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Background

Bacterial conjunctivitis is a significant cause of ocular morbidity globally, with increasing antimicrobial resistance posing a challenge to effective treatment. In Ethiopia, data on bacterial profiles and antimicrobial susceptibility patterns in conjunctivitis are limited. This study aimed to assess the bacterial profile and antimicrobial susceptibility patterns among patients clinically suspected of bacterial conjunctivitis at Jimma Medical Center, Ethiopia.





Methods

A facility-based cross-sectional study was conducted from January to June 2022. Conjunctival swabs were collected, and bacterial identification and antimicrobial susceptibility testing were performed using standard microbiological methods.





Results

Among 190 patients, 160 (84.2%) had culture-confirmed bacterial conjunctivitis. Gram-positive bacteria, particularly Coagulase-negative staphylococci (35.6%) and Staphylococcus aureus (21.9%), were predominant. High resistance rates were observed for penicillin, ampicillin, and tetracycline, while meropenem and piperacillin/tazobactam showed better efficacy. Multidrug resistance was detected in 77.5% of isolates.





Conclusions

Coagulase-negative staphylococcus and Staphylococcus aureus were the two most predominant bacterial isolates with high resistance to frequently used antibiotics such as penicillin, ampicillin, and tetracycline. Therefore, empirical treatment of bacterial conjunctivitis should be supported by antimicrobial susceptibility tests in the study area.





Keywords: antimicrobial resistance, antibiotic susceptibility pattern, conjunctivitis, ocular infections, red eye





Background

Conjunctivitis, an inflammation of the conjunctiva, is a common ocular condition that can be caused by infectious (bacterial or viral) or non-infectious factors (e.g., allergies, irritants). While viral conjunctivitis is more prevalent, bacterial conjunctivitis remains a significant public health concern, particularly in resource-limited settings like Ethiopia. Although bacterial conjunctivitis is often self-limiting, it can lead to substantial morbidity, economic burden, and, in some cases, complications if not properly managed. The economic impact of bacterial conjunctivitis is considerable, with the United States alone reporting over 6 million cases annually, resulting in an estimated direct cost of $800 million (1). In Ethiopia, conjunctivitis accounts for up to 60.4% of all external ocular infections and is a leading cause of ocular morbidity, particularly among rural children (2, 3).

The management of bacterial conjunctivitis typically involves the use of topical antibiotics, which can shorten the duration of symptoms and reduce transmission. However, the rapid emergence of antimicrobial resistance (AMR) has complicated treatment strategies and outcomes. In Ethiopia, the prevalence of antibiotic-resistant pathogens, particularly Staphylococcus aureus and Pseudomonas aeruginosa, is alarmingly high. Studies have shown that S. aureus, a leading cause of ocular infections, is highly resistant to commonly used antibiotics, including those prescribed in ophthalmology (4, 5) Additionally, the increasing prevalence of extended beta-lactamase-producing Enterobacteriaceae (e.g., E. coli and K. pneumoniae) and multidrug-resistant P. aeruginosa poses a significant challenge to effective treatment (6). These resistant pathogens not only compromise patient outcomes but also increase healthcare costs and the risk of treatment failure.

Despite the growing threat of AMR, data on bacterial conjunctivitis in Ethiopia remain limited. Previous studies have primarily focused on general external ocular infections, with few specifically addressing bacterial conjunctivitis. Moreover, the dynamic nature of AMR necessitates continuous surveillance to monitor resistance patterns and inform treatment guidelines. The World Health Organization (WHO) and the Ethiopian Food and Drug Authority (EFDA) have emphasized the importance of AMR surveillance to guide antibiotic stewardship and improve patient care (7) However, there is a critical gap in understanding the bacterial profile and antimicrobial susceptibility patterns specific to bacterial conjunctivitis in Ethiopia.

This study was conducted to address this gap by assessing the bacterial profile and antimicrobial susceptibility patterns among patients with clinically suspected bacterial conjunctivitis at Jimma Medical Center. By identifying the predominant bacterial pathogens and their resistance patterns, this study aims to provide evidence-based recommendations for empirical treatment and contribute to antimicrobial stewardship efforts in the region. The findings will help healthcare providers tailor treatment strategies, reduce the spread of resistant infections, and improve patient outcomes in the face of rising AMR.





Materials and methods




Study design and population

A prospective cross-sectional study was performed from January to June 2022 at the Ophthalmologic Clinic of Jimma Medical Center, Southwest Ethiopia. All patients with signs and symptoms of bacterial conjunctivitis fulfilling the inclusion criteria were enrolled by ophthalmology nurses and confirmed through clinical examination by an ophthalmologist. Patients who were clinically diagnosed with bacterial conjunctivitis regardless of their age, Patients who were willing to participate in the study and Children whose guardian agreed to participate and give assent were the inclusion criteria; while, Patients with clinical signs of viral or allergic conjunctivitis (e.g., watery discharge, itching, and seasonal recurrence) and who had used antibiotics within the last 7 days prior to sample collection were also excluded.





Data collection




Sociodemographic and clinical data

Every patient was examined on a slit-lamp biomicroscope and diagnosed by ophthalmologists. Visual acuity (VA) was measured under conditions of high contrast using printed or projected charts with optotypes. Sociodemographic characteristics such as age, sex, residence, educational status, source of light, and source of power for cooking were recorded by interviewing patients. Histories of comorbid medical conditions and past medication history were abstracted from patient medical records using structured questionnaires.





Specimen collection, handling, and transport

Specimens from the conjunctiva were collected by an ophthalmologist using a sterile saline moistened cotton swab, applied by passing the swab gently over the lower tarsal and fornix conjunctiva twice (8). Two swabs were collected from each patient: one for Gram staining and the other for culture. The swabs were immersed in 3 ml of Amiens transport media with charcoal (Himedia®, India), placed in a cold box, and transported to the JMC Microbiology laboratory for bacterial isolation and identification. Standard operating procedures were followed in specimen collection and handling (9).





Culture and bacterial identification

Each ocular specimen was inoculated onto MacConkey agar (MAC), mannitol salt agar (MAS), and blood agar plate (BAP), and chocolate agar plate (CAP) culture media. The media were incubated at 37°C for 24 and 48 hours and aerobic conditions were maintained. For fastidious organisms, chocolate agar (heated 5% sheep’s blood agar) was incubated at 37°C for 24 to 48 hours in a 5-10% CO2 atmosphere (10). All plates were examined for bacterial growth after 24 hours and plates with no bacterial growth were reincubated for another 24 hours. After obtaining pure colonies, specific bacterial pathogens were identified by Gram stain, colony morphology, and a series of biochemical tests. Catalase, coagulase, optochin disk sensitivity, novobiocin, and bacitracin tests were conducted to identify Gram-positive bacteria. Biochemical tests such as lysine decarboxylase, citrate utilization, lactose fermentation, indole, urease, oxidase and satellitism tests were used to identify Gram-negative bacteria.





Antimicrobial susceptibility testing

Antimicrobial susceptibility tests were carried out on Muller Hinton agar (MHA) (Oxoid Ltd. Basingstoke, Hampshire, UK) using the modified Kirby-Bauer disk diffusion method on each isolated bacterium. For fastidious bacterial isolates, MHA medium containing 5% defibrinated sterile sheep blood was used. Three-five bacterial colonies were emulsified in 5 ml of sterile nutrient broth and mixed gently. A 0.5 McFarland standard solution was used to stabilize the density of the inoculums for the susceptibility test. Then the plates were inoculated by streaking the swab over the entire agar surface and antibiotic-impregnated disks were placed on the agar surface and incubated at 37°C for 24 hours. After that, the zone of inhibition was measured using a caliper and categorized as resistant, intermediate, and sensitive according to CLSI guidelines (11).

The suspension was diluted and incubated at 37°C until the turbidity of the suspension was adjusted to 0.5 McFarland standards. The suspension was swabbed uniformly onto MHA agar entirely by rotating the plate 60 degrees between the streak for nonfastidious organisms and MHA with defibrinated sterile sheep blood (5%) for fastidious organisms. The antimicrobial impregnated disks were placed using sterile forceps on the MHA plate surface and the plates were incubated at 37°C for 18-24 hours. The zone of inhibition around the disk was measured to the nearest millimeter using a graduated caliper in millimeters, and the isolates were classified as sensitive, intermediate and resistant according to CLSI (11). The antibiotic disks used in this study were sourced from company name (Oxoid Ltd.), city (Basingstoke), country (UK). The following twelve antibiotic disks were used; Ampicillin (AMP) 10μg, Ceftriaxone (CRO) 30μg, Chloramphenicol (C) 30μg, Ciprofloxacin (CIP) 5μg, Clindamycin (DA) 2μg, Erythromycin (E) 15μg, Gentamicin (CN) 10μg, Penicillin-G (P) 10IU, Tetracycline (TE) 30μg, Trimethoprim-sulphamethoxazole (SXT) 1.25/23.75μg, piperacillin/tazobactam (PIP) 100/10μg and meropenem (MER) 10 μg. Multidrug resistance was considered if bacterial isolates were resistant to three or more antibiotics from different classes (12).






Quality control

Standard operating procedures were followed for specimen collection, handling, and transport. The sterility of culture media was ensured by incubating 5% of each batch of prepared media at 37°C for 24 hours. Standard strains (S. aureus ATCC 25923, E. coli ATCC 25922, and P. aeruginosa ATCC 27853) were used for quality control of culture media and biochemical tests.





Data processing and analysis

The collected data were checked for completeness and entered into EPI data version 4.2. Then, the data were imported and analyzed using IBM SPSS software (Version 23:0; IBM SPSS Inc., New York, USA). Descriptive statistics were calculated and data were presented using tables. Sociodemographic variables, bacterial isolates, and antimicrobial susceptibility patterns were summarized using frequency and percentage. A chi-square test value <0.05 was considered statistically significant for categorical variables.






Results




Sociodemographic characteristics

Among the 190 study participants included in this study, the proportions of males 97 (51.1%) and females 93 (48.9%) were similar. More than half 107 (56.3%) of the patients were younger than 18 years. One hundred thirteen (59.5%) of the total participants were from urban areas and used electricity as a source of light. All 185 (97.4%) of the study participants/their families use wood as a source of power for cooking (Table 1).


Table 1 | Sociodemographic characteristics of patients clinically diagnosed with bacterial conjunctivitis presented at the Ophthalmic Clinic of JMC, 2022.







Medical and medication history

Out of 190 study participants, 65 (34.2%) of them had a history of chronic medical conditions with diabetes mellitus being the most common 28 (14.7%) followed by HIV/AIDS 19 (10%). History of systemic steroid use was recorded in 54 (28.4%) of study participants (Table 2).


Table 2 | Medical and medication history of patients diagnosed with bacterial conjunctivitis at Ophthalmologic Clinic of JMC, January-June 2022.







Prevalence of bacterial isolates

Among the 190 conjunctival swabs cultured, 160 (84.2%) had bacterial growth. Approximately three-quarters of bacterial isolates were Gram-positive (124, 77.5%). Coagulase-negative staphylococcus was the most predominant 57 (35.6%) bacterial isolate followed by S. aureus 35(21.9%). The two common Gram-negative bacterial isolates were P. aeruginosa 13 (8.1%) and K. pneumoniae 7 (4.4%) (Table 3).


Table 3 | The prevalence of bacterial pathogens isolated from patients clinically diagnosed with bacterial conjunctivitis at the Ophthalmologic Clinic of JMC, 2022.







Antimicrobial susceptibility patterns among Gram-positive bacterial isolates

Antimicrobial susceptibility patterns were determined for twelve antibiotics belonging to ten drug classes. Among Gram-positive isolates, coagulase-negative staphylococcus acquired a higher resistance rate to penicillin 55 (96.5%), ampicillin 54 (94.7%), and tetracycline 47 (82.5%). Likewise, S. aureus showed a high resistance rate to penicillin 34 (97.1%), ampicillin 33 (94.3%), and tetracycline 32 (91.4%). Both coagulase-negative staphylococcus and S. aureus maintained susceptibility to meropenem (71.9% and 74.3%) and piperacillin/tazobactam (68.4% and 71.4%) respectively (Table 4).


Table 4 | Antimicrobial susceptibility patterns of Gram positive isolates from patients diagnosed with bacterial conjunctivitis presented at Ophthalmologic Clinic of JMC, January-June 2022Antimicrobial susceptibility pattern among Gram-negative bacterial isolates.




Table 5 | Antimicrobial susceptibility patterns of Gram negative isolates identified from patients diagnosed with bacterial conjunctivitis presented at Ophthalmologic Clinic of JMC, January-June 2022.







Multidrug resistance patterns of bacterial isolates

Of the 160 bacterial isolates, 124 (77.5%) were found to be multidrug resistant. Coagulase-negative staphylococcus 48 (30%) and S. aureus 26 (16.3%) exhibited a higher rate of multidrug resistance among Gram-positive pathogens. Regarding Gram-negative isolates, almost all identified P. aeruginosa 12 (7.5%) and K. pneumoniae 6 (3.8%) isolates showed multidrug resistance (Table 6).


Table 6 | Multidrug resistance pattern among bacterial isolates from patients diagnosed with bacterial conjunctivitis at the Ophthalmologic Clinic of JMC, 2022.








Discussion

This study reveals important insights into bacterial conjunctivitis at the Ophthalmologic Clinic of Jimma Medical Center, Ethiopia, where 56.3% of patients are under 18 years old. The high prevalence in children is linked to their immature immune systems and exposure to unsanitary conditions. In developing countries like Ethiopia, poor hygiene and limited access to clean water increase the risk of ocular infections. Additionally, parents are more likely to seek treatment for symptomatic children than for adults, further contributing to the higher rates of bacterial conjunctivitis in pediatric patients.

The overall prevalence of bacterial growth in the present study was 84.2%. This finding is higher than previous studies conducted in Ethiopia, which reported bacterial growth rates of 46% to 75% [12]–[15], [22], [23].

This difference might be because our study participants were patients with presumed bacterial conjunctivitis rather than general patients with ocular infections. Another reason for the differences might be differences in the study population, climate, specimen collection, handling, and microbiological tests. On the other hand, comparable results were reported from Saudi Arabia, which reported a bacterial growth rate of 78.7% among patients with red eye (13).

Gram-positive bacteria accounted for three-fourths of bacterial isolates in the present study. Previous studies from Ethiopia (14, 15) Nigeria (16) and Japan (17) also reported that the majority of bacterial isolates from external ocular infections, including conjunctivitis, were Gram-positive. Overall, CoNS was the most predominant pathogen, with a prevalence of 35.6% in the present study. This finding is in line with studies conducted in Addis Ababa (41.3%) (15) Rwanda (51.4%) (17) and Uganda (65.9%) (18) Staphylococcus aureus (21.9%) was the second most common bacterial isolate in the present study, although other studies (8, 19, 20) had reported it as a predominant bacterial isolate from external ocular infection. This difference might be due to differences in the study population (conjunctivitis vs. general external ocular infections), environmental factors, age, and site of infections.

Gram-negative bacteria account for 22.5% of overall bacterial isolates, which is lower compared to previous studies conducted in different parts of Ethiopia, which reported that Gram-negative bacteria account for 31.8% to 48.0%[6], [12]–[14], [30].

The relatively low prevalence of Gram-negative bacteria in the present study might be due to improved personal hygiene, lack of contact lens use, and the exclusion of other external ocular infections such as keratitis. The common Gram-negative isolates were P. aeruginosa 8.1% and K. pneumonia 4.4%, which is in line with other studies (2, 3, 21, 22).

As members of the ESKAPE pathogens group—comprising Enterococcus faecium, Staphylococcus aureus, Klebsiella pneumoniae, Acinetobacter baumannii, Pseudomonas aeruginosa, and Enterobacter species—these organisms are globally recognized for their multidrug resistance and clinical significance. In this study, we identified S. aureus, P. aeruginosa, and K. pneumoniae as key contributors to antimicrobial resistance, underscoring their role as major pathogens in the context of bacterial conjunctivitis. These findings align with global trends, highlighting the urgent need for targeted antimicrobial stewardship and infection control measures to address the growing challenge of multidrug-resistant infections (23–26).

A significant number (50-70%) of both Gram-positive and Gram-negative bacteria were susceptible to meropenem and piperacillin/tazobactam. In contrast, two previous studies performed on external ocular infections from Jimma [12], [33], reported that most Gram-positive and Gram-negative isolates were sensitive (69-100%) to gentamycin, ciprofloxacin, and amoxicillin-clavulanic acid. The coverage of gentamycin and ciprofloxacin in the present study was less than 50% in most of the bacterial isolates. This finding alerts the prudent use of these antibiotics as empiric treatment of bacterial conjunctivitis in the study area.

Regarding the antimicrobial resistance pattern, Gram-positive isolates were highly resistant (90%) to commonly used antibiotics such as penicillin, ampicillin, and tetracycline. This finding was supported by other studies conducted in Ethiopia [15, 22, 29, 34, 35]. Likewise, almost all (≈100%) of the Gram-negative isolates were resistant to ampicillin, penicillin, and tetracycline. High resistance to these antibiotics could be due to the overutilization of these medications with or without prescription. Furthermore, it is known that Gram-positive cocci such as Staphylococcus produce beta-lactamase and modify penicillin-binding proteins that enable the bacteria to resist most beta-lactam antibiotics (36).

The study showed the growing concern of Klebsiella pneumoniae with reduced susceptibility to third-generation cephalosporins like ceftriaxone (85.7%) and carbapenems (71.4%), particularly in developing countries like Ethiopia. Additionally, the resistance of Pseudomonas aeruginosa to meropenem (53.8% in our study). Beside high price and limited availability of carbapenems in Ethiopia, patients are forced to bought and used these antibiotics in the study area to obtain the desired treatment outcomes. These resistant pathogen poses a significant threat to public health, and our findings align with previous study which stated the growing trend of antimicrobial resistance in the region (27).

The prevalence of MDR (resistance to ≥3 antimicrobials) in the present study was 77.5%. This is higher than the previous study performed in the same setting where the rate of MDR was reported to be 68.7% (2). However, the rate of MDR observed in this study is lower compared to studies conducted at Gondar (35) and Alert Hospital which reported MDR rates of 87.1% and 93.0%, respectively. This difference might be due to the difference in the operationalization of the term multidrug resistance because those studies defined it as resistance to two or more antibiotics. In general, the emergence of MDR bacteria is increasing steadily, which indicates the urgent need for antimicrobial stewardship and infection prevention and control practices in hospitals.




Strengths and limitations

The present study provided the recent trend of antimicrobial resistance in bacterial conjunctivitis that can be used by ophthalmologists and healthcare providers to tailor patient treatment and clinical guidelines accordingly. However, this study also has limitations. First, the study was conducted at a single tertiary care center, which may limit the generalizability of the findings to other settings. Second, the exclusion of patients with viral or allergic conjunctivitis may have introduced selection bias. Third, the small sample size and limited number of antibiotics tested may affect the generalizability of the findings. Future studies with larger sample sizes and extended incubation periods for fastidious organisms are needed to confirm these findings.






Conclusion

The prevalence of bacterial isolates from conjunctival specimens among patients with bacterial conjunctivitis was high in the present study area and the isolates were predominantly Gram-positive cocci (CoNS and S. aureus). The two common Gram-negative bacteria identified were P. aeruginosa and K. pneumoniae. Over three-quarters of bacterial isolates were multidrug-resistant, and a high resistance rate was observed to frequently use antibiotics such as penicillin, ampicillin, and tetracycline. Meropenem and piperacillin/tazobactam were the two effective antimicrobials against most identified bacteria in the present study area.
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Among Gram-negative bacteria, all identified isolates of P. aeruginosa 13 (100%) were resistant to ampicillin, penicillin, and tetracycline, whereas approximately half of them were susceptible to
meropenem and piperacillin/tazobactam. All 7 (100%) identified isolates of K. pneumonia were resistant to both penicillin and ampicillin (Table 5).
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CoNS, Coagulase negative staphylococcus; S, Sensitive; R, Resistant; AMP, Ampcillin; CIP, Ciprofloxacin; GEN, gentamycin; PCN, penicillin; TTC, tetracycline; CAF, chloramphenicol; ERY,
erythromycin; CLI, clindamycin; CEF, ceftriaxone; TMX, Trimethoprim-sulphamethoxazole; MER, meropenem; PIP, piperacillin/tazobactam; S.maltophilia, Stenotrophomonas maltophilia.





