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Background. Microbial keratitis which is also known as corneal ulcer, is a common ocular infection that can result in de-
bilitating monocular visual impairment. Identifying the prevalence and the latest trend of the causative agents will be useful in the 
management of corneal ulcer.
Objectives. To evaluate the demographic and epidemiology factors of microbial keratitis at a tertiary hospital in a rural state of Malaysia.
Material and methods. This is a retrospective review with a total recruit of 137 patients who were admitted to the Ophthalmology 
ward in Hospital Universiti Sains Malaysia. A retrospective review of the demographic data and results of corneal tissue sampling were 
documented.
Results. Demographic data showed similarity to other studies where it affected most commonly in the productive age. It was also more 
commonly seen in male patients than in female. Bacterial keratitis (51.1%) was found to be more common than fungal keratitis (24.8%). 
In cases of bacterial keratitis, Pseudomonas spp. was the commonest causative agent, while in cases of fungal keratitis, Fusarium spp. 
was the commonest fungus microbial agent.
Conclusions. With the knowledge of the demographical and epidemiological factors of microbial keratitis of a region, clinicians will be 
able to initiate prompt treatment at the early stages of the disease. Thus, less complications will arise from the disease and a better 
visual outcome provided.
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Background 

Microbial keratitis which is also known as corneal ulcer, is 
a common ocular infection that can result in debilitating mon-
ocular visual impairment. It is a process of corneal inflamma-
tion due to overlying epithelial damage. Corneal ulceration can 
result in scarring formation when the stromal is affected and 
can be blinding when there is scar formed at the visual axis. Be-
sides scarring, corneal ulcer can also result in endophthalmitis 
and phthisis bulbi if the infection crosses into the intraocular 
system. These can thus result in severe visual impairment [1]. 

Malaysia is a developing country and consists of a multiracial 
population of approximately 28 millions. Based on the national 
eye survey, in Malaysia, in 1996, corneal disease affected about 
3.42% of the total population and ranked the fourth common-
est cause resulting in low vision or blindness [2]. In Myanmar, 
another South East Asia country, unilateral blindness caused 
by corneal ulcer had an incidence of 710 over 100,000 of the 
population [3]. Similarly, the World Health Organization (WHO) 
reported 4% of all blindness are caused by corneal opacities [4].

As mentioned, any ocular injury can result in corneal ulcer 
formation. Rather than waiting for the formation of corneal ul-
cer, identifying the risk factors and predicting the possible com-
plications based on the epidemiology study would help to pre-
vent the disease. When there is an early sign of ulcer formation 
or even only mild ocular injury that can predispose to corneal 
ulcer, primary care practitioners can play a major role in initiat-
ing the treatment [5].

In the primary care setting, early management can be start-
ed based on the latest update of the epidemiology. Based on 
the epidemiology studies, primary care practitioners can initi-
ate anti-microbial treatment as early as the diagnosis is made at 
the primary care setting [6]. WHO guidelines for management 
of corneal ulcer in the Southeast Asia region of the year 2004 
suggest that patients who come in with superficial ocular injury 
such ash corneal abrasion should be administered the ointment 
Chloramphenicol for at least 3 times per day [6]. Moreover, they 
should be followed-up daily and be referred to secondary or ter-
tiary centers if there are signs of worsening [6].

Objectives

The incidence of corneal ulcer leading to monocular blind-
ness worldwide, including Malaysia, is significant. Thus, our ob-
jective is to identify the prevalence, the causative risk factors 
and the latest trend of the causative agents of corneal ulcer. This 
will be useful in achieving early management and referral to ter-
tiary hospitals from the primary care setting.

Material and methods

Study design

This was a retrospective, single centre, observational study. 
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Setting
The Institutional involved is Hospital Universiti Sains Malay-

sia (HUSM), a medical teaching centre for the east coast region 
of West Malaysia, located in the state of Kelantan. The study in-
volved patients who were admitted to the ophthalmology ward 
for microbial keratitis treatment from the 1st of January 2015 to 
31st December 2017. 

Participants
The study only included the patients diagnosed as having 

microbial keratitis caused either by bacterial or fungal organ-
isms. Other type of ulcer such as viral ulcers, neurotropic ulcers, 
Mooren ulcers, marginal ulcers and ulcers associated with auto-
immune conditions were excluded. 

Detailed history of all the patients recruited in the study 
were taken to investigate the causative risk factors of the cor-
neal ulcer. Furthermore, they were examined via slit lamp, and 
clinical findings were recorded. Further investigations were then 
carried out; corneal scrape was undertaken with a 21G needle 
under slit lamp microscope and a  smear prepared for Gram 
stain. Corneal material was also smeared onto blood agar, choc-
olate agar, Sabouraud dextrose agar and McConkey medium. 
Microbiology laboratory proceeded with examination and the 
final report of the microbial examination was produced.

Variables
As mentioned, corneal ulceration was defined as corneal infil-

tration with loss of overlying epithelium associated with signs of 
inflammation. The centre consists of a senior cornea consultant 
who oversaw and was involved in the management of all the cases 
included in the study. Only those who were diagnosed with cor-
neal ulcer by the corneal consultant were included in the study.

Data source
Data was collected via the records of admission in Ophthal-

mology ward Hospital Universiti Sains Malaysia from the 1st of 
January 2015 to 31st December 2017. Once patients’ identity 
was identified, patients’ records were traced and studied at hos-
pital unit records. Patients’ demographic details, history when 
having corneal ulcer and investigation results were documented 
accordingly. 

Study size
Study size of this retrospective study was based on all cor-

neal ulcer patients that were admitted to ophthalmology ward 
of the given period of this study. 

Statistical methods
The statistical method used in this study was descriptive 

statistics. Patients’ demographic data including their age, sex 
and ethnicity were collected in this study. The mode, median 
and mean of these data was analysed and described. The same 
statistical methods were applied to the causative risk factor and 
causative agents of corneal ulcer of this study. 

The research followed the Declaration of Helsinki. It did not 
require the consent of the Bioethics Commission.

Results

Participants
There were a total of 137 patients enrolled into the study. 

All patients were admitted to Ophthalmology ward in Hospital 
Universiti Sains Malaysia (HUSM) of Kelantan throughout Janu-
ary 2015 to December 2017. 

Descriptive data

The male to female ratio was 1.85. The mean age at the di-
agnosis of corneal ulcer was 48.6. The youngest patient was at 
the age of 12, while oldest was at the age of 89. Individuals of 
ages from 21 to 60 contributed more than 50% of the total num-
ber of patients. As the population of Kelantan mainly came from 
the Malay ethnicity, the Malay population contributed 97.1% of 
all corneal ulcer patients. Table 1 showed the prevalence of cor-
neal ulcer at our centre from the year 2015 to 2017 by age, sex 
and ethnicity. 

Table 1. Prevalence of corneal ulcer at HUSM by age, sex and 
ethnicity of year 2015–2017

n (%)

 < 21 9 (6.6)

21–40 42 (30.7)

41–60 35 (22.5)

61–80 44 (32.1)

 > 81 7 (5.1)

Total 137 (100)

Sex

Male 89 (65)

Female 48 (35)

Ethnicity

Malay 133 (97.1)

Chinese 4 (2.9)

India 0 (0)

Outcome data

Causative risk factors for corneal ulcer
From the detailed history from patients, causative risk fac-

tors were identified. Based on the analysis, the main cause of 
corneal ulcers was due to ocular surface damage. This was fur-
ther divided based on the types of causative agent into organic 
and non-organic types. This division revealed that up to 51.1% 
(n = 70) of the corneal ulcers were caused by organic matter, 
while 19.7% (n = 27) of total were caused by non-organic mat-
ter. The second commonest risk factor was contact lens related 
corneal ulcer. Herein, 20.4% (n = 28) of all corneal ulcers were 
caused by contact lens. What is more, 1.5% (n = 2) of all patients 
had underlying ocular surface disease which also made them 
prone to infection. Finally, about 7.3% (n = 10) of all patients did 
not have any identifiable cause for their corneal ulcers.

Table 2. Causative risk factors for corneal ulcers in HUSM
Risk Factors n (%)
Trauma
 Organic
 Non organic

70 (51.1%)
27 (19.7%)

Contact lens related 28 (20.4%)
Ocular surface disease 2 (1.5%)
Others 10 (7.3%)
Total 137

Causative agents of corneal ulcer
All patients diagnosed as having corneal ulcer based on his-

tory and clinical examination were investigated for corneal tis-
sue culture and sensitivity. Only the organisms isolated from the 
first corneal tissue culture at initial presentation were taken into 
account. The organisms isolated are summarized in Table 3.



J.Y. Yap, K.V. Tan, S.-T. Khairy-Shamel • Retrospective review of corneal ulcers
Fa

m
ily

 M
ed

ic
in

e 
&

 P
rim

ar
y 

Ca
re

 R
ev

ie
w

 2
01

9;
 2

1(
1)

64

From Table 3 we can see that most of the infective keratitis 
were bacterial, with percentages up to 51.1% (n = 70). Herein, 
up to 33.6% (n = 46) of the total cases were caused by gram 
negative bacteria. Among the gram negative bacteria, Pseudo-
monas spp. was the commonest causative agent, reaching up to 
27.1% (n = 37) of all cases. For gram positive bacteria, Staphylo-
coccus aureus and Streptococcus pneumonia were the two main 
causative bacteria. These accounted to 9.5% (n = 13) and 7.3% 
(n = 10) of all cases, respectively. There was no mixed infection 
of bacterial or fungal keratitis found in this study.

Table 3. Organism isolated from the infected corneal tissues

Organism isolated n (%)

Bacteria 70 (51.1)

Gram positive bacteria 24 (17.5)

Staph aureus 13 (9.5)

Strep pneumoniae 10 (7.3)

Corynebacterium spp. 1 (0.7)

Gram negative bacteria 46 (33.6)

Pseudomonas spp. 37 (27.1)

Aeromonas spp. 1 (0.7)

Neisseria spp. 1 (0.7)

Moraxella spp. 1 (0.7)

Citrobacter spp. 1 (0.7)

Enterobacter spp. 2 (1.5)

Burkholderia spp. 1 (0.7)

Serratia spp. 2 (1.5)

Fungus 34 (24.8)

Candida spp. 8 (5.8)

Aspergillus spp. 2 (1.5)

Fusarium spp. 13 (9.5)

Curvularia spp. 6 (4.4)

Non sporulating mold 5 (3.6)

No organism isolated 33 (24.1)

Mixed infection 0 (0)

Total 137 (100)

 Cases of fungal corneal ulcer accounted for 24.8% (n = 34) 
of all cases of corneal ulcer. The commonest fungus causing fun-
gal keratitis in our study was Fusarium spp.. This contributed to 
9.5% (n = 13) of all cases, followed by Candida spp. with 5.8% 
(n = 8) reported. 

Discussion

Key results and interpretation

The study was done in one of the poorest and most under-
developed states in Malaysia. Demographically, Kelantan state 
is located in the northeast of peninsula Malaysia bound by Thai-
land in the north, the South China Sea in the northeast, Tereng-
ganu in the east, Pahang in the south and Perak in the west. 
Based on the reports from Department of statistics Malaysia, 
the population of Kelantan by the year of 2016 was 1.8 million 
[7]. Its GDP per capita in year 2016 was RM12, 812, compared 
to RM101, 420 for the capital of Malaysia, Kuala Lumpur. GDP 
income for Kelantan were mainly contributed via the agriculture 
sector, which accounted for 24.6% of the total income of the 
state [8]. This figure shows that the socioeconomic status for 

the Kelantan state is relatively lower compared to the more ad-
vanced states in Malaysia. This can be one of the very important 
factors contributing to the trend of corneal ulcer in Kelantan, as 
the socioeconomic status does affect the epidemiological and 
etiological factors of microbial keratitis [4]. 

Table 1 describes the prevalence of corneal ulcer by dif-
ferent ranges of age. Corneal ulcer occurred most commonly 
within the productive age group – from 21 years old to 60 years 
old. As indicated, the age group 21–60 years contributed 53.2% 
(n = 77) of all cases of corneal ulcer. Such cases come about due 
to the inoculation of foreign bodies into the eyes at work [4, 
9]. This is also evidenced in Table 2. This happenstance is cor-
related to the socio-economy status of individuals in Kelantan 
state, as the main income depends upon the agricultural sector. 
The agricultural sectors within which the patients in Kelantan 
state find employment include palm oil plantation work, paddy 
field work, fruit farming and vocational gardening. However, the 
younger group of patients have different risk factors wherein 
the most common cause of corneal ulcer is due to contact lens 
wear. The trend of contact lens related corneal ulcer is increas-
ing due to the higher usage of contact lens among the younger 
generation [4]. 

A similar study done at HUSM back in year 2008 was con-
ducted for a  period of 16 months. The study, however, had 
a smaller sample size and only 29 patients were observed. By 
comparison to this study, bacterial keratitis was still mainly 
caused by gram negative bacteria. Moreover, Pseudomonas spp. 
was also the main causative agent for bacterial keratitis and ac-
counted for 58.6% of all cases at that time [10]. However, in our 
study, Pseudomonas bacterial keratitis was relatively reduced 
to 27.1%. For the gram positive bacteria, the previous statistic 
showed higher incidence of Streptococcus keratitis infection. 
The current statistic shows the presence of both Staphylococ-
cus and Streptococcus keratitis infection at the same levels. This 
could be due to the larger sample size.

As for fungal ulcer, a 5 years retrospective study was carried 
out in HUSM specifically on fungal keratitis. This included a total 
of 41 patients. The main fungus inducing fungal keratitis there-
in was also Fusarium spp. This accounted for 46% of all fungal 
keratitis cases [11]. In our study, we found the comparable fig-
ure to be 38.2% of all fungal keratitis cases. What is more, the 
number of fungal keratitis caused by Candida spp. were relative 
higher in our study as it accounted for 23.5% of all the fungal 
keratitis (versus 12.2% of all cases in the previous study). Other 
species such as Curvularia spp. and non-sporulating mold were 
also seen to be present in the previous study. 

Limitations of the study

Hospital Universiti Sains Malaysia was still using a manual 
filing system for patients’ records. Therefore, we faced dif-
ficulties in tracing the case histories of the study population. 
Moreover, records are only kept for three years. This limits the 
sample size. The study was also done without any financial aid 
from any grant from any organizations or personnel. Therefore, 
we were unable to hire research assistants for data collection. 

Conclusions

In conclusion, it is important to understand and update 
our knowledge regarding the prevalence and the risk factors of 
regional corneal ulcer. Doing so can assist in the initial prompt 
treatment for the patient before waiting for laboratory results. 
Early prompt treatment can help to reduce the severity of the 
disease and improve the visual outcome of the patients. In ad-
dition, primary care clinicians should be involved in providing 
early management and treatment to the patients, as patients 
come to them prior to tertiary referral.
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