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In vitro susceptibility of bacterial conjunctivitis 
standard isolates to non-fluoroquinolone ophthalmic 
medications

Moses Job D. Dumapig, MD and Eric Constantine Valera MD, MSHE

Abstract 
Introduction  This study aimed to determine the in vitro susceptibility of standard isolates of common 
pathogens causing bacterial conjunctivitis to non-fluoroquinolone antimicrobial ophthalmic medications.
Methods  This is a  single-blind experimental  study  which compared the in vitro susceptibility of 
Staphylococcus aureus, Streptococcus pneumoniae, Pseudomonas aeruginosa and Staphylococcus 
epidermidis to locally available non-fluoroquinolone ophthalmic medications, specifically chloramphenicol, 
tobramycin, fusidic acid, gentamicin sulfate, sulfacetamide and polymyxin-neomycin. Utilizing the disk 
diffusion method, zones of inhibition in millimeters for each bacterial isolate was recorded and tabulated. 
Kruskal-Wallis test was used to determine statistical differences.
Results  Both Staphylococci were sensitive to all antibiotics except sulfacetamide. Only chloramphenicol 
showed activity against all four isolates. Tobramycin showed the largest zone of inhibition against 
Pseudomonas aeruginosa. There was statistically significant difference in the median zone of inhibition in 
each antimicrobial medication against Staphylococcus aureus (p = 0.002) and Staphylococcus epidermidis 
(p < 0.001) with the largest mean zone of inhibition by fusidic acid of 34 and 38 millimeters, respectively. 
Streptococcus pneumoniae was least susceptible to antibiotics tested; only chloramphenicol and fusidic 
acid showed activity. There were also significant differences in the median zones of inhibition across the 
isolates.
Conclusion The standard isolates are susceptible to at least one non-fluoroquinolone ophthalmic 
medication. The antibiotics tested showed differences in activity against the four isolates. The findings 
of this study may be used as a basis to review local practice patterns or/and initiate revisions in the 
guidelines for prescribing initial treatment of bacterial conjunctivitis.
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Bacterial conjunctivitis is a common health problem 
in ambulatory clinics. A US National Ambulatory 

Medical Care Survey in 2005 showed the crude 
incidence rate of  bacterial conjunctivitis to be 1.3% 
using a base population of  296 million unique visits, 
translating to 135 per 10,000 visits annually.1

 More than half  of  bacterial conjunctivitis cases 
resolve spontaneously within two to five days.2-4 
Although most symptoms of  bacterial conjunctivitis 
are self-limiting, a seven-day course of  topical 
antibacterial therapy is associated with a shorter 
infectious period, earlier resolution of  clinical signs 
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and symptoms, and eradication of  the pathogen within 
five days.3,5,6 A systematic review of  randomized 
controlled trials showed increased  microbiological 
cure rates at 2 to 7 days after early initiation of  
ophthalmic antibiotics when compared to no 
treatment or placebo.2

 The initial medical therapy for mild bacterial 
conjunctivitis recommended by the American 
Academy of  Ophthalmology (AAO) includes: 
polymyxin B-trimethoprim combination drops, 
aminoglycoside or fluoroquinolone drops.7 Other 
medications being used are macrolides, fusidic 
acid, chloramphenicol and sulfa-based topical 
antibiotics.4,8 Antimicrobials such as chloramphenicol, 
sulfonamides, polymyxins, aminoglycosides and early 
generation fluoroquinolones are still being prescribed 
despite their limited spectrum and/or development 
of  resistance.9 Around 19-60% of  Streptococcus 
pneumoniae and Staphylococcus aureus isolates have 
been shown to be resistant to macrolide antibiotics, 
penicillin, and older fluoroquinolones, and 85% of  
methicillin-resistant Staphylococcus aureus isolates are 
resistant to ophthalmic fluoroquinolones, including 
the newer f luoroquinolones gatif loxacin and 
moxifloxacin.10 Factors contributing to ophthalmic 
drug resistance include non-compliance, irrational 
use, and over usage of  both systemic and topical 
antibiotics.11

 Newer generation fluoroquinolones with their 
broader spectrum of  action against common 
ocular pathogens are now increasingly utilized as 
first line therapy for bacterial conjunctivitis.12 The 
most commonly prescribed fluoroquinolones are 
moxifloxacin, ofloxacin, and ciprofloxacin.12,13 

However, studies indicate that fluoroquinolones 
should not be used routinely and should be reserved 
for severe, complicated, and resistant cases of  bacterial 
conjunctivitis.3,8,14 
 The authors’ literature survey revealed a lack of  
local data and clinical practice guidelines supporting 
the use of  non-fluoroquinolones in the treatment of  
mild to moderate cases of  bacterial conjunctivitis. 
Hence, the authors sought to determine the in vitro 
susceptibility of  the standard bacterial conjunctivitis 
isolates to locally available non-fluoroquinolones.

Methods
This is an experimental comparative study done at 
the central laboratory of  a medical center, testing the 

susceptibility patterns of  stock isolates of  the most 
common pathogens causing bacterial conjunctivitis. 
Bacterial isolates of  Staphylococcus aureus (SA), 
Streptococcus pneumoniae (SP), Pseudomonas aeruginosa 
(PA), and Staphylococcus epidermidis (SE) were obtained 
from the central laboratory.
 All the media plates for culture were prepared 
by licensed medical technologists at the laboratory 
using a standard procedure. MacConkey agar powder 
was mixed well with triple distilled water and heated 
to dissolve the agar. The mixture was sterilized in 
an autoclave at 121°C for 15 minutes. The liquid 
media was then allowed to cool to 45°C.  Under a 
fume-hood set up, 20 mL aliquots were poured into 
several sterile petri dishes and allowed to solidify at 
room temperature. The same steps were done with the 
blood agar with the addition of  5% sheep blood before 
pouring into the plates. Inoculation to appropriate 
agars was done (P. aeruginosa to MacConkey agar; 
S. pneumoniae, S. epidermidis and S. aureus on blood 
agar) by using the streaking method with a sterile 
inoculation loop. The plates were then incubated for 
24 hours at 37°C. Five replicates were prepared for 
comparison and reproducibility of  results. 
 Thirteen antibiotic brands of  chloramphenicol, 
sulfacetamide, gentamicin sulfate, polymyxin B 
sulfate-neomycin sulfate, fusidic acid and tobramycin 
listed in the 2019 Monthly Index of  Medical 
Specialties (MIMS) Drug Reference Philippines and 
currently available were used in this study as listed 
in Table 1.15 New unopened, unexpired bottles of  
each ophthalmic antibiotic brand were obtained. 
The identities of  the antibiotics were masked using 
coded labels known only to the investigator. 300 uL 
of  each antibiotic were transferred to separate sterile 
tubes using a micropipette. Each tube contained a 
labeled 6 mm circular piece of  filter paper which was 
allowed to soak in the antibiotic for 24 hours (Figure 
1). The excess solution was allowed to drip off  before 
transferring the filter paper to the prepared agar plates.
 The zone of  inhibition (ZOI) around each filter 
paper was measured in millimeters after 24 hours using 
a caliper under fume-hood light and recorded (Figure 
2). Values were interpreted as susceptible, intermediate, 
or resistant based on Clinical and Laboratory Standards 
Institute (CLSI) M100-S29 Performance Standards for 
Antimicrobial Susceptibility Testing.16 The pathogen 
inoculation and measurement of  ZOI was carried 
out by two different medical technologists to ensure 
blinding.
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Figure 1.  Labeled 6 mm filter paper impregnated with respective 
antibiotic for 24 hours.

Table 1.  Topical antibiotics and brands tested

Antibiotic        Brand       Manufacturer   Location of  manufacturer

Chloramphenicol (Chl)      VistaChlor      E.L. Lab    Laguna, PH
          Celsus       E.L. Lab    Laguna, PH

Sulfacetamide (Sul)       Vistasulf        E.L. Lab    Laguna, PH

Gentamicin sulfate (Gen)      Sensomed Gentamicin Sulfate  E.L. Lab    Laguna, PH

Polymyxin B sulfate-neomycin sulfate (PN)  Isonep       E.L. Lab    Laguna, PH

Fusidic acid (Fus)       Fucithalmic      Amdipharm Ltd.   Dublin, Ireland

Tobramycin (Tob)       Tobrex       Alcon    Texas, USA
           Celsus       E.L. Lab    Laguna, PH
           Nebra       Remington Pharma  Pakistan
           Tobra-V       E.L. Lab    Laguna, PH
           Sensomed      E.L. Lab    Laguna, PH
           Ramitob       Daewoo     Busan, South Korea
                  Pharmaceutical  
                  Co., Ltd.    

           Tobralcin       Bharat    Gujarat, India
                  Parenterals, Ltd.

Figure 2.  Measurement of zone of inhibition using caliper.

 Zones of  inhibition were summarized using 
median values. The Kruskal-Wallis test was used 
to compare the ZOI of  each medication among 
different isolates and the ZOI of  the individual isolates 
per antimicrobial medications with a 5% level of  
significance. P-values were adjusted using Bonferroni 
correction for multiple comparisons. Statistical 
package for social science (SPSS 23.0) was used to 
analyze the data.

Results
Table 2 shows the sensitivity of  the four bacteria 
with the different antibiotics tested based on 
CLSI Performance Standards for Antimicrobial 
Susceptibility Testing.16 S. aureus, S. pneumoniae and 
S. epidermidis were all sensitive to chloramphenicol.  
S. aureus, P. pneumoniae and S. epidermidis were 
sensitive to gentamicin sulfate. P. aeruginosa was 
resistant to polymyxin B sulfate-neomycin sulfate, 
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while the three remaining bacteria were all sensitive. 
S. aureus, S. pneumoniae and S. epidermidis were all 
sensitive to fusidic acid. S. aureus, P. aeruginosa and S. 
epidermidis were all sensitive to tobramycin. 
 As shown in Table 3, fusidic acid and sulfacetamide 
had the highest and lowest median ZOI against S. aureus, 
respectively. Chloramphenicol had the highest median 
ZOI against S. pneumoniae. Sulfacetamide, gentamicin 
sulfate, polymyxin B sulfate-neomycin sulfate showed 
no microbial activity against S. pneumoniae. Some 
brands of  tobramycin - Tobrex, Tobra-V, Senosmed, 
Ramitob and Tobralcin - also showed no microbial 
activity against S. pneumoniae. Tobramycin  (Nebra) 
and chloramphenicol (VistaChlor), respectively, 
had the highest and lowest median ZOI against 
P. aeruginosa. Fusidic acid and sulfacetamide, 
respectively, had the highest and lowest median ZOI 
against S. aureus.
 Table 4 compares the median ZOI across isolates 
and across antimicrobial medications and shows that 
there are significant differences in the median ZOI for 
each antimicrobial medication. Likewise, there are 

significant differences in the median ZOI for each of  
the isolates. In Table 5, pair-wise comparisons among 
all test antimicrobials showed that fusidic acid had a 
significantly higher ZOI against Staphylococcus aureus 
compared to each of  the other antibiotics. Tobramycin, 
chloramphenicol, gentamicin sulfate, polymyxin B 
sulfate-neomycin sulfate, all did not differ significantly 
in terms of  ZOI. Sulfacetamide had a significantly 
smaller ZOI compared with the other antibiotics.   
 Tobramycin, sulfacetamide, gentamicin sulfate, 
and polymyxin B sulfate-neomycin sulfate did not 
differ significantly in terms of  zone ZOI against 
P. aeruginosa. All four antibiotics had significantly 
wider ZOI compared to chloramphenicol and fusidic 
acid. Chloramphenicol and fusidic acid did not differ 
significantly in terms of  ZOI (Table 6).
 P a i r - w i s e  c o m p a r i s o n s  s h o w e d  t h a t 
chloramphenicol had a significantly wider ZOI 
against S. pneumoniae compared to each of  the 
other antibiotics. Fusidic acid had a significantly 
wider ZOI compared to tobramycin, sulfacetamide, 
gentamicin sulfate, and polymyxin  B sulfate-neomycin   

Table 2.  Sensitivity of isolates to ophthalmic antibiotics based on CLSI Performance Standards for Antimicrobial Susceptibility Testing

Medication  Brand       SA    PA    SP    SE

Chl    VistaChlor      Sensitive   *    Sensitive   Sensitive
    Celsus    

Sul    Vistasulf        *    *    *    *

Gen    Sensomed Gentamicin Sulfate  Sensitive   Sensitive   *    Sensitive

PN    Isonep       Sensitive   Sensitive   Resistant   Sensitive

Fus    Fucithalmic      Sensitive   *    Sensitive   Sensitive

Tob    Tobrex       

    Celsus    

    Nebra    

    Tobra-V       Sensitive   Sensitive   *    Sensitive

    Sensomed    

    Ramitob    

    Tobralcin    

Chl – chloramphenicol, Sul – sulfacetamide, Gen – gentamicin sulfate, PN - Polymyxin B sulfate-neomycin sulfate, Fus – fusidic acid, 
Tob – tobramycin; SA – Staphylococcus aureus, PA – Pseudomonas aeruginosa, SP – Streptococcus pneumoniae, SE - Staphylococcus epidermidis 
*No CLSI values available
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Table 3.  Zone of Inhibition of test antibiotics against four bacterial isolates

Antibiotics   Brand                                  Median ZOI (mm)
            SA     SP     PA    SE

Chl     VistaChlor     25     30     13    28
     Celsus      28     30     15    35

Sul     Vistasulf       10       0     25    14

Gen     Sensomed     25       0     20    27

PN     Isonep      24       0     19    29

Fus     Fucithalmic     34     16     10    38

Tob     Tobrex      28       0     26    33

     Celsus      29     12     27    32

     Nebra      28     11     28    34

     Tobra-V      26       0     26    32

     Sensomed     29       0     27    33

     Ramitob      27       0     25    32

     Tobralcin     27       0     26    33

Chl – chloramphenicol, Sul – sulfacetamide, Gen – gentamicin sulfate, PN - Polymyxin B sulfate-neomycin sulfate, Fus – fusidic acid, 
Tob – tobramycin; SA – Staphylococcus aureus, PA – Pseudomonas aeruginosa, SP – Streptococcus pneumoniae, SE - Staphylococcus epidermidis

Table 4.  Comparison of median zone of inhibition (mm) of isolates across antimicrobial medications

       SA    PA    SP    SE    Kruskal-Wallis 
                       p-value

Chl       26.5    13.5    30.0    31.5        0.001*

Sul       10.0    25.0      0.0    14.0    < 0.001*

Gen       25.0    20.0      0.0    27.0           0.001*

PN       24.0    19.0      0.0    29.0    < 0.001*

Fus       34.0    10.0    16.0    38.0    < 0.001*

Tob       28.0    27.0    13.0    33.0    < 0.001*

Kruskal-Wallis       0.002*        < 0.001*        < 0.001*        < 0.001* 
p-value

Chl – chloramphenicol, Sul – sulfacetamide, Gen – gentamicin sulfate, PN - Polymyxin B sulfate-neomycin sulfate, Fus – fusidic acid, 
Tob – tobramycin; SA – Staphylococcus aureus, PA – Pseudomonas aeruginosa, SP – Streptococcus pneumoniae, SE - Staphylococcus epidermidis
*Significant at p < 0.05
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Table 5.  Pair-wise comparisons of zone of inhibition between each antibiotic against Staphylococcus aureus (adjusted p-values)

   Median   Chl   Sul    Gen    PN    Fus    Tob

Median           26.5         10.0          25.0         24.0         34.0          28.0

Chl   26.5    n/a   0.023*   0.380   0.380   0.023*   1.000

Sul   10.0    0.023*  n/a    0.023*   0.023*   0.023*   0.023*

Gen   25.0    0.380  0.023*   n/a    0.577   0.023*   0.459

PN   24.0    0.380  0.023*   0.577   n/a    0.023*   0.459

Fus   34.0    0.023*  0.023*   0.023*   0.023*   n/a    0.023*

Tob   28.0    1.000  0.023*   0.459   0.459   0.023*   n/a

Chl – chloramphenicol, Sul – sulfacetamide, Gen – gentamicin sulfate, PN - Polymyxin B sulfate-neomycin sulfate, Fus – fusidic acid, 
Tob - tobramycin
* Significant at p < 0.05, adjusted for multiple comparisons

Table 6.  Pair-wise comparisons of zone of inhibition between each antibiotic against Pseudomonas aeruginosa (adjusted p-values)

   Median   Chl   Sul    Gen    PN    Fus    Tob

Median           13.5         25.0          20.0         19.0          10.0          27.0

Chl   13.5    n/a   0.012*   0.012*   0.012*   1.000   0.033*

Sul   25.0    0.012*  n/a    0.023*   0.023*   0.023*   1.000

Gen   20.0    0.012*  0.023*   n/a    1.000   0.023*   0.345

PN   19.0    0.012*  0.023*   1.000   n/a    0.023*   0.345

Fus   10.0    1.000  0.023*   0.023*   0.023*   n/a    0.023*

Tob   27.0    0.033*  1.000   0.345   0.345   0.023*   n/a

Chl – chloramphenicol, Sul – sulfacetamide, Gen – gentamicin sulfate, PN - Polymyxin B sulfate-neomycin sulfate, Fus – fusidic acid, 
Tob - tobramycin
* Significant at p < 0.05, adjusted for multiple comparisons

sulfate against S. pneumoniae. Two tobramycin brands 
(Celsus & Nebra) had significantly wider zones 
of  inhibition against other the tobramycin brands, 
sulfacetamide, gentamicin sulfate, and polymyxin 
B sulfate-neomycin sulfate against S. pneumoniae. 
Sulfacetamide, gentamicin sulfate, and polymyxin B 
sulfate-neomycin sulfate did not differ significantly 
(Table 7). Fusidic acid had a significant difference 
in ZOI compared to each of  the antibiotics tested 
against S. epidermidis. Tobramycin, chloramphenicol, 

and polymyxin B sulfate-neomycin sulfate did not 
differ significantly. Sulfacetamide significantly had 
the lowest ZOI median score compared to each of  the 
antibiotics tested (Table 8).

Discussion
Microorganisms are naturally occurring on the surface 
of  the eyes as part of  the normal flora. However 
several multiple factors such as a patient’s hygiene, 

In vitro susceptibility of bacterial conjunctivitis standard isolates to non-fluoroquinolone ophthalmic medications



    31    VOL. 10  NO.  1   •    JANUARY -  JUNE  2021    •    UERM Health Sciences Journal

Table 7.  Pair-wise comparisons of zone of inhibition between each antibiotic against Streptococcus pneumoniae (adjusted p-values)

   Median   Chl   Sul    Gen    PN    Fus    Tob

Median      30.0   0.0    0.0    0.0    16.0    13.0

Chl   30.0      n/a   n/a    n/a    n/a      0.031*     0.000*
  
Sul     0.0      n/a   n/a    n/a    n/a      n/a      n/a

Gen     0.0      n/a   n/a    n/a    n/a      n/a      n/a

PN     0.0      n/a   n/a    n/a    n/a      n/a      n/a

Fus   16.0      0.031*  n/a    n/a    n/a      n/a      0.045*

Tob   13.0      0.000*  n/a    n/a    n/a      0.045*     n/a

Chl – chloramphenicol, Sul – sulfacetamide, Gen – gentamicin sulfate, PN - Polymyxin B sulfate-neomycin sulfate, Fus – fusidic acid, 
Tob - tobramycin
* Significant at p < 0.05, adjusted for multiple comparisons

Table 8.  Pair-wise comparisons of zone of inhibition between each antibiotic against Staphylococcus epidermidis (adjusted p-values)

   Median   Chl   Sul    Gen    PN    Fus    Tob

Median           31.5         14.0         27.0         29.0          38.0          33.0

Chl   31.5    n/a   0.023*   0.156   1.000   0.045*   1.000

Sul   14.0    0.023*  n/a    0.023*   0.023*   0.023*   0.023*

Gen   27.0    0.156  0.023*   n/a    0.147   0.023*   1.000

PN   29.0    1.000  0.023*   0.147   n/a    0.023*   1.000

Fus   38.0    0.045*  0.023*   0.023*   0.023*   n/a    0.045*

Tob   33.0    1.000  0.023*   1.000   1.000   0.045*   n/a

Chl – chloramphenicol, Sul – sulfacetamide, Gen – gentamicin sulfate, PN - Polymyxin B sulfate-neomycin sulfate, Fus – fusidic acid, 
Tob - tobramycin
* Significant at p < 0.05, adjusted for multiple comparisons

underlying disease, trauma, pathogen exposure and 
history of  steroid and antibiotic use lead to imbalances 
that may result in infection.
 Su and Tighe identified  Pseudomonas, Staphylococcus, 
Streptococcus,  Propionibacterium, Bradyrhizobium, 
Cor ynebac t e r ium,  Ac ine tobac t e r,  Brevundimonas, 
Aquabacterium, Sphingomonas,  Streptophyta,  and 
Methylobacterium as the 12 most common genera causing 
ocular surface infections.17  The most common pathogens 
listed by various authors include Staphylococcus aureus, 

Streptococcus pneumoniae, Haemophilus inf luenza, 
Streptococcus epidermidis and Pseudomonas aeruginosa.2,6,11

 The selection of  antimicrobials to treat ocular 
surface infections should be based on microbiologic 
profile and antibiotic sensitivity. Proper antibiotic 
therapy is essential to achieve resolution of  infection 
and minimize damage to the eye. However, there 
are no published local guidelines on the treatment 
of  bacterial conjunctivitis. The AAO advises a 
broad-spectrum topical antibiotic on an empirical 
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basis.3 Locally, fluoroquinolones are the commonly 
prescribed antimicrobial agents to treat bacterial 
conjunctivitis. Another study reported that 94% of  
ophthalmologists in India prescribed fluoroquinolone 
as first line medication for bacterial conjunctivitis. 
While fluoroquinolones have proven to be effective 
against common ocular pathogens, there is a risk for 
resistance due to indiscriminate and irrational use.10,11 
It has been suggested therefore that fluoroquinolones 
should not be used routinely for bacterial conjunctivitis. 
 However, there is a lack of  local studies to provide 
a basis for the continued use of  non-fluoroquinolones 
against bacterial conjunctivitis as a viable alternative 
to fluoroquinolones. To address this, the current study 
aimed to determine the susceptibility of  the common 
ocular surface bacteria S. aureus, S. pneumoniae, P. 
aeruginosa, and S. epidermidis to locally available non-
fluoroquinolones ophthalmic antibiotics.
 Chloramphenicol inhibits protein synthesis and the 
protein chain elongation by peptidyl transferase of  the 
bacterial ribosome. It is effective against many Gram-
positive and Gram-negative bacteria, including most 
anaerobic organisms.11 Several articles report that S. 
aureus (100%), S. epidermidis  (71.9%) and S. pneumoniae 
are susceptible to chloramphenicol.18,19 Results of  the 
study are consistent with current literature. S. aureus, 
S. pneumoniae, and S. epidermidis were susceptible to 
chloramphenicol. On the other hand, it had minimal 
activity against P. aeruginosa. Watson recommended 
chloramphenicol 0.5% eye drops as the initial 
treatment for bacterial conjunctivitis commonly 
caused by S. pneumoniae and S. aureus.20 
 Sulfacetamide is another bacteriostatic agent 
belonging to the class of  sulfonamides; it acts as 
folate synthesis inhibitor. It stops the bacterial enzyme 
dihydropteroate synthase, which is responsible for 
the merging of  paraamino-benzoic acid (PABA) with 
dihydropteroic acid, the precursor of  folic acid needed 
by some bacteria to produce nucleic acid that make 
up their deoxyribonucleic acids (DNAs).21 Several 
disease-causing organisms like S. aureus, Escherichia 
coli, S. pneumoniae, Streptococcus viridians, Haemophilus 
influenza,  Klebsiella and Enterobacter  species are widely 
inhibited by sulfacetamide.22  However, sulfacetamide 
is not recommended as a first-line ophthalmic drug 
because it does not cover Pseudomonas, and other 
organisms may easily develop resistance.18 Current 
study showed contrasting results as sulfacetamide 
demonstrated a significant zone of  inhibition against 
P. aeruginosa while Staphylococci spp. showed small ZOI.

 Gentamicin sulfate is an aminoglycoside that 
prevents the synthesis of  the DNA and ribonucleic acid 
(RNA) of  the bacterial protein by binding to both 16S 
and 23S rRNA molecule of  the bacterial ribosime.18 
This agent acts on a wide range of  Gram-positive or 
Gram-negative aerobic bacteria (e.g., Staphylococcus 
spp., Haemophilus influenzae or P. aeruginosa). However, 
it is not active against Streptococci and anaerobic 
bacteria.6 This study showed that S. aureus, S. 
epidermidis, and P. aeruginosa were susceptible while S. 
pneumonia was resistant to gentamycin based on the 
ZOI.
 The antibiotic combination of  polymyxin B sulfate 
and neomycin sulfate is usually commercially available 
with a steroid (hydrocortisone) combined to treat or 
prevent bacterial infection and inflammation of  the 
eyes. Neomycin sulfate is an aminoglycoside, which 
binds to the 30S subunit to prevent bacterial DNA 
polymerase. It is bactericidal to many Gram-positive 
and Gram-negative bacteria but is not effective on 
Streptococci and P. aeruginosa. Polymyxin B sulfate 
increases the permeability of  the bacterial cell 
membrane, resulting in leakage of  cell constituents.23 
The addition of  polymyxin B sulfate expands antibiotic 
coverage to Gram-negative bacteria, especially P. 
aeruginosa. The results of  the current study showed 
that S. aureus, P. aeruginosa and S. epidermidis were 
sensitive to polymyxin B sulfate-neomycin sulfate 
while S. pneumoniae showed resistance. 
 Fusidic acid is an ophthalmic drug belonging 
to the class fusidane that acts as a bacteriostatic 
agent at lower doses and is bactericidal at higher 
concentrations.24 It prevents the bacterial protein 
synthesis of  Gram-positive bacteria, particularly of  
S. aureus by inhibiting the dissociation of  complex 
formed between guanosine diphosphate, elongation 
factor 2 and the ribosome.25 It interferes with the amino 
acid transfer from aminoacyltransfer RNA to protein 
on the ribosomes.24 Studies showed that S. epidermidis 
was highly susceptible to fusidic acid.24,26 The same 
study of  Jackson revealed good compliance of  patients 
who had positive bacterial culture conjunctivitis 
being treated with fusidic acid compared to those 
using tobramycin (85% versus 47%, p < 0.00I).24 The 
results of  the current study showed that S. aureus, 
S. pneumoniae, and S. epidermidis were susceptible 
to fusidic acid. However, there was a minimal ZOI 
against P. aeruginosa. 
 Tobramycin is a bactericidal agent that acts as 
a protein synthesis inhibitor by binding to the 30S 
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subunit, which further prevents bacterial DNA and 
RNA synthesis.11 Available literature show conflicting 
reports on the susceptibility of  common ocular 
bacterial pathogens to tobramycin. Tobramycin is an 
effective antimicrobial agent against most Staphylococci, 
Proteus and Enterobacteriaceae, but resistant strains can 
now be seen. Like other aminoglycosides, tobramycin 
has a limited action against S. pneumoniae, group 
A Streptococcus and Haemophilus.18 The survey of  
Ocular TRUST showed 65.3% of  S. pneumoniae had 
resistance to tobramycin while Shrestha reported 
100% sensitivity.27,28 Current study showed that S. 
aureus, S. epidermidis, and P. aeruginosa were sensitive 
to tobramycin. It has little to no activity against S. 
pneumoniae. 
 CLSI also reported that P. aeruginosa  may 
develop resistance during prolonged treatment with 
antibiotics. Isolates that are usually susceptible may 
become resistant 3-4 days after initiation of  therapy.16 

Tobramycin should not be the first line treatment in this 
type of  conjunctivitis since it is reserved for Pseudomonas 
resistant to fluoroquinolone. Hovding, in his review 
article, suggested that neither fluoroquinolone nor 
aminoglycoside (gentamicin and tobramycin) should 
be used to treat uncomplicated acute bacterial 
conjunctivitis, and topical administration should be 
restricted to severe eye infections and in bacterial 
conjunctivitis that are not responsive to fusidic acid 
or chloramphenicol.8

 The results of  the current study also showed 
significant differences in the susceptibility patterns 
of  the four pathogens tested to the six non-
fluoroquinolone agents based on their ZOI. S. aureus 
and S. epidermidis were susceptible to all except to 
sulfacetamide. S. pneumonia was susceptible only 
to chloramphenicol. P. aeruginosa was susceptible 
to all except chloramphenicol and fusidic acid. 
There were also significant differences in microbial 
activity among the six non-fluoroquinolone agents 
against S. aureus, S. pneumoniae, P. aeruginosa, and 
S. epidermidis. Specifically, fusidic acid showed the 
highest activity in terms of  ZOI against S. aureus and 
S. epidermidis. Tobramycin and sulfacetamide showed 
the widest zone of  inhibition against P. aeruginosa. 
Chloramphenicol showed the widest ZOI against S. 
pneumoniae. 
 Limitations of  this study include inability to test 
susceptibility of  other common microorganisms such 
as Haemophilus inf luenza and Moraxella catarrhalis 
due to their unavailability and difficulty to culture. 

In addition, ophthalmic drops used in patients have 
a higher concentration than those being used in 
laboratories during in vitro studies, thus a comparison 
of  both in clinical and microbiological laboratory 
studies is recommended. Samples taken from patients 
with bacterial conjunctivitis should be tested using all 
locally available antibiotics to determine resistance 
patterns.
 This is the first study which evaluated the 
sensitivity of  bacterial conjunctivitis-causing 
pathogens to non-fluoroquinolone antimicrobial 
ophthalmic medications. Current study results neither 
confirm or dispute reports from current literature 
reinforcing the notion of  evolving susceptibility 
patterns of  common ocular surface pathogens to 
antimicrobials and emphasizing the need for more 
rational, judicious use these antimicrobial agents. 
The findings of  this study may be used as a simple 
guide for prescribing based on susceptibility patterns 
but should be explored further in randomized clinical 
trials to determine the effectiveness and safety 
of  these antimicrobial agents in the treatment of  
bacterial conjunctivitis.
 The standard isolates are susceptible to at least 
one non-fluoroquinolone ophthalmic medication. 
The antibiotics tested showed differences in activity 
against the four isolates. The findings of  this study 
may be used to review local practice patterns or and 
initiate revisions in guidelines for prescribing initial 
treatment for bacterial conjunctivitis.
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