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SUMMARY

Introduction: The aim of this study was to determine the microbial distribution and antibiotic susceptibility patterns of corneal scra-
pings isolated from patients with bacterial keratitis.

Materials and Methods: The study included a survey of all positive corneal scrapings submitted to the microbiology laboratory over a
period of five years (2002-2006) at Hadassah  University Hospital. Fungal, protozoal, mycoplasma, and mycobacteria isolates were
excluded from this survey. 

Results: During this five-year period, 259 positive corneal scrapings for presumed bacterial keratitis were reported. Gram-positive orga-
nisms were the commonest bacterial isolates. The most common pathogens isolated were Staphylococcus species (n= 104, 40.2%),
Pseudomonas aeruginosa (n= 44, 17.0%), Streptococcus species (n= 31, 12.0%), and Propionibacterium species (n= 22, 8.5%). The-
re were 218 adults and 41 children. The microbiological survey showed no differences in the main bacterial isolates from corneal scra-
pings between children and adults. Gram-positive bacteria were sensitive to vancomycin (100%), ceftriaxone (100%), rifampicin
(98.2%), teicoplanin (97.6%), and ofloxacin (90.9%), while gram-negative bacteria were sensitive to ceftazidime (100%), ceftriaxone
(100%), meropenem (100%), ciprofloxacin (98.6%), piperacillin-tazobactam (98.2%), aztreonam (98.2%), ofloxacin (97.1%), ami-
kacin (97.1%), and gentamicin (94.3%).

Conclusion: Staphylococcus species were determined as the most common causative organism for bacterial keratitis. Gram-positive sus-
ceptibility was highest for vancomycin, teicoplanin and ofloxacin, while gram-negative bacterial susceptibility was highest for ceftazi-
dime, ceftriaxone and meropenem.
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INTRODUCTION

Bacterial keratitis is an ocular emergency because
progression of this corneal infection may cause visual
loss and corneal perforation. The goals of treating
bacterial keratitis are to eliminate the causative orga-
nisms, suppress the destructive reactions, restore nor-
mal ocular structure, and restore vision. When there
is sufficient evidence based on clinical examination to
raise the suspicion for a possible infectious etiology,
laboratory studies are required to establish the identity
of the specific causative organism and to determine
antimicrobial susceptibility. Initial therapy regimens
should include intensive delivery of broad-spectrum
antibiotics until the final culture results and sensitiviti-
es are available. Initial antimicrobial therapy can be
modified based on clinical impression and the results
of bacterial susceptibility to antibiotics if needed[1,2].

Antibiotics may be administered in the treatment of
bacterial keratitis by topical, subconjunctival, and syste-
mic routes. Topical application is reported to be more
effective, especially with concentrated antibiotic eye
drops, frequent application, with the corneal epitheli-
um removed, and when treatment is started early[3,4].

The aim of this study was to determine the mic-
robial distribution and antibiotic susceptibility pat-
terns of positive corneal scrapings isolated from pa-
tients who presented to the Hadassah University
Hospital, Ophthalmology Department, with presu-
med bacterial keratitis.

MATERIALS and METHODS

We retrospectively reviewed all consecutive posi-
tive corneal scrapings submitted to the microbiology
laboratory at a tertiary-care teaching hospital, the
Hadassah University Hospital in Jerusalem, between
2002 and 2006.

Ulceration was defined as a corneal epithelial de-
fect associated with an underlying acute suppurative
infiltrate in the stroma and/or the presence of variab-
le endothelial or anterior chamber reaction, diffuse
bulbar and/or limbal injection, chemosis, discharge,
lid edema, severe pain, and photophobia[3]. Corneal
scrapings of all patients were sent for culture and an-
tibiotic susceptibility. The involved eye was anestheti-
zed with a local anesthetic eye drop (oxybuprocaine
hydrochloride) prior to collection of the specimens of
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Giriş: Bu çalışmada amaç, bakteriyel keratit sebebiyle alınmış kornea kazıntılarından izole edilen bakteriyel spektrumun ve antibiyotik
duyarlılıklarının saptanmasıdır.

Materyal ve Metod: Hadassah Üniversitesi Hastanesinde beş yıl süresince (2002 ve 2006 yılları arası) mikrobiyoloji laboratuvarına da-
hil edilmiş bütün kültür pozitif kornea kazıntılarının sonuçları çalışma kapsamına alındı. Fungus, mikoplazma, protozoa ve mikobakte-
riler çalışma dışı bırakıldı.    

Bulgular: Bu beş yıllık süreçte, bakteriyel keratit tanısı düşünülen gözlerden alınan kornea kazıntılarının 259’unda pozitif sonuç bildi-
rilmiştir. Bunlar arasında gram-pozitif mikroorganizmalar çoğunluk teşkil etmiştir.  En sık izole edilen bakteriler sırasıyla Staphylococcus
türleri (n= 104, %40.2), Pseudomonas aeruginosa (n= 44, %17.0), Streptococcus türleri (n= 31, %12.0) ve Propionibacterium türleri
(n= 22, %8.5) olarak bulunmuştur. Örneklerin çoğu 218 göz ile erişkinlerden oluşmuştur.  Çocuk ve erişkinler arasında en sık izole edi-
len bakteriler arasında fark yoktu. Vankomisin (%100) gram-pozitif bakterilere karşı en etkili antibiyotik olarak tespit edilmiş, bunu seft-
riakson (%100), rifampisin (%98.2), teikoplanin (%97.6) ve ofloksasin (%90.9) izlemiştir.  Bu oran gram-negatiflerde ise sırasıyla sef-
tazidim (%100), seftriakson (%100), meropenem (%100), siprofloksasin (%98.6), piperasilin-tazobaktam (%98.2), aztreonam
(%98.2), ofloksasin (%97.1), amikasin (%97.1) ve gentamisin  (%94.3) olarak bulunmuştur.

Tartışma: Staphylococcus suşları en yaygın bakteriyel keratit etkeni olarak bulunmuştur. Gram-pozitifler en yüksek hassasiyeti van-
komisin, teikoplanin ve ofloksasine, gram-negatifler ise seftazidim, seftriakson ve meropeneme karşı göstermişlerdir.

Anahtar Kelimeler: Antimikrobiyal duyarlılık, Mikrobiyal izolatlar, Bakteriyel keratitler



corneal scrapings under the slit lamp. Corneal scra-
pings were taken from the edge and the base of each
ulcer. A heat-sterilized platinum Kimura spatula was
directly inoculated onto the surface of blood agar,
chocolate agar and Sabouraud’s dextrose agar and in-
to a thioglycollate broth. Smears were also prepared
for Gram and Giemsa stains before treatment was ini-
tiated. The media were sent to the Department of Cli-
nical Microbiology and Infectious Diseases, Hadassah
University Hospital, Jerusalem, for culture and antibi-
otic susceptibility. Once the specimens were collec-
ted, broad-spectrum topical antibiotic drops were ad-
ministered. Fungal, protozoal, mycoplasma, and
mycobacteria isolates, and cultures yielding mixed
growth were excluded from this survey.

Any bacterial growth from corneal scrapings ob-
tained during the study enrollment was considered a
positive bacterial culture and was identified using
standard bacteriological techniques[5]. Microbial cul-
tures were considered positive only if growth of the
same organism was demonstrated on two or more
solid media, or there was semi-confluent growth at
the site of inoculation on one solid medium associ-
ated with the identification of the organism of app-
ropriate morphology and staining characteristics on
Gram- or Giemsa-stained corneal smears. In vitro an-
tibiotic susceptibilities were determined by the modi-
fied Stokes' comparative disc method[6]. The selecti-
on of antibiotics tested in this fashion was determi-
ned by the identity of the organism according to lo-
cal protocols.

RESULTS

Two hundred fifty-nine culture-proven consecuti-
ve isolates from the corneal scrapings of bacterial ke-
ratitis were included in the study. There were 218
adults (over 16 years of age) and 41 children. Mean
(± SD) age was 50.3 ± 22.4 years for adults and
47.6 ± 26.5 months for children. 

There were 137 (56.7%) males and 105 (43.3%)
females. 

The microbiological survey showed no differences
in the main bacterial isolates from corneal scrapings
between children and adults (Table 1). Overall, gram-
positive organisms comprised 71.4% (185 cases) of
all bacterial isolates, and gram-negative organisms
accounted for 28.6% (74 cases) of the isolates.

The distribution of bacterial species is shown in
Table 1. Sixteen different bacterial species were de-
tected among the 259 isolates examined from the
242 people.

The most common isolated microorganisms were
Staphylococcus species (40.2%) followed by Pse-
udomonas aeruginosa (17.0%), Streptococcus spe-
cies (12.0%), Propionibacterium species (8.5%),
and undefined gram-positive rods (8.1%), and the le-
ast common were Serratia species, Klebsiella speci-
es, Bacillus species, Haemophilus influenzae, Mo-
raxella species, Escherichia coli, Morganella mor-
ganii, Enterobacter cloacae, Citrobacter koseri,
Providencia stuartii, Clostridium perfringens, and
Acinetobacter lwoffii.

Antibiotic susceptibility of all bacterial isolates is
shown in Table 2. 

Vancomycin (100%), teicoplanin (97.6%), and of-
loxacin (90.9%) were the most active agents against
the gram-positive isolates. All isolates of Staphylo-
coccus and Streptococcus were susceptible to van-
comycin. Ceftazidime (100%), ceftriaxone (100%),
meropenem (100%), ciprofloxacin (98.6%), pipera-
cillin-tazobactam (98.2%), aztreonam (98.2%), oflo-
xacin (97.1%), amikacin (97.1%), and gentamicin
(94.3%) were the most active agents against gram-
negative isolates. 

Ceftriaxone (100%) and ofloxacin (94.1%) were
most effective against gram-positive and gram-nega-
tive isolates. 

DISCUSSION

Bacterial keratitis is a significant cause of ocular
morbidity that can result in severe visual loss. The
specific etiologic organisms have been found to vary
some what over time and with geographic location,
patient population and the health of the cornea it-
self[4,7]. Microbial cultures help modify the therapy of
patients with severe keratitis and aid in the determi-
nation of susceptibility to various antimicrobial
agents at a time when there is increasing resistance
encountered among ocular isolates.

It was reported that the trend of gram-positive
bacteria is increasing while that of gram-negative
bacteria is decreasing as a cause of bacterial kerati-
tis[8,9]. Gram-positive bacteria, and amongst them
Staphylococcus species, were the most common
corneal surface organisms cultured from patients
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with bacterial keratitis examined in the present study,
comprising 185 and 104 of 259 isolates, respecti-
vely. This finding was consistent with that observed
in studies conducted in Northern India, Nigeria, the
United States, Israel, and Europe[10-18]. Staphylo-
coccus species are indigenous microflora of the skin
and mucous membranes in humans and are a com-
mon cause of ocular infections. 

Pseudomonas was the most common gram-ne-
gative bacteria from the gram-negative corneal isola-
tes and the second most common bacteria after
Staphylococcus from all isolates. Pseudomonas is
widely distributed in nature, being present in soil and
water. Pseudomonas has been reported to be the
bacteria most commonly isolated from contact lens-
associated corneal ulcers. Infection results when a
traumatized cornea is exposed to the orga-
nism[19,20]. In general, there is an increased preva-
lence of pseudomonal infections in southern latitu-

des. Geographical and climatic factors may partially
explain the high prevalence of Pseudomonas speci-
es. Another important factor is the high incidence of
myopia and the popularity of wearing contact lenses
in Asian countries[21-24]. 

Only 12% of our isolates were streptococci. This
is in contrast with the results reported from develo-
ping countries such as Bangladesh, Saudi Arabia, So-
uth India, and Eastern Turkey, where Streptococcus
pneumoniae was the most common organism isola-
ted in bacterial keratitis[25-29]. 

In investigations conducted in the United King-
dom between 2003 and 2006, and between 1999
and 2009, the spectrum of microbial cultures from
bacterial keratitis was similar to that which we report
here with Staphylococcus, Pseudomonas, and
Streptococcus[17,28]. 

In this study, gram-positive bacteria were sensiti-
ve to vancomycin, teicoplanin, and ofloxacin, while

Table 1. Bacterial species isolated from corneal scrapings

Children Adult Total 
n (%) n (%) n (%)

Gram-positive organisms* 29 (70.7) 156 (71.6) 185 (71.4)

Staphylococcus spp. 16 (39.0) 88 (40.4) 104 (40.2)

Streptococcus spp. 7 (17.1) 24 (11.0) 31 (12)

Propionibacterium spp. 3 (7.3) 19 (8.7) 22 (8.5)

Undefined rods 3 (7.3) 18 (8.3) 21 (8.1)

Bacillus spp. 0 6 (2.8) 6 (2.3)

Clostridium perfringens 0 1 (0.5) 1 (0.4)

Gram-negative organisms* 12 (29.3) 62 (28.4) 74 (28.6)

Pseudomonas aeruginosa 9 (22.0) 35 (16.1) 44 (17)

Serratia spp. 0 10 (4.6) 10 (3.9)

Moraxella spp. 0 3 (1.4) 2 (1.2)

Klebsiella spp. 1 (2.4) 5 (2.3) 6 (2.3)

Haemophilus influenzae 1 (2.4) 2 (0.9) 3 (1.2)

Acinetobacter lwoffii 0 1 (0.5) 1 (0.4)

Escherichia coli 1 (2.4) 1 (0.5) 2 (0.8)

Enterobacter cloacae 0 1 (0.5) 1 (0.4)

Citrobacter koseri 0 1 (0.5) 1 (0.4)

Morganella morganii 0 2 (0.9) 2 (0.8)

Providencia stuartii 0 1 (0.5) 1 (0.4)

* Difference between groups: p> 0.5.
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gram-negative bacteria were sensitive to ceftazidime,
ceftriaxone, piperacillin-tazobactam, meropenem,
ciprofloxacin, aztreonam, ofloxacin, amikacin, and
gentamicin. 

Ofloxacin had an extended broad-spectrum acti-
vity by covering most gram-positive and gram-negati-
ve bacteria. In our study, 60 of 66 (90.9%) gram-po-
sitive isolates and 68 of 70 (97.1%) gram-negative
isolates were sensitive to ofloxacin. Ciprofloxacin was
effective against 97.7% of pseudomonal keratitis iso-
lates and 98.6% of all gram-negative isolates. Fluoro-
quinolones provide coverage against most gram-nega-
tive and gram-positive bacteria, with good ocular pe-
netration, low toxicity, safety, and commercial availa-
bility[30,31]. However, there are several reports on the

emerging laboratory resistance of both ocular and
systemic isolates to the fluoroquinolones[11,32,33].

Vancomycin was 100% effective against Staphy-
lococcus, Streptococcus and undefined gram-positi-
ve rods during all years. Ceftriaxone, teicoplanin and
chloramphenicol were effective against all Strepto-
coccus isolates. Rifampicin has very high activity aga-
inst Staphylococcus species. All Pseudomonas ae-
ruginosa isolates were sensitive to ceftazidime, me-
ropenem, and piperacillin-tazobactam, and most iso-
lates were sensitive to amikacin, gentamicin, aztre-
onam, piperacillin, ciprofloxacin, imipenem, cefepi-
me, and ofloxacin, but all were resistant to cotrimo-
xazole. Colistin was effective against Pseudomonas,
while it was ineffective against Serratia.

Spectrum and Susceptibilities of Microbial 
Isolates in Bacterial Keratitis

Table 2. Antibiotic susceptibility of bacterial isolates

Gram-positive 43/58 8/8 23/23 83/85 49/57 46/54

Staphylococcus spp. 42/57 1/1 54/56 49/57 46/54

Streptococcus spp. 23/23 28/28

Undefined rods 1/1 1/1

Gram-negative 68/70 66/70 7/30 2/2 8/24 30/30 70/70 54/55 15/29 64/68

Moraxella spp. 2/2 2/2 3/3 1/1 3/3 2/2 1/1 2/2 2/2

Klebsiella spp. 6/6 6/6 0/6 4/5 6/6 6/6 5/5 5/6 6/6

Pseudomonas 42/44 40/44 44/44 31/32 42/44
aeruginosa

Serratia spp. 10/10 10/10 0/10 1/1 0/10 10/10 1/1 9/9 0/10 9/9

Acinetobacter spp. 1/1 1/1 0/1 1/1 1/1 1/1 1/1 0/1

Escherichia coli 2/2 1/2 1/1 2/2 2/2 2/2 1/1 2/2 0/1

Enterobacter spp. 1/1 1/1 0/1 1/1 1/1 1/1 1/1 0/1 1/1

Citrobacter spp. 1/1 1/1 0/1 1/1 1/1 1/1 1/1 1/1

Haemophilus 2/3 3/3 3/3
influenzae

Morganella spp. 2/2 2/2 0/2 0/2 2/2 2/2 2/2 1/2 2/2

Providenci spp. 1/1 1/1 0/1 1/1 1/1 1/1 0/1 1/1

Total 68/70 109/12 15/38 2/2 8/24 53/53 70/70 54/55 15/29 64/68 83/85 49/57 46/54
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Study on microbiological characteristics of bac-
terial keratitis performed from 2005 to 2007 in
Eastern Turkey reported that gram-positive orga-
nisms comprised 73%, while gram-negative orga-
nisms accounted for 27% of all bacterial isolates.
Although this is similar to our results, Streptococ-
cus pneumoniae was the most common gram-po-
sitive organism isolated in bacterial keratitis in that
study, followed by Staphylococcus. Similarly, they
showed high vancomycin susceptibility for gram-po-
sitive isolates[28]. Another study from Western Tur-
key showed that staphylococci are the most com-
monly isolated microbial agents in cases of infecti-
ous keratitis[34]. 

A limitation of our study is the period of time,
which did not include the newly developed antibiotics
such as fourth-generation fluoroquinolones. Howe-
ver, while fluoroquinolones are popular choices for
empiric therapy in bacterial keratitis owing to their
broad spectrum of activity, emerging resistance to
this class of antibiotics has been increasingly reported
in a number of studies[9,32,35].

In summary, Staphylococcus and Pseudomonas
species were the most common organisms cultured
from bacterial keratitis. Vancomycin was active aga-
inst all gram-positive isolates tested, and ceftazidime,
ceftriaxone, and meropenem had the highest suscep-
tibility rate for gram-negative organisms isolated.

Table 2. Antibiotic susceptibility of bacterial isolates (continue)

75/89 73/89 60/66 43/71 70/89 51/60 35/89 41/57 89/89 56/57

50/57 43/57 51/57 18/39 43/57 48/57 17/57 41/57 57/57 56/57

23/30 30/30 7/7 25/30 26/30 2/2 21/30 30/30

2/2 0/2 2/2 0/2 1/2 1/1 2/2 2/2

50/57 29/29 40/41 54/54 70/70 6/8 27/60 27/30 68/70 69/70 3/4 16/30

2/2 2/2 2/2 2/2 1/1 2/3 3/3 2/2 2/2 1/1 3/3

6/6 3/3 3/3 5/5 6/6 1/2 5/6 5/6 6/6 6/6 3/6

44/44 18/18 25/26 29/30 44/44 0/30 42/44 43/44

0/10 6/6 4/4 9/9 10/10 10/10 8/10 10/10 10/10 2/10

1/1 1/1 1/1 1/1 1/1 1/1 1/1 1/1 1/1 1/1

2/2 1/1 1/1 2/2 2/2 1/1 1/2 2/2 2/2 2/2 1/2

1/1 1/1 1/1 1/1 1/1 1/1 1/1 1/1 1/1 1/1

1/1 1/1 1/1 1/1 1/1 1/1 1/1 1/1 1/1

3/3 2/3 3/3

0/2 2/2 2/2 2/2 1/1 1/1 2/2 2/2 2/2 1/2

0/1 1/1 1/1 1/1 0/1 1/1 1/1 1/1 1/1 0/1

57/70 29/29 40/41 54/54 70/70 6/8 102/ 100/ 128/ 69/70 67/93 86/ 51/60 35/89 41/57 89/89 56/57
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Ceftriaxone and ofloxacin were found to be highly ef-
fective against the majority of isolates. 
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