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Abstract                                                                                                                          

Background:  Conjunctivitis is a generic term for inflammation of the conjunctiva due to 

various infectious agents and non-infectious causes. Bacterial conjunctivitis is common and 

occurs in patients of all ages. The most common causes of conjunctivitis are bacterial and viral 

infections; and the most common worldwide bacterial pathogen in conjunctivitis patients is 

Staphylococcus aureus (S. aureus).                                                                                                                                                 

Objective: To estimate the frequency rate of methicillin and vancomycin resistant 

Staphylococcus aureus isolated from Sudanese conjunctivitis patients.                                                        

Materials and methods: Four hundred and twenty six eye swabs were collected from 

patients with signs and symptoms of conjunctivitis, attending different ophthalmic hospitals and 

clinics in Khartoum State (Sudan) during the period from August 2017 to September 2018. All 

swabs were inoculated directly on blood agar, Mac Conkey agar, and chocolate agar. Isolates of  

Staphylococcus aureus were identified, and methicillin and vancomycin susceptibility tests were 

performed.  

Results: A total of 426 conjunctival swabs were collected. Bacterial conjunctivitis was found to 

be highly caused by S. aureus (100/23.5 %), followed by Pseudomonas aeruginosa (80/18.8 %), 

and Klebsiella  oxytoca (1/0.2 %). S. aureus was found highly resistant to methicillin (89.0%) 

and less resistant to vancomycin (6.0%). 

Conclusion: Staphylococcus aureus was the most frequent bacterium causing bacterial 

conjunctivitis among Sudanese patients, and was the highest resistant bacterium against 

methicillin. 
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Introduction  
 

Staphylococcus aureus can cause minor skin infections, septiceamia, toxic shock, and 

pneumonia. The increasing incidence rate of methicillin was first described in 1961; and its 

spread in hospitals and the community had posed a major challenge for treatment of infectious 

disease. The most common causes of conjunctivitis are bacterial and viral infections; and the  
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most common bacterial pathogen among conjunctivitis patients worldwide is S. aureus.   

Methicillin resistance is attributed to a modified penicillin-binding protein 2 (PBP2) of 

Staphylococcus aureus encoded by the mecA gene. This protein gives methicillin-resistant         

S. aureus (MRSA) strains a reduced affinity for β-lactam antibiotics resulting in a normal cross-

linking of peptidoglycan strands during cell wall synthesis1.                                                             

Methicillin resistant Staphylococcus aureus (MRSA) in conjunctivitis patients is estimated up to 

3% - 64% of ocular staphylococcal infections. This condition is becoming more common and the 

organisms are resistant to many antibiotics. Suspected cases need to be referred to an 

ophthalmologist and treated with fortified vancomycin. Increase in vancomycin use has led to the 

emergence of two types of glycopeptide-resistant       S. aureus. The first one (designated 

vancomycin intermediate-resistant S. aureus (VISA) is associated with a thickened and poorly 

cross-linked cell wall. The second type (vancomycin- resistant S. aureus) is due to acquisition of 

vanA operon from Enterococcus spp, carried by the transposon Tn1546, resulting in a high 

resistance level2.                                                                   
 

Materials and methods                                                                                                                   
 

This was a cross-sectional, analytical study conducted during the period from August 2017 to 

September 2018. Specimens were collected from Mecca Ophthalmic Hospitals, Khartoum 

Ophthalmic Hospital, and Koch Ophthalmic Clinic (Khartoum State, Sudan). The study was 

ethically approved by the Ethical Committee of the University of Science and Technology                 

(Omdurman, Sudan). An informed consent was obtained from all study participants. Permission 

for specimens collection was granted by the authorities of the different hospitals and clinics 

mentioned above, and permission to conduct the study was obtained from the University of 

Science and Technology.                                                                                                                                        

426 eye swabs were collected from patients presenting with symptoms and signs of 

conjunctivitis. All swabs were inoculated directly on blood agar (Hi-Media, India), Mac Conkey 

agar (Hi-Media, India) and chocolate agar, and all primary cultures were subcultured on 

mannitol salt agar .Isolates were identified by colonial morphology, Gram stain, and standard 

biochemical tests.                        
Susceptibility testing was performed by the modified Kirby-Bauer method for all isolates. The 

discs used were supplied by Hi-Media Company (India); and include vancomycin (30 μg,), 

methicillin (5 μg), oxacillin (1μg), penicillin G (6 μg), gentamicin (120 μg), augmentin (10 μg), 

ciprofloxacin (5 μg), erythromycin (15 μg), fusidic acid (10 μg), and chloramphenicol (30 μg).  

Methicillin sensitive Staphylococcus aureus (ATCC 6538) and methicillin resistant 

Staphylococcus aureus (ATCC 33591) were included as control strains. Plates were incubated at 

37°C overnight. After overnight incubation, the diameter of each zone of inhibition was 

measured in mm. The susceptibility testing results were recorded according to the Clinical and 

Laboratory Standards Institute (CLSI) guidelines3. Interpretative criteria for the disc diffusion 

method were: S .aureus resistant < 9 mm, intermediate resistant 10-13 mm, and sensitive > 14 

mm. In order to distinguish strains exhibiting intermediate resistance from that of heterogeneous 

strains, the sensitivity plates exhibiting resistance were re-incubated for an additional 24 hrs. At 

the end of 48 hrs incubation, heterogeneous strains were considered sensitive, whereas the  
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intermediate resistant strains remained as resistant. All methicillin (oxacillin) resistant strains 

were identified and subjected to estimation of minimum inhibition concentration against 

oxacillin using the E-test method (Biomerieux, Marcy Etoile, France) as per manufacturer's 

instructions.                                                                                                                                                          

The Statistical Package for Social Science (version 11.5) software program was used for data 

analysis; and significance levels were set at p = ≤ 0.05). 
 

Results                                                                                                                                                                 
 

A total of four hundred and twenty six eye swabs were collected from patients with signs and 

symptoms of conjunctivitis. As shown in Table (1), and according to age incidence the patients 

investigated were divided into four age groups: less than 16 years group, 17-30 years group, 31-

45 years group, and 46 -70 years group. Bacterial isolation was highest (158/37.1%) in the age 

group 46-70 years; and lowest (78/18.3%) in the age group 31-45 years. The association of 

bacterial isolates with age incidence was found statistically significant (p = 0.000)).                                                                                    
 

Table (1) Bacterial isolates according to age incidence  

 

Age groups 

(years) 

Bacterial isolates   

Total 
 

S. aureus 
Other 

bacteria  

 

No growth 

Less than 16 20 (4.7%) 56 (13.1 %) 22 (5.2 %) 98 (23.0%) 

17- 30 24 (5.6%) 48 (11.3%) 20 (4.7 %) 92 (21.6%) 

31- 45 21 (4.9%) 41 (9.6 %) 16 (3.8%) 78 (18.3%) 

46 -70 35 (8.2%) 91 (21.3 %) 32 (7.6%) 158 (37.1%) 

Total 100 (23.5%) 236 (55.4%) 90 (21.1%) 426 (100%) 

(p = 0.000) 

The susceptibility pattern of S. aureus to gentamicin and ciprofloxacin was (97/97 %), to 

chloramphenicol (95/95%), to vancomycin (94/94.0%), to erythromycin (82/82.%), to oxacillin 

(69/69%), to augmentin (68/68%), and to fusidic acid (47/47%). 

As shown in Table (2), S. aureus was found highly resistant (89/89.0%) to methicillin (MRSA), 

and low resistant (6/6.0%) to vancomycin (VRSA).  
 

Table (2) Susceptibility pattern of S. aureus                                                                                                         

to methicillin and vancomycin  

Susceptibility No. % 

Methicillin: 

Resistant (MRSA) 

Sensitive (MSSA) 

 

89 

11 

 

89% 

11% 

Vancomycin: 

Resistant (VRSA) 

Sensitive (VSSA) 

 

6 

94 

 

6% 

94% 
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Bacterial conjunctivitis was found to be caused by a range of bacteria, but mostly (100/23.5%)  

was caused by S. aureus. It was followed by Pseudomonas aeruginosa (80/18.8 %), 

Staphylococcus epidermidis (72/17.0 %), Streptococcus .pyogenes (25/5.9%), Streptococcus 

pneumoniae (24/5.7%), Klebsiella pneumoniae (16/3.8%), Neisseria gonorrhoeae (8/1.9%), 

Bacillus cereus (6/1.4%), Listeria monocytogenes (4/0.9%). The lowest number of isolates 

(1/0.2%) was Klebsiella oxytoca. 90 eye swabs (90/21.1%) were found to show no bacterial 

growth (Table 3).                                                                                                                                                                          

Also, in Table (3), there was a higher frequency rate (53.3%) of conjunctivitis cases among 

females, as compared with males (46.7 %). Similarly, S. aureus was isolated in 100 patients 

(23.5 %), 53 of them were females and 47 were males. The association of bacterial isolates with 

gender was found statistically significant (p = 0.002).                                                                                    
 

Table (3) Frequency rate of bacterial isolates according to gender incidence   

 

Isolated bacteria 
Gender  

Total 
Male Female 

Staphylococcus aureus 47 (11.1%) 53 (12.4%) 100 (23.5%) 

Bacillus cereus  6 (1.4%) 0 (0.0%) 6 (1.4%) 

K. oxytoca 1(0.2%) 0 (0.0%) 1 (0.2%) 

Klebsiella pneumoniae  11 (2.6%) 5 (1.2%) 16 (3.8%) 

Listeria monocytogenes  0 (0.0%) 4(0.9%) 4 (0.9%) 

Neisseria gonorrhoeae  1(0.2%) 7 (1.7%) 8 (1.9%) 

Pseudomonas aeruginosa  36 (8.5 %) 44 (10.3 %) 80 (18.8 %) 

Staphylococcus epidermidis  36 (8.5 %) 36(8.5 %) 72(17.0 %) 

Streptococcus .pyogenes  11 (2.6%) 13 (3.1%) 24 (5.7%) 

Streptococcus .pyogenes  7 (1.6%) 18(4.3%) 25 (5.9%) 

No bacterial growth 44 (10.3 %) 46 (10.8 %) 90 (21.1%) 

Total 199 (46.7%) 277 (53.3%) 426 (100%) 

p = 0.002 

Discussion                  
 

Bacterial conjunctivitis is the most wide-spread pattern of infective conjunctivitis. It manifests 

itself when the pathogenic bacteria vanquish conjunctival defenses leading to inflammation. 

Microbial populations in the normal flora of the conjunctiva can shelter the eye by restraining 

colonization of pathogenic organisms.                                                                                                                   

In this study, a high frequency rate of conjunctivitis (53.3 %) was found among females as 

compared with males (46.7 %).                                                                                                                                  

This finding is in agreement with the finding of the study conducted in Pakistan by Abdullah and 

his colleagues4 who reported a higher (52%) frequency rate among females and a lower 

frequency rate (48%) among males. Sthapit and his co-workers (2011)5 also reported a 60% 

frequency rate among females and a 40% frequency rate among males. However, our finding did 

not agree with Patel and his co-authors (2007)6.  
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who reported a 45% frequency rate among females and a 55% frequency rate among males.      

Furthermore, the highest infected age group (158/37.1%) was the group (46-70 years).  

 This finding did not agree with the report of Abdullah and his colleagues (2013)4 who found that 

conjunctivitis frequency rate was high (34.4%) among the age group (61-70 years).                            

On the other hand, the frequency rate of S. aureus observed in this study was lower (23.5%) than 

that reported in South Florida (USA)7 where S. aureus frequency rate isolation was (37.6 %).                                                                                                                                                                            

However, in the same South Florida (USA) study, MRSA frequency rate was reported as 19.1 %, 

which was much lower than what observed (89 %) in our study. Furthermore, in our study 

MRSA Staph. aureus isolates were higher than that reported in Taiwan (66%)8 ; and the MRSA 

frequency rate reported in this study was almost similar to that reported (87%) in Canada9.                                                                                                                                                  

This may show that the level of awareness and control of MRSA frequency rate in Sudan is less 

than the standard control measures elsewhere. Emergence of multi-drug resistance bacteria 

pathogens may be due to indiscriminate use of antibiotics and this may explain the observed 89 

% frequency rate of MRSA in this study. Only few reports had studied the association the 

frequency rate of MRSA with gender and age incidences.                                                                                                                                                                

Now age incidence is considered a risk factor among long term, old hospitalized patients due to 

their decreased immunity and long antibiotic therapy. Multi drug resistance MRSA strains will 

make treatment of MRSA infections difficult. In developing countries, the inappropriate use of 

antibiotics in treatment of community infections may also increase the frequency rate of resistant 

of MRSA infections. It has been reported that 60% of the S. aureus strains have not originated 

from patients' nasal carriage. This suggests an exogenous source10.                                                                                         

Thus S. aureus is highly prevalent in Khartoum hospitals (Sudan). MRSA is highly (89 %) 

prevalent among populations of Staph. aureus isolated from conjunctivitis patients in different 

hospitals. Methicillin-resistant Staphylococcus aureus (MRSA) is considered a leading global 

concern in the health sector and more recently in the community.                                                                                                                                  

The gene responsible for methicillin resistance is mecA, which is carried by a DNA fragment 

known as staphylococcal cassette chromosome mec.                                                                                            

This encodes a protein called penicillin-binding protein (PBP-2a), which inhibits the action of    

β-lactam antibiotics such as methicillin.                                                                                                                   

This study has opened a broad research horizon that will enable future researchers to investigate 

the source of MRSA, the link between MRSA acquisition, and various factors such as age, 

gender, occupation, ethnicity, geographical location, hospitalization, antibiotic usage, surgery, 

and distinction between community-acquired MRSA and hospital acquired MRSA. 

Infections caused by vancomycin-resistant S. aureus have been associated with high morbidity 

and mortality rates.                                                                                                                                              

VRSA is one of the common causes of hospital-acquired infections11. Vancomycin is the main 

antimicrobial agent available to treat serious infections with MRSA but unfortunately, decrease 

in vancomycin susceptibility of S. aureus and isolation of vancomycin-intermediate and 

resistant S. aureus have recently been reported from many countries.                                                            

The present study showed clearly the existence of 6% VRSA strains among the patients enrolled 

in the study. This finding was reported in 2014 in Sudan by El Imam and his co-workers12 and in 

USA by Rohan in 201013.                                         
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