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Background: Bacterial otitis media (OM) is a common infection among the pediatric community worldwide and is the first reason for 
prescribing antibiotics in pediatric practices. However, if not promptly diagnosed and appropriately treated, it may persist and cause 
severe intra- and extra-cranial hard-to-cure complications. Hence, knowing the magnitude, etiology, and antibiotic susceptibility profile 
is very important for the proper management.
Methods: A cross-sectional study was carried out in 312 pediatrics (1 to 18 years) attending the Ear Nose Throat outpatient 
departments of the two title hospitals from 25 February to 30th August 2022. Patients were chosen through a systematic random 
sampling method. Data were obtained by means of a semi-structured questionnaire. Samples were collected to identify the causative 
bacteria as per microbiological guidelines. The antibiotic susceptibility test was done according to the Kirby–Bauer disc diffusion; 
SPSS version 25 was used for the analysis.
Results: The overall prevalence of otitis media was 67.3% (n=210); CSOM showed a slight preponderance (n=107) Gram-negative 
bacteria and Gram-positive bacteria were present in 59.8% (n=137) and 40.1% (n=92), respectively. Otitis media was predominantly 
caused by S. aureus (n=52, 56.5%), followed by Proteus spp. (n=33, 24%). Gram-negative bacteria were highly resistant to co- 
trimoxazole, amoxicillin-clavulanic acid, piperacillin, and tetracycline, whereas their positive counterparts were considerably penicillin 
and co-trimoxazole resistant. Overall, 61.5 and 19.2% of the isolates were MDR and XDR, respectively. MRSA, MR-CoNs, and VRE 
were 38.4% (n=20), 17.1% (n=5), and 58.3% (n=12), respectively; 19.7% (n=25) of Gram-negative bacteria produced ESBL, and 7% 
(n=9) were carbapenem-resistant. History of exposure to loud noise [AOR=3.4; CI=1.14–10.23; P-value=0.028] and family history of 
smoking at home [AOR=2.9; CI=1.18–7.25; P-value=0.020] have the greatest odds of otitis media.
Conclusion: Overall, the prevalence of otitis media is showing an upward trend, and MDR among bacterial isolates is increasing 
alarmingly.
Keywords: otitis media, prevalence, bacterial etiology, drug resistance, southern Ethiopia

Introduction
Otitis media (OM) may be considered a complication of upper respiratory tract infections that pave the way to hearing 
loss. It is common in both developed and developing countries, particularly among children.1 Approximately 1.2 billion 
are affected across the globe, and it is classified as the fifth one among the global burden of disease.2 Also, it is 
the second reason for hearing loss; the worst hit group is pediatrics, and is the most familiar disease that needs antibiotic 
treatments.2,3 Annual public health costs are estimated at around US 2.8 billion $ worldwide, overburdening the 
healthcare system.4
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Otitis media can be chronic or recurrent and is often linked to complications involving loss of hearing and learning 
ability, with an inferior academic record.5 As per a global report, annually, 33 per 10 million meet with casualty due OM 
related intricacies.6 Countries with a prevalence rate between 1–2% and those with 3–6% or even higher are grouped 
separately, as per a WHO report. All developing countries, including Ethiopia, belong to the latter category, with a higher 
prevalence, even reaching 11%.7 The prevalence of OM varies geographically over time and is rising in developing 
countries.8 The demographic distribution and burden of this disease vary significantly among different regions. The 
prevalence and fatalities due to this disease are higher in countries of sub-Saharan Africa.9

OM can be viral, bacterial, or even a co-infection and bacteria account for majority of the cases. The most common 
bacterial otopathogens are S. pneumoniae, non-typeable H. influenzae, and M. catarrhalis. After the implementation of 
conjugate pneumococcal vaccines, the pneumococci has evolved into non-vaccine serotypes10 and still remains one of the 
most frequently diagnosed types in the childhood.

Otitis Media is subdivided into several categories: acute otitis media (ASOM), recurrent acute otitis media, otitis media 
with effusion and chronic supportive otitis media. Acute otitis media manifests with local and systemic signs and has a rapid 
onset,11 and is a prominent reason for antibiotic treatment among children in developed countries.12 Otitis media with 
effusion can occur during the resolution of ASOM once the acute inflammation has subsided, but with a persistence of 
bacteria. At the same time, CSOM manifest itself as continued middle ear inflammation leading to otorrhea persisting for at 
least two weeks and perforation of the tympanic membrane.13 The definition of CSOM varies depending on the duration and 
severity of symptoms, but it is generally believed that CSOM accompanies an unsuccessful or partially treated ASOM. 
Nevertheless, there is no clear distinction between otorrhea as a sign of ASOM and CSOM.14

The causative organisms ordinarily implicated in ASOM are S. pneumoniae (most common agent, 30%), followed by 
H. influenzae (20%) and M. catarrhalis (12%). Other organisms known to associate are S. pyogenes, S. aureus and rarely 
P. aeruginosa. Common aerobic bacteria associated with CSOM are P. aeruginosa, Proteus sp., E. coli and S. aureus, 
anaerobes and anaerobic streptococci.15

The burden of this disease in the pediatric population is massive in sub-Saharan African countries, including Ethiopia.16 

Various reports from diverse regions of Ethiopia showed that the prevalence of OM remains high, ranging between 76.7% 
and 98.2%.7,17–20 The sobering report on the rising prevalence of OM in Ethiopian children suggests that OM is not well 
recognized in Ethiopia. An inaccurate diagnosis can lead to unnecessary antibiotic treatment contributing to the development 
of antibiotic resistance. Besides, the antimicrobial resistance patterns of otopathogens so far reported in other regions of 
Ethiopia are found to be weaker in terms of multidrug-resistant (MDR) (Methicillin Resistant S. aureus (MRSA), Extended- 
spectrum beta-lactamases (ESBL), and carbapenem-resistant Enterobacterales (CRE)).21 An overtime upsurge in the cases of 
upper respiratory tract infections such as rhinosinusitis, bronchitis, pneumonia, and OM among pediatric patients visiting the 
title hospitals had instigated us to perform this study to elucidate the exact magnitude of OM. Besides, recurrent episodes of 
OM are also common in the study area, making it a significant upper respiratory tract infection among the study population. 
The etiological agents may vary slightly from one region to another and in terms of their intensity too.

The treatment regimen usually opted for OM is usually empirical, based on topical antibiotics such as ciprofloxacin, 
ofloxacin, or rifampicin in combination with systemic drugs (ciprofloxacin, levofloxacin, amoxicillin/clavulanic acid, 
ceftazidime).22 Besides, most of the cases of OM in the title hospitals are managed by means of empirical therapy, and 
the antibiotics selected most often are amoxicillin and amoxicillin-clavulanic acid. This is not even facilitated by 
antimicrobial susceptibility testing, and therefore we anticipate the emergence of drug resistance necessitating much 
attention. Data on the OM-associated factors are also scanty in many reports published from the country, and Arba Minch 
is of no exception. Therefore, the present study is aimed to know the magnitude, bacterial profile and associated factors 
of OM among pediatrics of Arba Minch, Ethiopia.

Materials and Methods
Study Area
A facility-based cross-sectional bi-center study was designed and executed at two government hospitals in the Arba 
Minch borough. One of them is Arba Minch General Hospital (AMGH) which is the largest center providing medical 
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care to Gamo Zone residents; the Ear Nose Throat (ENT) department of this hospital is staffed by senior otolaryngol-
ogists, general physicians, and nurses. Approximately 20 to 25 patients suspected of OM visit the outpatient wing (OPW) 
of this department every week. The second one is the Dill Fana Primary Hospital (DFPH). It serves a diverse spectrum of 
patients in the form of outpatient, inpatient, pharmacy, ART clinic, and laboratory services. The pediatric department of 
this hospital provides both outpatient and inpatient care.

Study Design and Study Period
An institution-based cross-sectional study was performed at AMGH and DFPH between 25th February and 30th 
August 2022, including both dates. All pediatric patients (1 to 18 years) who were treatment-naïve and clinically 
suspected of middle ear infections (acute and chronic OM) at the ENT OPWs of AMGH and DFPH were included. 
The inclusion criteria encompass subjects (of either sex) who visited the ENT OPWs with complaints of OM diagnosed 
by a physician, based upon the otoscopic examinations coupled with the patient’s history and clinical criteria (ie, patients 
with ear pain (fever and earache, aural discharge, erythematous and bulged ear drum and ear drum perforations and 
subsequent purulent discharge; infants may present with irritability and diarrhea too)) and provided pus swab from 
discharging ears. This is framed as per the clinical diagnostic criteria, covering both acute and chronic suppurative OM 
(ASOM and CSOM), set by concerned ENT physicians in the title hospitals and patients whose parents or caretakers 
volunteered to be part of the study; ASOM is an acute infection of the middle ear, usually lasting less than six weeks, 
whereas CSOM is defined as a perforated tympanic membrane with persistent drainage from the middle ear for more than 
six weeks.2 The exclusion criteria include subjects with aural abnormalities or who are on follow-up on any antibiotics, 
patients who were severely ill and were not in a position to give specimens, who were under antibiotic treatment during 
the previous week of sample collection, and also patients whose medical records are incomplete.

Sample Size and Sampling Technique
This parameter was arrived at by means of a formula based on a single population proportion, by fixing the rate of 
prevalence as 75.6%, opted from an earlier study done on pediatric patients in Hawassa, Ethiopia.18 After considering the 
confidence interval (CI) as 95% with a 5% margin of error, the calculated value of sample size became 283. The final 
consolidated sample size became 312 with an addition of a 10% non-response rate. The study participants were chosen 
through a systematic random sampling method. Dividing the total number of target patients by the sample size according 
to the latest annual report provided the sampling interval. The lottery method was adopted to fix each participant. 
A proportional allocation strategy was employed to choose the participants from both AMGH and the DFPH.

Independent Variables
Based on an extensive literature survey, 27 variables suspected to be linked to OM were incorporated into the work. It 
broadly comprised patient-related factors such as socio-demographic, behavioral, and clinical data; environmental factors 
were also added.

Outcome Variables
The primary outcome of this study provided a cumulative magnitude of OM in the two title hospitals based on the 
aerobic bacterial culture results. The secondary outcomes are the bacterial profile and antimicrobial susceptibility 
patterns, as well as the identification of independent factors that are suspected to influence the magnitude of OM.

Collection of Socio-Demographic and Clinical Data
It was conducted via a semi-structured questionnaire meant for the parents/juvenile patients and the assessment of 
records after a clinical examination. The consent and assent forms were filled and submitted on behalf of each participant 
before the collection of data and samples and then ENT specialists examined all the pediatrics. The socio-demographic, 
behavioral, clinical, and environmental details were also obtained for each subject. The questionnaire was divided into 
four subgroups. The patient-related factors (independent variables) documented were socio-demographic data such as age 
(years), sex, family size, residential status, level of education, occupation, and monthly income of parents. Details of 
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behavioral factors, such as introducing foreign bodies in to the ears and ear-washing habits, were also collected. The 
clinical factors such as ear pain (unilateral and bilateral), its duration and frequency/year, ear discharge and its types 
(unilateral or bilateral), duration, the incidence of washing or cleaning the ear, history of upper respiratory tract infections 
(URTI) (whether treated and untreated), history of chronic ailments and hospitalization as well as the immunization status 
were abstracted from medical records. In addition, environmental factors such as the family history of OM, details of 
exposure to loud noise such as industrial, social, and gunfire, history of any trauma (in the external ear canal, ie, acute 
otitis externa), parental smoking, and indoor cooking were also gathered. These data were collected from the medical 
records of patients with the aid of senior nurses and through a face-to-face interview with parents/caretakers.

Collection, Transportation, and Handling of Clinical Specimens
The ear discharge (exudate) from the infected ear was aseptically collected using sterile cotton swabs by trained nurses 
and physicians after an otoscopy. Extreme care was taken to avoid touching the auricle or part of the ear with the swab. 
Each sample was adequately labeled, which showed the patient’s age, sex, and identity, along with the time and date of 
collection. Afterward, samples were transported in Amies transport media to the Medical Microbiology and Parasitology 
Laboratory within an hour and immediately processed.

Isolation and Identification of Bacteria
All the specimens were aseptically inoculated onto a series of culture media separately, which comprise 5% sheep blood 
agar, chocolate agar, McConkey agar, and mannitol salt agar. The last couple of agar plates were incubated aerobically at 
37°C for 24 hours. The chocolate agar, as well as blood agar plates, were kept in a candle jar under a micro-aerophilic 
atmosphere (5–10% O2 and 10% CO2) and incubated at the same temperature for 48 hours. The identification of isolates 
was facilitated as per the published standard bacteriological procedures.23,24

Antibiotic Susceptibility Testing
The antimicrobial susceptibility tests were done by the Kirby-Bauer disc diffusion method as per the Clinical and 
Laboratory Standards Institute (CLSI) guidelines 2021.25 The antibiotics were selected based on standard treatment 
guidelines followed by hospitals and also as per the CLSI guidelines 2021.

Following antibiotic discs (Oxoid, Basingstoke, Hampshire, UK) were used for Gram-negative bacteria (GNB), such 
as ampicillin (AMP, 10μg), amoxicillin (AMX, 30μg), amoxicillin-clavulanic acid (AMC, 30μg), piperacillin (PIP, 
100μg), ceftriaxone (CRO, 30μg), cefotaxime (CTX, 30μg), cefepime (FEP, 30μg), meropenem (MEM, 10μg), chlor-
amphenicol (CHL, 30μg), gentamicin (GEN, 10μg), amikacin (AMK, 10μg), tetracycline (TET, 30μg), ciprofloxacin 
(CIP, 5μg), and sulfamethoxazole-trimethoprim or co-trimoxazole (SXT, 25μg).

In the case of Gram-positive bacteria (GPB), penicillin, amoxicillin-clavulanic acid, cefoxitin (FOX 30μg), vanco-
mycin (VAN, 30μg), chloramphenicol, tetracycline, erythromycin (ERY, 15μg), ciprofloxacin, co-trimoxazole, and 
clindamycin (CLN, 300 μg) were used.25

To conduct the antimicrobial assay, standard inoculums of each bacterial isolate were prepared at 0.5 McFarland, and 
lawn cultures were performed on Mueller–Hinton agar plates. The antibiotic discs were placed and then incubated at 35– 
37°C for 24 hours. The diameters of zones of inhibition were measured with a ruler or caliper and categorized according 
to CLSI guidelines. The MRSA, ESBL producers, and CRE were detected as per standard procedures.25 An MDR is 
defined as acquired non-susceptibility to at least three antimicrobial classes. Extensively drug-resistant (XDR) bacteria 
were defined as non-susceptible to at least one antibiotic and two or fewer antimicrobial categories (ie, bacterial isolates 
remain susceptible to only one or two categories), and the term “pan-drug-resistant” refers to the non-susceptibility of 
a bacterial isolate to all the agents in all antimicrobial categories.26

Data Processing and Analysis
The analyses of data were carried out using SPSS (version 25.0; SPSS Inc., Chicago). Descriptive statistics, including 
frequency, mean and percentages, were articulated. To analyze the relationship between the dependent and independent 
variables, bivariable and multivariable logistic regression models were used. The variables with a P-value greater than 
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0.25 in the bivariable analysis were considered to be candidates for further analysis in the multivariable analysis. The 
Hosmer-Leme goodness fit test was used to determine the fitness of the model. P-values less than 0.05 were considered 
statistically significant. An adjusted odds ratio (AOR) and 95% confidence interval (CI) were calculated to assess the 
strength of the association.

Data Quality Control
We performed a pre-test on 5% of the samples at Wolaita Sodo University Otona Compressive and Specialized Hospital 
before the actual work to ensure the data quality. The principal investigator provided a one-day training session to data 
collectors. Quality control measures were implemented throughout the laboratory work to ensure the reliability of the 
results. A daily review of the data by the principal investigator was conducted to ensure its completeness, accuracy, clarity, 
and consistency. Strict adherence to Standard Operating Procedures was maintained for each operation. The expiry date of 
media and reagents and quality control parameters were checked as per CLSI guidelines. The culture media were prepared 
according to the manufacturer’s instructions, and their sterility was evaluated by incubating 5% of each batch overnight at 
35–37°C. The culture plates and antibiotic disks were stored at the recommended temperature (2–8°C) following prepara-
tion. The type culture isolates of S. aureus (ATCC 25923), P. aeruginosa (ATCC 27853), and E. coli (ATCC 25922) were 
used as references. The type culture isolates such as S. aureus (ATCC 43300), E. coli (ATCC 35218), and K. pneumoniae 
(ATCC 700603) were used to validate the MRSA and ESBL isolates. These type culture isolates were obtained from 
Ethiopian Public Health Institute.

Ethical Considerations
This study was approved by the Institutional Review Board of Arba Minch University College of Medicine and Health 
Sciences and the Department of Medical Laboratory Science (IRB/13/2022). Before the collection of data and sample, 
informed consent (parents/guardian) and assent, in addition to the consent (elder pediatric patients), were obtained. The 
study was conducted in accordance with the Declaration of Helsinki.

Results
Socio-Demographic Characteristics
During the study period between 25th February and 30th August 2022, a total of 312 eligible participants met the 
inclusion criteria and were incorporated into this research, with a 100% response rate. Of them, 180 (57.6%) were 
females and 132 (42.3%) were males; 102 (32.6%) were in the age group of 1–4; 187 (59.9%) hailed from rural areas, 
and the corresponding socio-demographic characteristics are described in Table 1.

Environmental and Behavioral Factors
It was found that a considerable proportion of the participants, ie, 74 (23.7%), had the habit of introducing foreign bodies 
into their ears. In contrast, only a tiny fraction of them, ie, 34 (10.8%), had a history of exposure to loud noises. Only 19 
(6.0%) participants mentioned a history of head injury. A total of 63 (20.2%) had a family history of OM; 48 (15.4%) had 
a familial history of smoking. On the other hand, most of them, ie, 244 (78.2%), lack the routine habit of cleaning/ 
washing their ears (Table 2).

Clinical Characteristics
All the pediatric patients were clinically diagnosed with ear pain and discharge associated with OM. Nearly 50% (n=160) 
of the cases were clinically diagnosed as ASOM. Unilateral ear pain was observed in majority of participants, ie, 77.9% 
(n=243). It was observed that 46.5% (n=145) and 44.1% (n=140), respectively, had experienced ear pain more than 15 
times per year along with hearing difficulties. Also, 25.9% (n=81) had experienced different types of signs and symptoms 
of URT infections. In addition, most of them, ie, 76.3% (n=238), had a history of consuming antibiotics for different 
clinical syndromes. Notably, 89.4% (n=279) were vaccinated with PCV/Hib/MMR/BCG/DPT (Table 2).
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Magnitude and Bacterial Profile of OM
Among the participants enrolled, 210 cases were culture positive, making a cumulative magnitude of 67.3%. The total 
number of culture-positive cases of ASOM and CSOM were 103 and 107, respectively.

Altogether 229 otopathogens were obtained from 312 specimens; 83.4% (n=191) were mono-bacterial, and 16.5% 
(n=38) were bi-bacterial infections. Based on colony and biochemical characteristics, ten genera were identified; eight 
belong to GNB, while two were GPB (Table 3).

A total of 19 cases of bi-bacterial infections were detected. The prominent bi-bacterial infections correspond to 
four cases of H. influenzae and coagulase-negative staphylococci (CoNs). In this study, S. aureus (n=15), E. coli 
(n=12), and K. pneumoniae (n=10) are the most often found bacterial isolates associated with ASOM. On the 
other hand, in the case of CSOM, S. aureus (n=37), CoNs (n=21), and E. coli (n=18) were the most prevailing 
pathogens (Table 4).

Table 1 Socio-Demographic Characteristics of Pediatric Patients with OM in Southern 
Ethiopia, 2022

Variables Category Frequency (n=312) Percentage (%)

Sex Male 132 42.3

Female 180 57.6

Age (years) 1–4 102 32.6

5–9 86 27.6

10–14 64 20.5

15–18 60 19.2

No. of family members ≤ 4 172 55.1

>4 140 44.9

Residence Rural 187 59.9

Urban 125 40.1

Educational level of mothers Illiterate 67 21.5

Primary school 80 25.6

Secondary 83 26.6

Diploma & above 82 26.3

Parental occupation Farmer 167 53.5

Daily worker 17 5.4

Employee 64 20.5

Merchant 57 18.3

Student 7 2.2

Monthly income of parents’ (Birr) 1000–2999 175 56.1

3000–4999 123 39.4

≥5000 14 4.5
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Table 2 Environmental, Behavioral, and Clinical Characteristics Among Pediatric Patients with OM in Southern Ethiopia, 2022

Variables Category Frequency (n) Percentage (%)

Habit of the introduction of foreign bodies into the ear Yes 74 23.7

No 238 76.3

History of exposure to loud noises Yes 34 10.8

No 278 89.1

History of head trauma Yes 19 6.0

No 293 9.9

Habit of washing ear Yes 68 21.8

No 244 78.2

Family history of OM Yes 63 20.2

No 249 78.2

Family history of smoking Yes 48 15.4

No 264 84.6

Place of cooking (indoor) Kitchen 254 81.4

Living room 58 18.5

Site of ear pain Unilateral 243 77.9

Bilateral 69 22.1

Duration of ear pain ≤15 days/year 167 53.5

>15 days/year 145 46.5

Site of ear discharge Unilateral 240 76.9

Bilateral 72 23.1

Duration of ear discharge <14 168 53.8

≥14 144 46.2

Have difficulty of hearing Yes 140 44.1

No 172 55.9

Upper respiratory tract symptoms Tonsillopharyngitis 45 14.4

Allergic rhinitis 7 2.2

Asthma 22 7.1

Adenoids 7 2.2

None 231 74.0

Types of treatment during OM Traditional medicine 47 15.1

Drugs have been given in health facility 223 71.5

Self-medicated from pharmacy 42 13.5

(Continued)
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Table 2 (Continued). 

Variables Category Frequency (n) Percentage (%)

History of antibiotics treatment for URTI (last six months) Yes 238 76.3

No 74 23.7

Have chronic illness (eg, DM, HIV, CLD, TB) Yes 26 8.3

No 286 91.7

History of hospitalization (last three months) Yes 43 13.8

No 269 86.2

Status of vaccination (PCV/Hib/MMR/BCG/DPT) Yes 279 89.4

No 33 10.6

Table 3 Diversity and Percentage of Bacterial Otopathogens

Profile of Otopathogen No. of Total Otopathogens,  
n =229 (100%)

Gram-negative 137 (59.8)

E. coli 30 (21.8)

K. pneumoniae 19 (13.8)

K. oxytoca 11 (8.0)

P. mirabilis 21 (15.3)

P. vulgaris 12 (8.7)

P. aeruginosa 13 (9.4)

H. influenzae 10 (7.2)

E. aerogenes 11 (8.0)

Citrobacter spp. 6 (4.3)

A. baumannii 4 (2.9)

Gram-positive 92 (40.1)

S. aureus 52 (56.5)

CoNs 28 (30.4)

E. faecium 12 (13.0)

Total monobacterial 191 (83.4)

Bi-bacterial isolates (n= 19 cases) 38 (16.5)

P. aeruginosa and S. aureus (n=3) 6 (15.7)

P. aeruginosa and CoNs (n=1) 2 (5.2)

Enterobacter and CoNs (n=1) 2 (5.2)

(Continued)

https://doi.org/10.2147/IDR.S424927                                                                                                                                                                                                                                   

DovePress                                                                                                                                                      

Infection and Drug Resistance 2023:16 6412

Henok et al                                                                                                                                                           Dovepress

Powered by TCPDF (www.tcpdf.org)Powered by TCPDF (www.tcpdf.org)

https://www.dovepress.com
https://www.dovepress.com


Antibiotic Susceptibility Profile of Bacterial Otopathogens
Antibiotic Susceptibility Profile of GNB
The resistance/susceptibility profiles of GNB (n=137) are shown in Table 5; the intermediate results were also counted as 
resistant. Isolates of GNB exhibited considerable fluctuations in susceptibility/resistance patterns.

The GNB showed resistance to piperacillin, 58.3% (80/137), cefotaxime 46.7% (64/137), tetracycline, co-trimoxazole, 
45.9% (63/137) each, amoxicillin-clavulanic acid, 44.5% (61/137), ceftriaxone, 43% (59/137), and cefepime, 38.6% (53/137). 

Table 3 (Continued). 

Profile of Otopathogen No. of Total Otopathogens,  
n =229 (100%)

P. mirabilis and CoNs (n=3) 6 (15.7)

S. aureus and P. mirabilis (n=3) 6 (15.7)

E. coli and S. aureus (n=1) 2 (5.2)

H. influenzae and CoNs (n=4) 8 (21.05)

K. pneumoniae and S. aureus (n=1) 2 (5.2)

Citrobacter and CoNs (n=2) 4 (10.5)

Table 4 Distribution of Bacterial Otopathogens

Bacteria ASOM n (%) CSOM n (%) Total

Gram-Positive

S. aureus 15(28.8) 37(71.1) 52

CoNs 7(25) 21(75) 28

E. faecium 4(33.3) 8(66.6) 12

Total 26(28.2) 66(71.7)

Gram-Negative

E. coli 12(40) 18(60) 30

K. pneumoniae 10(52.6) 9(47.3) 19

K. oxytoca 7(63.6) 4(36.3) 11

P. mirabilis 8(38) 13(61.9) 21

P. vulgaris 4(33.3) 8(66.6) 12

P. aeruginosa 5(38.4) 8(61.5) 13

E. aerogenes 4(36.3) 7(63.6) 11

H. influenza 6(60) 4(40) 10

Citrobacter spp. 1(16.6) 5(83.3) 6

A. baumannii 3(75) 1(25) 4

Total 60(43.7) 77(56.2) 137

Grand Total 86(37.5) 143(62.4) 229
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Table 5 Antimicrobial Susceptibility Profile of GNB Isolates

List of Antibiotics 
Tested

Patterns GNB n (%) Total 
n=137

E. coli 
n=30

Klebsiella spp. 
n=30

Proteus spp. 
n=33

E. aerogenes 
n=11

Citrobacter spp. 
n=6

P. aeruginosa 
n=13

A. baumannii 
n=4

H. influenzae 
n=10

AMP S ND ND ND ND ND ND ND 3(30) 3(2.1)

R ND ND ND ND ND ND ND 7(70) 7(5.1)

AMX S ND ND ND ND ND ND 3(75) 4(40) 7(5.1)

R ND ND ND ND ND ND 1(25) 6(60) 7(5.1)

PIP S 10(33.3) 11(36.6) 22(66.6) 3(27.2) 2(33.3) 5(38.4) 2(50) 2(20) 57(41.6)

R 20(66.6) 19(63.3) 11(33.3) 8(72.7) 4(66.6) 8(61.5) 2(50) 8(80) 80(58.3)

AMC S 9(30) 12(40) 15(45.4) ND ND ND ND 6(60) 42(30.6)

R 21(70) 18(60) 18(54.5) ND ND ND ND 4(40) 61(44.5)

MEM S 21(70) 20(66.6) 25(75.8) 7(63.6) 4(66.6) 8(61.5) 4(100) 9(90) 98(71.5)

R 9(30) 10(33.3) 8(24.2) 4(36.3) 2(33.3) 5(38.4) 0(0) 1(10) 39(28.4)

CTX S 12(40) 10(33.3) ND 3(27.2) 2(33.3) 6(46.1) ND 3(30) 34(24.8)

R 18(60) 20(66.6) ND 8(72.7) 4(66.6) 7(53.8) ND 7(70) 64(46.7)

CRO S 12(40) 9(30) ND 2(18.1) 3(50) ND 2(50) 4(40) 32(23.3)

R 18(60) 21(70) ND 9(81.8) 3(50) ND 2(50) 6(60) 59(43.0)

FEP S 23(76.6) 18(60) 21(63.6) 7(63.6) 2(33.3) 8(61.5) 1(25) 4(40) 84(61.3)

R 7(23.3) 12(40) 12(36.3) 4(36.3) 4(66.6) 5(38.4) 3(75) 6(60) 53(38.6)

CIP S 24(80) 19(63.3) 19(57.6) 9(81.8) 4(66.6) 9(69.2) 3(75) 9(90) 96(70.0)

R 6(20) 11(36.6) 14(42.4) 2(18.1) 2(33.3) 4(30.7) 1(25) 1(10) 41(29.9)

GEN S 22(73.3) 22(73.3) 26(78.8) 4(36.3) 5(83.3) 11(84.6) ND 7(70) 97 (70.8)

R 8(26.6) 8(26.6) 7(21.2) 7(63.6) 1(16.7) 2(15.3) ND 3(30) 36(26.2)

AMK S 25(83.3) 24(80) 28(84.9) 8(72.7) 6(100) 10(76.9) 4(100) 8(80) 113(82.4)

R 5(16.6) 6(20) 5(15.1) 3(27.2) 0(0) 3(23.0) 0(0) 2(20) 24(17.5)
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CHL S 24(80) 21(70) 17(51.5) 10(90.9) 5(83.3) ND ND 7(70) 84(61.3)

R 6(20) 9(30) 16(48.5) 1(9.0) 1(16.6) ND ND 3(30) 36(26.2)

SXT S 8(26.6) 17(56.6) 15(45.4) 4(36.3) 4(66.6) ND ND 9(90) 57(41.6)

R 22(73.3) 13(43.3) 18(54.6) 7(63.6) 2(33.3) ND ND 1(10) 63(45.9)

TET S 10(33.3) 11(36.6) ND 1(9.0) 3(50) ND 1(25) 2(20) 28(20.4)

R 20(66.6) 19(63.3) ND 10(90.9) 3(50) ND 3(75) 8(80) 63(45.9)

Note: ND corresponds to a change in the denominator (total number of isolates tested). 
Abbreviations: S, susceptible, R, resistant, ND, Not done, AMP, ampicillin, AMX, amoxicillin, PIP, piperacillin, AMC, amoxicillin-clavulanate, MEM, meropenem, CTX, cefotaxime, CRO, ceftriaxone, FEP, cefepime, CIP, ciprofloxacin, GEN, 
gentamicin, AMK, amikacin, CHL, chloramphenicol, SXT, co-trimoxazole, TET, tetracycline.
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However, most of the GNBs exhibited a relatively greater level of susceptibility to amikacin, as well as meropenem, ie, 82.4% 
(113/137) and 71.5% (98/137), respectively (Table 5). The predominant species of GNB, E. coli, showed 73.3% (22/30) 
resistance to co-trimoxazole, 70% (21/30) to amoxicillin-clavulanic acid, 66.6% each to piperacillin and tetracycline, and 60% 
each to cefotaxime and ceftriaxone; E. coli showed a higher level of susceptibility, ie, 83.3% (25/30) to amikacin and 80% (24/ 
30) each to ciprofloxacin and chloramphenicol. Klebsiella isolates also showed higher resistance, ie, 66.6% (20/30) to 
cefotaxime, 63.3% (19/30) each to tetracycline and piperacillin and 60% (18/30) to amoxicillin-clavulanic acid (Table 5). 
Both the isolates of Proteus spp. showed augmented resistance to co-trimoxazole, 54.5% (18/33), amikacin, 54.6% (18/33), 
ciprofloxacin, 42.4% (14/33) and chloramphenicol, 48.5% (16/33).

Isolates of P. aeruginosa exhibited higher resistance to piperacillin, 61.5% (8/13), followed by cefotaxime, 53.8% (7/ 
13); at the same time, these isolates were highly susceptible to gentamicin, 84.6% (11/13), and amikacin, 76.9% (10/13).

Antibiotic Susceptibility Profile of GPB
The susceptibility profiles of GPB (n=92) are shown in Table 6. As in the case of GNB, wide variations in resistance/ 
susceptibility profiles were observed; Isolates of GPB were penicillin-resistant to a greater extent, 82.6% (76/92), and 

Table 6 Antimicrobial Susceptibility Patterns of GPB

List Of Antibiotics  
Tested

Patterns GPB n (%) Total n (%)=92

S. aureus n=52 CoNs n=28 E. faecium n=12

PEN S 8(15.3) 4(28.2) 4(33.3) 16(17.3)

R 44(84.6) 24(85.7) 8(66.6) 76(82.6)

AMC S ND 12(42.8) ND 12(13.0)

R ND 16(57.1) ND 16(17.3)

FOX S 32(61.5) 23(82.1) ND 55(59.7)

R 20(38.4) 5(17.8) ND 25(27.1)

CIP S 33(63.4) 20(71.4) 5(41.6) 58(63.0)

R 19(36.5) 8(28.5) 7(58.3) 34(36.9)

CLN S 46(88.4) 24(85.7) ND 70(76.0)

R 6(11.5) 4(14.2) ND 10(10.8)

SXT S 14(26.9) 10(35.7) ND 24(26.0)

R 38(73) 18(64.2) ND 56(60.8)

CHL S 36(69.2) 20(71.4) 3(25) 59(64.1)

R 16(30.7) 8(28.5) 9(75) 33(35.8)

TET S 34(65.3) 20(71.4) ND 54(58.6)

R 18(34.6) 8(28.5) ND 26(28.2)

VAN S ND ND 5(41.6) 5(5.4)

R ND ND 7(58.3) 7(7.6)

ERY S 34(65.3) 26(92.8) 5(41.6) 65(70.6)

R 18(34.6) 2(7.1) 7(58.3) 27(29.3)

Note: ND corresponds to a change in the denominator (total number of isolates tested). 
Abbreviations: S, susceptible, R, resistant, ND, Not done, PEN, penicillin, AMC, amoxicillin-clavulanic acid, FOX, cefoxitin, CIP, 
ciprofloxacin, CLN, clindamycin, SXT, co-trimoxazole, CHL, chloramphenicol, TET, tetracycline, VAN, vancomycin, ERY, 
erythromycin.
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were also resistant to co-trimoxazole, 60.8% (56/92), however, were highly susceptible to clindamycin, 76% (70/92) and 
erythromycin, 70.6% (65/92). It can be noted that most of the S. aureus isolates were resistant to penicillin, 84.6% (44/ 
52), and co-trimoxazole, 73% (38/52). On the other hand, 88.4% (46/52) and 69.2% (36/52) of S. aureus isolates were 
susceptible to clindamycin and chloramphenicol, respectively. The percentage of MRSA among S. aureus was 38.4% 
(20/52). Isolates of CoNs were resistant to penicillin, 85.7% (24/28), and co-trimoxazole, 64.2% (18/28); 17.8% (5/28) 
were found to be methicillin-resistant. However, isolates of CoNs were highly susceptible to erythromycin, 92.8% (26/ 
28), clindamycin, 85.7% (24/28), and cefoxitin, 82.1% (23/28). The isolates of E. faecium were resistant to penicillin, 
66.6% (8/12), chloramphenicol, 75% (9/12), and vancomycin, 58.3% (7/12).

Multidrug Resistance Profile
Out of the 229 isolates, MDR was observed in 61.5% (n=141) of cases, of which 52.1% (n=48) belonged to GPB, and 
67.8% (n=93) were GNB (Table 7). Among the GPB, 51.9% (n=27) of S. aureus, 57.1% (n=16) of CoNs, and 41.7% 
(n=5) of E. faecium were found to be MDR. Among the GNB, MDR was shown by P. aeruginosa (84.6%, n=11), 
E. aerogenes (81.8%, n=9), Proteus spp., (n=22), and E. coli (n=20) (66.6% each).

The observed extent of XDR was 19.2% (n=44); Proteus spp. was the main type, ie, 30.3% (n=10). Nevertheless, not 
even a single type of isolate tested was resistant to the entire classes of drugs, implying that pan-drug resistance was 
absent.

ESBL and Carbapenemase-Producing GNB
All isolates exhibiting resistance to the cephalosporins (cefotaxime or ceftriaxone and cefepime) were suspected to be 
ESBL producers. In contrast, meropenem-resistant bacteria were suspected to be producers of carbapenemase; 55.9% 
(n=71) and 30% (n=38) isolates were suspected ESBL and carbapenemase producers, respectively. Out of these isolates, 
19.7 (n=25) and 7.0% (n=9) were phenotypically confirmed for ESBL and carbapenemase production, respectively. The 
most common ESBL producer was K. pneumoniae, 33.3% (n=10), followed by E. coli, 26.6% (n=8). Isolates of 

Table 7 MDR, XDR, ESBL, and CRE of Bacterial Isolates

Bacterial Isolates MDR XDR ESBL 
Suspected

ESBL 
Confirmed

Carbapenemase 
Suspected

Carbapenemase 
Confirmed

n (%)

E. coli (30) 20(66.6) 7(23.3) 18(60.0) 8(26.7) 9(30.0) 2(6.7)

K. pneumoniae (30) 18(60.0) 8(26.6) 21(70.0) 10(33.3) 10(33.3) 4(13.3)

E. aerogenes (11) 9(81.8) 2(18.1) 9(81.8) 2(18.1) 4(36.3) 0(0)

P. aeruginosa (13) 11(84.6) 3(23.0) 5(38.4) 1(7.6) 5(38.4) 2(15.3)

Proteus spp. (33) 22(66.6) 10(30.3) 12(36.3) 3(9.0) 8(24.2) 1(3.0)

Citrobacter spp. (6) 3(50.0) 0(0) 4(66.6) 1(16.6) 2(33.3) 0(0)

A. baumannii (4) 3(75.0) 1(25) 2(50.0) 0(0) 0(0) 0(0)

H. influenzae (10) 7(70.0) 0(0) 0(0) 0(0) 0(0) 0(0)

S. aureus (52) 27(51.9) 8(15.3) – – – –

CoNs (28) 16(57.1) 3(10.7) – – – –

E. faecium (12) 5(41.7) 2(16.6) – – – –

Total = 127 141(61.5) 44(19.2) 71(55.9) 25(19.7) 38(30.0) 9(7.0)
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P. aeruginosa, 15.3% (n=2), and K. pneumoniae, 13.3% (n=4), were predominant organisms among the carbapenemase 
producers (Table 7).

Factors Associated with Bacterial OM
Association among socio-demographic and other chosen variables in connection with OM is described in Table 8. 
Sixteen variables were found to be statistically significant in bivariable logistic regression analysis. However, only two 

Table 8 Bivariable and Multivariable Logistic Regression Analyses of Different Factors with OM Among the Pediatric Patients in 
Southern Ethiopia, 2022

Variable and Category Bacterial OM Bivariate Analysis Multivariable Analysis

-ve n (%) +ve n (%) COR (95%, CI) P-value AOR (95%, CI) P-value

Sex

Male 38(28.8) 94(71.2) 1.4(0.840–2.216) 0.209* 1.1(0.651–1.934) 0.679

Female 64(35.6) 116(64.4) 1 1

Age

1–4 27(26.4) 75(73.5) 0.8(0.402–1.778) 0.658

5–9 40(46.5) 46(53.4) 0.35(0.168–0.729) 0.005*

10–14 21(32.9) 43(67.1) 0.6(0.282–1.378) 0.243*

15–18 14(23.3) 46(76.7) 1

Family members

≤ 4 56(37.3) 94(62.7) 1

>4 46(28.3) 116(71.6) 0.99(0.613–1.587) 0.955

Residence

Rural 64(34.2) 123(65.8) 0.84(0.516–1.365) 0.480

Urban 38(30.4) 87(69.6) 1

Educational level of mothers

Illiterate 19(28.3) 48(71.6) 1.0(0.512–2.133) 0.903

Primary school 28(35.0) 52(65.0) 0.77(0.397–1.488) 0.435

Secondary 31(37.3) 52(62.6) 0.7(0.362–1.33`1) 0.212*

Diploma & above 24(29.2) 58(70.7) 1

Monthly income

1000–2999 60(34.3) 115(65.7) 1.9(0.642–5.719) 0.243* 1.4(0.666–2.767) 0.400

3000–4999 35(28.5) 88(71.5) 2.5(0.822–7.894) 0.106* 2.9(0.827–9.941) 0.097

≥5000 7(50) 7(50) 1 1

Occupation

Farmer 47(28.1) 120(71.9) 3.4(0.734–15.792) 0.118*

Daily laborer 7(41.2) 10(58.8) 1.9(0.321–11.312) 0.478

(Continued)
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Table 8 (Continued). 

Variable and Category Bacterial OM Bivariate Analysis Multivariable Analysis

-ve n (%) +ve n (%) COR (95%, CI) P-value AOR (95%, CI) P-value

Student 4(57.1) 3(42.9) 2.4(0.489–11.558) 0.283

Merchant 21(37.0) 36(57.0) 2.3(0.489–11.217) 0.308

Employee 23(36.0) 41(64.0) 1

The habit of entry of foreign bodies into the ear

Yes 19(25.7) 55(74.3) 1.6(0.863–2.784) 0.142* 1(0.169–4.157) 0. 829

No 83(34.9) 155(65.1) 1 1

History of exposure to loud noises

Yes 5(14.0) 29(86.0) 3.1(1.166–8.287) 0.023* 3.4(1.141–10.237) 0.028**

No 97(34.9) 181(65.1) 1 1

History of head injury

Yes 8(42.1) 11(57.9) 0.65(0.253–1.668) 0.370

No 94(32.0) 199(67.9) 1

Family history of OM

Yes 19(30.1) 44(70.0) 1.2(0.636–2.108) 0.631

No 83(33.3) 166(66.7) 1

Family history of smoking

Yes 8(16.7) 40(83.3) 2.8(1.234–6.152) 0.013* 2.9(1.189–7.251) 0.020**

No 94(35.6) 170(63.3) 1 1

Place of cooking

Kitchen 89(35.0) 165(64.9) 0.54(0.274–1.045) 0.067* 1.2(0.531–2.508) 0.718

In living room 13(22.4) 45(77.6) 1 1

Duration & frequency of ear pain/year

≤15 57(34.1) 110(65.9) 1

>15 45(31.0) 100(69.0) 1.2(0.716–1.856) 0.561

Have you ever taken systemic or topical drugs?

Yes 18(31.0) 40(69.0) 1.1.(0.594–2.030) 0.76

No 84(33.0) 170(67.0) 1

Types of ear discharge (unilateral or bilateral)

Unilateral 84(34.1) 159(65.9) 1 1

Bilateral 18(26.0) 51(74.0) 1.5(0.822–2.724) 0.187* 0.8(0.384–1.608) 0. 509

Duration of ear discharge

<14 57(34.1) 110(65.9) 1

≥14 45(31.0) 100(69.0) 1.13(0.702–1.818) 0.615

(Continued)
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Table 8 (Continued). 

Variable and Category Bacterial OM Bivariate Analysis Multivariable Analysis

-ve n (%) +ve n (%) COR (95%, CI) P-value AOR (95%, CI) P-value

Ever wash/clean your ear.

Yes 17(25.0) 51(75.0) 1.6(0.872–2.948) 0.128* 1.4(0.271–7.663) 0. 669

No 85(34.9) 159(65.1) 1 1

Hearing status

Well 42(30.0) 98(70.0) 1

Decreased 60(34.9) 112(65.1) 1.3(0.774–2.017) 0.360

URT symptoms

Tosillopharyngitis 13(28.8) 32(71.1) 1.2(0.599–2.432) 0.599

Allergic rhinitis 3(42.9) 4(57.1) 0.7(0.142–2.994) 0.584

Asthma 7(58.3) 15(68.1) 1.1(0.411–2.684) 0.917

Adenoids 3(42.9) 4(57.1) 0.65(0.43–2.995) 0.584

None 76(33.0) 155(67.0) 1

Treated for URTI

Yes 23(31.0) 51(68.9) 0.9(0.518–1.591) 0.735

No 79(33.2) 159(66.8) 1

Chronic illness

Yes 4(15.3) 22(84.6) 2.9(0.961–8.553) 0.058* 2.9(0. 919–9.012) 0.069

No 98(31.4) 188(65.7) 1 1

Medications

Medicine is given in health facility 78(35.0) 145(65.0) 1 1

Traditional medicine 16(34.0) 31(66.0) 0.5(0.171–1.213) 0.116* 0.5(0.235–1.274) 0.162

Self-medication from pharmacy 8(19.0) 34(81.0) 0.5(0.193–0.991) 0.048* 0.525(0.220–1.260) 0.150

Have taken ototoxic drugs

Yes 7(29.1) 17(70.9) 0.45(0.171–1.212) 0.116* 1.5(0.521–4.156) 0.466

No 95(33.0) 193(67.0) 1 1

History of hospitalization

Yes 8(18.6) 35(83.4) 1.6(0.679–3.891) 0.275

No 94(35.0) 175(65.0) 2.4(1.047–5.271) 0.038* 1

Did you take the vaccine?

Yes 93(33.3) 186(66.7) 0.75(0.335–1.67) 0.484

No 9(27.3) 24(72.7) 1

Notes: *Statistically significant at P≤0.25 in bivariable analysis; **Statistically significant at P< 0.05. 
Abbreviations: AOR, adjusted odd ratio; COR, crude odds ratio, 1, reference group, CI, confidence interval.
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variables showed statistically significant association to OM in the multivariable logistic regression analysis; those 
patients with a history of exposure to noisy sounds acquired OM and were 3.4 times more prone than their counterparts 
[AOR=3.4; CI=1.14–10.23; P-value=0.028] and children with a family history of smoking also acquired, OM and they 
are 2.9 times more inclined than their counterparts hailing from the family of non-smokers [AOR=2.9; CI=1.18–7.25; 
P-value = 0.020].

Discussion
Ethiopia has a higher incidence of OM, requiring immediate intervention. Despite the frequent incidence in clinical 
settings, diagnosis and treatment are still challenging for pediatricians due to the wide variation in clinical manifestations. 
Consequently, wrong regimens or inadequate treatment can result in irreparable damages and knowing the magnitude, 
etiological profile, and associated factors are crucial.

Otological complaints in pediatrics are one of the major causes of referrals to our study settings. It was found that OM 
was the most prevalent otorhinolaryngological disease among pediatrics visiting the title hospitals, with a cumulative 
magnitude of 67.3% (95% CI; 61.9–72.8), indicating that our study area is otitis-prone. Our results suggest that the 
prevalence of OM could be due to a common perception that it is a part of normalcy.

Nevertheless, the number of cases of ASOM and CSOM are more or less similar in our study, it is relevant to have 
a discussion on the latter due to the associated complications and consequences; CSOM is known to develop in infancy 
often as a result of poorly treated ASOM with the potential to progress into adulthood causing recurrent episodes of 
CSOM that can last of several years and end up in permanent hearing loss.27

The rate of culture-positive cases of CSOM (50.95%, 107/210) observed in our study was lower than that reported in 
a couple studies done in Ethiopia (75.6%)18 and Chad (86.1%).22 On the other hand, the rate was closely similar to that of 
an earlier study done in Ethiopia (48.5%).20

In sub-Saharan Africa, CSOM is a leading cause of preventable childhood hearing loss.28,29 CSOM rates can be 
higher in developing countries due to lower socioeconomic standards, poor nutrition, delayed consultation and lack of 
awareness that ASOM can eventually lead to chronic type.30 Likewise, diagnosing CSOM accurately remains a challenge 
since the exact instance at which ASOM becomes CSOM remains a controversy.31

The overall magnitude of our study is at par with the reports from Tanzania (62.1%)32 and Bangladesh (70.8%).33 It 
was found that the prevalence of OM was higher in our study and is in line with the report of the WHO expert committee. 
It can be noted that the current set of results shows a better trend (lower) than that reported from various locales in 
Ethiopia, such as Mekele (98.2%),17 Gondar (95.2%),19 Bahir Dar (80.4%),21 Dessie, 91.7%,34 Jimma (92.5%),35 

Hawassa (75.7%)18 and also other African countries such as Cote d’Ivoire (91.7%),36 Malawi (98.2%)37 and Kenya 
(87%),38 however, is higher than that found in Addis Ababa, 48.5%.20 The reasons for these fluctuations could be due to 
varying situations in geographical locations, heterogeneity in socioeconomy, behavioral patterns (hygienic and the extent 
of awareness), environmental conditions, sample size, age, and nutritional status. Besides, different clinical criteria used 
for diagnosing OM, inadequate health care and laboratory facilities, and the type of infection-prevention control 
strategies followed by countries would also have contributed.

Most of the culture-positive specimens were mono-bacterial, ie, 83.4% (n=191), and this is in line with the outcome 
of an earlier work from Gondar (77.4%).19 On the other hand, the frequency of isolation of poly-bacterial pathogens was 
16.9% (n=38) and is lower as compared to the results reported from Mekele (39.5%).17 A combination of CoNs with 
other GNBs was the most common profile observed in poly-microbial infections. The coexistence of GNB and GPB was 
only detected in our study, indicating that broad-spectrum antibiotics are required to deal with the situation. It is 
speculated that intense infections result in poly-microbial isolates, and less severe cases are mono-microbial. This can 
be linked to a condition that bacteria from the pinna migrate into the middle ear and multiply faster there in a favorable 
humid situation.

The eight most prevailing bacteria were E. coli (n=30, 21.9%), P. mirabilis (n=21, 15.3%), P. vulgaris (n=12, 8.8%), 
K. pneumoniae (n=19, 13.9%), K. oxytoca (n=11, 8%), P. aeruginosa (n=13, 9.4%), S. aureus (n=52, 56.5%), and CoNs 
(n=28, 30.4%), and this resembles the outcome of researches done in Nigeria (71.6% GNB and 27.6% GPB)1 and Nepal 
(45.9% GPB and 54.1% GNB).39
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The GNB was the predominant and leading cause of OM, resulting in 59.8% (n=137) cases. The enhanced prevalence 
of GNB reveals that the nasopharynx is not the origin of the infection, as it is devoid of these bacteria. This observation is 
in parity with several reports from two cities in the country, Hawassa (48.0% GPB and 52.0% GNB)18 and Gondar 
(32.4% GPB and 67.6% GNB).19

Also, E. coli, 24.6% (n=29), was the often-found GN otopathogen, followed by K. pneumoniae, 13.8% (n=19), which 
is in agreement with a series of earlier work done in countries including Ethiopia (7.4% E. coli and 3.5% 
K. pneumoniae)20 and Kenya (7.2% E. coli and 3.5% K. pneumoniae).38 In contrast, P. aeruginosa was the dominant 
GNB detected in various cities of Ethiopia (such as Bahir Dar (29.7%)),21 Addis Ababa (10.9%),20 Mekele (16.7%),17 

and Gondar (48.5%)7 and also in another African country, Cote d’Ivoire (31.8%).36 A higher incidence of GNB can be 
ascribed to the normal endogenous microflora of patients, which acts as a source.

In this study, species of the genus Proteus (n=33) have been isolated and are the most predominant bacterial pathogen. 
Of these, P. mirabilis (n=21, 15.3%) was often associated with OM, and this parallels the outcome of work done in 
Hawassa (n=19, 12.5%).18 On the other hand, the number of P. vulgaris (n=12, 8.8%) detected in our study was lower 
than that found in studies reported from Gondar (2.7%)19 and Mekele (4.5%).17

Specifically, P. aeruginosa gradually destroys the middle ear’s mastoid and structure due to its lethal virulence 
factors. This is another predominant bacterial pathogen found (n=13, 9.4%), as is the case of reports from Jimma, 
10.61%35 and Addis Ababa, 10.9%;20 however, not as severe as found in research done in Mekele, Ethiopia, 27 
(16.7%).17 Of interest, P. aeruginosa does typically not inhabit the URT, and its presence cannot be linked to a source 
in the Eustachian tube. Instead, it is mainly considered a secondary invader originating from the external auditory canal 
because of an acute OM.40

However, only a few numbers of H. influenzae (n=10, 7.2%) were isolated, and this is not at par with other studies 
done in Iraq (3.9% and 7.9%)41,42 and Ethiopia (11.1%).17 This discrepancy might be due to epidemiological differences 
(endemicity and seasonal variation) and the diversity of etiological agents circulating in the study population. It may also 
be associated with the gradation in the socio-economic status of the patients and hospital settings in respective countries.

The predominant GPB isolate was S. aureus, 56.5% (n=52), and the second most is CoNs, 30.4% (n=28), and is in 
accordance with the results obtained from Nepal,39 India,43 and Ethiopia.18,44 The source of S. aureus infection may be 
endogenous, ie, nasopharyngeal colonization.

The management of bacterial OM requires constant re-evaluation of the susceptibility to various antibiotics. If 
adequate treatment is not given, the infection can progress and culminate in irreversible sequelae and severe intracranial 
and extracranial complications, especially in the case of CSOM. Nearly half of the isolated GNB showed resistance to 
piperacillin, 58.4% (n=80), tetracycline, 63 (46%), co-trimoxazole, 63 (46%), cefotaxime, 64 (46.7%), ceftriaxone, 59 
(43%), amoxicillin-clavulanic acid, 61 (44.5%), and cefepime, 53 (38.7%), questioning their empirical usage, which is 
unscientific, rendering the clinicians with limited choice of drugs.

An earlier study done among the general mass of Arba Minch revealed that respiratory tract infections are the main 
reason for treatment-seeking, and amoxicillin was the most commonly used antibiotic.45

A recent meta-analysis revealed a higher resistance by bacterial otopathogens against ampicillin, co-trimoxazole, 
amoxicillin, and amoxicillin-clavulanic acid.16 The current set of results is pretty similar to these reported from various 
regions in the country (Wollo and Jimma).35,46 On the other hand, the higher resistance level could be attributed to their 
indiscriminate usage in hospital settings across the country.

However, our result contradicts a report from Bahir Dar, Ethiopia, in that study, ceftazidime, piperacillin, ceftriaxone, 
and co-trimoxazole were effective against most of the GNB isolates.21 This might be due to the antibiotic exposure 
frequency, susceptibility test method, sample size, and clinical nature of the disease (chronic or acute). A reduced level of 
resistance was only produced against amikacin, 17.5% (n=23), ciprofloxacin, 30% (n=42), gentamicin, 26.5% (n=35), 
chloramphenicol, 26.2% (n=35), meropenem, 28.5% (n=39) and amoxicillin 5.1% (7) in our study. As per our findings, 
these antibiotics are still effective in treating OM in both study settings and therefore, must be meticulously used.

Among the isolates of E. coli, 73.3% are resistant to co-trimoxazole, 70% to amoxicillin-clavulanic acid, 66.7% each 
to piperacillin and cefepime, and 60% each to cefotaxime and ceftriaxone. The E. coli isolates were highly susceptible to 
amikacin (83.3%), ciprofloxacin, and chloramphenicol (80% each), and this resembles the results of earlier works 
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reported from other parts of the country.18,46 Isolates of Klebsiella spp. also showed a growing trend in their resistance to 
cefotaxime (66.7%), tetracycline and piperacillin (each 63.3%), and amoxicillin-clavulanic acid (60%), which are 
comparable to the data obtained from other studies done in various cities of Ethiopia.17,18,21 Usually, the higher resistance 
can be correlated to the formation of beta-lactamase. Among the predominant GNB otopathogens, Proteus spp. showed 
resistance to co-trimoxazole (54.65%) and amoxicillin-clavulanic acid (54.5%). These results resemble a previous study 
done in Hawassa which indicated that 57.9% of the isolates were resistant to both co-trimoxazole and amoxicillin- 
clavulanic acid.18

The isolates of P. aeruginosa showed higher resistance to a pair of drugs, such as piperacillin (61.5%) and cefotaxime 
(53.9%). However, mustered increased susceptibility to gentamicin (83.3%), amikacin (77%), ciprofloxacin (69.2%), and 
meropenem (61.5%). These results are in line with that of a previous study conducted in Nepal (gentamicin (91.4%), 
amikacin (89.2%), ciprofloxacin (87.5%), and meropenem (92.9%)).39

Most of the isolates of GPB were resistant to penicillin (82.6%), co-trimoxazole (60.9%), and vancomycin (58.3%), 
and the resistance profile is similar to that described in a previous report from Mekele.17 On the other hand, GPB 
exhibited only a marginal resistance against clindamycin (10.9%), erythromycin (29.3%), tetracycline (28.2%), and 
ciprofloxacin (37.0%), which is in agreement with the researches conducted in Bangladesh,33 India,43 Cote d’Ivoire36 and 
Ethiopia17 itself.

Notably, the isolates of S. aureus demonstrated higher resistance against penicillin (84.5%), and the extent is more or 
less equal to those found in Jimma (87.5%).44 The isolates of S. aureus were highly resistant to co-trimoxazole (73%) as 
per the present study. This finding is exactly matching with the outcome of a study reported from Hawassa (73.2%).18 At 
the same time, isolates of S. aureus exhibited susceptibility to clindamycin (88.4%), chloramphenicol (69.2%), erythro-
mycin (65.3%), and ciprofloxacin (63.4%). This pattern was also found in previous works reported from Gondar (75% 
susceptible to chloramphenicol and 66.7% to ciprofloxacin)19 and Bahir Dar (85.9% susceptible to erythromycin).21

The second most predominant GPB is CoNs, of which 85.7, 64.2, and 57.1% showed resistance to each antibiotic 
tested, such as penicillin, co-trimoxazole, and amoxicillin-clavulanic acid, respectively. This is identical to the results of 
previous research done in Mekelle, where the resistance to penicillin and amoxicillin-clavulanic acid was 76.5% each and 
100% to co-trimoxazole.17

This study confirmed the cosmopolitan nature of heterogeneity in antimicrobial susceptibility profiles, and apparent 
differences in pattern could be due to the frequent and indiscriminate usage of several types of antibiotics for treating ear 
infections. In other words, it indicates that the drug-resistance genes of GPB are disseminated in Ethiopia, which needs 
a better understanding, and there must be a fight against drug resistance by all the stakeholders.

MDR was detected in 67.1% of isolates, and the results should be viewed with considerable caution. Our findings 
match with the results of a number of earlier studies done in different cities of the country (such as Mekele, 74.5%,17 

Jimma, 67%35 and Hawassa, 69.9%)18 The current study hints at a higher percentage of MDR isolates compared to the 
reports from a couple of cities in Ethiopia (35% in Gonder19 and 50% in Wollo).46 It is to be mentioned that 19.2% 
(n=44) of the isolates were XDR which is not as high as found in an earlier study done in Iraq (31.7%).47

Isolates of ESBLs and CRE are of increasing clinical concern but have to be viewed from an angle of epidemiological 
and infection control. A staggering fact from our study is the detection of MRSA, ESBL, CRE, and VRE bacterial 
isolates, which are enlisted by WHO as priority pathogens; for instance, 38.4% of S. aureus were identified as MRSA, at 
par with the results of an earlier study conducted in Jimma (34.5%),35 but is higher than that reported from Hawassa, 
17.0% (n=7).18 The higher rate of MRSA observed in the present study could be linked to the constant use of the third- 
generation cephalosporins. The coagulase-negative staphylococci, which are Methicillin-resistant (MRCoNs), were also 
detected in our study.

The overall percentage of VRE in our study was 58.3% and was consistent with the outcome of a study performed in 
Bahir Dar (41.7%).48 Of the isolated GNB, 71 (56.8%) were suspected to be ESBL producers, and precisely 25 (20.0%) 
were confirmed to be the actual ESBL producers.

Nine (7.2%) isolates were carbapenemase producers and can be connected to the indiscriminate use of carbapenem as 
a first-line drug, and this is more or less similar to the results related to the CRE isolates reported in other studies from 
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different clinical samples obtained from Arba Minch itself (12.98% (17/131)),49 Addis Ababa, 12.12% (n=4/33),50 North 
Africa (2.3 to 67.7%), and sub-Saharan Africa (9 to 60%).51

Among the risk factors assessed, a couple of variables belonging to environmental factors were significantly 
associated (history of exposure to loud noises and a family history of smoking). It was found that patients with 
a history of exposure to loud noises are 3.4 times [(AOR=3.4; CI=1.141–10.237; P-value=0.028)] more prone to OM. 
It is envisaged that prolonged exposure to high-decibel noises may affect the eardrum, impair the respiratory and immune 
systems and make them vulnerable to infections. However, this factor was not significantly associated as per a previously 
published article52 and therefore, further in-depth clinical studies are required to bring out the fact involved. The patients 
with a family history of smoking have 2.9 times higher chance of acquiring OM than their peers [AOR=2.9; CI=1.189– 
7.251; p-value = 0.020]. Many previous studies have viewed the impact of a family history of smoking (passive smoking) 
on children and the incidence of OM.17 This finding is not unexpected since passive smoking can enhance bacterial 
adhesion to the respiratory epithelium, suppress local immune responses, and reduce mucociliary action.53 These results 
suggest that physicians/parents should consider developing interventions to discourage smoking in the family with 
pediatrics.

Limitations of the Study
Our current work has several shortcomings. For instance, it is a cross-sectional study design with a smaller sample size 
and a shorter duration.

It is based on institutions and may not represent the exact picture of the epidemiology of OM. Only aerobic bacterial 
cultures were performed. Serotyping and molecular characterizations of the bacterial isolates were not done. 
Audiological instrumental and API (Analytical Profile Index) 20E tests were not done. The significance of CSOM 
may be brought out in a future study with much larger sample size. The exact reason for the statistical association of OM 
with exposure to louder noises is to be further evaluated.

Conclusions
To the best of our knowledge, this is the first report on the magnitude of OM among the pediatric population in Arba 
Minch; the overall percentage of OM was extremely high, ie, 67.3%, and it has a certain association with environmental 
factors too.

From our results, we conclude that OM remains an ongoing challenge in the study area, causing significant morbidity 
in pediatric patients. Slightly above fifty percentage of the culture-positive cases were associated with CSOM and it is to 
be stressed that CSOM has far reaching consequences and specific sequelae. Isolates of Proteus spp., E. coli, and 
S. aureus were found to be the most prevalent otopathogens. It can be inferred that gentamicin, tetracycline, and 
ciprofloxacin are the options for managing OM in the study area. There exists a considerable augmentation in drug 
resistance (in the case of penicillin, ampicillin, amoxicillin-clavulanic acid, ceftriaxone, and co-trimoxazole). A startling 
finding of our study is that 67.1 and 19.2% of bacteria were MDR and XDR, respectively. The WHO prioritized 
superbugs such as ESBL, CRE, MRSA, and VRE were also detected. Significant predictors of OM in pediatrics in the 
study area are exposure to loud noises and a family history of smoking which are the most mentionable findings.
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