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Abstract
Background  Otitis media is among the leading causes of illnesses responsible for causing hearing problems and 
adding significant costs to the public health system. Bacteria are the most common causative agents for otitis media. 
Currently, there is little information on the prevalence and antimicrobial susceptibility patterns of pathogenic bacterial 
isolates from patients with otitis media in Ethiopia.

Methodology  A laboratory – based cross-sectional study was conducted from June to September 2023 among 
242 patients with otitis media referred to Nekemte Public Health Research and Referral Laboratory Center. 
Sociodemographic and clinical data were obtained by trained nurses and/or health officers in face-to-face 
interviews using structured questionnaires. Middle ear discharge samples were collected by Ear, Nose and Throat 
(ENT) specialists (Otolaryngologist) following all aseptic techniques. Conventional culture, different biochemical 
tests and antimicrobial susceptibility testing were performed for all the isolated bacteria. Reference strains were 
used as a positive and negative controls. The data were checked for completeness and consistency, entered into 
EpiData version 4.6.06 and analyzed by SPSS version 25. Logistic regression analysis was performed to determine 
the associated factors of otitis media. Adjusted odds ratio was used to determine strength of association. Statistical 
significance was obtained at p-value of below 0.05. The data were interpreted using graphs, tables, and results 
statements.

Results  A total of 242 middle ear discharge samples were collected and cultured from which 212 (87.6%) were 
culture positive. A total of 228 pathogenic bacterial isolates were recovered. The predominant bacterial isolates were 
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Background
Otitis media (OM) is a common inflammatory illness 
that can affect people of all ages and results in temporary 
or permanent hearing loss due to fluid effusion or patho-
logical alterations in the tympanic membrane of the mid-
dle ear [1]. The spectrum of illnesses associated with OM 
ranges from acute to chronic and is clinically indicated by 
the presence of fluid accumulation in the middle ear that 
can cause temporary hearing loss [2].

Basically, OM is classified as acute, otitis media with 
effusion (OME), chronic (COM) and chronic suppura-
tive (CSOM) based on duration, presence of infection 
and fluid type. Acute otitis media (AOM) is middle ear 
inflammation characterized by fluid accumulation with 
symptoms of otalgia, irritability, or fever lasting for two 
weeks. Chronic otitis media is long-term inflammation of 
the middle ear, which can include a variety of conditions 
characterized by recurring or persistent ear infections 
and inflammation. In OME, glue-like fluid is found in 
the middle ear behind an intact tympanic membrane and 
there is no signs and symptoms of an acute infection. In 
addition, persistent, chronic infection with ear discharge 
through a perforated tympanic membrane for more than 
six weeks is the characteristics of CSOM [3–5].

Chronic otitis media (COM) is further typed as muco-
sal and squamous diseases. In mucosal COM, pars tensa 
(eardrum) is permanently perforated. This is most likely 
the result of either recurrent acute otitis media in con-
junction with or in isolation from chronic Eustachian 
tube dysfunction. On the other hand, chronic squamosal 
otitis media is distinguished by the existence of a retrac-
tion pocket in the tympanic membrane’s pars flaccida 
(flaccid portion of tympanic membrane. This condition 
involves the prolonged presence of squamous epithelium 
in the middle ear and is associated with infection, inflam-
mation, and potentially destructive changes in the ear 
structures [6, 7].

Young children are more vulnerable to OM than adults. 
Globally, over 80% of children aged below 3 years were 
affected by OM. Otitis media is primarily the cause of 
frequent antibiotic use and impaired quality of life among 
children. They place a heavy financial and social strain on 

families as well as the healthcare system. Approximately 
21,000 deaths are attributed to complications from OM, 
and the combined yearly incidence of AOM and CSOM 
is estimated to be 740  million worldwide [8]. The peak 
prevalence of OM among children is mainly attributed 
to immature immune status, the anatomy of the Eusta-
chian tube (shorter and horizontal), frequent exposure to 
URTIs and malnutrition [9, 10].

Otitis media is increasingly prevalent in Sub-Saharan 
Africa and other developing nations including Ethiopia. 
Due to limited microbiological laboratories, Sub-Saharan 
African nations rely solely on clinical data for therapy 
which could be responsible for more complicated OM 
[11]. Bacteria are the most common agents for OM. The 
most predominant pathogenic bacteria isolated from 
AOM included M. catarrhalis, S. pneumoniae and H. 
influenzae. Chronic suppurative otitis media (CSOM) is 
a permanent tympanic membrane rupture that causes 
recurring or persistent otorrhea over the course of two to 
three weeks and long-lasting middle ear inflammation. P. 
aeruginosa, Klebsiella species, Proteus species, S. aureus 
and E. coli are the predominant bacteria isolated from 
patients with CSOM [12].

The extensive application of antibiotics to treat OM has 
led to the growth of resistant bacteria, including strains 
that are resistant to many drugs [13]. Several studies have 
reported considerable resistance rates of bacteria isolated 
from middle ear. To ensure the best possible care and 
fight antibiotic resistance, it is essential to continuously 
and periodically evaluate the microbiological profile and 
antimicrobial susceptibility [14, 15].

In Ethiopia, few studies have investigated bacterio-
logical profiles and antimicrobial susceptibility patterns 
of the middle ear discharge. The number of antibiotic-
resistant bacteria is alarming and becoming a major 
public health problem in the management of patients 
with middle ear infection [16–18]. There are no data 
on the prevalence and antimicrobial susceptibility pat-
terns of bacterial pathogens from middle ear infections 
in referred health facilities. This on the other hand might 
indicate that clinicians base their treatment on empirical 
evidence. Knowing the local antibiogram is important for 

S. aureus 92 (40.4%) followed by P. aeruginosa 33 (14.5%) and E. coli 24 (10.5%). One hundred and fifty-one (66.2%) 
bacterial pathogens were multidrug resistant. Piperacillin-tazobactam and tobramycin were relatively common drugs 
to which most of the isolates were susceptible while they were most resistant to ampicillin and tetracycline. Purulent 
discharge (p-value = 0.001), middle ear discharge ≥ 14 days (P-value = 0.000) and a history of active/passive smoking 
(P-value = 0.043) were significantly associated with otitis media.

Conclusion  The prevalence of bacterial pathogens, most of which were multidrug-resistant, was high among 
patients with otitis media. A significant association was observed with purulent ear discharge, chronic otitis media, 
and passive or active smoking. Choosing the proper antibiotic for the treatment of bacterial infection is crucial.
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cost-effective and appropriate treatment of otitis media 
and helps prevent complications that may arise due to 
the lack of treatment or improper treatment. Thus, the 
aim of this study was to acquire data on bacterial patho-
gens responsible for otitis media and their antibacterial 
susceptibility patterns among patients with otitis media 
referred to the Nekemte Public Health Research and 
Referral Laboratory Center for culture tests.

Methods
Study area, period and design
This study was conducted at Nekemte Public Health 
Research and Referral Laboratory Center among referred 
patients with otitis media from nearby health facilities 
from June to September 2023. A laboratory-based cross-
sectional study was conducted in 242 patients with otitis 
media.

Study participants and sampling technique
Patients with middle ear discharge accompanied by lab-
oratory-appropriate request form, those who were not 
receiving antibiotic and those who had evidence of dis-
charging ears were included in the study. Participants 
were selected through convenience sampling. Middle ear 
discharges were collected ant transported to microbiol-
ogy laboratory.

Data collection, sample processing and laboratory analysis
Sociodemographic and clinical data were collected 
in face-to-face interviews from study participants by 
nurses/health officers using structured questionnaires. 
Middle ear discharges were collected by ENT special-
ists. The collected discharge samples were inoculated on 
blood agar, chocolate agar and MacConkey agar follow-
ing standard bacteriological techniques. Bacterial patho-
gens from positive culture results were identified by their 
characteristic appearance on the respective media, gram-
staining reaction and pattern of biochemical profiles 
using standard procedures.

The antibiotic susceptibility all the isolated bacte-
rial pathogens was tested via Kirby-Bauer disc diffusion 
method. Inocula were prepared by transferring 3–5 col-
onies from pure culture into 5  ml of normal saline and 
mixing thoroughly to make a homogenous suspension 
equivalent to the 0.5 McFarland standard. Using a ster-
ile cotton swab, the bacterial suspension was distributed 
evenly over the entire surface of MHA (HIMEDIA, India) 
and left at room temperature for 15 min. The plates were 
then incubated at 37 °C for 16–18 h and observed for the 
zones of inhibition. The growth inhibition zone was mea-
sured by a ruler, and results were interpreted as whether 
the organism was sensitive, intermediate or resistant to 
the antimicrobial agents by comparison with standard 

guidelines based on the Clinical and Laboratory Stan-
dards Institute (CLSI, 2023) [19].

Data quality assurance
Different methods were used for assuring data quality. A 
standard and structured questionnaire prepared in Eng-
lish was used. The questionnaire was then translated to 
the local language (Afan Oromo) for data collection and 
then re-translated back into English for analysis. One day 
of training was given to the data collectors and super-
visors on the data collection tool and procedures. To 
ensure validity, 5% of the questionnaire was pretested. 
The findings from the pretesting were utilized for modi-
fying and adjusting of the instrument and interviewing 
technique. The data collectors were supervised closely 
by the supervisors and the principal investigator. The 
completeness of each questionnaire was checked daily by 
the principal investigator and the supervisors. To ensure 
consistency, coding, double entry and cleaning were per-
formed. The entire data collection process was guided by 
the principal investigator.

The specimen containers were properly labeled with 
patient identifier, codes, collector initial and collec-
tion date and time. Then, the collected specimens were 
immediately transported to the clinical microbiology 
laboratory for processing according to existing SOPs. 
All patient information was checked for clarity and com-
pleteness. Media and all relevant reagents were carefully 
inspected and checked for expiration dates prior to use. 
The sterility of the prepared culture media was checked 
by incubating 5% of the batch at 35–37 °C overnight and 
evaluating it for possible contamination.

Trained laboratory experts performed the tests. All 
testing procedures were performed depending on the 
existing SOPs of the clinical microbiology laboratory. S. 
aureus (ATCC 25923) was used for checking the func-
tionality of blood agar and chocolate agar, and E. coli 
(ATCC 25922) and P. aeruginosa (ATCC 27853) were 
used for MacConkey and biochemical tests. The perfor-
mance of MHA was also checked by S. aureus (ATCC 
25923), E. coli (ATCC 25922) and P. aeruginosa (ATCC 
27853).

Antimicrobial susceptibility testing
Antimicrobial susceptibility tests were performed using 
the Kirby–Bauer disk diffusion method. Antibiotic discs 
were selected based on the prescription pattern in the 
study area and recommendations from the Clinical Labo-
ratory Standards Institute (CLSI, 2023). The grades of the 
susceptibility profile were read as sensitive (S), interme-
diate (I), or resistant (R) by comparison of the zone of 
inhibition with clinical and laboratory standards insti-
tute guidelines 33rd edition [19]. The following antibiotic 
disks were used for susceptibility testing: Ceftriaxone 
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(30  µg), Cefoxitin (30  µg), Ceftazidime (30  µg), Penicil-
lin G (10 µg), Ampicillin (10 µg), Amoxicillin-clavulanate 
(20/10µg), Piperacillin-tazobactam (100/10 µg), Merope-
nem (10  µg), Gentamicin (10  µg), Tobramycin (10  µg), 
Ciprofloxacin (5 µg), Azithromycin (15 µg), Clindamycin 
(30 µg), Vancomycin (30 µg), Tetracycline (30 µg), Chlor-
amphenicol (30 µg) and Trimethoprim sulfamethoxazole 
(1.25/23.75).

Statistical analysis
The collected data were coded, entered into Epi-data ver-
sion 4.6.0.6 software and then cleaned. From this soft-
ware, they were exported to SPSS version 25 for analysis. 
Descriptive statistics were calculated to describe relevant 
variables. The data were presented in words, figures, 
and tables. Binary logistic regression analysis was used 
to select candidate variables for multivariable logistic 
regression analysis. Variables with P-values < 0.25 were 
candidates for multivariate analysis. The adjusted odds 
ratio (AOR) was used to determine the strength of the 
association. A P-value < 0.05 was considered to indicate 
statistical significance.

Results
Characteristics of the study participants
A total of 242 middle ear discharge samples were col-
lected from the study participants and analyzed. Males 
and females accounted for 129 (53.3%) and 113 (46.7%) of 
the participants, respectively. The age of the participants 
ranged from 1 to 65 years, with mean and median ages 
of 17.1 and 14.0 years, respectively. Ninety-one (37.6%) of 
them were aged less than five years, while 73 (30.2%) were 
aged 25 years and older. One hundred sixty-five (68.2%) 
and 77 (31.8%) of the participants were from urban and 
rural areas, respectively (Table 1).

Prevalence of bacterial pathogens
Two hundred twelve middle ear discharge samples were 
positive for culture resulting in an overall 87.6% preva-
lence of bacterial isolates. Among cultured middle ear 
discharges, 196 (92.5%) yielded double growth while 16 

(7.5%) showed single (mono) growth. A total of 228 bac-
terial pathogens were recovered from positive cultures 
constituting (107, 46.9%) Gram-positive and (121, 53.1%) 
Gram-negative bacteria. From the total bacterial isolates, 
S. aureus (92, 40.4%) and P. aeruginosa (33, 14.5%) were 
the predominant bacterial species followed by E. coli (24, 
10.5%) and K. pneumoniae (16, 7.0%) (Table 2).

Antimicrobial susceptibility testing
Antimicrobial susceptibility testing was performed 
for both Gram-positive (n = 107) and Gram-negative 
(n = 121) bacterial pathogens isolated from the study 
participants. The predominant Gram-positive isolate, S. 
aureus showed the highest level of resistance to penicillin 
(86, 93.5%) followed by cefoxitin (81, 88.0%) but gentami-
cin (72, 78.3%) and clindamycin (74, 80.4%), the two anti-
biotics to which S. aureus is susceptible. It was found that 
81 (88.0%) of the S. aureus isolates were MRSA (Table 3).

Twenty-three (95.8%), 32 (97%), 16 (100%), and 12 
(92.3%) E. coli, P. aeruginosa, K. pneumoniae, and Provi-
dencia species, respectively, demonstrated susceptibility 
to piperacillin-tazobactam. Nine (27.3%) P. aeruginosa 
strains exhibited resistance to meropenem. The majority 
of 22 (91.7%) of E. coli isolates were resistant to ampicil-
lin (Table 4).

Multidrug resistance
The overall prevalence of MDR bacteria in this study was 
151 (66.2%). Among the Gram-positive and Gram-neg-
ative isolates, 91 (39.9%) and 60 (26.3%) were multidrug 
resistant, respectively. The predominant bacterial iso-
lates were S. aureus (82, 54.3%), E. coli (20, 13.2%) and K. 
pneumoniae (11, 7.3%) (Table 5).

Table 1  Age, sex and residence distribution of patients with 
otitis media referred to Nekemte Public Health Research and 
Referral Laboratory Center, Nekemte, June-September 2023
Variable Frequency Percentage
Age < 5 91 37.6

5–14 34 14.0
15–24 44 18.2
≥ 25 73 30.2

Sex Male 129 53.3
Female 113 46.7

Residence Urban 165 68.2
Rural 77 31.8

Table 2  Bacterial etiologic agents among patients with otitis 
media referred to Nekemte Public Health Research and Referral 
Laboratory Center, Nekemte, Ethiopia, June-September 2023
Bacterial isolates Frequency Percentage
Gram – positive S. aureus 92 40.4

CONS 10 4.4
S. pneumoniae 4 1.8
Enterococcus spp. 1 0.4

Gram – negative E. coli 24 10.5
P. aeruginosa 33 14.5
K. pneumonia 16 7.0
Providencia spp. 13 5.7
P. mirabilis 11 4.8
P. vulgaris 11 4.8
Acinetobacter spp. 6 2.6
Citrobacter spp. 4 1.8
K. oxytoca 3 1.3

Total 228 100
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Possible risk factors for otitis media
Both bivariate and multivariate logistic regression analy-
ses were performed to assess the possible risk factors for 
middle ear infection. Statistical significance was obtained 
for purulent middle ear discharge, duration of middle ear 
discharge ≥ 14 days and history of active/passive smok-
ing. Study participants with purulent middle ear dis-
charge were approximately six times more likely to have 
positive cultures for bacterial pathogens responsible for 
causing otitis media [AOR = 6.534 (95% CI: 2.112–20.208; 
p-value = 0.001)]. On the other hand, participants who 
experienced otorrhea of ≥ 14 days are approximately 
seven times more likely to have positive cultures than 
were those who experienced otorrhea of < 14 days [7.628 
(95% CI = 3.135–18.558; p-value = 0.000)]. Those who had 
an active or passive smoking history were approximately 
eight times more likely to develop otitis media than to 
those without a history of active or passive smoking 
[8.817 (95% CI = 1.072–72.534; p-value = 0.043)] (Table 6).

Discussion
Otitis media is a major reason people seek medical atten-
tion globally, and its complications play a significant role 
in the development of preventable hearing loss, particu-
larly in developing nations [20]. According to the present 
study OM was found to be a common health problem at 
all ages. According to the present study, OM was found 
a common health problem in all ages. However, a peak 
prevalence of 31.0% was observed among children under 
five years of age, which was similar to that reported in 
other studies in Ethiopia (28.1%) [21], higher than that 
reported in India (14.9%) [22] but lower than that study 
performed in Yemen (66.7%) [23]. This prevalence of OM 
in children is mainly attributed to immature immune sta-
tus, the anatomy of the Eustachian tube (shorter and hor-
izontal), frequent exposure to URTIs and malnutrition.

Gender-wise analysis of this study showed that males 
were more affected than females were. This finding, 
with male predominance, is in agreement with a study 
performed in Wollo, Ethiopia (50.4%) [16] and Pakistan 
(43.9%) [24] but lower than a study performed in India 
(56.7%) [25]. In contrast, other studies in Iran (57.8%) 
and Iraq (60.0%) [26, 27] showed that females were more 
affected by otitis media than males were. The differences 
in male and female predominance may be attributed to 
the nature of the sampling technique.

This study also provides insight into the prevalence of 
otitis media with respect to the residential location of 
study participants. The prevalence of otitis media among 
study participants from urban areas was 58.3%. This find-
ing agrees with a study performed in Mekele, Ethiopia 
(52.0%) [28] but is lower than that in a study performed 
in Gondar, Ethiopia (76.5%) [29]. However, the present 
study disagrees with a study performed in China [30] in 
which 85.9% of rural areas were positive for OM. These 
disparities may come from the involvement of study par-
ticipants from urban areas due to increased health seek-
ing-behavior, proximity to health facilities and culture 
diagnostic services in the study areas.

In the present study, the overall middle ear discharge 
culture positivity rate was 87.6% (95% CI = 82.8–91.5). 
This finding is similar to that of study performed in 
Dessie, Ethiopia, which reported 89.4% [31] but it was 
higher than that of studies done in Gondar (76.7%) and 
Bahir Dar (80.4%) [17, 32]. In contrast, the current cul-
ture positivity rate was lower than that studies performed 
in Ghana (97%) and India (95.7%) [33, 34], which may be 
related to variations in the availability of isolation and 
identification media. This may be correlated with the 
fact that availability of relevant media and other supplies 
maximizes the frequency of culture positivity in middle 
ear discharge.

Table 3  Antimicrobial resistance patterns of Gram-positive bacterial isolates from patients with otitis media referred to Nekemte 
Public Health Research and Referral Laboratory Center, Nekemte, Ethiopia, June- September 2023
Antibiotics tested Number of resistant bacteria [n (%)]

S. aureus CONS S. pneumoniae Enterococcusspp. Total
92 10 4 1 107

Ampicillin NT NT NT 0 (0.0) 0 (0.0)
Azithromycin 41 (44.6) 7 (70.0) 0 (0.0) NT 48 (44.9)
Cefoxitin 81 (88.0) 8 (80.0) NT NT 89 (83.2)
Chloramphenicol 29 (31.5) 5 (50.0) NT 0 (0.0) 34 (31.8)
Ciprofloxacin 41 (44.6) 3 (30.0) NT NT 44 (41.1)
Clindamycin 17 (18.5) 3 (30.0) 0 (0.0) NT 20 (18.7)
Cotrimoxazole 47 (51.1) 8 (80.0) 0 (0.0) NT 55 (51.4)
Gentamicin 17 (18.5) 0 (0.0) NT NT 17 (15.9)
Penicillin 86 (93.5) 8 (80.0) NT 0 (0.0) 94 (87.9)
Tetracycline 71 (77.2) 9 (90.0) 2 (50.0) NT 82 (76.7)
CONS – coagulase negative staphylococci, NT – not tested
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A total of 228 bacterial isolates were identified. Analysis 
of the Gram reactions of the isolates revealed that 53.1% 
[95% CI (46.6–59.5)] and 46.9% [95% CI (40.5–53.4%)] 
were Gram-negative and Gram-positive bacterial patho-
gens, respectively. Another study in Ethiopia reported 
56.0% Gram-negative bacteria as the predominant spe-
cies isolated from middle ear discharge, which was con-
sistent with the results of the present study [28]. Reports 

from Somalia, Nigeria and Malaysia agree with the pre-
dominance of Gram-negative bacteria, with higher fre-
quencies of 77.3%, 71.6% and 75.3%, respectively [35–37]. 
The reason for the higher prevalence could be the chronic 
nature of infection, where Gram-negative bacteria from 
external sources gain access to the auditory canal and 
eventually become predominant.

Table 5  Multidrug resistance patterns of Gram-positive and Gram-negative bacterial isolates from patients with otitis media referred 
to Nekemte Public Health Research and Referral Laboratory Center, Nekemte, Ethiopia, June-September 2023
Bacteria isolates Antimicrobial susceptibility test results, No (%) Total MDR

R0 R1 R2 ≥R3
Gram-positive isolates
S. aureus (n = 92) 0 (0.0) 5 (5.4) 5 (5.4) 82 (89.1) 82 (76.6)
CONS (n = 10) 0 (0.0) 1 (10.0) 0 (0.0) 9 (90.0) 9 (8.4)
S. pneumoniae (n = 4) 3 (75) 1 (25.0) 0 (0.0) 0 (0.0) 0 (0.0)
Enterococcus spp. (n = 1) 1 (100) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
Total (n = 107) 4 (3.7) 7 (6.5) 5 (4.7) 91 (85.1) 91 (85.1)
Gram-negative isolates
P. aeruginosa (n = 33) 6 (18.2) 11 (33.3) 11 (33.3) 5 (15.2) 5 (4.1)
E. coli (n = 24) 0 (0.0) 2 (8.3) 2 (8.3) 20 (83.3) 20 (16.5)
K. pneumoniae (n = 16) 1 (6.3) 0 (0.0) 4 (25.0) 11 (68.8) 11 (9.1)
Providencia spp. (n = 13) 2 (15.4) 2 (15.4) 2 (15.4) 7 (53.8) 7 (5.8)
P. mirabilis (n = 11) 0 (0.0) 0 (0.0) 3 (27.3) 8 (72.7) 8 (6.6)
P. vulgaris (n = 11) 1 (9.1) 1 (9.1) 3 (27.3) 6 (54.5) 6 (5.0)
Acinetobacter spp. (n = 6) 1 (16.7) 1 (16.7) 2 (33.3) 2 (33.3) 2 (1.7)
Citrobacter spp. (n = 4) 4 (100) 0 (0.0) 0 (0.0) 0 (0.0) 0 (0.0)
K. oxytoca (n = 3) 1 (33.3) 1 (33.3) 0 (0.0) 1 (33.3) 1 (0.8)
Total (n = 121) 16 (13.2) 18 (14.9) 27 (22.3) 60 (49.6) 60 (49.6)
R0 - ≥R3 refers to the number of pathogenic bacterial isolates resistant to 0 - ≥3 different antibiotics

Table 6  Multivariate analyses to identify associated factors among study participants with otitis media referred to Nekemte Public 
Health Research and Referral Laboratory Center, Nekemte, June – September 2023
Variables Culture Result, No (%) COR (95% CI) AOR (95% CI) P-value

Positive Negative
Age group < 5 75 (31.0) 16 (6.6) 0.272 (0.087–0.853) 0.436 (0.116–1.641) 0.220

5–14 28 (11.6) 6 (2.5) 0.271 (0.071–1.032) 0.524 (0.112–2.455) 0.412
15–24 40 (16.5) 4 (1.7) 0.580 (0.137–2.446) 0.672 (0.132–3.408) 0.631
≥ 25 69 (28.5) 4 (1.7) Reference Reference

Residence Rural 71 (29.3) 6 (2.5) 2.014 (0.788–5.151) 0.923 (0.305–2.791) 0.880
Urban 141 (58.3) 24 (9.9) Reference Reference

Ear involved Right 114 (47.1) 20 (8.3) Reference Reference
Left 98 (40.5) 10 (4.1) 1.719 (0.768–3.848) 1.219 (0.470–3.162) 0.683

Appearance of middle ear discharge Bloody 17 (7.0) 9 (3.7) Reference Reference
Purulent 157 (64.9) 10 (4.1) 8.312 (2.967–23.288) 6.534 (2.112–20.208) 0.001*
Mucoid 38 (15.7) 11 (4.5) 1.829 (0.640–5.228) 1.398 (0.427–4.580) 0.580

Duration of middle ear discharge < 14 days 34 (14.0) 18 (7.4) Reference Reference
≥ 14 days 178 (73.6) 12 (5.0) 7.853 (3.468–17.783) 7.628 (3.135–18.558) 0.000*

History of smoking No 164 (67.8) 29 (12.0) Reference Reference
Yes 48 (19.8) 1 (0.4) 8.488 (1.127–63.936) 8.817 (1.072–72.534) 0.043*

Treatment history for otitis media No 122 (50.4) 21 (8.7) Reference Reference
Yes 90 (37.2) 9 (3.7) 1.721 (0.753–3.936) 0.895 (0.354–2.736) 0.976

*Associated factors for otitis media

CI = Confidence interval, COR = Crude odds ratio, AOR = Adjusted odds ratio
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The predominant bacterial isolates in this study were 
S. aureus (40.5%) and P. aeruginosa (14.5%) which was 
similar to the findings of studies in Ethiopia [38], Paki-
stan [39] and China [40] but inconsistent with the find-
ings of other studies in Ethiopia [16], India [41] and 
Turkey [42]. In addition, the isolation rates of Coagulase 
negative staphylococci, S. pneumoniae and Enterococcus 
species were 4.4%, 1.8% and 0.4%, respectively. At least 
one of these bacterial isolates has also been reported in 
other studies [28, 29, 32, 43–45]. This study revealed that 
Gram-negative bacterial isolates included E. coli (19.8%), 
K. pneumoniae (13.2%), Providencia species (10.7%), P. 
mirabilis (9.1%), P. vulgaris (9.1%), Acinetobacter species 
(5.0%), Citrobacter species (3.3%) and K. oxytoca (2.5%). 
Other studies from Ethiopia and other countries have 
also reported these bacteria at varying frequencies [11, 
16, 21, 29, 36, 46]. Variations in climate and geography 
are possible reasons for the differences in the distribution 
of bacterial isolates [32].

In the present study, 93.5% of the S. aureus isolates 
resistant to penicillin whereas clindamycin and genta-
micin were the two drugs to which 80.4% and 78.3% of 
isolates were susceptible, respectively. This finding is in 
agreement with other studies [32, 35]. On the other hand, 
P. aeruginosa demonstrated susceptibility patterns rang-
ing from 33.3 to 97% with piperacillin-tazobactam being 
the most effective antibiotic. Studies from other parts of 
Ethiopia used different antibiotics and reported varying 
susceptibility patterns [28, 38]. Studies from other parts 
of the world tested different antibiotics with varying sus-
ceptibility patterns [33, 39, 47] with one of the studies 
[33] that tested piperacillin-tazobactam, ciprofloxacin 
and ceftazidime, which were also tested in this study. The 
use of different antibiotics in different studies is attrib-
uted to the occasional emergence of resistant strains 
from time to time, the availability of proposed antibiotics 
and local prescribing practices.

The overall MDR rate in this study was 66.2% [95% CI 
(59.7–72.3%)]. This finding is similar to those of stud-
ies performed in Ethiopia, which reported MDR rates 
of 67.0% [18] and 61.5% [48], but lower than those of 
another study that reported rates of 88.3% [29], however; 
these rates are higher than those of a study performed in 
India [46]. Variations in the reports of MDR rates might 
be attributed to differences in operational definitions of 
MDR strains, bacterial isolates and antibiotic discs tested.

There were statistically significant differences in culture 
positivity between those who were with purulent middle 
ear discharge compared to those who presented with 
other middle ear discharge appearances [p-value = 0.001, 
AOR = 6.534 (95% CI: 2.112–20.208)]. In contrast, a study 
done in Jimma reported that there was no significant 
association between purulent discharge and culture posi-
tivity [18], but one study from Iraq revealed a statistically 

significant association between middle ear discharge cul-
ture positivity and purulent discharge [47].

A significant difference was also observed between a 
middle ear discharge duration of ≥ 14 days and culture 
positivity [p-value = 0.000, AOR = 7.628 (95% CI: 3.135– 
18.558)], which was also supported by other studies [28, 
29]. Chronic otitis is characterized by middle ear dis-
charge that lasts for at least 14 days and a perforated tym-
panic membrane. Another risk factor for otitis media was 
a history of smoking in either an active or passive state. 
A significant association was observed between patients 
with history of smoking and the development of otitis 
media [p-value = 0.043, AOR = 8.817 (95% CI: 1.072–
72.534)]. This association was also supported by other 
studies [18, 48, 49]. Smoking decreases the mucociliary 
activity of the respiratory epithelium, depresses local 
immune function, and enhances the adhesion of bacteria 
to the respiratory epithelium [49].

Strengths and limitations of the study
The strength of the study was that all the laboratory 
procedures were conducted following standard operat-
ing procedures. In addition, further studies can be built 
upon these findings, as there are no published data 
regarding the problem in the study area. The temporal 
relation between the exposure and outcome variables 
could not be established because the study design was 
cross-sectional in its nature. The small sample size and 
convenience sampling nature of this study prevented it 
from being representative of patients with otitis media in 
Ethiopia. On the other hand, anaerobic culture methods 
for fastidious bacteria and molecular techniques were not 
employed.

Conclusion
This study was conducted at Nekemte Public Health 
Research and Referral Laboratory Center. The present 
study indicated that bacterial middle ear infection has 
become an increasing health problem coupled with levels 
of multidrug resistance. S. aureus and P. aeruginosa were 
the leading causes for middle ear infection. There is an 
increase in the number of antibiotic-resistant bacteria 
recovered from patients with otitis media in the study 
area, and these bacteria are becoming a major public 
health problem in the management of patients with mid-
dle ear infection.
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