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ABSTRACT

Aim: To determine the presentation and outcome of microbial keratitis among patients at
University of llorin Teaching Hospital (UITH) in llorin, Nigeria.

Methods: A 12-month, prospective, hospital-based longitudinal study was conducted by examining
all patients with clinical features of infective keratitis, who met the inclusion criteria. A post-
treatment evaluation was done at 6 weeks in all cases, during which visual acuity and any
complications were re-assessed. The outcome measures included interval between onset and
presentation, extent of corneal involvement and final visual acuity. The data was analysed with the
SPSS version 20.0 software.

Results: Fifty-five eyes of 54 patients were studied. There were 32 males (59.3%) and 22 females
(40.7%). The mean age was 36.9 years (+ 12.1). The predisposing factors were trauma in 30
(55.6%) cases, self-medication with topical steroids in 12 (22.2%) and the use of traditional eye
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deeper layers of the cornea (p=0.002).

medication in 12 (22.2%). All of the participants presented with pain, tearing, photophobia and
reduction in vision. The right eye was involved in 37 patients (67.2%). The presenting visual acuity
in the affected eyes was 6/60 or less in 31 (56.4%), 6/60—6/24 in 18 (32.7%) and 6/6-6/18 in 6
eyes (10.9%). At 6-week follow-up, 5 eyes (9.1%) had <6/60 visual acuity, 40 (72.7%) had 6/60—
6/24 and 10 (18.2%) had 6/6-6/18.The risk factors for poor outcome were a centrally located lesion
(p=0.018), an area of corneal involvement greater than 4mm (p=0.007) and a lesion affecting the

Conclusion: Microbial keratitis is a significant cause of ocular morbidity, and public eye-health
education is highly desirable as a preventive measure.

Keywords: Keratitis presentation; risk factor; visual acuity; visual outcome; public eye-health

education.
1. INTRODUCTION

Worldwide, keratitis is a known cause of ocular
morbidity and is a threat to vision if not properly
managed. It is a disease of the cornea than can
be caused by infectious agents (bacteria, fungi,
viruses or parasites) or be of non-infectious
origin [1-4]. The prevalence of keratitis varies
depending on geographical location; the
incidence is quite high in developing countries,
mainly due to late presentation, use of traditional
eye medicine and inaccessibility to medical care
[5-7]. This study was designed to provide
information on the presentation and the outcome
of treatment in patients with keratitis at our
centre.

2. MATERIALS AND METHODS

This was a hospital-based longitudinal study
conducted from January to December 2012. It
was carried out at the Ophthalmology
Department of the University of llorin Teaching
Hospital (UITH) in llorin, Nigeria. All patients with
infective corneal lesions and who gave consent
were included. A semi-structured questionnaire
was used, which gathered information on the
sociodemographic variables of the patients (age,
sex, occupation, level of education), risk factors,
symptoms of keratitis and outcomes following
treatment. Individuals from age zero to sixteen
years were considered children, and elderly was
defined as an age of more than sixty years.

2.1 Exclusion Criteria

Patients with poor vision secondary to other
causes, such as glaucoma, cataract or age-
related macular degeneration prior to onset of
keratitis, were excluded.

2.2 Clinical Examination

All patients had their distance vision assessed
with a Snellen eye chart placed six meters away,

and near vision was checked with a Jaeger chart
placed 40 centimeters away. Patients then
underwent a comprehensive ophthalmic slit-lamp
examination to note (the site, size and depth of
corneal lesion, stromal infilterate and any anterior
chamber activity or hypopyon) the site, size, and
depth of stromal infilirates and any anterior
chamber activity or hypopyon. A 2% Fluorescein
strip was used to stain the cornea before
measuring the size of the lesion in millimetres
with the variable slit on the Haag-Streit BQ900
imaging module. The depth of any corneal lesion
was assessed using the slit to view the corneal
section. Patients with hypopyon, stromal abscess
and extensive areas of cornea involvement were
admitted for a minimum of 5 days to ensure
intensive drug administration (topical ofloxacin
0.3% alone or in combination with antifungal
fluconazole 5% in those with features suggestive
of a fungal origin)Jand 125 mg subconjunctival
ceftriaxone daily for 5days. All patients were
examined daily for 5days and reassessed
6weeks later. At the 6-week follow-up, all
patients had their visual acuity checked (distance
and near) and the presence of any complications
and the response to treatment were re-assessed.
The outcome measures were defined as interval
between onset and presentation, extent of
corneal involvement and final visual acuity
(defined as visual acuity at 6-week follow-up).
Visual outcome was defined using the World
Health Organization World Health Organization
classifications of good (=6/18), borderline (<6/18
to 6/60) and poor (<6/60)."

2.3 Data Analysis

Data were entered into a computer and analysed
using SPSS version 20 software. Correlation of
numeric data was used to determine the
statistical significance of observed differences in
categorical variables. Level of significance was
set at a p-value of less than or equal to 0.05.
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Approval for the study was obtained from the
ethical review committee of the University of
llorin Teaching Hospital. Informed consent was
obtained from each individual patient.

3. RESULTS

A total of 55 patients were seen during the study
period. The age range was between 6 months
and 80 years, with a mean age of 36.9 years (+
12.1). There were 32 males (59.3%) and 22
females (40.7%), for a male-to-female ratio of
1.5:1.0. Most of the patients were traders (18,
33.3%). Children and the elderly constituted
22.2% of the sample. Less than 10% had tertiary
education. The age and sex distribution of the
patients is shown in Table 1.

Table 1. Age/sex distribution

Age group Sex Frequency
Male Female (%)

<1 year 2 0 2(3.7)
1-20 years 9 5 14 (25.9)
21-40 years 8 8 16 (29.6)
41-60 years 5 6 11 (20.4)
61-80 years 8 3 11 (20.4)
Total 32 22 54 (100)

Table 2 shows the risk factors for keratitis seen
in our patients. Trauma (30 cases, 55.6%) and
self-medication with topical steroids (12 cases,
22.2%) were the most common risk factors
associated with keratitis in this study. The
commonest cause of trauma was sand particles
followed by a finger poked into the eye, as shown
in Fig. 1. Twelve patients (22.2%) applied
traditional eye medication; Fig. 2 shows the type
of traditional eye medication used.

Table 2. Risk factors associated with keratitis

Risk factor Frequency (%)
Trauma 30 (55.6)
Topical steroid use 12 (22.2)
Vernal conjunctivitis 6 (11.1)
(complicated byocular injury)

Blepharitis 4 (7.4)

Dry eye 3(5.6)
Chemical injury 2 (3.7)
Diabetes mellitus 1(1.9)

All of the patients presented with pain,
photophobia, tearing and reduction of vision in

the affected eye. Only 4 (7.4%) presented within
24 hours, (majority presented after 24 hours with
a week of onset of symptoms while other
presented after one week) while others
presented after one week. (72.2%), presented
after 24 hours but within 7 days while 20.4%
presented after one week). The right eye was the
most-often affected (37, 67.3%) and one patient
had bilateral lesions. The presenting visual acuity
was 6/60 or worse in 30 eyes (54.5%), while the
area of corneal involvement was 3mm or more in
41 eyes (74.5%). Table 3 shows the clinical
features of keratitis seen in the patients. Central
lesions were present in 21 patients (38.2%), as
shown in Fig. 3. In the majority, more than 50%
of patients, 25%—-50% of corneal thickness was
involved, as shown in Fig. 4.

Table 3. Clinical findings of keratitis

Clinical information Frequency (%)
Duration of pain before presentation

Within 24hours 4(7.4)
2-7days 39 (72.2)
8-14 days 8(14.8)
>14 days 3 (5.6)
Total 54 (100)
Affected Eye

Right 37 (67.3)
Left 18 (32.7)
Total 55 (100)
Visual acuity at presentation
6/6-6/18 6 (10.9)
6/24-6/36 19 (34.5)
6/60-1/60 15 (27.3)
HM-PL 15 (27.3)
Total 55 (100)
Size of lesion at presentation

1-2mm 14 (25.5)
3-4mm 26 (47.2)
>4mm 15 (27.3)
Total 55 (100)

There was a statistical relationship between the
clinical presentation, clinical findings and visual
outcome of keratitis, as shown in Tables 4 and 5.
The maijority of the keratitis eventually healed,
with scar formation in 93.5%. Corneal
797 ascularisation (pannus) and irregular
astigmatism were each seen in 25% of the eyes.
One patient with  descemetocele had
Gundersen’s procedure (conjunctival flap) to
prevent perforation.
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Fig. 1. Causes of trauma in patients with microbial keratitis

12

Fig. 2. Types of traditional eye medicine used
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Fig. 4. Depth of corneal involvement in keratitis as shown on slit beam of slit lamp microscope
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Table 4. Relationship between clinical presentation and visual acuity at presentation and at 6-week follow-up

Examination Visual acuity Total Correlation coefficient
findings 6/6-6/18 6/24-6/36 6/60-1/60 HM-PL

Initial Final Initial Final Initial Final Initial Final Initial Final
Duration of pain
<1 day 2(3.6) 2(3.6) 2(3.6) 2(3.6) 0(0) 0(0) 0(0) 0(0) 4(7.2) 4(7.2) Initial VA 0.161
2-7 days 4(7.4) 8(15) 14(26) 18(33) 10(19) 9(17) 11(20)  4(7.4) 39(72.2) 39 (72.2) (p=0.001
8-14 days 0(0) 2(3.6) 2(3.6) 1(0.9) 3(5.6) 4(7.4) 3(5.6) 1(0.9) 8(15) 8(14.8)
> 14 days 0(0) 0(0) 0(0) 2(3.6) 2(3.6) 1(0.9) 1(0.9) 0(0) 3(5.6) 3(5.6) Final VA 0.184

(p=0.052)

Total 6(11) 12(22) 18(33) 23(43) 15(28) 14(26) 15(28) 5(8.3) 54(100) 54 (100)
Use of traditional eye medicine
Yes 1(0.9) 0(0) 2(3.6) 2(3.6) 6(11) 6(11) 3(5.6) 4(7.4) 12(22) 12(22) Initial VA 0.276 (p=0.098)
No 5(9.3) 8(15) 16(30) 20(37) 9(17) 11(20) 12(22) 3(5.6)  42(78) 42(78) Final VA 0.021 (p=0.001)
Total 6(11) 8(15) 18(33) 22(41) 15(28) 17(31) 15(28) 7(13) 54(100) 54(100)

Table 5. Relationship between clinical examination findings and visual acuity (VA) at presentation and at 6-week follow-up

Examination Visual acuity Total Correlation

findings 6/6—6/18 6/24—6/36 6/60-1/60 HM-PL coefficient
Initial Final Initial Final Initial Final Initial Final Initial Final

Size of lesion

1-2mm 7(12) 5(9.1) 4(7.2) 3(5.5) 3(5.5) 0(0) 14(26) 14(26) Initial VA

3-4mm 3(5.5 12(22) 14(26) 9(17) 9(17) 1(0.9) 27(48) 27(48) 0.057(p=0.000)

>4mm 0(0) 1(1.8) 5(9.1) 4(7.2) 5(9.1) 4(7.2) 14(26) 14(26) Final VA 0.546

Total 10(19) 18(33) 23(42) 16(29) 17(31) 5(9.1) 55(100) 55(100) (p=0.007)

Depth of lesion

<25% 2(3. 3(5.5 4(7.2) 1(1.8) 1(1.8) 3(5.5) 0(0) 7(12) 7(12)

25-59% 4(7. 5(9.1 11(20) 14(26) 10(18) 8(15) 1(1.8) 28(51) 28(51) Initial VA

60-74% 0(0) 0(0) 3(5.5) 8(15) 4(7.2) 4(7.2) 3(5.5) 15(28) 15(28) 0.547(p=0.004)

>75% 0(0) 0(0) 0(0) 0(0) 1(1.8) 2(3.6) 3(5.5) 5(9.1) 5(9.1) Final VA 0.550

Total 6(11) 8(15) 18(33) 23(42) 16(29) 17(31) 7(12) 55(100) 55(100) (p=0.002)

Site of lesion

Central 5(9.1) 5(9.1) 5(9.1) 6(11) 3(5.5) 7(12) 3(5.5) 21(38) 21(38) Initial VA

Paracentral 0(0) 0(0) 7(12) 8(15) 6(11) 4(7.2) 2(3.6) 14(26) 14(26) 0.597(p=0.04)

Inferior 1(1.8) 3(5.5) 5(9.1) 7(12) 4(7.3) 4(7.2) 2(3.6) 16(29) 16(29) Final VA

Temporal 0(0) 0(0) 1(1.8) 2(3.6) 3(5.5) 2(3.6) 0(0) 4(7.2) 4(7.2) 0.566(p=0.018)

Total 6(11) 8(15) 18(33) 23(42) 16(29) 17(31) 7(12) 55(100) 55(100)
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4. DISCUSSION

Keratitis is an ophthalmic emergency that
requires immediate treatment. This study showed
that males were more frequently affected than
females, which may be explained by the males in
our study population having greater exposure to
risk-prone activities. This finding is similar to that
of other studies conducted in Australia,[8]
Thailand [9], Malaysia [10], India [7] and Oman
[11]. In contrast, there is a female preponderance
in studies from Glasgow [12], England [13],
Bahrain [14] and Enugu, Nigeria [15].

In the present study, 70.3% of participants were
adults aged 20-80 years. This spread across
young adults to the elderly contrasts with the
study in Oman [11], where keratitis was more
common in the elderly. Previous studies [16-19]
had also documented a bimodal age distribution
of keratitis.

Ocular trauma preceded more than half (55.6%)
of the cases in this study. This compares
favourably with studies from Nepal, [20] India
[21] and Taiwan, [22] where trauma was found to
be a significant risk factor. Many times, the
trauma may be a trivial abrasion such as sand or
soil getting into the eye at work. Such trauma
from vegetative matter or objects contaminated
with soil can predispose to infection by
filamentous fungi [4,18]. Infective keratitis cases
secondary to trauma in this study were probably
complicated by late presentation. Only 4patients
presented within 24 hours of onset of symptoms.
It has been reported that corneal abrasions
presenting to the hospital within 18 hours of
injury and treated prophylactically with 1%
chloramphenicol ointment healed  without
sequelae [4].

Another risk factor identified in this study was
ocular surface disease (blepharitis and dry eye).
This was also reported by Tanure et al. [23] as
the maijor risk factor for fungal keratitis in their
study.

The use of steroids occurred in about a third of
the patients in this study and only one patient
had a positive history of diabetes. This may be
because of the ready availability of over-the-
counter steroid eye drops and the ignorance of
both the general populace and the managers of
drug stores about the risks associated with
steroid use.

801

In a South Indian study, [4] 37.3% of patients
were on traditional or herbal topical treatment,
although this was higher than the findings in the
present study, in which 22.2% of patients had
applied traditional eye medicine before
presentation. Use of traditional eye medicine
delays patients from presenting to the hospital
and may modify the clinical picture because
some traditional eye medications are prepared
under unhygienic conditions using plant and
animal extracts that are often contaminated by
pathogenic  organisms, thus making an
aetiological diagnosis impossible. Although it was
observed that the wuse of ftraditional eye
medication was poorly correlated with visual
outcome (correlation coefficient 0.021,p=0.001),
the patients who applied traditional medication
were noted to have poorer visual acuity at the6-
week follow-up.

The symptoms of infective keratitis are similar in
most patients. Severity may vary in relation to the
underlying causative organism, the immune
status of the host and the duration of symptoms
before presentation to the hospital. In this study,
all of the patients presented with pain, redness,
photophobia and reduced vision. The presenting
visual acuity of 6/24 to 6/36 accounted for 34.5%
of cases. The right eye was involved in 67.3% of
the patients in this study. This is higher than the
57.1% reported by Hussein et al. [24]
Approximately 27% had corneal lesions
measuring greater than 4mm. This is higher than
the findings of Annette,[25] in which only 17.8%
of eyes had lesions greater than 4mm. This could
have contributed to poorer outcomes in this
study, as there exists a statistically significant
relationship (p<0.007) between corneal lesion
size and visual acuity. In 37% of the patients, the
corneal lesion was central. This is similar to the
studies in Glasgow, [12] Malaysia [10] and India,
[4] and is lower than the 60% reported in Jordan
[24]. Hypopyon was present in 35% of the
patients in the present study, similar to a study
from Australia [25] but lower than the value
obtained ina study from India [26,27], where 56%
of patients had hypopyon. This may be due to
difference in sample size, difference in causative
agent or difference in timing of presentation in
the study population, although the majority of
patients in the Indian study also presented late.
The 35% rate of hypopyon in this study is higher
than the 20% obtained in Jordan [24], which may
also be explained by small sample size or
difference in causative agent. Only 18.5% of
patients attained 6/18 or better visual acuity after
treatment. All patients in this study were given
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topical ofloxacin 0.3% and all patients with a
positive history of trauma or whose corneal
lesions were in keeping with fungal keratitis were
given topical fluconazole 5%.

The short- and long-term ocular morbidity from
keratitis found in this study was very significant.
There were significant statistical relationships
between clinical findings (size of lesion p=0.007,
depth of corneal involvement p=0.002 and site of
lesion p=0.018) and the visual outcome. The
visual outcome of 23 patients (41.8%) showed
some improvement from the presenting visual
acuity, but this may not be a true reflection of the
best possible visual outcome. Perhaps with
penetrating keratoplasty, this percentage could
be higher. A retrospective study of fungal
keratitis in Singapore [28] showed that almost
half of their cases required penetrating
keratoplasty due to involvement of the central
cornea. In children, however, rotational
autokeratoplasty can be a viable alternative to
conventional penetrating keratoplasty for a
central or paracentral corneal scar, especially in
areas where tissue scarcity exists.[29].

The predominant complication at the last follow-
up was corneal scarring, seen in 93.5% of cases,
with or without vascularization. This was similar
to the finding of Al-Yousuf et al. [14] in which
92% of keratitis cases healed with scarring, but
was higher than the 40.6% corneal scarring
following infectious keratitis as reported by
Suman [30].

5. CONCLUSION

This study has illustrated that microbial keratitis
is an important potential blinding condition and
that the most common risk factors associated
with keratitis are trauma, topical steroid use and
traditional eye medication. An efficient public
eye-health programme focusing on the causes
and prevention of corneal infection in the at-risk
population is very important.

CONSENT

Written Informed Consent was obtained from the
patients before their inclusion into the study.

ETHICAL APPROVAL

Ethical approval for the study was obtained from
the ethical review committee of the University of
llorin Teaching Hospital.

COMPETING INTERESTS

Authors have declared that no competing

interests exist.

REFERENCES

1. Smolek MK, Klyce SD. Bacterial
and fungal keratitis. Duane clinical
ophthalmology. Revised edition.
Lippinocott - Raven Publishers.
Philaddeelphia: New York. 1995;4:543-
552.

2. Khurana AK. Keratitis: Causes and
management. A comprehensive
ophthalmology. Regional institute of
ophthalmology, 4th  edition, New Age
International Ltd, New Delhi India.
2007;89-93.

3. Stephen Tuft. Bacterial and fungal keratitis.
Jack J Kanski, Clinical ophthalmology a
systematic approach 6th edition; London.
Balterworth Heineman Ltd. UK. 2007;254-
257.

4. Hagan M, Wright E, Newman M. Causes of
suppurative keratitis in Ghana. Br J
Ophthalmol. 1995;79:1024-1028.

5. Srinivasan M, Gonzales CA, George C.
Epidemiology and aetiologic diagnosis of
corneal ulceration in Madurai, South India.
Br J Ophthalmol. 1997;81:965-971.

6. Parmar P, Salmam A, Kalaralty CM.
Microbial keratitis at extremes of age.
Cornea 2006;25:153-158.

7. Gopinathan U, Sharma S, Rao GN.
Review of epidemiological features,
microbial diagnosis and treatment outcome
of microbial keratitis. Experience over a
decade. Indian J Ophthalmol.
2009;57:273-279.

8. Green M, Apel A, Stapelon F. A
longitudinal study of trend in
microbial keratitis in Australia. Cornea
2008;52:2733-2739.

9. Tananuvat N, Sienglew S, Ausayakhun S.

Microbial keratitis leading cause of
admission at Maharaj Nakorn Chiang Mai
Hospital. Chiang Mai Med Bull.

2004;43:93-103.

10. Norina TJ, Raihan S, Bakiah S, Ezagnee
M, Liza SAT, Wan HWH. Microbial
keratitis, aetiological diagnosis and clinical
features in patients admitted to Hospital
Universiti Sains Malaysia. Singapore Med
J. 2008;49:67-71.

11. Keshav BR, Zacheria G, Ideculla T,
Bhat V, Joseph M. Epidemiological

802



12.

13.

14.

15.

16.

17.

18.

19.

20.

Saka et al.; BIMMR, 6(8): 795-803, 2015, Article no.BJMMR.2015.253

characteristics of corneal ulcers in South
Shargiya Region. Oman Medical J.
2008;23:1-6.

Bennett HGB, Hay J, K irkness CM, Seal
DV, Penny D. Antimicrobial management
of presumed microbial keratitis, guidelines
for treatment of central and peripheral
ulcers. Am J Ophthalmol. 1998;82:137-
145.

Anupma JK, Kalpana SP, Anita SJK,
Anupma JK. Fungus as an etiology in
keratitis, our experience in SRMC OPD in
SRMC, a tertiary care centre in Chennai.
Journal of Medicine. 2009;2:2-5.
AL-Yousuf N. Microbial keratitis in
Kingdom of Bahrain. Middle East Afr J
Ophthalmol. 2009;16:3-7.

Ifeoma R, Ezegwui MD. Corneal ulcer in a
tertiary hospital in Africa, Enugu Nigeria, J
Nati Med Asso. 2010;102:644-647.
Bharathi R, Ramakrishnan R, Meenakshi
C, et al. Analysis of the risk factors
predisposing to fungal, bacterial &

acanthamoeba keratitis. Indian J Med.
2008;1:23-25.
Pate C, Jones DB, Wihelmus KR.

Prevalence and spectrum of bacterial co-
infection during fungal keratitis. Br J
Ophthalmol. 2006;90:289-290.
Christopher J, Rapuano MD, Chair Francis
S, Mah MD, Matthew R, et al. Cornea /
external disease. Panel Prepared by the
American Academy of Ophthalmology.
2005;42:3-6.

Bouncier T, Thomas F, Bordered V,
Chaumeil C, Larche L. Bacterial keratitis:
Predisposing factors, clinical and
microbiologic review of 300 cases. Br J
Ophthalmol. 2003;87:834-836.

Upadhyay MP, Karmacharya PC, Koirala
S. Epidemiological characteristic,
predisposing factors and etiological
diagnosis of cornea ulceration in Nepal.
Am J Ophthalmol. 1991;111:92-99.

21.

22.

23.

24,

25.

26.

27.

28.

29.

30.

Bharathi MJ, Ramakrishnan R, Vasu S.
Epidemiology of bacterial keratitis in a
referral centre in South India. Indian J Med
Microbiol. 2003;21:239-245.

Hsiao CH, Yeung L, Ma DH. Pediatric
microbial keratitis in Taiwanese children: A
review of hospital cases. Arch Ophthalmol.
2007;125:688-689.

Tanure MA, Cohen EJ, Sudesh S,
Rapuano CJ, Laibson PR. Spectrum of
fungal keratitis at Will Eye Hospital
Philadelphia Pennylviania. Cornea.
2000;19:307-312.

Hussein B, Qasem H, Ahmed K. Bacterial
keratitis, risk factors and causative agents
at Prince Zeid and Rashed Military
Hospital. Ophthalmol. 2008;12:34-37.
Annette GN, Charles NJ, Mc Ghee,
Crawford, Geoffrey J. Severe microbial
keratitis in temperate and tropical western
Australia. Eye. 1996;10:575-580.
Liesegang TJ, Forster RK. Spectrum of
microbial keratitis in South Floridal. Am J
Ophthalmol. 1980;90;38-47.

Jayahar M, Bharathi R, Ramakrishnan R,
Meenakshi C, Shivakumar D, Lional Raij.
Analysis of the risk factors predisposing to
fungal, bacterial & acanthamoeba keratitis
in  South India. Indian J Med.
2009;130:749-757.

Gee thakumari PV, Remya R, Girijadevi
PS, Reema AM. Bacterial and fungal
keratitis, a comparative study in South
Kerala. Kerala Journal of Ophthalmology.
2011;23:386.

Muralidhar R, Niranjan KP, Pehere DNB,
Somasheila |, Murthy, et al. Rotational
autokeratoplasty in pediatric patients for
non progressive paracentral corneal scar.
J Ophthalmol. 2012;119:2458-2462.
Suman S, Debdulal B, Archana K,
Jayangshu S. Epidemiological profile of
fungal keratitis in urban population of West
Bengal India. Oman J Ophthalmol.
2009;2:3-7.

© 2015 Saka et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium,
provided the original work is properly cited.

Peer-review history:
The peer review history for this paper can be accessed here:
http://www.sciencedomain.org/review-history.php?iid=907 &id=12&aid=7648

803



