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Abstract
Background: Otitis externa is an inflammatory in external auditory canal, with the presentation of otalgia, otorrhea, and pruritus.
Bacteria and fungi are the most causative agents of the disease. Although several antifungal and antibacterial agents are usually
used to treat it, combination therapy plays an important role in good treatment efficacy.
Objectives: According to the problems associated with the treatment of mixed otitis externa, the current study aimed at evaluating
the efficacy of ceftazidime powder and topical miconazole (as the case group) versus topical miconazole only (as the control group)
to treat mixed otitis externa.
Methods: Seventy-two patients with mixed otitis externa were divided into two groups; the case group was treated with ceftazidime
powder and topical miconazole, and the control group was treated only with topical miconazole. Both groups were evaluated after
two weeks. The diagnosis of mixed otitis externa was based on signs, symptoms, and the presence of bacterial and fungal elements
in direct examination and culture.
Results: Swelling, itching, and canal discharge were observed in 67.7%, 64.7%, and 90.3% of the patients, respectively in the case
group, and 47.1%, 26.3% and 93.1% of the patients, respectively in the control group. Complete resolution of all clinical signs and
symptoms occurred in 23 (67.6%) patients in the case group and 11 (28.9%) patients in the control group (P = 0.001). Staphylococcus
epidermidis and Pseudomonas aeruginosa were the most common bacteria, and Aspergillus spp. and Candida spp. were the most
common fungi identified in the cultures.
Conclusions: According to the complete resolution of clinical signs, the application of ceftazidime powder and topical miconazole
was better than topical miconazole to treat mixed otitis externa.
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1. Background
Otitis externa is an inflammatory process of the external auditory canal, including the auricle, auditory canal,
and eardrum (1, 2). The presentation of otitis externa includes otalgia, otorrhea, pruritus, aural fullness, hearing
impairment, and tinnitus (3). Otalgia and otorrhea are the
two most common symptoms of otitis externa at presentation (4-8). The yearly estimated incidence of otitis externa
is 8.1 cases per 1000 population (9). Bacteria and fungi are
the causative agents (10, 11), and the most common bacterial and fungal agents are Pseudomonas spp. and Aspergillus
niger, respectively (12, 13). Several therapeutic regimens are
employed to treat otitis externa (14-17).

A study in the UK on the application of two regimens
(neomycin, gramicidin and nystatin versus glycerineichthammol) to treat 64 patients with otitis externa found
no statistically significant difference among these regimens in this regard (18). Another study in Spain found
no differences in the effectiveness of cycloprox olamine or
boric acid to treat otitis externa (19). In a study that compared three different regimens (acetic acid, acetic acid plus
steroid therapy, and antibiotics plus steroid therapy), combination therapy with steroids was superior to acetic acid
treatment only (20). Despite the high prevalence of otitis
externa in Iran, there is no specific treatment protocol for
the patients with mixed bacterial-fungal infections.
Thus combination therapy in mixed infective otitis ex-
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terna may be better than only antimicrobial or antifungal
treatment. Ceftazidime, a third generation cephalosporin,
has more affinity for receptors and makes them as a poor
substrate for some β -lactamases. Its modified structure
significantly enhanced its potency against Pseudomonas
species (21). It was thought that local application of ceftazidime in combination with miconazole may have better
clinical efficacy in mixed infective otitis externa.

2. Objectives
The current study aimed at comparing the efficacy of
ceftazidime and miconazole versus miconazole alone to
treat mixed otitis externa in an Iranian population.

3. Methods
3.1. Ethics Statement
The current clinical trial was registered in the Iranian
Registry of Clinical Trials (Reg. No. IRCT2013102713136N2)
(www.irct.ir). Furthermore, the Ethics Committee of Babol
University of Medical Sciences, Babol, Iran, approved the
design and protocol of the study (code No. 3810). Patients’
names and personal information, illnesses and medical information were kept confidential.
3.2. Study Design and Patients
The current randomized controlled clinical trial was
conducted to compare the efficacy of ceftazidime and
miconazole versus miconazole alone to treat mixed otitis externa. Patients attending Ayatollah Rouhani teaching Hospital in Babol from 2015 to 2016 were recruited.
The inclusion criteria were clinical manifestations such as
discharges, itching, pain, and swelling compatible with
mixed otitis externa. The exclusion criteria were chronic
otitis media and also isolation of bacteria or fungi from
culture. Patients who were immunocompromised were
also excluded. The predisposing factors were ear manipulation, poor hygiene, long-term application of broadspectrum antibiotics, and steroids therapy. The patients’
demographic features, clinical manifestations, type of
therapeutic regimen, and outcomes were recorded. Informed consent was obtained from all the participants. All
data in the questionnaires were stored in a safe place and
used only for the current study.
3.3. Sample Size
The required sample size was estimated 72 cases based
on 10% dropouts due to miconazole regimen failure and 1%
dropout due to failure with the ceftazidime and miconazole regimen.
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3.4. Diagnosis of Mixed Otitis Externa
The diagnosis of mixed otitis externa was based on the
presence of pain, swelling, itching, and otorrhea. The diagnosis of mixed ear infection was based on clinical findings, physician observation, and microbiological tests including direct examinations and culture. Therefore, it is
recommended that both organisms should be considered
in the treatment protocol of otitis externa.
3.5. Treatment
The ear canal was cleaned with 2% hydrogen peroxide
and dried using a swab. It was then flushed with 2% boric
alcohol (98% ethanol and 2% boric acid). The patients were
randomly divided into two groups. The patients in group
one (n = 34) received 100 mg of topical miconazole (intervention/case group) administered using a sterile catheter,
and 100 mg ceftazidime powder via insufflation. The patients in group two (control, n = 38) received 100 mg of
topical miconazole (control group). Both groups received
a single dose of these drugs (22). All the patients were reassessed on the 14th post-treatment day to evaluate clinical
signs and symptoms of mixed otitis externa.
3.6. Statistical Analysis
All data were analyzed with SPSS version 18.0. The categorical variables were compared using a t-test, and the
qualitative variables were compared via a Chi-squared test.
The selected α and β errors were 0.05 and 0.20, respectively. To compare the efficacy of both regimens, an analysis of variance test was conducted. A value of P < 0.05 was
considered statistically significant.

4. Results
4.1. Demographical and Clinical Findings
In total, 72 patients were enrolled in the current study
(case group, n = 34; control group, n = 38). The mean age
of the patients in the case and control groups was 42.79 ±
19.89 and 45.55 ± 19.05 years, respectively (P = 0.55). The
epidemiological features and clinical manifestations of all
the patients are shown in Table 1. Prior to the treatment,
the clinical manifestations of the two groups were similar.
Post-treatment, itching, and hearing loss were improved in
the case group (P = 0.005 and P = 0.022). All the clinical
signs and symptoms were resolved in 23 (67.6%) patients in
the case group as compared with 11 (28.9%) patients in the
control group (P = 0.001). Table 2 provides details on the
treatment outcomes of the two groups.
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Table 1. The Demographic and Clinical Characteristics of the Study Groupsa
Case Group, N = 34b

Control Group, N = 38c

Male

18 (52.94)

14 (36.84)

Female

16 (47.06)

24 (63.16)

Urban

24 (70.59)

24 (63.16)

Rural

10 (29.41)

14 (36.84)

Variable

P Value
0.17

Gender

0.5

Residence

Sign and symptom
Pain

a
b
c

24 (70.59)

19 (50)

Itching

34 (100)

38 (100)

0.075
-

Discharge

31 (91.18)

29 (76.32)

0.091

Hearing loss

31 (91.18)

36 (94.74)

0.55

Swelling

31 (91.18)

26 (68.42)

0.18

Values are expressed as No. (%).
Ceftazidime powder and topical miconazole.
Topical miconazole.

Table 2. Outcome of Treatments in the Study Groupsa
Case Groupb

Control Groupc

Pain

21 (61.76)

14 (36.84)

0.24

Itching

22 (64.71)

10 (26.32)

0.005

Discharge

28 (82.35)

27 (71.05)

0.37

Hearing loss

26 (76.47)

21 (55.26)

0.022

Swelling

21 (61.76)

16 (42.11)

0.2

Variable

P Value

a

Values are expressed as No. (%).
b
Ceftazidime powder and topical miconazole.
c
Topical miconazole.

4.2. Laboratory Findings
Direct examination showed that Gram-positive cocci
were the most common bacterial agents in both groups,
followed by Gram-positive and Gram-negative bacilli in
the case group and diphtheroids and Gram-positive bacilli
in the control group. True mycelium (55.88%) and pseudomycelium, with or without yeast cells (44.12%), were
observed in the case group. In the control group, true
mycelium and pseudomycelium were detected in 63.16%
and 36.84% of patients, respectively. Staphylococcus epidermidis, Pseudomonas spp., and diphtheroids were the most
common bacterial causative agents in both groups, according to microbiological analyses (Table 3). Aspergillus
spp., particularly A. niger, and Candida spp. were the commonest fungi isolated from cultures in both groups (Table
4).
5. Discussion
At present, due to the absence of a specific protocol for
mixed otitis externa, the treatment depends on the experience of each clinician and medical resources (23). PreviJundishapur J Microbiol. 2018; 11(11):e79887.

ous studies revealed that post-treatment recurrences may
be related to the antibiotics used to treat otitis externa (24,
25). The current study results showed that a regimen containing both an antimicrobial and antifungal agent was
preferable to a fungal agent alone. The results of the current study were consistent with those of other studies (26,
27). A previous study reported that Triadcortyl® (TAC) combination with three antibiotic agents (neomycin, gramicidin, and nystatin) was more effective than glycerineichthammol (GI) solution alone to relief pain in patients
with severe acute otitis externa (i e, cases with approximately six months of otitis externa symptoms manifestation) (18).
However in the current study, the average duration of
otitis externa was seven months. Previous studies reported
that patients with long-term antibacterial therapy are predisposed to the fungal colonization of external ear and
concluded that the initial regimen should consist of antifungal therapy (11, 26). The current study employed a combination of antibacterial and antifungal agents concurrently and found a high curative rate. Specifically, symptoms of mixed otitis externa were resolved in 67% of pa3
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Table 3. Bacterial Species Isolated From the Mixed Otitis Externaa
Case Groupb

Bacterial Species
Staphylococcus epidermidis
Pseudomonas luteola

Control Groupc

Total

11 (32.36)

19 (50)

30 (41.66)

0

1 (2.63)

1 (1.39)

Pseudomonas aeruginosa

6 (17.65)

5 (13.16)

11 (15.27)

Diphtheroids agents

5 (14.71)

4 (10.53)

9 (12.5)

Staphylococcus aurous

2 (5.88)

3 (7.9)

5 (6.94)

Klebsiella pneumonia

2 (5.88)

0

2 (2.78)

0

2 (5.26)

2 (2.78)

Micrococcus spp.
Acinetobacter baumannii

2 (5.88)

0

2 (2.78)

Gram-negative bacilli (oxidase positive)

2 (5.88)

0

2 (2.78)

0

1 (2.63)

1 (1.39)

Enterobacter kloake

1 (2.94)

1 (2.63)

2 (2.78)

Gram positive bacilli (coagulase negative)

1 (2.94)

1 (2.63)

2 (2.78)

Escherichia coli

1 (2.94)

0

1 (1.39)

Citrobacter kosery

1 (2.94)

0

1 (1.39)

Enterobacter sakazaki

Proteus mirabilis
Total
a
b
c

0

1 (2.63)

1 (1.39)

34 (100)

38 (100)

72 (100)

Values are expressed as No. (%).
Ceftazidime powder and topical miconazole.
Topical miconazole.

Table 4. Fungal Species Isolated from Patients With Mixed Otitis Externaa
Case Groupb

Control Groupc

Total

Aspergillus niger

9 (26.48)

7 (18.42)

16 (22.22)

Fungal Species

Aspergillus flavus

2 (5.88)

0

2 (2.78)

Aspergillus fumigatus

3 (8.82)

2 (5.26)

5 (6.94)

Aspergillus sp.

3 (8.82)

11 (28.95)

14 (19.44)

0

1 (2.63)

1 (1.39)

3 (8.82)

3 (7.9)

6 (8.34)

Candida sp.

14 (41.18)

14 (36.84)

28 (38.89)

Total

34 (100)

38 (100)

72 (100)

Mucor sp.
Penicillium sp.

a

Values are expressed as No. (%).
b
Ceftazidime powder and topical miconazole.
c
Topical miconazole.

tients treated with combination therapy versus 29% of patients receiving the single therapy. The curative rate was
better than that of reported by Abelardo et al., following the administration of antibiotics and steroids for two
weeks (2).

most cases, both of which are commensal bacteria. The
causative agents isolated in the current study were consistent with those of the earlier works (24, 28, 29). In the
current study, itching and hearing loss in the external ear
canal revolved following combination therapy.

Balen et al., administered single and combination regimens (steroid therapy alone, steroid plus acetic acid, and
steroid plus antibiotic) in cases with otitis externa and reported a 40% cure rate seven days post-treatment with the
combination regimens (20). The superior outcomes obtained in the current study may be due to the presence of
S. epidermidis and P. aeruginosa as the causative agents in

In contrast, in a study conducted in the US, Rosenfeld
et al., reported that these symptoms had the same pain improvement following single therapy with a steroid and antimicrobial/steroid combinations (17). The difference may
be due to the milder form of otitis externa in the patients
in the US study. Mosges et al., reported the resolution of
ear canal swelling in 61% of cases of otitis externa following
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antibiotic and steroid therapy for 10 days (30). The current
study achieved a higher response rate using a single dose
of ceftazidime powder and topical miconazole in comparison with the control group. However, Mosges et al., reported a higher rate of pain relief (90%) (30), as compared
with (61.76%) the current study. It is thought this finding
is related to antimicrobial activity of ceftazidime and also
the physical effect of its powder; thus, it is proposed that
this effect be evaluated with inert powder and the results
be compared with non-powder form of the antibiotic. Also,
the penetration of antibiotics such as ceftazidime should
be measured.
5.1. Conclusions
The current study results showed that hearing loss and
itching were resolved in more patients treated with ceftazidime powder and topical miconazole than the patients
treated with miconazole only. Overall, the efficacy of ceftazidime powder and topical miconazole was better than
that of miconazole alone to treat mixed otitis externa.
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