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Abstract

Purpose: The aim of this study is to investigate the epidemiological and aetiological
pattern of fungal corneal ulcers treated in Hospital Bintulu, Sarawak.

Study design: Cross-sectional study.

Methods: This study is based on the data collected from clinical records of patients
with culture-positive fungal corneal ulcer who presented to Hospital Bintulu from
2016 to 2020. Data was analysed using descriptive statistical methods.

Results: A total of 13 patients had fungal corneal ulcer. Males (84.6%) were more
commonly affected compared to females (15.4%). The age of the patients ranged
from 19 to 67 years. The commonest age group involved was 21-40 years, con-
stituting more than half of the patients (53.8%). The mean age of the patients
was 38 years old. Fusarium sp. was isolated in eight of them (61.5%), all of which
had a history of palm oil dust insertion into the eye prior to presentation. Other
fungal pathogens found include Phellinus noxius sp. in two cases (15.4%) as well as
Ascomyces sp., Nectriaceae sp., and Colletotrichum trunchatum sp. in one case each
(7.6%). Hypopyon was seen in eight cases (61.5%), where six cases were caused by
Fusarium sp. while Ascomyces sp. and Nectriaceae sp. contributed one case each.
Mixed fungal and bacterial infection was seen in two cases (15.4%).

Conclusion: This study showed that Fusarium sp. is the commonest pathogen causing
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fungal corneal ulcer and affects predominantly young male plantation workers. The
establishment of a proper framework to educate as well as strict enforcement of
occupational safety may reduce the incidence of this disease in the population.
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Ulser kornea akibat jangkitan kulat: pengalaman
5 tahun di Bintulu

Abstrak

Tujuan: Matlamat kajian ini adalah untuk menyiasat pola epidemiologi dan etiologi
jenis kulat penyebab ulser kornea yang dirawat di Hospital Bintulu, Sarawak.

Reka bentuk kajian: Kajian keratan rentas.

Bahan dan kaedah: Kajian ini adalah berdasarkan data yang dikumpul daripada
rekod klinikal pesakit dengan ulser kornea yang positif kultur untuk kulat, yang
menerima rawatan di Hospital Bintulu daripada 2016 sehingga 2020. Data dianalisis
menggunakan kaedah statistik deskriptif.

Keputusan: Sejumlah 13 pesakit mempunyai ulser kornea akibat jangkitan kulat.
Lelaki (84.6%) adalah lebih kerap mendapat jangkitan ini berbanding wanita
(15.4%). Umur pesakit yang terlibat adalah di antara 19 hingga 67 tahun. Umur 21-40
tahun merupakan julat umur yang paling berisiko dan mereka ini merangkumi
lebih separuh daripada jumlah pesakit yang terlibat. Purata umur pesakit adalah
38 tahun. Fusarium sp. telah dikenalpasti dalam 8 pesakit (61.5%) di mana kesemua
pesakit mempunyai sejarah kemasukan habuk kelapa sawit ke dalam mata sebelum
hadir ke hospital untuk rawatan. Patogen kulat lain yang ditemui termasuk
Phellinus noxius sp. dalam 2 kes (15.4%) serta Ascomyces sp., Nectriaceae sp. dan
Colletotrichum trunchatum sp. dalam 1 kes setiap satu(7.6%). Kehadiran nanah
(hypopyon) dilihat dalam 8 kes (61.5%) di mana 6 kes disebabkan oleh Fusarium sp.
manakala Ascomyces sp. dan Nectriaceae sp. masing-masing menyumbang satu kes.
Jangkitan kulat dan bakteria bercampur dilihat dalam 2 kes (15.4%).

Kesimpulan: Kajian ini menunjukkan bahawa Fusarium sp. adalah patogen yang
paling kerap menyebabkan ulser kornea akibat jangkitan kulat dan kebanyakannya
melibatkan pekerja ladang lelaki yang masih muda. Pembentukan satu rangka
kerja yang boleh memberi kesedaran dan pengetahuan serta penguatkuasaan
ketat keselamatan pekerjaan boleh mengurangkan kejadian penyakit ini di daerah
Bintulu.

Kata kunci: buta, Fusarium, keratitis kulat, kulat, ulser kornea kulat
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Introduction

Corneal ulcerations are described as corneal epithelium loss with underlying infil-
tration and suppuration of the stroma associated with signs of inflammation with
or without the presence of hypopyon.! Corneal ulcers have been acknowledged as
one of the most common causes of preventable blindness, second only to cataract
in tropical countries. In developing countries, approximately 1.5 to 2 million new
cases of monocular blindness every year are partly attributed to corneal ulceration.?
The causative organisms that infect the corneaincludes bacteria, viruses, fungi, and
parasites.?

Fungal keratitis forms a prime component of this disease spectrum and its
incidence has been noted to vary from 17% to 36% in various regions worldwide.*
Various clinical series set in tropical, warm climates such as south Florida, Africa,
the Middle East, South Asia, India, and Singapore have described the predominance
of fungal keratitis.> While India recorded an incidence rate of 44% to 47% due to
its tropical climate, Ghana reported an incidence of 37.6 %.%" This is followed by
Bangladesh, 36%, and subsequently by south Florida and Nepal with a rate of 35%
and 17%, respectively.” Geographic regions with temperate climates, however,
showed a low incidence as depicted by Great Britain and northern United States.”

More than 105 species, classified into 56 genera have been recognized as the
causative agents of mycotic keratitis.®*° Filamentous fungi, mainly Fusarium sp.
and Aspergillus sp., as well as yeast-like fungi, particularly Candida sp., are the two
medically important forms of fungi identified.?® Fungal infections of the cornea
often exhibit yellowish-white or greyish-white infiltrates with soft, creamy, raised
exudates at the base of the ulcer.” Hypopyon is present in 55% of cases, hyphate
edges or feathery borders are seen in 70% of cases, and satellite lesions appear
in 10% of patients.” However, some fungal infections tend to mimic other types
of stromal inflammation, posing a challenge in choosing the treatment regime.®
In addition to the clinical findings, laboratory diagnosis by detection of fungal
pathogens on direct microscopy and their isolation by culture is crucial.®* Prompt
diagnosis and treatment are essential to save vision and prevent complications
such as endopthalmitis.’ While current advances in diagnosis and pharmacological
treatment are in place, 15-27% of patients still require surgical interventions such
as keratoplasty, evisceration, or enucleation due to advanced disease at presenta-
tion or failure of medical treatment.*

The ophthalmologicalservicesin Bintulu Hospital receive emergency eyereferrals
from many interior primary care facilities. Cases of corneal ulcers contribute to the
number of referrals apart from trauma and thus present an opportunity to study
the disease from a single health facility. This study is intended to investigate the
epidemiological and aetiological pattern of fungal corneal ulcers treated in Hospital
Bintulu, Sarawak.



Fungal corneal ulcers in Bintulu 115

Methods

This study was conducted in compliance with ethical principles outlined in
Declaration of Helsinki as well as Malaysian Good Clinical Practice Guideline and
has obtained ethical clearance from the country’s Medical Research and Ethics
Committee. In this cross-sectional study, case records of all patients with fungal
corneal ulcers who presented to the Department of Ophthalmology of Bintulu
Hospital, Sarawak in the 5-year study period from January 2016 to December
2020, were analysed. All patients underwent a thorough medical history with
complete clinical and microbiological examination during presentation. After a
clinical diagnosis of infectious corneal ulcer was made, corneal scrapings were
taken under slit lamp from the edge and base of ulcers, and were smeared onto two
separate slides for direct microscopic examination with gram stain and 10% KOH
preparation. Corneal scrapings were also directly inoculated onto Sabouraud agar
for fungal culture, and McConkey agar, blood agar, and chocolate agar for bacterial
culture.

Afungal corneal ulcer diagnosis was achieved after a positive result in gram stain
or culture agar. All patients were started on empirical treatment; the treatment was
modified according to response and microbiological tests. Information on possible
predisposing factors, demographic data, microbiology results, treatment received,
treatment continuity, and visual outcome attheend of 3months orat thecompletion
of the treatment (whichever happened earlier) were collected from the case records
and analysed. Visual impairment of the affected eye was classified according to the
International classification of Diseases 11, where the patient is defined to have no
visual impairment when visual acuity (VA) is 6/12 and better; mild impairment when
VA is worse than 6/12 but better than or equal to 6/18; moderate impairment when
VA is worse than 6/18 but better than or equal to 6/60; severe visual impairment
when VA is worse than 6/60 but better than or equal to 3/60; and the affected eye is
defined as blind when VA is worse than 3/60.* Patients with incomplete data in case
records, immune-compromised patients, and those who were partially treated
prior to presentation were excluded. Descriptive analysis was used in this study.

Results

In the span of 5 years, from January 2016 to December 2020, a total of 13 patients
were treated for fungal corneal ulcer. The first 3 years, from 2016 to 2018, recorded
only one case each year. Subsequently there was a surge to six cases in 2019 and
a slight drop to four cases in 2020. Males (84.6%) were more commonly affected
compared to females (15.4%) (Table 1). Foreigners comprised 69.2% of total
patients, with the majority coming from Indonesia. The age of the patients ranged
from 19 to 67 years old (Table 2). The commonest age group involved was 21-40



116

L. Murugia, et al.

Table 1. Gender and ethnicity distribution of fungal corneal ulcer cases

Gender Ethnicity Total
Malay Iban Chinese Foreigner

Male 1 2 0 8 11

Female 0 0 1 1 2

Table 2. Age distribution of patients with fungal corneal ulcers

Age distribution (years) Total
0-20 2
21-40 7
41-60 2
61-80 2

years, constituting more than half of the patients (53.8%). The mean age of the
patients was 38 years old.

Fusarium sp. represented the highest proportion of fungal pathogen, accounting
foreight patients (61.5%). Otherfungal pathogensfound included Phellinus noxius sp.
in two cases (15.4%), Ascomyces sp., Nectriaceae sp., and Colletotrichum trunchatum
sp. in one case each (7.6%). Hypopyon was seen in eight cases (61.5%): six cases
were caused by Fusarium sp., while Ascomyces sp. and Nectriaceae sp. contributed
one case each. Mixed fungal and bacterial infection was seen in two cases (15.4%).

Table 3 summarizes the preceding trauma and isolated organisms among
patients. Qil palm dust was found to be the most common source of trauma in our
patients. A total of nine patients (69.2%) claimed to have experienced dust particles
from palm oil fruit or leaves falling into their eye before their painful ordeal begun.
Most of them were Indonesian palm oil workers and none of them wore goggles
or personal protective gear. Of these patients, Sabouraud culture grew Fusarium
sp. in eight and the remaining one grew Nectriaceae sp. A patient whose preceding
trauma was contact lens was infected with Phellinus noxius sp., while Colletotrichum
trunchatum sp.wasisolated from a patientinjured by a plant branch while gardening.
The remaining two patients were unsure of any presence of trauma.

Table 4 summarizes the percentage of visual impairment among patients. More
than one-third (38.5%) of our cases were blind (as per ICD 11) in the affected eye
at the time of discharge or default to follow-up. Severe visual impairment affected
7.7% cases. Recovery with no visual impairment was observed in 30.7% of patients,
while the remaining 15.4% and 7.7% were categorized under moderate and mild
visual impairment, respectively. Patients presented to the hospital at an average of
6.9 days after onset of symptoms and a regrettable 69.2% either requested an “at
own risk” discharge or defaulted follow-ups prior to treatment completion.
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Table 3. Preceding trauma and organisms isolated from the corneal ulcers

Preceding trauma Total

Organism Palmoil dust | Contact | Plant Unknown
lens branch

Fusarium sp. 8 0 0 0 8
Nectriaceae sp. 1 0 0 0 1
Ascomyces sp. 0 0 0 1 1
Colletotrichum
trunchatum sp. 0 0 1 0 1
Phellinus noxius sp. 0 1 0 1 2
Total 9 1 1 2 13

Table 4. Percentage of patients with visual impairment at the time of discharge or default to
follow-up according to severity as per ICD 11

Severity Visual impairment (%)
None (VA 6/12 and better) 30.7

Mild (VA worse than 6/12 but 77

better than or equal to 6/18) ’

Moderate (VA worse than 6/18

but better than or equal to 154

6/60)

Severe (VA worse than 6/60 but 77

better than or equal to 3/60) )

Blindness (VA worse than 3/60) | 38.5

VA: visual acuity

Discussion

The prevalence of fungal corneal ulcer from various fungal pathogens has been
estimated to be 1.3/100,000 people in Malaysia.'? Most studies have addressed
the role of geographic and climate variation in the predominance of certain fungal
agents.1*6&1314 Bintulu, being a region with tropical climate, has been seeing a rise
in fungal corneal ulcers. Therefore, it is crucial to identify the commonest fungal
pathogen, correlate with risk factors, and manage the diseases before it progresses
into a fulminating infection leading to blindness. While treatment of this debilitat-
ing disease has been costly and burdensome, the final visual outcomes are often
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guarded.’® The ability of fungal infections to masquerade as other infections leads
to delayed diagnoses and makes treatment more challenging.

Fusarium sp. was the commonest species found to have infected our patients.
This concurs with many previous studies that have yielded similar results.’*¢ It is
important to note that all patients whose fungal isolates were Fusarium sp. were
Indonesian palm oil workers in Sarawak. Agriculture is closely related to the
incidence of fungal corneal ulcer in many countries.’*2%2°|nitial history from these
patients revealed that symptoms were preceded by traumatic injury caused by
palm oil dust or leaves while working. Fusarium sp. is known to be found in almost
all ecosystems and commonly infects agricultural crops, therefore explaining our
findings.??In addition, this species is said to be found in organic debris and all plant
parts, from highest flowers to deepest roots.?* Interestingly, a study in Malaysia on
crown disease, a disease affecting palm oil trees that has been reported from palm
oil plantations worldwide, isolated five different types of Fusarium sp. from palm oil
leaves.?* Moreover, a study has quoted that humid and warm climates are favourable
to the growth of this fungus, which explains its prevalence in this part of the world.?

Our mean age of 38 years old does not follow trends in other studies performed
worldwide, where the mean ranged from 40 to 56.1 years of age.**?The lower figure
may be attributed to the fact that most of the study subjects were young palm oil
plantation workers. According to a study conducted in east Malaysia in 2019, the
mean age of palm oil plantation workers was 30 years old, with males dominating
the industry by 80%.% Male preponderance in this infection was evident with a
male-to-female ratio of 5.5:1, mostly related to occupational ocular trauma. Men are
also known to be more actively involved in outdoor activities and frequent contact
with soil and nature, predisposing them to a greater exposure to fungal pathogens.*”

Infection involving Fusarium sp. and Aspergillus sp. is a significant risk factor for
hypopyon,acommon findingin fungal keratitis.** Ocular examination findings in our
study revealed hypopyon in 61.5% subjects. In China, Xu et al. observed hypopyonin
52.6% of fungal keratitis patients, while Shiet al. noted hypopyon in 47.9% of patients
diagnosed with fungal keratitis.>32 A similar study in Mexico revealed hypopyon in
65.5% patients with Fusarium keratitis.**In this study, we noticed hypopyon in 75%
of patients with Fusarium keratitis. On that account, hypopyon may be considered
as a clinical indicator for commencing empirical antifungal regime after correlation
with presenting history, which may improve prognosis of this debilitating disease.

According to the ICD 11, 38.5% of our patients were classified as blind and 7.7% as
severely visually impaired in the affected eye at the time of discharge or default to
follow-up. This was further worsened by a high “at own risk” discharge and default
to follow-up rate of 69.2%, with 77.8% of defaulters being foreigners. The financial
constraints following the need for a long hospital stay, travelling for follow-up,
and costly antifungal medications may be contributing factors for this high rate,
especially among foreigners. A study based on medical treatment for Fusarium
keratitis reported that patient may require long hospital stay with an average of 31.5
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days with a mean fee of USD 1,559.39.%* The need for frequent travel for follow-up
in certain cases may also be a major barrier, particularly for those travelling from
the interiors of Sarawak. Furthermore, in severe cases such as corneal perforation,
patients are required to travel approximately 1,200 km to west Malaysia by flight for
a penetrating keratoplasty.

Bintulu has the third largest palm oil plantation in Sarawak, with foreigners
comprising 47% of the workers employed.* As observed in our study, most of our
patients were foreign palm oil plantation workers. A study done in west Malaysia
reported that most palm oil plantation workers are on low incomes.3**Many palm oil
companies subscribe insurance for their employees. However, some faile to do so,
leading to inability to afford medical expenses when unfortunate events occur. This
problem arises commonly among foreigners who commonly request an “at own
risk” discharge to return to their native country for further treatment, as observed
in many of our study patients. Some studies have also addressed socioeconomic
status as a potential risk factor of fungal corneal ulcers; this should be taken into
account considering the fact that Sarawak has recorded a gross household income
lower than the national average in the nation’s recent socioeconomic report.>°3
Tackling these financial burdens may lead not only to a reduction of fungal corneal
ulcer cases but also improve prognosis of those suffering from this disease.

Most palm oil workers are not provided with protective gear for use at work.*
According to national guidelines, the Department of Occupational Safety and Health
(DOSH) Malaysia stressed the need for personal protective equipment wear for
pesticide sprayers in the agricultural field, whereas there were no clear guidelines
for fresh fruit harvesters.®” Within palm oil plantations, DOSH should create
awareness and enforce the use of protective goggles as preventive measures also
among fresh fruit harvesters, now that it is evident that trauma from palm oil dust
is a major preceding factor for fungal corneal ulcers. A direct referral pathway to
specialist hospitals from these plantations via their DOSH team may also hasten the
commencement of treatment, as patients only present to the hospital 6.9 days after
initial symptoms. Early treatment may reduce ocular morbidity, reduce duration of
hospitalization, and increase national work productivity.

Conclusion

This study showed that the Fusarium sp. was the commonest pathogen causing
fungal corneal ulcers and affected predominantly young male plantation workers.
The establishment of a proper framework to educate as well as strict enforcement
of occupational safety may reduce the incidence of this disease in the population.



120 L. Murugia, et al.

Declarations

Ethics approval and consent to participate

This is a retrospective study of the medical records of patients in Hospital Bintulu
from 2016 to 2020. This study adhered to the tenets of the Declaration of Helsinki and
ethical approval was obtained from the Medical Research and Ethics Committee,
Ministry of Health Malaysia (Research ID: 59201).

Competing interests
The authors declare no conflicts of interest with respect to the publication of this
article.

Funding
The authors received no financial funding for the research, authorship, and/or
publication of this article.

Acknowledgements
The authors wish to thank the Institute of Medical Research Malaysia for its valuable
assistance.

References

1. Bandyopadhyay S, Das D, Mondal K, Ghanta A, Purkait S, Bhaskar. Epidemiology and laboratory
diagnosis of fungal corneal ulcer in the Sundarban Region of West Bengal, eastern India. Nepal J
Ophthalmol. 2012;4(7):29-36.

2. Singh DP, Verma RK, Singh A, Kumar S, Mishra V, Mishra A. A retrospective study of fungal corneal
ulcer from the western part of Uttar Pradesh. Int J Res Med Sci. 2015 Apr;3(4):880-882

3. Whitcher JP, Srinivasan M, Upadhyay MP. Corneal blindness: a global perspective. Bull World Health
Organ. 2001;79(3):214-221.

4. Shokohi T, Kiumars ND, Tahmineh MH. Fungal keratitis in patients with corneal ulcer in Sari, northern
Iran. Arch Iranian Med. 2006;9(3):222-227.

5. WongTY, Fong KS, Tan DT. Clinical and microbial spectrum of fungal keratitis in Singapore: a 5-year
retrospective study. Int Ophthalmol. 1997;21(3):127-130

6. PuniaRS, Kundu R, Chander J, Arya SK, Handa U, Mohan. Spectrum of fungal keratitis: clinicopatho-
logic study of 44 cases. Int J Ophthalmol. 2014;7(1):114.

Srinivasan M. Fungal keratitis. Curr Opin Ophthalmol. 2004;15(4):321-327.

Thomas PA. Fungal infections of the cornea. Eye (Lond). 2003;17(8):852-862.

Paty BP, Dash P, Mohapatra D, Chayani N. Epidemiological profile of mycotic keratitis in a tertiary
care center of eastern Odisha. J NTR Univ Health Sci 2018;7:23-5.

10. Tilak R, Singh A, Maurya OPS, Chandra A, Tilak V, Gulati AK. Mycotic keratitis in India: a five-year ret-
rospective study. J Infect Dev Ctries 2010;4(3):171-174.



Fungal corneal ulcers in Bintulu 121

11.

12.

13.

14,

15.

16.

17.

18.

19.

20.

21.

22.

23.
24,

25.

26.

27.

28.

29.

30.

World Health Organization. (2018). International classification of diseases for mortality and morbid-
ity statistics (11th Revision). Available from: https://www.who.int/news-room/fact-sheets/detail/

blindness-and-visual-impairment. Accessed February 26, 2021.
Velayuthan RD, Samudi C, Lakhbeer Singh HK, Ng KP, Shankar EM, Denning DW. Estimation of the
burden of serious human fungal infections in Malaysia. J Fungi. 2018 Mar;4(1):38.

Alkatan H, Athmanathan S, Canites. Incidence and microbiological profile of mycotic keratitis in a
tertiary care eye hospital: a retrospective analysis. Saudi J Ophthalmol. 2012;26(2):217-21.

Lalitha P, Prajna NV, Oldenburg CE, et al. Organism, minimum inhibitory concentration, and outcome
in a fungal corneal ulcer clinical trial. Cornea. 2012;31(6):662-7.

Omar N, Muna’aim MA, Saleh RM, Kasim ZM, Isa MM. An 8-year Retrospective Review of Microbial
Keratitis in A Secondary Referral Centre in Malaysia. Malaysian J Med Heal Sci. 2017 Jan 1;(13):47-57.
Saratha D. Predisposing Factors and Microbiological profile of corneal ulcer. Sch J App Med Sci.
2017;5(5B):1794-800.

Cheikhrouhou F, Makni F, Neji S, et al. Epidemiological profile of fungal keratitis in Sfax (Tunisia). J
Mycol Med. 2014;24(4):308-12.

Chitamparam S, Lim TH, Tai E, Ibrahim M. Mycotic Keratitis in a Tertiary Hospital in Northeastern
Malaysia. Turk J Ophthalmol. 2020 Dec 29;50(6):332-338.

Xie L, Zhong W, Shi W, Sun S. Spectrum of fungal keratitis in north China. Ophthalmology.
2006;113(11):1943-8.

Lin S-H, Lin C-P, Wang H-Z, Tsai R-K, Ho C-Kung. Fungal corneal ulcers of onion harvesters in southern
Taiwan. Occup Environ Med. 1999;56(6):423-5.

Gopinathan U, Garg P, Fernandes M, Sharma S, Athmanathan S, Rao GN. The epidemiological
features and laboratory results of fungal keratitis: a 10-year review at a referral eye care center in
South India. Cornea. 2002;21(6):555-9.

Manshor N, Rosli H, Ismail NA, Salleh B, Zakaria L. Diversity of fusarium species from highland areas
in malaysia. Trop Life Sci Res. 2012 Dec;23(2):1-15.

Leslie JF, Summerell BA. The Fusarium laboratory manual. John Wiley & Sons; 2008 Feb 28.

Hafizi R, Salleh B, Latiffah. Morphological and molecular characterization of Fusarium. solani and F.
oxysporum associated with crown disease of palm oil. Braz J Microbiol. 2013;44(3):959-68.
Timmusk S, Nevo E, Ayele F, Noe S, Niinemets Y. Fighting Fusarium Pathogens in the Era of Climate
Change: A Conceptual Approach. Pathogens (Basel, Switzerland). 2020;9(6).

Zbiba W, Baba A, Bouayed E, Abdessalem N, Daldoul A. A 5-year retrospective review of fungal kera-
titis in the region of Cap Bon. J Fr Ophtalmol. 2016;39:843-848

Farrell S, McElnea E, Moran S, Knowles S, Murphy CC. Fungal keratitis in the Republic of Ireland. Eye
(Lond). 2017;31(10):1427-1434.

Thew MR, Todd B. Fungal keratitis in far north Queensland, Australia. Clin Exp Ophthalmol.
2008;36(8):721-724.

Ho JW, Fernandez MM, Rebong RA, Carlson AN, Kim T, Afshari NA. Microbiological profiles of fungal
keratitis: a 10-year study at a tertiary referral center. J Ophthalmic Inflamm Infect. 2016;6(1):1-4.

Bin Sulaiman SK, Ibrahim Y, Jeffree MS. Evaluating the perception of farmers towards pesticides and
the health effect of pesticides: A cross-sectional study in the palm oil plantations of Papar, Malaysia.
Interdiscip Toxicol. 2019;12(1):15-25.



122

L. Murugia, et al.

31.

32.

33.

34.

35.

36.

37.

Xu LJ, Song XS, Jing ZH, Sun SY, Xie LX. Hypopyon in patients with fungal keratitis. Chin Med J. 2012
Feb 1;125(3):470-5.

Shi W, Wang T, Xie L, et al. Risk factors, clinical features, and outcomes of recurrent fungal keratitis
after corneal transplantation. Ophthalmology. 2010 May 1;117(5):890-6

Pérez-Balbuena AL, Vanzzini-Rosano V, de JesUs Valadéz-Virgen J, Campos-Mdller X. Fusarium kera-
titis in Mexico. Cornea. 2009 Jul 1;28(6):626-30.

Lin HC, Lin JL, Lin Tan DT, Ma HK, Chen HC. Early keratectomy in the treatment of moderate Fusarium
keratitis. PLoS One. 2012 Aug 24;7(8):e42126.

Ismaill A, Ahmad SM, Nordin AZA, et al. Labour requirement in the palm oil independent smallholder
sector in Sabah and Sarawak, Malaysia. Oil Palm Industry Economic Journal. 2018;18(2):37-45
Department of statistics Malaysia. State Socioeconomic report 2019 [Department of statistics
Malaysia Website].2019. Available from: https://www.dosm.gov.my/v1/index.php?r=column/
cthemeByCat&cat=102&bul_id=TExzZYmVmRC83S1hBMEUrUDVzczdLUT09&menu_id=TE5CRUZC-
blh4ZTZMODZIbmk2aWRRQT09. Accessed February 26, 2021.

Department of Occupational Safety and Health Malaysia. Guidelines on Occupational Safety and
Health in Agriculture [Department of Occupational Safety and Health Malaysia Website] 2002. Avail-
able from: https://www.dosh.gov.my/index.php/legislation/guidelines/agriculture-forestry-fish-

ing/609-03-guidelines-on-occupational-safety-and-health-in-agriculture-2002/file. Accessed March
6,2021.



https://www.dosm.gov.my/v1/index.php?r=column/cthemeByCat&cat=102&bul_id=TExzYmVmRC83S1hBMEUrUDVzczd
https://www.dosm.gov.my/v1/index.php?r=column/cthemeByCat&cat=102&bul_id=TExzYmVmRC83S1hBMEUrUDVzczd
https://www.dosm.gov.my/v1/index.php?r=column/cthemeByCat&cat=102&bul_id=TExzYmVmRC83S1hBMEUrUDVzczd



