 °C for 15 s.

Results
Study population characteristics

In the present study, 60 children suffering from acute
otitis media presented to the outpatient clinic of University Hospital. Their age ranged from 3 to 5 years. The
patients in this study were divided into 2 groups: group
A included 30 patients with AOM who received amoxicillin and clavulanic acid antibiotic 45 mg/kg/day every
12 h for 10 days. Group B included 30 patients with
AOM who received the same antibiotic with immunostimulant (Echinacea extract) in a dose of 2 teaspoonfuls
three times daily for 3 months for a total of 60 subjects.
There was a significant (P < 0.05) decrease in the
TLR2 expression in antibiotic-treated patients than its
expression before treatment (Table 1). On the other
hand, there was a significant (P < 0.05) increase in the
Table 1 TLR2 expression in patient groups before and after
treatment by antibiotic
Parameter

P
value

Patient group
Group A (antibiotic)

TLR2 expression

Before treatment

After treatment

27.33 ± 1.58*

26.30 ± 2.2

Data are expressed by means standard deviation (SD)
*P < 0.05: significant

< 0.05
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TLR2 expression in immunostimulant plus antibiotictreated patients than its expression before treatment
(Table 2). As shown in Table 3, there was a high significant (P < 0.001) increase in TLR expression in the
immunostimulant plus antibiotic than the antibiotictreated patients.

Discussion
Acute otitis media is the most frequent upper respiratory tract infection in pediatric patients. It is the main
cause of medical visits or consultations, use of antibiotics, and ambulatory surgeries in developed countries.
Acute otitis media is an infection of the middle ear with
an acute clinical onset of effusion and inflammation
signs and symptoms, such as fever, irritability, otalgia,
and otorrhea. Many cell types, particularly those which
interact with the external environment, express innate
immune receptors, including the TLRs. TLRs are found
on or within surface epithelial cells, mast cells, and dendritic cells and are prominent at mucosal surfaces such
as that lining in the middle ear [10].
Our study revealed that TLR2 expression was about 3fold higher in the immunostimulant plus antibiotictreated patients in comparison with the patients treated
with antibiotic only. This difference in TLR2 expression
might be due to the induction of TLRs by the
immunostimulant.
Han et al. [11] examined the role of TLR2 in host
defense against Streptococcus pneumoniae infection in
the middle ear between wild-type and TLR 2-deficient
mice by inoculation of Streptococcus pneumonia through
the tympanic membrane. About half of TLR 2-deficient
mice died compared to only 12% of wild-type mice.
TLR2-deficient mice may produce relatively low levels of
proinflammatory cytokines following pneumococcal
challenge, thus hindering the clearance of bacteria from
the middle ear and leading to sepsis and a high mortality
rate. This study provided evidence that TLR2 might be
important in the molecular pathogenesis and host response to otitis media. In a similar study, Hirano et al.
[12] inoculated non-typeable Haemophilus influenzae
(NTHi) through the tympanic membrane of mice which
were divided to wild-type and TLR4-deficient mice and
found that bacterial counts of NTHi in wild-type mice
showed significantly lower bacterial count after 24 h
Table 2 TLR2 expression in patient groups before and after
treatment by immunostimulant plus antibiotic
Parameter

Patient group
Group B (immunostimulant and antibiotic)

TLR2 expression

Before treatment

After treatment

27.07 ± 1.85

28.71 ± 1.7*

Data are expressed by means standard deviation (SD)
*P < 0.05: significant

P
value

< 0.05
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than TLR4-deficient mice (P < 0.01), and the bacterial
counts were almost negligible 72 h after injection. In
TLR4-deficient mice, bacterial counts continued to increase significantly even at 72 h after injection.
Several studies reported the relation between the TLR
levels and immune response. Kaur et al. [13], as they
collected middle ear fluid by tympanocentesis from 66
children aged from 6 to 30 months suffering from acute
otitis media, for culture and measuring the level of cytokines, chemokines, and Toll-like receptor expression by
real-time PCR, found that 42 of these middle ear fluid
cultures were positive for a common bacterial otopathogens (Streptococcus pneumoniae, NTHi, and Moraxella
catarrhalis) and 24 middle ear fluid samples were culture negative, and they found that culture-positive MEF
had higher levels of all cytokines and chemokines (9–
300-fold) as compared to MEF that was culture negative.
PCR-positive/culture-negative MEF for otopathogens
showed significant differences (P < 0.01) in TLR2, TLR4,
and TLR9 expression (6–31-fold), but cytokine and chemokine levels were similar compared to PCR-negative/
culture-negative MEF. No significant differences were
found in the cytokine/chemokine/TLR levels among the
bacterial otopathogen species.
On the other hand, Lee et al. [14] disagreed with the
result of this study, when he collected middle ear fluids
from 96 pediatric patients who underwent ventilation
tube insertion for the treatment of otitis media with effusion. Of these 96 children, 24 had been treated more
than four times within the previous year or more than
three times within the previous 6 months and were categorized as the otitis-prone group, whereas the other 72
children constituted the non-otitis-prone group; the 67
fluids examined (69.8%) were apparently sterile, whereas
bacteria grew from the remaining 29 samples (30.2%).
The expression of the TLR, cytokine, and NOS mRNAs
in the effusion fluid of both the otitis-prone and nonotitis-prone groups was measured after amplification by
real-time PCR. The TLR, cytokine, and NOS expression
levels were significantly lower in the otitis-prone than in
the non-otitis-prone group (P < 0.05). Although higher
levels of TLR, cytokine, and NOS mRNAs were generally
observed in culture-positive than in culture-negative patients, none of these differences was statistically significant and no differences were observed in the expressions
relative to the frequencies of ventilation tube insertion.
Also, they suggested that decreased expression of TLRs
might be associated with increased susceptibility to
OME.
Several studies demonstrated improvement in the severity and duration of the common cold in adults treated
with Echinacea products. Vimalanathan et al. [15] studied the role of Echinacea purpurea in the regulation of
surface receptor expression in human bronchial
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Table 3 TLR2 expression in patient groups before and after treatment by antibiotic and immunostimulant plus antibiotic
Parameter

P value

Patient group
Group A

TLR2 expression

Group B

Before treatment

After treatment

Before treatment

After treatment

27.33 ± 1.58b

26.30 ± 2.2c

27.07 ± 1.85bc

28.71 ± 1.7a

< 0.001

Data are expressed by means ± standard deviation (SD). Means followed by different letters indicated significance. P < 0.001: highly significant
TLR2 Toll-like receptor 2, group A antibiotic treatment, group B immunostimulant and antibiotic treatment

epithelial cells during influenza virus-induced bacterial
super-infection. An in vitro study used tissue culture
technique and found that Influenza virus A (H3N2) is a
major pathogen that causes secondary bacterial infection
and inflammation that leads to pneumonia. H3N2
increased the adhesion of live NTHi significantly by
3.08-fold compared to control cells (P < 0.01). Virusinfected cells that were incubated with Echinacea
showed significantly reduced adhesion of NTHi from
3.08-fold to 0.55-fold. In addition, both flow cytometry
and confocal microscopy staining confirmed that infection with the influenza virus induced TLR-4 expression
and that Echinacea downregulated virus-induced TLR4
expression; however, it was not statistically significant.
These results indicated that E. purpurea had the potential to reduce the risk of respiratory complications by
preventing virus-induced bacterial adhesion and through
the inhibition of inflammation super-stimulation (cytokine storms).
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Conclusion
Acute otitis media is one of the most common infectious
diseases of childhood worldwide, which needs medical
treatment to cure this condition to prevent complications such as chronic state; the innate immune system is
considered the first line of defense during the host response to pathogens.
The role of antibiotics against bacterial infection causing acute otitis media can be enhanced by immunostimulant which increases the expression of Toll-like
receptors which play a major role in stimulating the immune system to resist bacterial infection.
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