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Pattern of Bacterial Isolates in Otitis Media and Their Antibiotic Susceptibility Profile in Okpoko Rural Community, Anambra State, Nigeria: A Hospital-Based Cross-Sectional Study 
Abstract 
Otitis media is an infection of the middle ear, characterized by inflammation of the mucosal lining, affecting individuals of all ages and genders. If left untreated, it can lead to significant consequences, including economic loss, impaired speech development, hearing impairment, and potentially permanent hearing loss. Consequently, otitis media constitutes a major public health concern. This study aims to investigate the prevalence, bacterial isolates, and antibiotic susceptibility profile of patients with otitis media, as well as examine the socio-economic characteristics of affected individuals in Okpoko, a rural community in Anambra State, Nigeria. A hospital-based cross-sectional study is being conducted from July 2024 to May 2025. Ear secretions are collected from patients presenting with middle ear discharge at the Ear, Nose, and Throat (ENT) clinic of Solution General Hospital, Okpoko, Ogbaru Local Government Area, Anambra State, using a sterile cotton swab. Patients suspected of otitis media presenting with middle ear discharge that consented were enrolled for the study. Their socio-demographic data were also obtained using a well-structured questionnaire. Samples were collected, cultured and identified using morphological appearance gram reaction and biochemical test. Disc diffusion method was used for tthe antibiotics susceptibility testing. Of the300 (male 155, female 145) ear swabs collected from patients with otitis media, 166(55.33%) yielded bacterial growth. Male patients had highest prevalence of 88(29.33%) than female 78(26.0%).Prevalence of bacterial etiologic agents associated with otitis media revealed Staphylococcus aureus 64 (38.55%) as the predominant isolate followed by Pseudomonas aeruginosa 46(27.71%). Levofloxacin is the most sensitive antibiotic while most were resistant to augmentin. However, most of the isolated bacteria were multiple drug resistance. It is therefore important that culture and sensitivity testing of ear swabs is done before institution of antibiotics to further reduce emerging pattern of antibiotics resistance. 
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INTRODUCTION
The ear is a crucial sensory organ responsible for hearing, comprising three distinct compartments: the outer ear, middle ear, and inner ear. The tympanic membrane serves as a dividing structure between the outer and middle ear, while the Eustachian tube connects the middle ear to the inner ear [1]. Otitis media (OM) refers to an infection of the middle ear, characterized by inflammation of the mucosal lining, with or without involvement of the tympanic membrane [2]. Otitis media is a prevalent health issue worldwide, affecting diverse populations across various age groups, occupations, and socioeconomic backgrounds. If left untreated, it can lead to significant consequences, including economic burdens, hearing impairment and loss, delayed speech development, and increased childhood morbidity [6-8]. The condition often arises as a complication of Eustachian tube dysfunction, microbial ascent, or inadequate management of upper respiratory tract infections, allowing bacteria to enter the middle ear through the Eustachian tube [9-10]. In 2021, there were approximately 391 million new cases of otitis media reported globally across all age groups (with a range of 292 to 525 million). The worldwide incidence rate of otitis media was 4958.9 per 100,000 population (3705.4 to 6658.6), representing a 16.3% decrease (–18.1 to –14.0) from the 1990 rate of 5925.5 per 100,000 (4371.8 to 8097.9). The incidence rate was highest among children under 2 years old, with the largest number of cases observed in children aged 2–4 years. [28]. 
Otitis media, encompassing acute, recurrent, and chronic forms, is a prevalent global health issue [11-12]. Accurate differential diagnosis is essential to guide treatment and prevent complications, with key subtypes including Acute Otitis Media (AOM), Recurrent AOM (RAOM), Otitis Media with Effusion (OME), Acute Suppurative Otitis Media (ASOM), Chronic Suppurative Otitis Media (CSOM) [13-14]The socio-economic burden of otitis media is substantial, with estimated annual direct and indirect costs exceeding $5 billion [15]. The bacterial etiology of otitis media involves: Gram-positive bacteria, predominantly Staphylococcus aureus (coagulase-positive and coagulase-negative) [2, 16-17], as well as Streptococcus pneumoniae and Streptococcus pyogenes [5]. Gram-negative bacteria, including Pseudomonas aeruginosa (most prevalent), Haemophilus influenzae, Klebsiella spp., Escherichia coli, and Proteus spp., which are often associated with more severe ear complications [11, 14, 18].
Bacterial otitis media infections arise from a combination of factors, including bacterial virulence, compromised host defense mechanisms, Eustachian tube dysfunction, and environmental influences such as poor personal hygiene, low socioeconomic status, and smoke exposure [19]. These predisposing factors are particularly prevalent in rural communities, where they contribute to the high incidence and prevalence of otitis media [11].Otitis media constitutes a significant health burden in both developed and developing countries, including Nigeria, where limited resources exacerbate the issue. Factors such as poor nutrition, overcrowding, low socioeconomic status, environmental pollution (e.g., smoke from fuel), and upper respiratory tract infections are widespread, contributing to the high disease burden [6, 23]. These conditions are especially pertinent in rural settings like Okpoko, Anambra State, Nigeria. Despite the significance of otitis media, there is a dearth of data on bacterial etiology, antibiotic susceptibility profiles, and socio-economic characteristics in this region. To address this knowledge gap, this study aims to investigate the prevalence, bacterial isolates, antibiotic susceptibility patterns, and socio-economic correlates of otitis media in Okpoko, a rural community in Anambra State, Nigeria.
 Methods
  Study design and setting
A hospital based cross-sectional study conducted from July 2024 to May 2025. The study included patients suspected of otitis media presenting with middle ear discharge.
Study population 
All consenting participant patients of all ages with middle ear discharge were chosen for the study while patients with muco-purulent suppurative exudates, otitis media with effusion for more than two weeks, critically ill patients, patients with cleft palate, patients on antibiotic therapy were excluded from the study. For all otitis media patients enrolled for the study,  their socio-demographic data were also obtained using a well-structured pre tested questionnaire.  
Sample collection and processing 
A sterile cotton wool was used to swab ear discharge of patients suspected of otitis media who came to the ENT (ear, nose and throat) clinics at Solution General Hospital Okpoko, Ogbaru local Government area in Anambra state. 
 Isolation and characterization of pathogenic bacteria
The 300 ear swabs samples (155 males, 145 females) collected from the patients were transported to the laboratory within one hour of collection. Samples were inoculated on chocolate agar, MacConkey agar and two blood agar plates. The MacConkey agar and one blood agar plates were incubated at 370C for 24 hours under aerobic condition and the other blood agar and chocolate agar plates were incubated at 370C for 24 to 48 hours under anaerobic condition. After incubation, all culture plates were examined for the presence of bacterial growth. Pure organisms were identified by cultural morphological characteristics, Gram stain and biochemical such as coagulase, catalase, indole, tests using standard protocols.  
Antibiotic sensitivity Test
Sensitivity testing was carried out on pure standardized  bacterial isolates using disc diffusion method described by [21] on Mueller-Hinton agar and paper antibiotic multi-discs that contained the following ten antibiotics; Chloramphenicol (CH) 10 microgram), gentamicin (CN) 10 microgram, ciprofloxacin (CPX) 5 microgram  levofloxacin (LEV) 20 microgram, Erythromycin (E) 30 microgram), Amoxicillin-clavulanic (AU) 20/10 microgram, ofloxacin (OFX) 10 microgram), amoxil (AMX) 30 microgram), rocephin (R) (30 microgram), Ampiclox 10 microgram. The discs were placed on the surface of the agar plates using sterile forceps and incubated at 370 C for 24 hours.  The zones of inhibition of the bacteria around each disc were measured using a transparent calibrated ruler. The results were classified as sensitive or resistant according to the inhibition zones diameter recommended by [21]
Ethical clearance 
Ethical clearance for this study was obtained from the ethics committee Anambra college of health sciences and technology Obosi.
Data analysis
Data obtained was analysed using the SPSS 21.0 window based program. Comparison between different categorical variables, patient socio- demographic data was conducted using the chi-square test. If the p-value is (P= 05) the analysis is statistically significant.
RESULTS
Prevalence of otitis media and socio-demographic characteristics among patients at the study areas.
A total of 300 ear swabs collected from patients with otitis media,  out of which 166(55.33%) yielded bacterial growth. The socio-demographic characteristics (Table 1) showed male patients had prevalence of 88(29.33%) while female 78(26.0%). This study also showed that otitis media caused by bacteria is common among all age groups with highest occurrence at 1-10 years 60(36.15%, others 11-20 years 30(18.07%), 21-30 years 26(15.66%), 31-40 years 22(13.25%), 41-50 years 15(9.04%), those patients older than 50 years 13(7.83%). The Chi-square test in table 1 revealed no statistically significant association between gender and the prevalence of otitis media. This indicates that, within this study population, gender does not significantly influence the likelihood of developing otitis media.   The Chi-square test showed a highly significant association between age and the prevalence of otitis media. This suggests that age is a strong determinant of otitis media, with younger children particularly those aged 1-10 years being most affected  
Prevalence of bacterial agents isolated from ear swabs in relation to gender, age
Prevalence of bacterial etiologic agents associated with otitis media (Table 2a and 2b ) revealed Staphylococcus aureus 64 (38.55%) as the predominant isolate with more preponderance in male patients at all age groups except age 21-30 years with highest prevalence at  1-10 years 31.25%, Pseudomonas aeruginosa 46(27.71%) was isolated more in female patients with highest occurrence  at age  1-10 years (39.13%), Proteus species 28(16.87%)  with equal incidence in both male and female, occur at all ages with highest prevalence at age 11-20 years (25.0%) , Klebsiella species 11(6.63%) more occurrence in male, highest occurrence at age 1-10 years( 36.36%), no occurrence at age 31-40 years  Escherichia coli 9(5.42%) with more prevalence in male, more incidence at age 1-10 years (36.36%), no occurrence at age 11-20 years and in patients older than 50 years. Streptococcus species 8(4.82%) occurred only at the age of 1-10 years (100%), with more prevalence in male patients. Although variations in the prevalence of bacterial agents exist across different age groups and between genders, none of these variations were statistically significant suggesting that within the study population, the occurrence of bacterial agents was not significantly influenced by age or gender.   
Antibiogram pattern of bacterial agents in otitis media
In this study all bacterial isolates from ear swabs were subjected to antibiogram (Table 3). Staphylococcus aureus which is the most common isolate 38.55%, levofloxacin is the most effective antibiotic 76.56% while amoxil has the highest resistant of 62.5%. levofloxacin is also the most effective antibiotic 69.57 % against Pseudomonas aeruginosa  which was isolated in 27.71% while amoxil  showed the highest resistant 80.43%. Proteus species which was isolated in 16.87% were 85.71% sensitive to levofloxacin and75% resistant to ampiclox. klebsiella species which was isolated in 6.63%  with highest sensitivity of 81.82% to levofloxacin and rocephine respectively and highest resistant of 72.73% to augumentin. Rociphine and levofloxacin were the most sensitive antibiotic 88.89% respectively to Escherichia coli which was isolated in 5.42% with augumentin and ampiclox giving the highest resistant of 77.78% respectively. Streptococcus species 4.82% of the isolates showed 100% sensitive to rocephine with 87.5% resistant to amoxil.

Table1: Prevalence of otitis media and socio-demographic characteristics among patients at the study areas.
	VARIABLE
	NUMBER TESTED (%)
	FREQUENCY (%)
	X2
	Df
	P-value

	GENDER
	
	
	
	
	

	Male
	155 (51.67%)
	88 (29.33%)
	
	
	

	Female 
	145 (48.33%)
	78 (26.0%)
	0.16226
	1
	0.6871

	Total 
	300 (100%)
	166 (55.33%)
	
	
	

	AGE IN YEARS
	
	
	
	
	

	1-10
	70 (23.33%)
	60 (36.15%)
	
	
	

	11-20
	50(16.67%)
	30(18.07%)
	
	
	

	21-30
	50(16.67%)
	26(15.66%)
	
	
	

	31-40
	50(16.67%)
	22(13.25%)
	42.990
	5
	0.0001

	41-50
	40(13.33%)
	15(9.04%)
	
	
	

	> 50
	40(13.33%)
	13(7.83%)
	
	
	

	Total 
	300(100%)
	166(53.33%)
	
	
	




Table 2a: Prevalence of bacterial agents isolated from ear swabs
	ISOLATES
	NUMBER OF ISOLATES
	FREQUENCY OF ISOLATES (%)

	Staphylococcus  aureus
	64
	38.55

	Pseudomonas aeruginosa
	46
	27.71

	Proteus  spp.
	28
	16.87

	Klebsiella pneumonia
	11
	6.63

	Escherichia coli
	9
	5.42

	Streptococcus pneumonia
	8
	4.82

	Total
	166
	100









Table 2b: Prevalence of bacterial agents in relation to gender, age
	Bacterial spp. no (%)
	1-10 years
	11-20 years
	21-30 years
	31-40 years
	41-50 years
	>50 years
	Total frequency (%)
	P value

	
	M        F
	M        F
	M       F
	M       F
	M       F
	M       F
	
	

	S.aureus
	13       7
	9         6
	5         8
	5         2
	3        3
	2         1
	64(38.55)
	0.9423

	Proportion (%) 
	31.25%
	23.44%
	20.31%
	10.94%
	9.37%
	4.69%
	
	

	Pseudomonas aeruginosa
	8       1o
	3        2
	2        4
	1         5
	3      2
	4        2
	46(27.71
	0.3247

	Proportion (%)  
	39.14%
	10.87%
	13.04%
	13.04%
	10.87%
	13.04%
	
	

	Proteus spp.
	4         2
	4       3
	3       3
	1       5
	1       0
	1       1
	28(16.87)
	0.2958

	Proportion (%)
	21.43%
	25.0%
	21.43%
	21.43%
	3.57%
	7.14%
	
	

	Klebsiella spp
	2         2
	2       0
	0        1
	0        0
	1       1
	1        1
	11(6.63 )
	0.5515

	Proportion (%)
	36.36%
	18.18%
	9,09%
	0%
	18.18%
	18.18%
	
	

	Escherichia coli
	4         3
	0     0
	0         1
	1         0
	0        0
	0        0
	9(5.42)
	1.0000

	Proportion (%)
	77.78%
	0%
	11.11%
	11.11%
	0%
	0%
	
	

	Streptococuus pneumonia
	5         3
	0         0
	0        0
	0       0
	0        0
	0        0
	8(4.82
	1.0000

	Proportion (%)
	100%
	0%
	0%
	0%
	0%
	0%
	
	


Key; M = Male.  F = Female 














Table 3: Antibiogram pattern of bacterial agents in otitis media
	Isolates
	Number of isolates 
%
	S/    R     %
	CN
	CPX
	LEV
	AU
	AMX
	APX
	OFX
	CH
	E
	R

	S.aureus
	64(38.55)
	S
	68.75
	70.31
	76.56
	42.19
	37.5
	45.31
	64.06
	57.81
	48.44
	67.19

	
	
	R
	31.25
	29.69
	23.44
	57.81
	62.5
	54.69
	39.34
	42.19
	51.56
	32.81

	P. aeruginosa 
	46(27.71)
	S
	45.65
	58.70
	69.57
	23.91
	19.57
	21.74
	56.52
	41.30
	31.13
	65.22

	
	
	R
	53.35
	41.30
	30.43
	76.09
	80.43
	78.22
	43.48
	58.70
	60.87
	34.78

	Proteus spp
	28(14.37
	S
	64.29
	71.43
	85.71
	51.14
	42.86
	25
	67.86
	50
	46.43
	71.43

	
	
	R
	35.71
	28,57
	14.29
	42.86
	57.14
	75
	32.14
	50
	53.57
	28.57

	Klebsiella pneumoniae 
	11(6.63)
	S
	67.86
	36.36
	81.82
	29.27
	18.18
	36.36
	72.73
	63.64
	36.36
	81.82

	
	
	R
	31.14
	63.64
	18.18
	72.73
	81.82
	63.64
	27.27
	36.36
	63.64
	18.18

	Escherichia  coli
	9(5.42)
	S
	66.67
	77.78
	88.89
	22.22
	44.44
	22.22
	66.67
	55.56
	33.33
	88.89

	
	
	R
	33.33
	22.22
	11.11
	77.78
	55.56
	77.78
	33.33
	44.44
	66.67
	11.11

	Streptococcus pneumonia
	8(4.82)
	S
	75
	100
	87.5
	37.5
	12.5
	12.5
	82.5
	37.5
	50
	100

	
	
	R
	25
	0
	12.5
	62.5
	87.5
	82.5
	12.5
	62.5
	50
	0


 Key; S = Sensitive.    R = Resistant

DISCUSSION
Otitis media is one of the most common major health problems in both developed and developing countries, with high incidence [4] [5]. Otitis media is an infection of the middle ear which occurs globally, affects different occupations, ages, gender, and socio -economic class and if not treated well can lead to economic problem, hearing impairment and loss, delay in speech development, childhood morbidity. [8] [6] [7]
Prevalence of otitis media due to bacterial agents in this study accounts 166(55.33%) of the 300 ear swabs collected from patients with otitis media which was similar to the findings of 67.3% by 10] but higher than the findings of 30.6% obtained from a similar rural community in Nigeria by [11]. Higher prevalence of otitis media were reported by several authors [16] 94%, 82.13% by [2], 96.7% by [22], 87.6% by [23], 90% by [24]. The socio-demographic characteristics showed male patients had a prevalence of 88(29.33%), while female 78(26.0%). This is in agreement with the report of [11] who reported male 36.25% female 15.38%, [24] also found more male 51%, female 49% but at variance with the reports of more female 90.1% male 89.1% by [2]. Prevalence of Otitis media in this study was not statistically influenced by gender (P= 0.6871).
This study also showed that otitis media caused by bacteria is common among all age groups with highest occurrence at 1-10 years 60(36.15%, this is in keeping with the finding of 22.9% by [2], the prevalence of otitis media in other age groups decreases as the age increases: 11-20 years 30(18.07%), 21-30 years 26(15.66%), 31-40 years 22(13.25%), 41-50 years 15(9.04%), those patients older than 50 years 13(7.83%). The Chi-square test in table1 revealed no statistically significant association between gender and the prevalence of otitis media. This indicates that, within this study population, gender does not significantly influence the likelihood of developing otitis media. The Chi-square test showed a highly significant association between age and the prevalence of otitis media. This suggests that age is a strong determinant of otitis media, with younger children, particularly those aged 1-10 years, being most affected 
Prevalence of bacterial etiologic agents associated with otitis media in this study revealed Staphylococcus aureus 64 (38.55%)  as the predominant isolate with more preponderance in male patients across all age groups except age 21-30years with highest prevalence at  1-10 years 36.15%,  this in keeping with findings of Staphylococcus aureusas predominant isolate  by [16] 55.32%,  [2] 36.11%), Ephrem et  al; [10] 56.5%, Endalu et al; [23], 40.4% Khadra et al; [24] 23% but at conflicts with the findings of [11] who reported  Pseudomonas aeruginosa 38.04% as the predominant isolate. Other organisms isolated from ear swabs includes; Pseudomonas aeruginosa 46(27.71%) more incidence in female patients with highest occurrence at age 1-10 years (39.13%) this agrees with report of Christopher et al 38.04% [17], Endalu et al; [23] 14.5%, Proteus species 28(16.87%) with equal incidence in both male and female, occur at all ages with highest prevalence at age 11-20 years (25.0%). This is in agreement with the report of 14.89% by [16], 14.5% by [23], [10] 15.3%. Klebsiella species 11(6.63%) more occurrence in male, highest occurrence at age 1-10 years (36.36%), no occurrence at age 31-40years, this is in keeping with the finding of] 8.70%, 23] 7.0%. Escherichia coli was isolated 9(5.42%) with more prevalence in male, more incidence at age 1-10 years (36.36%), no occurrence at age 11-20 years and in patients older than 50 years. This is at par with the result of Christopher et al; [11] 6.83%. Streptococcus species 8(4.82%) occurred only at the age of 1-10 years (100%), with more prevalence in male patients. This is in keeping with the reports of [18] 2.0%,  [11] 5.59%. Although variations in the prevalence of bacterial agents where observed across different age groups, none of these variations were statistically significant  i.e, all the P-Values were greater than the conventional 0.05 level suggesting that, within the study  population, the occurrence of the bacterial  agents was not significantly influenced by age.
All bacterial isolates from ear swabs were subjected to antibiogram. Staphylococcus aureus which is the most common isolate 38.55%, levofloxacin is the most sensitive antibiotic 76.56% while amoxil has the highest resistant of 62.5%. Levofloxacin is also the most sensitive antibiotic 69.57 % against Pseudomonas aeruginosa, which was isolated in 27.71% while amoxil showed the highest resistant 80.43%. Proteus species, which was isolated in 16.87% were 85.71% sensitive to levofloxacin and 75% resistant to ampiclox. klebsiella species which was isolated in 6.63% with highest sensitivity of 81.82% to levofloxacin and rocephine respectively and highest resistant of 72.73% to augumentin. Rocephine and levofloxacin were the most sensitive antibiotic 88.89% respectively to Escherichia coli which was isolated in 5.42% with augumentin and ampiclox giving the highest resistant of 77.78% respectively. “Streptococcus species was isolated 4.82% and showed 100% sensitive to rocephine with 87.5% resistant to amoxil. Antimicrobial resistance (AMR) is one of the most critical global healthcare challenges, necessitating coordinated antimicrobial stewardship and evidence-based prescribing practices.[25] Multiple antibiotics resistance was seen in this study, hence, culture and sensitivity of ear swabs is recommended before institution of antibiotics to further reduce the emerging pattern of antibiotic resistance, which mostly occurs as a result of empirical prescription of antibiotics and over-the-counter purchase of antibiotics without prescription, which is common in Nigeria.
Study Limitations
This study has several limitations that should be acknowledged. The hospital-based cross-sectional design limits generalizability to the wider community population, particularly individuals who do not access formal healthcare. The absence of molecular diagnostic techniques may have underestimated fastidious or anaerobic pathogens. Exclusion of patients already on antibiotic therapy could have influenced bacterial yield and resistance patterns. In addition, the study did not differentiate otitis media subtypes (acute vs chronic), which may have affected microbiological distribution and susceptibility interpretation.

Recommendations for Future Studies
Future research should incorporate multicenter and community-based sampling to enhance the generalizability of microbiological findings across diverse populations. Longitudinal surveillance studies are recommended to monitor evolving antimicrobial resistance trends and guide empiric therapy updates. The integration of molecular diagnostic techniques and biofilm detection methods would improve pathogen identification and resistance characterization. Future studies should also stratify outcomes by otitis media subtype and prior antibiotic exposure to refine clinical applicability. Additionally, the
incorporation of artificial intelligence–driven diagnostic tools is recommended to enhance diagnostic accuracy and support early, precision-guided treatments [26]
Finally, future studies should investigate the role of vaccination strategies, particularly pneumococcal and influenza vaccines, in preventing otitis media occurrence and recurrence as a sustainable population-level preventive approach [27] .
Conclusion 
Multiple antibiotics resistance was seen in this study, hence culture and sensitivity test of ear swabs is recommended before institution of antibiotics to further reduce emerging pattern of antibiotics resistance. Also empirical prescription of antibiotics and over the counter purchase of antibiotics without prescription should be further re-evaluated. Notable multidrug resistance among bacterial isolates underscores the necessity of routine culture- guided antibiotic therapy to optimize treatment outcomes and support antimicrobial stewardship
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