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ABSTRACT

Endophthalmitis is an ocular inflammation resulting from the invasion of infectious agents into
the posterior segment of the eye which may cause partial or complete loss of vision. The source of infecting
microorganisms is often existing flora from the conjunctival surface. This prospective study was carried out
to determine and study the susceptibility patterns of ocular bacterial flora to topical antibiotics in patients
undergoing anterior-segment intraocular surgery, at Pt. B.D. Sharma, PGIMS, Rohtak, India. A total of266
bacterial strains were isolated from two hundred and fifty patients undergoing anterior-segment intraocular
surgery. Antimicrobial susceptibility using the modified Stokes disk diffusion technique showed that Gram-
positive organisms were the commonest isolates, followed by Gram-positive and Gram-negative bacilli.

Gatifloxacin followed by amikacin provided the best broad-spectrum coverage of ocular bacterial flora. (J

INTRODUCTION
Endophthalmitis is an ocular inflammation
resulting from the introduction of infectious agents into
the posterior segment of the eye. The incidence of
intraocular infection after anterior segment intraocular
surgery has sharply declined over the past 40 years

with the advent of newer antimicrobial agents, better

and more effective sterilization practices, and improved
surgical techniques.! Such infection frequently causes
irreversible damage to delicate photoreceptor cells of
the retina. Despite aggressive therapeutic and surgical
intervention, endophthalmitis generally results in partial
or complete loss of vision, often within a few days of

inoculation.?
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The conjunctival sac is never free from
microorganisms. Most of the organisms normally
present are commensals including Staphylococcus
epidermidis, Propionibacterium acne, Moraxiella
catarrhalis, and Corynebacterium spp.. These
commensals from the surrounding skins and the
conjunctivae are known to harbour organisms capable
of causing endophthalmitis. Recent studies using
molecular epidemiological techniques have demon-
strated that these flora are the most likely source of
contamination. These studies have demonstrated that
an organism isolated from the vitreous was genetically
indistinguishable from the isolate recovered from the
patient’s eyelid, conjunctiva, or nose in most cases of
endophthalmitis.’>* Therefore, given the ability of
surface flora to enter the eye during surgery, many of
the prophylactic techniques to decrease the risk of
endophthalmitis aim to suppress their numbers. The
optimal choice of preoperative topical antibiotic is
based on a variety of factors including the spectrum
of bacteria recovered, the rapidity with which the
antibiotic eliminates the organism from the conjunctival
surface, the duration of action, the penetration and
toxicity of the antimicrobial, the antibiotic susceptibility
pattern, and the cost.! Although narrow-spectrum
antibiotics such as bacitracin, vancomycin, and
cefazolin have retained Gram-positive effectiveness
over the years 1993-2001, the resistance of ocular
bacterial isolates to topical fluoroquinolones, the
most commonly used agents for prophylaxis of
endophthalmitis is increasing.®’ Bacterial resistance
can be limited by an judicious prophylactic use of
antibiotics, by cycling antibiotics, by culturing patients
with serious infections to obtain bacterial identification
and susceptibility profiles and by adhering to
recommended antimicrobial agents.

The resistance pattern of various bacteria to

different antibiotics changes constantly. Since no such
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study on ocular isolates had been conducted in this
institution, this prospective study was carried out to
determine the susceptibility patterns of ocular bacterial
flora to topical antibiotics in patients undergoing

anterior-segment intraocular surgery.

MATERIALS AND METHODS

This study was carried out in Departments of
Ophthalmology and Microbiology, Pt. B.D. Sharma,
PGIMS, Rohtak, India. Two hundred and fifty patients
undergoing anterior-segment intraocular surgery were
included in the study. Informed consent was taken from
all the patients. Those patients with the following
criteria were excluded from the study:
1. Patients with clinical evidence of any type of local
(eye) or systemic infection.
2. History of recent use of topical or systemic
antimicrobial agents in the previous 15 days.
3. History of allergy to iodine or topical antimicrobial
agents.
4. History of previous intraocular surgery or penetrating
injury to eye.
5.History of intake of steroids or other immuno-
suppressive agents.
6. Any history of malignancy.
7. Pregnant patients.

Conjunctival swabs were obtained from the eyes

to be operated upon, one day prior to surgery.

Method of sample collection

The patient was asked to look up, and the inferior
conjunctival fornix of the eye to be operated upon was
swabbed with two sterile cotton tipped applicators
without touching the eyelid margins or lashes. The
swabs were then inoculated in a tube containing glucose
broth. The sample was then transported to Department
of Microbiology within two hours of collection. Patient

details were maintained separately. In order to reduce
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operator sampling bias, a standardized sampling
technique was used for all study patients. After the
sample collection, routine preoperative and operative

protocols were followed.

Processing of samples

With each conjunctival swab collected, a Gram-
stained smear was prepared and examined under the
microscope. The other conjunctival swab was used
to inoculate the culture plates of blood agar, chocolate
agar, and MacConkey’s agar. Blood agar and
chocolate agar plates were incubated in an atmosphere
of 5-10 percent CO,. Any growth obtained was
identified on the basis of Gram-staining, cultural

characteristics and biochemical reactions, following

standard protocols.!"°

Antimicrobial susceptibility testing
Antimicrobial susceptibility testing of all the
bacterial isolates was performed using the modified
Stokes disk diffusion technique with commercially
available antimicrobial disks. The bacterial isolates were
tested for all commonly used antimicrobial agents in
Department of Ophthalmology, namely, cefazolin (30
ug), ceftazidime (30 pug), gentamicin (10 pg), tobramicin
(10 ng), amikacin (30 pg), neomycin (30 ug),
ciprofloxacin (5 pg), ofloxacin (5 pg), norfloxacin (10
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ug), levofloxacin (5 pug), gatifloxacin (5 pg), sparfloxacin
(5 ug), lomefloxacin (5 ug), erythromycin (5 ug),
tetracycline (10 ug), chloramphenicol (5 pg), and
vancomycin (25 ug).

RESULTS

The age range of patients randomly selected in
this study was 3 to 88 years. The mean age of the
patients was 60.34 [ 13.42 years. Ofthe 250 subjects
enrolled in the study, 129 (52%) were females and
121 (48%) were male. There were 152 (61%)
patients of rural origin, and 98 (39%) patients of urban
origin. Two hundred and twenty-five patients had
swabs with positive cultures, and 25 patients had
swabs taken that failed to grow any microorganisms.
Of the 225 eyes, a total of 266 bacterial strains were
isolated resulting in a mean of 1.18 bacterial strains
per eye. Ofthe 266 bacterial strains, the most common
isolates (223, 84%) were Gram-positive cocci, followed
by 27 (10%) Gram-positive bacilli and 16 (6%) Gram-
negative bacilli. Coagulase-negative staphylococci
(CoNS) were the most commonly isolates, accounting
for 193 (73%) of all 266 isolates. The pattern of
distribution of micro-organisms is summarized in Table
1. Of the 16 isolates of Gram-negative bacilli,
Pseudomonas aeruginosa was the most common
isolates (9, 56%), followed by Citrobacter freundii

Table 1. Pattern of distribution of microorganisms.

Microorganism Number Percentage
Coagulase-negative staphylococci 193 73
Corynebacterium spp. 27 10
Staphylococcus aureus 2 8
Gram-negative bacilli 16 6
Viridans streptococci 8 3
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(5, 31%), and Escherichia coli (2, 13%).

Of the 225 culture-positive patients, a single
isolate was recovered from 184 (82%) patients,
whereas polymicrobial flora was observed in 41 (18%)
of the patients. The commonest combination was that
of CoNS and Staphylococcus aureus (Table 2).

More than 90 percent of the CoNS isolates were
susceptible to gatifloxacin, sparfloxacin, amikacin,
gentamicin, and vancomycin (Table 3). S. aureus was
most susceptible to gatifloxacin (98%) amongst the
fluoroquinolones, and to gentamicin (97 %) among the
aminoglycosides. All the 16 Gram-negative bacilli
recovered were susceptible to gatifloxacin, whereas
only 81 percent of these isolates were susceptible to

amikacin and gentamicin.

DISCUSSION

There has been a decreasing incidence of post-
operative endophthalmitis over the past several decades
that can be attributed to several factors including
prophylactic use of antiseptics and antibiotics, emphasis
on improved operative techniques, and awareness of
factors contributing to postoperative infection. Since
untreated endophthalmitis results in compromised visual

function and morbidity to the eye at best, prevention of

Table 2. Distribution of polymicrobial flora.
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endophthalmitis is important.

Preoperatively, the most important source of
potentially infectious organisms is the patient’s own
natural conjunctival and skin flora.*>'" Up to, 75
percent of cultures from samples taken from normal
eyes have been found to be positive for S. epidermidis,
S. aureus, and various streptococci. A similar pattern
has been found in eyes with endophthalmitis. Studies
by various authors also confirm that periocular microbes
serve as a potential causal agent for postoperative

4,12

endophthalmitis.*'* Given the ability of surface flora to
enter the eye during surgery, many of the prophylactic
techniques used to decrease the risk of endophthalmitis
aim to suppress bacterial numbers and to limit the growth
of microorganisms entering the eye."

We conducted this study to determine the
susceptibility patterns of ocular bacterial flora to topical
antimicrobial agents. There was no detectable growth
of bacteria on culture of conjunctival swabs in 25 (10%)
of the patients. The 90 percent culture positivity rate
of the patients in this study is comparable to the study
by Ta and colleaques who recovered bacterial growth
in 82 percent of patients undergoing intraocular surgery.

A total of 266 bacterial strains were cultured from 225

eyes, resulting in a mean of 1.18 bacterial strains isolated

Combination of organisms Number Percentage
Coagulase-negative staphylococci and S. aureus 17 41
Coagulase-negative staphylococci and Gram-negative bacilli 10 24
Coagulase-negative staphylococci and Corynebacterium spp. 6 15
Coagulase-negative staphylococci and viridans streptococci 3 7
Viridans streptococci and Corynebacterium spp. 2 5
Gram-negative bacilli and Corynebacterium spp. 2 5
S. aureus and Corynebacterium spp. 1 3
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per eye. This finding is similar to the study conducted
by Ta and colleaques, who isolated 143 bacterial strains
from 99 eyes, thus giving a mean of 1.44 bacterial
strains isolated per eye.!

We found that the most common organisms
colonizing the eye were CNS (73%). This finding is
consistent with previously published studies.!*!"”
Kasper and colleaques, isolated 162 bacterial strains,
of which 124 were CoNS.!"® Similarly, Ta and
colleaques obtained a total of 143 organisms, of which
112 (78%) were CoNS isolates.® Corynebacterium
spp. was the second most common isolate, followed
by S. aureus (8%), Gram-negative bacilli (6%), and
streptococci (3%). These results are consistent with
the study by Kasper and colleaques.'® In this study,
there was no isolate of CoNS which was found to be
resistant to vancomycin. This result is consistent with
the previously published studies."'3°2! We found that
aminoglycosides including tobramycin (99%), amikacin
(98%), and gentamicin (97%), remained highly
effective against CoNS. Kowalski and colleaques
described the susceptibility rate of CoNS isolates to
amikacin and gentamicin was 95 percent and 82
percent, respectively.! Ta and colleaques reported
the susceptibility rate of CoNS to amikacin and
gentamicin was 99 percent each.!

This study suggests a disturbingly high resistance
rate of CoNS to most of the fluoroquinolones tested.
The resistance rate to ciprofloxacin, ofloxacin, and
norfloxacin was found to be 13 percent, 16 percent,
and 36 percent, respectively. These findings are
consistent with a few recent studies showing an
increasing Gram-positive bacterial resistance to
fluoroquinolones in isolates from patients with keratitis.
In the study by Ta and colleaques, the resistance rate
of CoNS to ciprofloxacin and ofloxacin was found to
be 15 percent and 16 percent, respectively.”® Other

recently available fluoroquinolones in cluding
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gatifloxacin, sparfloxacin, levofloxacin, and lomefloxacin
were highly effective against Gram-positive micro-
organisms with the resistance rates being 2 percent, 3

percent, 4 percent, and 9 percent, respectively.

CONCLUSION

In conclusion, in this study none of the patients
developed endophthalmitis postoperatively within a six-
week follow-up period. Gatifloxacin was found to
provide excellent broad-spectrum coverage against
conjunctival bacterial flora. However, one must
consider the possibility that the results of the in vitro
antimicrobial susceptibility may not match the in vivo
effectiveness of the antimicrobial agent tested, as for
example, the high concentrations of the commonly used
antibiotics with frequent topical application or by
subconjunctival injection might change the relative
efficacy of the various agents in vivo. Because of the
widespread prevalence of antibiotic resistance,
ophthalmologists should carefully select antibiotics that
are most effective in minimizing ocular colonization with
resistant organisms. Despite there being little scientific
evidence in support of perioperative prophylactic
antibiotics adjunctively with anterior-segment
intraocular surgery, their use is continuing and is based
on the assumption that reducing the conjunctival

bacterial flora reduces the risk of endophthalmitis.

References

1. TaCN, ChangRT, Singh K, et al. Antibiotic resistance
patterns of ocular bacterial flora: a prospective study
of patients undergoing anterior segment surgery.
Ophthalmology 2003;110:1946-51.

2. Callegan MC, Engelbert M, Parke DW, Jett BD, Gilmore
MS. Bacterial endophthalmitis: epidemiology,
therapeutics, and bacterium-host interactions. Clin
Microbiol Rev 2002;15:111-24.

3. Ariyasu RG, Nakamura T, Trousdale MD, Smith R.



Vol. 25 No. 2

10.

11.

12.

Intraoperative bacterial contamination of the aqueous
humor. Ophthalmic Surg 1993;24:367-74.

Speaker MG, Milch FA, Shah MK, Eisner W, Kreiswirth
BN. Role of external bacterial flora in the pathogenesis
of acute postoperative endophthalmitis. Ophthal-
mology 1991;98:639-49.

Sherwood DR, Rich WJ, Jacob JS, Hart RJ, Fairchild
YL. Bacterial contamination of intraocular and
extraocular fluids during extracapsular cataract
extraction. Eye 1989;3(Pt 3):308-12.

Graves A, Henry M, O’Brien TP, Hwang DG, Van Buskirk
A, Trousdale MD. In vitro susceptibilities of bacterial
ocular isolates to fluoroquinolones. Cornea 2001;20:
301-5.

Goldstein MH, Kowalski RP, Gordon YJ. Emerging
fluoroquinolone resistance in bacterial keratitis: a 5-
year review. Ophthalmology 1999;106:1313-8.
Alexandrakis G, Alfonso EC, Miller D. Shifting trends
in bacterial keratitis in south Florida and emerging
resistance to fluoroquinolones.

2000;107:1497-502.

Ophthalmology

Schaefer F, Bruttin O, Zografos L, Guex-Crosier Y.
Bacterial keratitis: a prospective clinical and micro-
biological study. BrJ Ophthalmol 2001;85:842-7.
Collee JG, Miles RS, Watt B. Tests for identification of
bacteria. In: Collee JG, Fraser AG, Marmion BP, Simmons
A, eds. Practical Medical Microbiology. 14" ed. New
York: Churchill Livingstone, 1996:131-49.

Forster RK, Abbott RL, Gelender H. Management of
infectious endophthalmitis. Ophthalmology 1980;87:
313-9.

Bannerman TL, Rhoden DL, McAllister SK, Miller

JM, Wilson LA. The source of coagulase-negative

13.

14.

15.

16.

17.

18.

19.

20.

21.

Susceptibility patterns of ocular bacterial flora to topical antibiotics:- Sikka R, et al. 79

staphylococci in the Endophthalmitis Vitrectomy
Study. A comparison of eyelid and intraocular
isolates using pulsed-field gel electrophoresis. Arch
Ophthalmol 1997;115:357-61.

Ciulla TA, Starr MB, Masket S. Bacterial endoph-
thalmitis prophylaxis for cataract surgery: an evidence-
based update. Ophthalmology 2002;109:13-24.
Allansmith MR, Ostler HB, Butterworth M. Con-
comitance of bacteria on various areas of the eye. Arch
Ophthalmol 1969;82:37-42.

Fahmy JA, Moller S, Bentzon MW. Bacterial flora in
relation to cataract extraction. II. Peroperative flora.
Acta Ophthalmol (Copenh) 1975;53:476-94.

Smith CH. Bacteriology of the healthy conjunctiva.
Br J Ophthalmol 1954;38:719-26.

Fahmy JA, Moller S, Bentzon MW. Bacterial flora of
the normal conjunctiva. 1. Topographical distribution.
Acta Ophthalmol (Copenh) 1974;52:786-800.

Mino de Kasper H, Koss MJ, He L, Blumenkranz MS,
Ta CN. Antibiotic susceptibility of preoperative normal
conjunctival bacteria. Am J Ophthalmol 2005;139:730-
3.

Kowalski RP, Karenchak LM, Romanowski EG.
Infectious disease: changing antibiotic susceptibility.
Ophthalmol Clin North Am 2003;16:1-9.

Han DP, Wisniewski SR, Wilson LA, et al. Spectrum
and susceptibilities of microbiologic isolates in the
Endophthalmitis Vitrectomy Study. Am J Ophthalmol
1996;122:1-17.

Davis JL, Koidou-Tsiligianni A, Pflugfelder SC, Miller
D, Flynn HW Jr, Forster RK. Coagulase-negative
staphylococcal endophthalmitis. Increase in anti-

microbial resistance. Ophthalmology 1988;95:1404-10.



