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reus  (93, 56.7%) dominated the scene as the commonest 
bacterial agent.  Streptococcus pneumoniae  (33, 20%) 
was second in the list. Most of the bacterial isolates were 
sensitive to commonly used antibiotics.  Conclusion:  This 
study emphasizes the importance and need of the con-
tinued surveillance of the agents and their antimicrobial 
susceptibility for the prevention and management of cor-
neal ulcers and their complications. 

 Copyright © 2005 S. Karger AG, Basel 

 Corneal scarring is the second most frequent cause of 
blindness and visual disability in the developing coun-
tries of Asia, Africa and the Middle East  [1]  and micro-
bial keratitis is a major cause of ocular morbidity and 
unilateral blindness. Most of the ulcerated eyes in these 
countries are treated empirically with topical antibacte-
rial and antifungal agents. 

 The spectrum of microbial agents associated with cor-
neal ulcer is wide and varies from one geographical loca-
tion to another. Studies from central Nepal  [2] , Bangla-
desh  [3]  and certain developed countries  [4, 5]  have re-
vealed a higher prevalence of bacterial agents as compared 
to that of fungi, whereas a recent report from this insti-
tute, a report from Madurai, South India, revealed that 
fungi are more common organisms  [6, 7]  and that from 
North India revealed almost equal involvement  [8] . 

 The present study was undertaken to determine the 
specifi c etiological agents associated with corneal ulcers 
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  Abstract 
  Aims:  To identify the common bacterial and fungal iso-
lates from corneal ulcers and to determine the antimi-
crobial susceptibility patterns of bacterial isolates to 
commonly used antibiotics at B.P. Koirala Institute of 
Health Sciences (BPKIHS), eastern Nepal. Culture and 
direct microscopic correlation and reliability were also 
compared.  Methods:  All patients with suspected corneal 
ulceration presenting to the Ophthalmology Department 
of BPKIHS from 1st August 1998 to 31st July 2001 were 
evaluated. Corneal scraping was performed and pro-
cessed for direct microscopy and culture for bacterial 
and fungal isolates. Bacterial isolates were subjected to 
antimicrobial susceptibility testing.  Results:  Of 447 spec-
imens examined direct microscopy was positive in 216 
(48%) specimens. Culture positivity could be correlated 
with direct microscopy in 179 (83%) of specimens. 
Growth of etiologic agents was found in 303 (67.8%) 
samples. Of these 145 (47.8%) had pure fungal growth, 
103 (34%) had pure bacterial growth and 55 (18.2%) had 
mixed fungal and bacterial infection. The commonest 
fungal pathogen was  Aspergillus  spp.   in 78 (38.4% )  fol-
lowed by  Fusarium  spp. in 45 (22%).  Aureobasidium  sp. 
was isolated in 25 (12.3%) samples.  Staphylococcus au-
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in eastern Nepal and to fi nd out the antibiotic susceptibil-
ity pattern of bacterial isolates to commonly used antimi-
crobial agents. 

   Methods 

 All patients with suspected microbial keratitis presenting to the 
Ophthalmology Department of BPKIHS, a tertiary care hospital, 
in eastern Nepal from 1st August 1998 to 31st July 2001 were in-
cluded in this study. Corneal scraping was done by an ophthalmol-
ogist in minor OT and the material obtained from scraping was 
directly inoculated in the operation room onto sheep blood agar, 
chocolate agar, brain-heart infusion broth and Sabouraud’s dex-
trose agar (SDA). The scraping material was also smeared on two 
slides for Gram and Giemsa staining. Stained slides were examined 
under the light microscope for the presence of infl ammatory cells, 
bacteria and fungal elements. The blood agar, chocolate agar and 
brain-heart infusion broth were incubated at 37   °   C with 5–10% 
CO 2 , and the SDA tube was incubated at 25   °   C. The plates were 
examined after 24 and 48 h. The SDA tube was examined every 

day for the fi rst week, then every week for 3 weeks to look for growth 
of any common or uncommon organisms. Subcultures were made 
from brain-heart infusion broth onto blood agar, chocolate agar and 
MacConkey agar if the primary culture plates were sterile. Growth, 
if any, was identifi ed by standard methods  [9, 10] . A culture was 
considered positive when there was growth of the same organism 
on two or more media, confl uent growth of a known ocular patho-
gen at the site of inoculation on one solid medium, growth in one 
medium with consistent direct microscopy fi ndings, or growth of 
the same organism on repeated corneal scraping. Antimicrobial 
susceptibility for bacterial isolates was tested by Kirby Bauer disc 
diffusion method and interpreted as per NCCLS guidelines  [9, 10] . 
Due to lack of facilities antimicrobial susceptibility to the fungal 
isolates could not be tested. 

   Results 

 Corneal scrapings from 447 patients were studied. Me-
dian age of the affected patients was 32 years (range 4–84 
years). Male-to-female ratio was 1.3:   1. Eighty-fi ve per-
cent of the patients were from an agricultural background 
and most of the patients were infected during the harvest-
ing season.  

 A history of trauma was obtained from 53% of the pa-
tients. Other risk factors implicated were ocular surgery, 
diseases of the eyes, systemic diseases like diabetes and 
others.  

 Direct microscopy was positive in 216 (48%) samples 
( fi g. 1 ). Culture positivity could be correlated with direct 
microscopy in 179 (83%) specimens. In 37 (17%) organ-
isms were observed in direct microscopy but cultures 
were sterile. One hundred and twenty-four (40%) samples 
yielded positive cultures although these were negative in 
direct microscopy. An etiological diagnosis could be es-
tablished in 303 (67.8%) samples ( fi g. 2 ). Of these 145 
(47.8%) had pure fungal growth, 103 (34%) had pure bac-
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  Fig. 1.  Correlation of smear and culture. 
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  Fig. 2.  Microbial pathogens isolated from corneal ulcers (n = 
447). 
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terial growth and 55 (18.2%) had mixed bacterial and 
fungal growth. The commonest fungal agents isolated 
were  Aspergillus  (n = 78, 38.4%),  Fusarium  (n = 45, 
22.2%) and  Aureobasidium pullulans  (n = 25, 12.3%) ( ta-
ble 1 ).  

  Staphylococcus aureus  (n = 91, 57.6%),  Streptococcus 
pneumoniae  (n = 33, 20%), and  Pseudomonas aeruginosa  
(n = 18, 11.4%) were the commonest bacterial agents iso-
lated in the present study ( table 2 ). The antimicrobial 
susceptibility patterns of bacterial isolates to common an-
tibiotics are highlighted in  table 3 . As many as 137 (29.3%) 
samples were negative both on microscopy and culture. 

   Discussion 

 Effective treatment of corneal ulcers is dependent on 
early observation under the microscope and isolation of 
the causative organisms in culture. Laboratory studies, 
combined with a knowledge of the most frequent organ-
ism in that particular geographic location can be also 
helpful in the prompt initiation of empirical therapy. 

 The total isolation rate, 67.8% in the present study, is 
in concurrence with other studies reported worldwide  [1, 
6, 7, 11–13] . However, reports from central Nepal and 
Bangladesh revealed 80 and 82% culture positivity, re-
spectively  [2, 3] . Similarly, studies conducted in Balti-
more and Florida revealed less culture positivity  [4, 5].  
Considering the scraping was conducted scientifi cally, the 
35% sterile ulcers in the present series could be due to 
three factors: (i) prior use of antimicrobial therapy, (ii) 
these ulcers may represent true sterile hypoxic infi ltrates 

Table 1. Type of fungi isolated (n = 200)

Name n %

Aspergillus fl avus 57 28.5
Aspergillus fumigatus 18 9.00
Fusarium spp. 45 22.5
Aureobasidium pullulans 25 12.5
Curvularia spp. 27 13.5
Candida albicans 9 4.5
Penicillium spp. 3 1.5
Cephalosporium spp. 3 1.5
Verticillium spp. 2 1.00
Mucor spp. 2 1.00
Alternaria spp. 2 1.00
Rhodotorula spp. 1 0.5
Scopulariopsis spp. 1 0.5
Fonsecaea compacta 1 0.5
Cladosporium 1 0.5
Unidentifi ed 3 1.5

Total 200 100.00

Table 2. Bacterial isolates from corneal ulcers (n = 158)

n %

S. aureus 90 57.3
S. pneumoniae 31 19.5
Coagulase-negative staphylococcus 7 4.5
Staphylococcus pyogenes 5 3
Bacillus spp. 4 2.5
P. aeruginosa 18 11.3
Klebsiella 1 0.6
Enterobacter 2 1.3

Table 3. Antimicrobial susceptibility pattern of bacteria from corneal ulcers (n = 164)

Organism Amikacin
30 �g/disc

Chloramphenicol
10 �g/disc

Ciprofl oxacin
10 �g/disc

Gentamicin
10 �g/disc

Cloxacillin
10 �g/disc

S. aureus (n = 90) 89 82 84 82 87
S. pneumoniae (n = 31) 28 29 29 26 ND
Coagulase-negative staphylococcus (n = 7) 7 7 5 6 6
S. pyogenes (n = 5) 5 5 4 3 ND
Bacillus spp. (n = 4) 4 4 0 0 ND
P. aeruginosa (n = 19) 18 15 15 17 ND
Klebsiella (n = 1) 1 1 0 0 ND
Enterobacter (n = 2) 2 1 1 1 ND
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or (iii) hypersensitivity infi ltrate to microbial antigens 
 [14, 15] . 

 Both fungi and bacterial agents are implicated as 
causative agents of microbial keratitis. A number of 
studies on the prevalence of different isolates in cor-
neal ulcers occurring in various parts of the world have 
shown a striking difference in the frequency of differ-
ent pathogens. Except for one report from this center 
 [4]  and another three from South India  [5]  where fungal 
elements predominated, most reports revealed either 
equal distribution of bacteria and fungi  [8]  or bacterial 
isolates were found to outnumber fungi  [4, 16–21] . 
Prevalence in children and elderly individuals as re-
ported is also characterized by more bacterial isolation 
 [22–24] . 

 Several studies have attempted to evaluate the correla-
tions between direct microscopy and culture fi ndings in 
ulcerative keratitis  [18, 25, 26] . Asbell and Stenson  [18]  
reported 88% positivity in culture of all smear-positive 
reports. They also commented that even when no organ-
isms were seen on Gram’s staining, 61% later showed 
microbial agents on culture. The present report revealed 
culture positivity in 87.5% of smear-positive specimens 
and 47.6% positivity from smear-negative specimens. 
Thus, direct microscopy evaluation is not a good indica-
tor of sterile or noninfected ulcers. However, the combi-
nation of direct microscopy and culture seems to yield the 
microbial recovery. 

 The rate of isolation of fungi in this study was higher 
compared to previous studies. Different studies have 
shown that a diverse group of fungi are associated with 
keratitis  [2, 3, 6–8] . The fi nding of  Aspergillus  spp. being 
the commonest fungal agent in the present report is com-
parable to earlier studies from Nepal  [2, 6] .  Fusarium , 
which has a dominating pattern in various reports, was 
the second most frequent fungus in the present series. An 
unusual feature of this study was the isolation of  A. pul-
lulans,  accounting for 12% of total fungal isolates. The 
organism was identifi ed by its fi rst growth, unique ap-
pearance such as smooth, cream to pinkish brown color, 
covered with slimy masses of conidia. Hyphae were hya-
line and septate, key features being the production of 
hyaline blastoconidia forming chains of darkly pigment-
ed thick-walled arthroconidia. Though listed as one of 
the etiological agents of oculomycosis, their isolation is 
considered signifi cant only if fungal elements are ob-
served in direct microscopy  [27–29] . In the present study, 
strict aseptic precaution taken during the collection and 
inoculation of samples at the site of collection and visu-
alization of fungal elements in direct microscopy helped 

us labeling the isolates of  A. pullulans  as an etiological 
agent. 

 Gram-positive cocci are the leading pathogens of bac-
terial keratitis all over the world irrespective of the age 
group that is affected  [2, 3, 6–8, 13, 22–24, 30] . However, 
Norman et al.  [31]  in 1983 reported more involvement 
of gram-negative bacilli. The present study also revealed 
predominance of gram-positive cocci accounting for 
about 87% of all bacterial isolates. 

 A number of studies on the prevalence of isolation of 
S.  pneumoniae  worldwide have shown a striking differ-
ence. High percentage has been reported from Central 
Nepal, South India and South Africa  [2, 7, 31, 32] . Low 
percentage has been elaborated in other studies  [8, 22, 23, 
30, 33] . Our fi nding is striking in the sense that  S. pneu-
moniae  formed as high as 20%   of the total bacterial iso-
lates. The differences in isolation of  S. pneumoniae  are 
mainly due to two causes. Firstly, it has a direct correla-
tion with lacrimal sac infection and secondly, use of hu-
man blood in blood culture plates. It is a known fact that 
use of human blood may inhibit the growth of  S. pneu-
moniae . While Panda  [22]  and Panda et al.  [23]  in both 
their studies  stressed the use of human blood, the studies 
where isolation rate was less did not specify this point. 
Earlier reports revealed that isolation of coagulase-nega-
tive Staphylococcus shows a rising trend  [8, 22–23, 31] . 
 P. aeruginosa  infection shows a decline in the course of 
time  [18] . However, as the study period of the present 
study was only 3 years, no comment can be given on that 
aspect.  P. aeruginosa  is also known to be associated with 
corneal ulceration in contact lens users  [34] . One of the 
factors for the low frequency (11.6%) found by the pres-
ent study could be the small number of contact lens users 
in this part of the world. Diphtheroids, undoubtedly con-
sidered a primary cause of corneal ulceration and isolated 
in varying frequencies in different studies  [2, 7, 8],  were 
not isolated in the present series. 

 The determination of antibiotic sensitivity patterns 
for the organisms is helpful in installation of the appro-
priate antibiotic in terms of sensitivity. In addition it 
helps the clinician to use the drug with the highest sensi-
tivity in treating corneal ulcers depending upon the geo-
graphical prevalence of the organism and sensitivity pat-
tern. In the present study most of the isolates were sensi-
tive to commonly used antibiotics. This fi nding slightly 
differs from a report from India where an increasing re-
sistance pattern among the bacterial isolates to common-
ly used antibiotics except quinolones was observed  [8] . 
Resistance to ciprofl oxacin and gentamicin was observed 
among some frequently isolated bacteria in this study. 
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Therefore, keeping in mind the pros and cons of common 
and recently introduced antibiotics, clinicians have to de-
cide which drug to choose for initial therapy and which 
one for maintenance therapy. 

 It was concluded that microbial keratitis is a common 
problem in the eastern region of Nepal, mainly affecting 
people from agricultural background at their most pro-
ductive age. Trauma occurring during the harvesting sea-
son was the main predisposing factor. Both fungal and 
bacterial agents were responsible for this condition. How-

ever, the prevalence of fungal pathogens in this region and 
isolation of unusual fungal species, e.g.  Aureobasidium  
species, were signifi cant fi ndings. Thus, this study empha-
sizes the need for continuous surveillance of the causative 
agents and their antimicrobial susceptibility for preven-
tion and management of microbial keratitis and its com-
plications. Besides, this study will help to enhance the 
awareness of this ailments amongst individuals, family 
members and general ophthalmologists in the region. 
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