Prevalence and Antibiotics Susceptibility Patterns of Bacterial isolates Causing Adult Conjunctivitis among Patients attending Tertiary Hospitals in Onitsha, Anambra State, Nigeria 
Abstract
Bacterial conjunctivitis is a widespread ocular infection affecting diverse age groups, occupations, and educational backgrounds, which, if left inadequately treated, can result in significant economic burdens, vision impairment, and blindness.This study aimed to investigate the incidence of bacterial conjunctivitis, its socio-demographic correlates, and the antibiotic sensitivity profiles of the causative pathogens among adult patients attending Federal Medical Centre, Onitsha, and Guinness Eye Hospital, Onitsha, Anambra State, Nigeria. The research was conducted among consenting adult patients presenting with symptoms of conjunctivitis, characterized by pink or red eyes and sticky or adherent eyelids, between November 2024 and April 2025  A total of 300 eye swab specimens from patients who met the inclusion criteria were collected and cultured. Subsequent identification of bacterial isolates from pure culture was done based on cultural characteristics, Gram stain and biochemical tests. Sensitivity tests of pure bacterial isolates were done using the disc diffusion method.  Ninety four (94) 94/ 300 eye swabs had bacterial growth, giving an incidence of 31.3%. There is no significant difference P=0.120, between male patients 17.3% and female patients 14%. Staphylococcus aureus was the most prevalent isolate (56.4%), while the least was E. coli (5.3%). Susceptibility test result showed that gentamicin (80.8%), ciprofloxacin (79.2%) were active against the isolates. Bacteria conjunctivitis if not properly treated can lead to serious complication such as blindness or permanent eye damage. 
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Introduction 
The eye is a vital sensory organ essential for human life [1]. The conjunctiva is firmly attached to the tarsal plates and merges with the skin at the eyelid margins. Although the conjunctiva sac is sterile at birth, it can become infected by microorganisms such as bacteria, fungi, or viruses, leading to infectious conjunctivitis [2]. Non-infectious conjunctivitis, on the other hand, may be caused by allergic reactions or certain medications. Bacterial conjunctivitis, characterized by pink or red eyes with sticky or adherent eyelids, is the most prevalent ocular infection worldwide, affecting individuals of all ages, occupations, and educational backgrounds [3]. If left inadequately treated, it can result in significant economic burdens, vision impairment, and blindness [4]. While many cases of bacterial conjunctivitis are self-limiting, accurate diagnosis is crucial to ensure timely and effective treatment, thereby preventing potential complications [5].
 The etiologic agents of bacterial conjunctivitis includes; Gram positive and Gram-negative bacteria. Gram-positive bacteria, which are the major bacterial cause of conjunctivitis are mostly coagulase-positive Staphylococci aureus (S. auerus) and coagulase-negative Staphylococci (CoNS) as reported by several authors [6] [1]. Other gram-positive bacteria that can cause conjunctivitis includes; Streptococcus pneumoniae, Corynebacterium, and Streptococcus pyogenes. Gram-negative bacteria such as Haemophilus influenza (H. Influenza), Pseudomonas aerugenosa, N. gonorrhoeae, Escherichia coli, Proteus spp. causes more severe eye complications within 48 hours of infection as reported by [5], [7]. Severe infective bacterial conjunctivitis may lead to loss of vision and blindness.[7].  Most of the adult patients with infectious conjunctivitis are caused by bacterial agents, mainly S. aureus, and Haemophilus influenzae.[8].[5] reported that about 20% of people normally harbour S. aureus continually in the nasal passages, and another 60% harbour it intermittently; in both cases, the bacteria may be a reservoir for recurrent bacterial conjunctivitis.
Bacteria cause eye infections as a result of their virulence abilities, weakness in host defence and other factors such as personal hygiene, lifestyle, and economic status. [9] [7].   Fumilayo et al [11] reported an incidence of 75%  bacterial conjunctivitis in 200 eye swabs studied at Obafemi Awolowo University Teaching Hospital, Nigeria. Aetiological frequencies of bacteria isolated in their studies include Staphylococcus aureus, which was isolated 53.3% and the least was Escherichia coli, 3.3%. All bacteria isolates were highly susceptible to Rocephin 90.8%, 89.7%, respectively for Gram-positive and Gram-negative bacteria. Also, in a study done at Ladoke Akintola University, Osogbo, Nigeria, the prevalence of bacterial conjunctivitis was 75.2% of the 210 eye swabs having bacterial growth, with Staphylococcus aureus having the highest prevalence of 41.4%, while Proteus mirabilis occurred least, 1.2% in frequency. Gentamycin was the most potent antibiotic, 91.7%. [10]. [11] In their work in Abia State, Nigeria established a prevalence rate of conjunctivitis 19.8%. S. aureus was the most prevalent bacterial isolate, 23.9%. In Egypt, the prevalence of bacterial conjunctivitis was 66.5%, with Staphylococcus aureus being the most commonly recovered bacteria 44.89% with Klebsiella spp., and H. Influenza being the least, 2.72% [1]. In the works of [4], [12], a prevalence of 0.13% bacterial conjunctivitis was recorded in the general population studied.  Staphylococcal infection was the commonest cause of bacterial conjunctivitis in adults in the U.S., followed by Streptococcus pneumonia and H. Influenza.13]
In hospital settings, the microorganisms responsible for bacterial conjunctivitis are diverse, exhibiting varying susceptibility and resistance patterns. Consequently, it is essential to perform culture and sensitivity testing prior to initiating treatment. Empirical treatment without such testing may contribute to the development of antimicrobial resistance, resulting in increased annual treatment costs, and economic losses due to excessive antibiotic use, treatment failures, and other adverse medical consequences. Despite the significance of many bacteria implicated as  major causative agent of bacterial conjunctivitis, there is a dearth of published data on its incidence and sensitivity  of bacterial conjunctivitis to  commonly used antibiotic, in Nigeria. This study aims to investigate the incidence of bacterial pathogen causing bacterial conjunctivitis, its socio-demographic correlates, and the antibiotic sensitivity profile in Anambra State, Nigeria. The specific objectives of this study are to:
- Identify the bacterial pathogens responsible for conjunctivitis in adult patients attending Federal Medical Centre, Onitsha, and Guinness Eye Hospital, Onitsha;
- Determine the antibiotic sensitivity profile of these pathogens; and
- Examine the socio-demographic characteristics of the affected patients.

Methods
   Study design 
A hospital based cross-sectional study conducted from November 2024 to April 2025. The study included patients suspected of bacterial conjunctivitis presenting with red or pink eye, sticky eye lids. 
Study population and Data collection
The eye swabs for this work were obtained from patients with bacterial conjunctivitis who came to ophthalmology / optometry clinics at Federal Medical centre Onitsha (formerly General hospital Onitsha) and Guinness eye centre Onitsha all in Anambra state. 
Convenient sampling method was used and all consenting participant adult patients with pink or red eye, adherence of eye lids were chosen for the study while patients with muco-purulent exudates for more than two weeks, critically ill patients, patients who wore contact lenses and on antibiotic therapy were excluded from the study. Informed consent was obtained from each participant before enrolment and a well-structured questionnaire was filled for each participant using English language and vernacular. A total of 300 eye swabs of affected conjunctival sac were collected from the patients. Also their socio-demographic data were also obtained.  
Sample processing 
 Isolation and characterization of pathogenic bacteria
The 300 eye swabs samples collected from the patients were sent 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 370 C for 24 to 48 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 the plates were examined after 24 and 48 hours for the development of bacterial growth. Pure organisms were identified by cultural, morphological characteristics, Gram stain and biochemical tests.  
Antibiotic sensitivity Test
Sensitivity testing was carried out on the pure bacterial isolates using disc diffusion method described by CLSI [14] 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 diameters as recommended by CLSI [14] [15] 
Data analysis
Data obtained was analysed using the SPSS 21.0 window based program. Comparisons between different categorical variables; patient socio-demographic data were conducted using the fisher extact chi-square test. If the P-value is (P <0.05) the analysis is statistically significant.  
    
RESULTS
Prevalence of bacterial conjunctivitis and socio-demographic characteristics among patients at the study areas
Out of 300 eye swabs collected from patients with bacterial conjunctivitis, 94(31.3%) yielded bacterial growth. The socio-demographic characteristics (Table 1) showed male patients had incidence of 52 (17.3%) while female patients 42 (14%). This study also showed that bacterial conjunctivitis in adult patients is common among all age groups: 31-43 years 35 (37.2%), 18- 30 years 26 (27.7%), 44-56 years 15 (16%), 57-69 years 13 (13.8%), those patients older than 70 years had 5 (5.3%). Most of the participants who were farmers had bacterial conjunctivitis 30 (31.9%), while 20 (21.3%) were Schooling, Artisans 18 (19.1%), those trading 16 (17.0%), Civil Servants had 10 (10.6%) occurrence of bacterial conjunctivitis. Most of the participants who did not go to school (Illiterates) had the highest prevalence 30 (31.9%), followed by those that had secondary education 26 (27.7%), Tertiary education 20 (21.3%), primary education 18 (19.1%). 
Prevalence of bacterial agents isolated from eye swab Prevalence of bacterial agents in relation to gender
Prevalence of etiologic agents associated in bacterial conjunctivitis (Table 2a , 2b)  revealed Staphylococcus aureus (coagulate positive) 53 (56.4%) with more preponderance in male patients at all age groups, Pseudomonas aeruginosa 11 (11.7%) with more occurrence in female patients at all age groups, no occurrence between the ages of 44-69 years, Klebsiella spp. 11 (11.7%) with more occurrence in male patients between the ages of 18-56 years, no occurrence above 70 years, Proteus spp. 8 (8.5%)  with more prevalence in male patients aged 18-30 years, 44-56 years, while female patients had highest prevalence at 31-43 years, not isolated from 57 years and above, H. influenza 6 (6.4%) with more occurrence in male patients between the ages of 31- 53 years and 57-69 years while female patients had more prevalence at 18-30 years and 44-56 years, not isolated in patients above 70 years of age, Escherishia coli was isolated in 5 (5.3%) with highest prevalence in female patients 18-30 years, 31-43 years,  57-69 years respectively, male patients was isolated more at age group 44-56 years E. coli was not isolated from patients 70 years and above. 
Antibiogram pattern of bacterial agents associated in conjunctivitis
In this study all bacterial isolates from conjunctival swabs were subjected to antibiogram.(Table 3) Staphylococcus aureus which is the most common isolate (56.4%), gentamicin is the most effective antibiotic 80.8% while ampiclox had the highest resistant of 75%. Levofloxacin and Rocephin showed 81.8% sensitive to Pseudomonas aeruginosa which was isolated in 11.7% while ampiclox showed 100% resistant to Pseudomonas aeruginosa. Klebsiella species which was isolated in 11.7% were 100% sensitive to ciprofloxacin and 50% resistant to augumentin, Proteus spp. isolated in 8.5% had the highest sensitivity of 90.3% to levofloxacin and highest resistant of 69.2% to amoxicillin.  H. influenza 6 (6.4%) of the isolates showed 100% susceptibility to gentamicin and ciprofloxacin and highest resistant of 83.3% to ampiclox. Esherichia coli which was isolated in 5(5.3%) of the conjunctival swabs showed 100% sensitive to levofloxacin, ofloxacin and chloramphenicol with 50% resistant to augumentin, amoxicillin and erythromycin     
Table 1: Prevalence of bacterial conjunctivitis and socio-demographic characteristics among patients at the study areas
	VARIABLE
	Number Tested (%)
	Frequency (%)
	X2
	Df
	P- Value

	
	
	
	
	
	

	GENDER
	
	
	
	
	

	Male
	146 (48.7%)
	52 (17.3%)
	2.43
	1
	P=0.120

	Female
	154 (51.3%)
	42 (14%)
	
	
	

	Total
	300 (100%)
	94 (31.%)
	
	
	

	AGE IN YEARS
	
	
	11.10
	4
	P=0.025

	18- 30
	100 (33.3)
	26 (27.7)	
	
	
	

	31- 43
	80 (26.7)
	35 (37.2)
	
	
	

	44-56
	47 (15.7)
	15 (16)
	
	
	

	57-69
	40 (13.3)
	13 (13.8)
	
	
	

	· 70
	33 (11.0)
	5 (5.3)
	
	
	

	    Total
	300
	94 (31.3)
	
	
	

	
	
	
	
	
	

	OCCUPATION
	
	
	31.70
	4
	P=0.001

	Schooling
	68 (22.7)
	20 (21.3)
	
	
	

	Farming
	72 (24)
	30 (31.9)
	
	
	

	Civil Servant
	70 (23.3)
	10 (10.6)
	
	
	

	Trading
	64 (21.3)
	16 (17.0)
	
	
	

	Artisan
	26 (8.7
	18 (19.1)
	
	
	

	Total
	300  (100)
	94 (31.3)
	
	
	

	
	
	
	
	
	

	EDUCATIONAL STATUS
	
	
	0.89
	3
	P=0.828

	Tertiary
	70 (23.3)
	20 (21.3)
	
	
	

	Secondary
	80 (26.7)
	26 (27.7)
	
	
	

	Primary
	50 (16.7)
	18 (19.1)
	
	
	

	Illiterate 
	100 (33.3)
	30 (31.9)
	
	
	

	Total
	300 (100)
	94 (31.3)
	
	
	







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

	Staphylococcus aureus
	53
	56.4

	Pseudomonas aeruginosa
	11
	11.7

	Klebsiella spp.
	11
	11.7

	Proteus spp.
	8
	8.5

	Hemophilus influenza
	6
	6.4

	Esherichia coli
	5
	5.3


























9

Table 2b:  Prevalence of bacterial agents in relation to gender
	Bacterial spp. N (%)
	 18- 30 years
	31- 43 years
	44- 56Years
	57- 69 years
	· 70 years
	P- value

	
	Male 
	Female      
	Male 
	Female      
	Male 
	Female      
	Male 
	Female      
	Male 
	Female      
	P- value

	S. aureus
	9        
	8
	14         
	7
	3          
	2
	4
	4
	2
	0
	P=0.660

	P. aeruginosa
	6
	1
	0
	3
	0
	0
	0
	0
	0
	1
	P=0.023

	Klebsiella spp.
	5
	1
	2
	1
	1
	0
	0
	1
	0
	0
	P=0.329

	Proteus spp
	3
	2
	0
	2
	1
	0
	0
	0
	0
	0
	P=0.350

	H. influenza
	0
	1
	2
	1
	0
	1
	1
	0
	0
	0
	P=0.350

	E. coli
	0
	2
	0
	1
	1
	0
	0
	1
	0
	0
	P=0.172




Table 3: Antibiogram pattern of bacterial agents associated in conjunctivitis 
	Isolates
	S/ R (%)
	CN
	CPX
	LEV
	AU
	AMX
	APX
	OFX
	CH
	E
	R



	S. aeureus
	S      
	80.8
	79.2
	69.8
	50.9
	37.7
	26.4
	64.2
	56.6
	58.5
	54.7

	
	R 
	19.2
	20.8
	30.2
	49.1
	62.3
	75.6
	35.8
	43.4
	41.5
	45.3


	P.aeruginosa
	S
	36.4
	45.5
	81.8
	45.5
	9.1
	0
	54.5
	63.4
	45.5
	81.8

	
	R
	63.6
	54.5
	18.2
	54.5
	90.9
	100
	45.5
	36.4
	54.5
	18.2

	
	
	
	
	
	
	
	
	
	
	
	

	Klebsiella 
Spp.
	S
	36.2
	100
	75
	50
	56
	51
	75
	75
	78
	81

	
	R
	63.8
	0
	25
	50
	54
	49
	25
	25
	22
	19


	Proteus spp.
	S
	61.5
	84.6
	90.3
	69.2
	30.8
	40
	53.8
	84.6
	61.5
	69

	
	R
	38.5
	15.4
	9.7
	30.8
	69.2
	60
	46.2
	15.4
	38.5
	31


	H. influenza
	S
	100
	100
	83.3
	66.7
	66.7
	16,7
	66.7
	83.3
	83.3
	33

	
	R
	O
	0
	16.7
	33.3
	33.3
	83.3
	33.3
	16.7
	16.7
	67

	
	
	
	
	
	
	
	
	
	
	
	

	E. coli
	S
	75
	75
	100
	50
	50
	47
	100
	100
	50
	80

	
	R
	25
	25
	0
	50
	50
	53
	0
	0
	50
	20


Key S: Sensitive, R:  Resistance
DISCUSSION
Bacterial conjunctivitis is an infection of the eye that affects all ages, different occupations, and educational status, and if not treated well, can lead to economic problems, vision impairment,, and blindness [4]. A prevalence of conjunctivitis due to bacterial agents in this work accounts 94 (31.3%) of the 300 cases of infectious conjunctivitis found in this study, which was similar to the finding of Unegbu et al; [11] who reported a prevalence of 39.8 %. Other workers had a higher prevalence of bacterial conjunctivitis: Adeyeba et al; [10] 75.2%, Fumilayo et al; [2] 75%, Abdulsalam et al; [12] 51%, Fatima et al; [1] 66.5%.
The socio-demographic characteristics showed male patients had an incidence of 52 (17.3%), while female patients 42 (14%). This study also revealed that bacterial conjunctivitis in adult patients is common among all age groups: 31-43 years 35 (37.2%) the highest prevalence in keeping with the findings of Unegbu et al; [11] 61.2%, other age groups; 18- 30 years 26 (27.7%), 44-56 years 15 (16%), 57-69 years 13 (13.8%), those patients older than 70 years had 5 (5.3%). Conjunctivitis occurs in all ages[16]. Most of the participants who were farmers had bacterial conjunctivitis 30 (31.9%), while 20 (21.3%) were Schooling, Artisans 18 (19.1%), those trading 16 (17.0%), Civil Servants, with 10 (10.6%) occurrence of bacterial conjunctivitis. Most of the participants who did not go to school (Illiterates) had the highest prevalence 30 (31.9%) but higher result of 73.3% were reported in Northwest Ethiopia by Ziman et al; [17] followed by those that had secondary education 26 (27.7%), Tertiary education 20 (21.3%), primary education 18 (19.1%). Unegbu et al [11] reported a higher prevalence in all socio-demographic characteristics also studied in this work.   
According to Adeyeba et al [10] [19]and [20] most causes of infectious conjunctivitis include the level of unhygienic behaviours, poverty, climatic factors, and immune status of the individual.  The predominant bacterial isolate in this study was S auerus constituting 56.4%. 
The finding is similar to that of S. aureus was isolated across all age groups, with a higher prevalence in males than females. Other isolated organisms included P. aeruginosa (11.7%), Klebsiella spp. (11.7%), Proteus spp. (8.5%), H. influenzae (6.5%), and E. coli (5.3%), corroborating findings from Fumilayo et al [2], Obi et al [18], and Adeyeba et al [10].
Adeyeba et al [10] 41.4%, Fumilayo et al; [2] 53.3%,Fatma et al [1] 44.89% and Teweldemedhin, et al., 2017 [21] but in conflict with that of Abdulsalam et al; [12] 39%, Unegbu et al [11] 23.9. This study also revealed that S. aureus was isolated across all age groups and more in males than in females. Other organisms isolated from eye swabs include: P. aeruginosa 11(11.7%), Klebsiella spp. 11(11.7%).This is in keeping with the results of Fumilayo et al; [2], Obi et al; [18], Proteus spp. 8(8.5%). This is in agreement with the report of Fumilayo et al; (2020) [2], Obi et al; [18] H. Influenza 6(6.5%) and E. coli 5(5.3%). Both [2] and [10] also found H. Influenza and E. coli in their works.            
The antibiotic susceptibility pattern of the most isolated organism S. aureus, heavily favours gentamicin 80.8%, ciprofloxacin 79.2%, with low sensitivity to chloramphenicol (56.6%), while ampiclox showed the highest resistance 75.6%.This study also reveal 81.8% sensitivity to both levofloxacin and ceftriaxone (rocephin) by Pseudomonas spp. with highest resistance of 91.9% to amoxicillin,  100% and 81% sensitive to ciprofloxacin and rocephin respectively by Klebsiella spp and highest resistance of 63.8% to gentamicin, Proteus spp showed 90.3%, sensitive to levofloxacin, 84.6% to ciprofloxacin and chloramphenicol respectively with highest resistance of 69.2% to amoxicillin, H. Influenza showed 100% sensitive to gentamicin and ciprofloxacin respectively and highest resistance of 83.3% to ampiclox,  E. coli was 100% sensitive to levofloxacin, ofloxacin and chloramphenicol with highest resistance of 53% to ampiclox.
CONCLUSION
The findings of this work showed that bacterial conjunctivitis was caused by different bacterial agents. S. aureus was the dominant bacteria specie. This result also showed that bacterial conjunctivitis affects all ages and social strata with illiterate patients having the highest prevalence.   Gentamicin was the most sensitive antibiotic to Gram positive isolate (S. aureus). Levofloxacin was highly sensitive to Gram-negative bacterial isolates. Amoxil and ampiclox showed the highest   multi- antibiotic resistant bacteria. Therefore, with the varied antibiotic sensitivity and resistance pattern in this study, Proper diagnosis and management should be done to identify the causative agent to help prevent transmission and md minimize complications that can cause blindness or permanent eye damage
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