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This study investigates the antibiotic susceptibility and phenotyp-
ic characteristics of uncommon bacterial species associated with 
conjunctivitis. A total of 150 conjunctival swab samples were col-
lected from patients presenting with symptoms of conjunctivitis 
at the Al-Nasiriyah Teaching Hospital and the Al-Haboubi General 
Hospital (Ophthalmology Consultant Unit; Dhi Qar Governorate, 
Iraq) between August and December 2024. Bacterial isolates were 
identified based on cultural and microscopic characteristics, sup-
plemented by the Vitek® 2 Compact System (bioMérieux, France). 
Gram-positive bacteria predominated, with Staphylococcus aureus 
accounting for 40% of isolates. Several uncommon species were 
also identified, including Kocuria kristinae, Staphylococcus hominis 
subsp. hominis, Escherichia coli, Brucella melitensis, Gemella bergeri, 
Staphylococcus pseudintermedius, and Leuconostoc citreum. Anti-
biotic resistance profiles were determined using the Kirby–Bauer 
disk diffusion method, revealing notable resistance to commonly 
prescribed agents such as erythromycin and ciprofloxacin. Efflux 
pump activity (a key mechanism contributing to multidrug resist-
ance) was detected in 37.5% of isolates using the ethidium bromide 
cartwheel method. These findings highlight the importance of ro-
bust antibiotic stewardship and underscore the need for continu-
ous surveillance of bacterial resistance patterns in order to opti-
mize therapeutic strategies for conjunctivitis.
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1. Introduction

Conjunctivitis, commonly referred 

to as “pink eye”, is an ocular infec-
tion characterized by inflammation 
of the conjunctiva (a thin mucous 
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membrane that may appear pink or crimson), typically 
caused by bacterial, viral, or allergic agents1,2. The most 
frequently implicated bacterial species include Staph-
ylococcus aureus, Staphylococcus epidermidis, Chlamyd-
ia spp., Moraxella spp., Haemophilus influenzae, and 
Neisseria gonorrhoeae. In addition to these, several un-
common bacterial species have been associated with 
conjunctivitis, such as Kocuria kristinae, Staphylococ-
cus hominis subsp. hominis, Escherichia coli, Brucella 
melitensis, Gemella bergeri, Staphylococcus pseudinter-
medius, and Leuconostoc citreum2.

These uncommon bacteria are increasingly rec-
ognized for their capacity to develop resistance to 
multiple antibiotics, largely attributed to the indis-
criminate use of antimicrobial agents in hospital set-
tings, which complicates treatment protocols3. Efflux 
pumps (protein transporters embedded in bacterial 
cell membranes) play a pivotal role in expelling toxic 
compounds, including antibiotics, thereby contributing 
to antimicrobial resistance4. Accordingly, the present 
study aimed at isolating and identifying uncommon 
bacterial pathogens associated with conjunctivitis, as-
sessing their antibiotic susceptibility profiles, and de-
tecting efflux pump activity among the isolates.

2. Methodology

A total of 150 conjunctival swab samples were col-
lected from paediatric patients (aged birth to 7 years) 
diagnosed with conjunctivitis in the Dhi Qar Governo-
rate (Nasiriyah), Iraq, between August and December 
2024. Sampling was conducted at the Ophthalmology 
Consultant Unit of the Nasiriyah Teaching Hospital and 
the Al-Haboubi General Hospital. Following clinical ex-
amination by a specialist, purulent material from the 
conjunctiva was collected by using sterile swabs and 
inoculated onto three types of culture media: blood 
agar, chocolate agar, and MacConkey agar. The inoculat-
ed plates were incubated at 37°C for 24 h.

Phenotypic identification of bacterial isolates was 
performed by using the Vitek® 2 Compact System (bi-
oMérieux, France), which integrates cultural and mi-
croscopic characteristics with biochemical profiling. 
The system demonstrates high diagnostic accuracy and 
specificity (95%–99%). Antimicrobial susceptibility 
testing was conducted in accordance with established 

protocols5. Detection of active efflux pump activity 
was carried out using the ethidium bromide cartwheel 
method6.

Institutional review board approval was obtained 
from the College of Medicine of the University of Kufa, 
Iraq (approval number: 5628/2024), in compliance 
with the Declaration of Helsinki and international 
guidelines for human research protection. Informed 
consent was secured from adult participants or the le-
gal guardians of paediatric patients. Data analysis was 
performed using the SPSS software, version 24.

3. Results and Discussion

Of the 150 specimens analysed, 85 (56.67%) exhibited 
positive bacterial growth on culture media after 24 h 
of incubation at 37°C, while 65 (43.33%) showed no 
growth even after 48 h. Among the 85 culture-positive 
specimens, 74 (87.06%) were identified as Gram-posi-
tive and 11 (12.94%) as Gram-negative.

The most frequently isolated species was Staphylo-
coccus aureus (34 isolates; 40%), followed by Staphy-
lococcus hominis (7; 8.24%), Staphylococcus pseudin-
termedius (5; 5.88%), Staphylococcus epidermidis (4; 
4.71%), Kocuria kristinae (2; 2.35%), Gemella bergeri 
(1; 1.18%), Leuconostoc citreum (1; 1.18%), Escherichia 
coli (9; 10.59%), and Brucella melitensis (2; 2.35%). Ad-
ditionally, 20 isolates (23.52%) were classified as “uni-
dentified” organisms.

Antibiotic resistance profiles varied across species. S. 
aureus exhibited high resistance to erythromycin and 
doxycycline, with moderate resistance to vancomycin 
and the highest recorded resistance to ciprofloxacin 
(maximum: 36). S. hominis showed notable resistance 
to erythromycin and tetracycline, though overall resist-
ance was lower than that of S. aureus. S. pseudinterme-
dius demonstrated extensive resistance, particularly 
to vancomycin and ciprofloxacin (maximum: 46). S. 
epidermidis displayed relatively lower resistance, with 
erythromycin and doxycycline being the most affected. 
K. kristinae showed generally low resistance, although 
some isolates were significantly resistant to ciproflox-
acin. G. bergeri and L. citreum had limited data points, 
but appeared to exhibit low resistance across tested 
antibiotics. E. coli presented variable resistance, espe-
cially to ciprofloxacin and amoxicillin–clavulanate, with 
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some isolates fully resistant to ampicillin. Finally, B. 
melitensis showed inconsistent resistance, with some 
isolates highly resistant to imipenem and cefotaxime. 
Overall, erythromycin, ciprofloxacin, and doxycycline 
were associated with higher resistance rates across 
multiple species, whereas vancomycin and imipenem 
retained relatively lower resistance levels.

The efflux pump activity was assessed in 16 
isolates of uncommon bacterial species using the 
ethidium bromide–agar cartwheel method. Six iso-
lates (37.5%) tested positive for efflux pump activ-
ity, as determined by the lowest concentration at 
which fluorescence was absent under ultraviolet 
light exposure (Table 1).

The findings suggest that bacterial pathogens are 
the predominant cause of conjunctivitis, potential-
ly exacerbated by prior exposure to antibiotics and 
corticosteroids. A comparative study conducted in 
the Babil Governorate, Iraq, has reported that 52.5% 
of the conjunctival specimens were culture-positive, 
while 47.5% were culture-negative7.

Resistance trends were particularly concerning for 
S. pseudintermedius, which demonstrated the high-
est resistance levels, especially to ciprofloxacin and 

vancomycin, posing a significant clinical challenge. 
In contrast, S. epidermidis and K. kristinae exhibited 
lower resistance rates, particularly to vancomycin 
and ciprofloxacin, suggesting a more favourable sus-
ceptibility profile8. S. aureus remains a global concern 
due to its high resistance to erythromycin and doxy-
cycline. Conversely, E. coli and B. melitensis exhibited 
relatively low resistance to critical antibiotics such 
as imipenem, thereby indicating that standard treat-
ment protocols may remain effective.

The observed resistance to ciprofloxacin and amox-
icillin underscores a pressing public health issue, 
necessitating revised treatment guidelines and al-
ternative therapeutic options for resistant pathogens 
such as S. pseudintermedius and S. aureus9. These data 
reinforce the importance of surveillance programs 
and antimicrobial stewardship to track resistance 
patterns and inform clinical decision-making. Further 
research is warranted to elucidate the genetic and en-
vironmental factors driving resistance10.

4. Conclusion

This study confirms that bacterial pathogens 

Table 1. Results of phenotypic detection of efflux pump activity in uncommon bacterial isolates associated with con-
junctivitis, using varying concentrations of ethidium bromide (EtBr) dye in tryptic soy agar.
EtBr (mg/L) and degree of fluorescence produced 
Isolate (and its number) 1 mg/L 2 mg/L 3 mg/L Efflux activity
Staphylococcus aureus (1) - - - Negative
Staphylococcus aureus (4) - - - Negative
Kocuria kristinae + + + Positive
Staphylococcus hominis - - - Negative
Escherichia coli + + + Positive
Brucella melitensis - - - Negative
Gemella bergeri - - - Negative
Staphylococcus epidermidis (10) - - - Negative
Staphylococcus aureus (13) - - - Negative
Staphylococcus aureus (14) - - - Negative
Staphylococcus epidermidis (15) - - - Negative
Staphylococcus pseudintermedius (16) - + + Intermediate
Staphylococcus hominis (17) + + + Positive
Leuconostoc citreum (19) + + + Positive
Staphylococcus pseudintermedius (20) + + + Positive
Staphylococcus pseudintermedius (22) + + + Positive
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– particularly Gram-positive species – are the 
primary aetiological agents of conjunctivitis. No-
tably, several Gram-negative isolates exhibited 
efflux pump activity, which contributes to anti-
biotic resistance and complicates treatment out-
comes.
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