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University Hospital 2 

 3 

ABSTRACT  4 

 5 

Background: Blindness is and, apparently always has been, a problem in Egypt. Corneal blindness is a 
major public health problem in which; 1.5–2.0 million new cases of monocular blindness reported annually 
in developing countries is secondary to corneal ulceration. Bacterial keratitis is one of the most 
threatening ocular infectious pathologies that can lead to severe visual disability. To help avoiding the 
specific therapy risks of disease progression and the microbiological investigations being incomplete or 
misleading, other organisms as virus, fungi, and Acanthamoeba should be considered.  
Aims: To isolate and identify different bacterial agents causing keratitis and identify factors associated 
with bacterial keratitis. 
Study design:  This cross-sectional study was carried out to identify causative pathogens and to 
determine the demographic characteristics, predisposing factors of keratitis (corneal ulcer). 
Place and Duration of Study: Sample: Department of Microbiology, in High Institute of Public Health, 
and Department of Ophthalmology, Faculty of Medicine, Alexandria University, between August, 2014 to 
May, 2015.   
Methodology: A total of 100 cases were examined, samples (corneal swab and scrapings) were 
collected from clinically diagnosed corneal ulcer patients attending Ophthalmology outpatient clinic of 
Alexandria Main University Hospital.  Samples were processed by corneal smear microscopy (potassium 
hydroxide and Gram stains) and culture examination (5% sheep blood agar, sheep blood chocolate agar, 
Sabouraud dextrose agar and brain heart infusion). 
Results: Out of 100 cases, 49 (52.1%) cases had bacterial growth, 32 (34%) patients showed fungal 
growth, 20 (21.3%) cases had viral keratitis and 24 (25.5%) cases had Acanthamoeba corneal infestation. 
The predominant bacterial isolates were Staphylococcus epidermidis 24 (48%) followed by Pseudomonas 
species 8 (16%). Aspergillus species 16 (50%) were the most common fungal isolates followed by 
Fusarium species 10 (31.2%). Common associated factors were diabetes mellitus (29%), and corneal 
trauma (17%). 
Conclusions: Diabetes was the most common general risk factor while corneal trauma was the most 
common local cause. The main causative organism of microbial keratitis was bacteria, where 
Staphylococcus spp. the main agent followed by P. aeruginosa. Vancomycin and fluoroquinolones 
showed higher rates of sensitivities on bacteria compared to other antibacterial agents. 
 6 
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 8 

1. INTRODUCTION  9 
 10 
Microbial keratitis is a potentially serious corneal infection and a major cause of visual impairment 11 
worldwide.

(1)
 It is caused by various organisms, such as bacteria, fungi, viruses, or protozoa. A 12 

conservative estimate of the number of corneal ulcers occurring annually in the developing world alone is 13 
1.5–2 million.

(2)
 The severity of corneal infections usually depends on the underlying condition of the 14 

cornea and the virulence of the infecting microbes.
(3)

 15 

Microbial corneal ulcers need a complete laboratory work up owing to considerable overlap in the clinical 16 
appearance of corneal ulcers due to various microorganisms.

(4)
 In the era of modern medical technology, 17 

various methods of investigations are available for corneal ulcers including; microbial smears and 18 
cultures, antibiotic sensitivity, corneal biopsy and polymerase chain reactions (PCR). Microbiological 19 
investigations are easily performed, less invasive and cost-effective and also provide prompt diagnosis 20 
hence they are considered gold standard investigations. There are various approaches to the 21 
microbiological investigation of patients with suspected keratitis. Traditional methods include the use of 22 
multiple corneal scrapes with direct inoculation onto different enrichment media. For example, multiple 23 
studies used sheep's blood agar (BA), chocolate agar (CA), non-nutrient, Sabouraud agar, and brain–24 
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heart infusion broth (BHIB). Apart from the diagnostic value of corneal scraping, it may accelerate disease 25 
resolution by enhancing antibiotic penetration and therapeutic debridement of necrotic tissue.

(5, 6)
 26 

Thus, the identification of the specific causative organism aids in incorporation of the most specific 27 
treatment drug which reduces the irrational use of multiple medications, the ocular toxicity and the 28 
emergence of resistance.

(7)
 Hence, the present prospective study was undertaken to determine the 29 

epidemiological features, predisposing factors and clinical presentations of microbial keratitis and the 30 
efficacy of commonly used topical antibiotics.  31 

It is very important for the best prognosis in keratitis cases, to confirm the clinical diagnosis by the 32 
laboratory work since the main aim is to start immediately the specific medical treatment. The laboratory 33 
support in the clinical diagnosis of keratitis is very important in order to achieve a shorter evolution time 34 
and to achieve a small scar for the better visual acuity in a patient suffering for a corneal infection. 35 

 The time lag between the clinical assessment and the laboratory investigation reveals the importance of 36 
accurate clinical diagnosis. As the cornea is considered a critical organ in which the patient must start 37 
medication before the lab results show up. The accurate clinical diagnosis needs an expert 38 
ophthalmologist to be able to diagnose the infectious keratitis causes and gives the needed treatment or 39 
at least the nearest measures. The decision support systems and information technologies can aid the 40 
ophthalmologist in assessment and ensure its’ accuracy. Clinical decision support system (CDSS) aims to 41 
prevent medical errors through changing the way of practicing medicine.

(8)
 They also provide clinicians, 42 

staff, patients, and other individuals with knowledge and person-specific information, intelligently filtered 43 
and presented at appropriate times, to enhance health and health care.

(9)
  44 

 45 

2. METHODOLOGY 46 

 47 
This is a cross sectional study conducted at the High Institute of Public Health (HIPH) microbiology lab 48 
and the Ophthalmology outpatient clinic of Alexandria Main University Hospital. It was to estimate cases 49 
with presumed infective microbial keratitis recently admitted to the hospital between August 2014 and 50 
May 2015. This study was approved by the Ethics Committee at Institute of Public Health (HIPH), 51 
Alexandria University. 52 

 53 

1.1 Collection and Identification of Microbial keratitis 54 
 55 
Hundred patients were examined and data was collected in relation to the demographic features, risk 56 
factors including use of topical steroids, trauma, ocular surface diseases, contact lens usage, therapeutic 57 
regimens received and systematic diseases as diabetes.  58 

1.2 Corneal Sampling 59 

Microbial keratitis was defined and corneal scraping was performed under topical anaesthesia following a 60 
standard protocol. Corneal specimens were collected using Kimura spatula under slit lamp.  61 
 62 

1.3 Culture and Identification Procedures 63 

The scraped materials were inoculated into a liquid medium (BHIB) 
(10, 11) 

and directly streaked on culture 64 
plates (fresh Blood agar, Chocolate agar & Sabouraud dextrose agar media) in a “C-streaked” pattern to 65 
localize the site of implantation.

(12, 13)
 Strict asepsis was observed during the sample processing and their 66 

transport to the laboratory. Blood agar plates were incubated under aerobic condition, chocolate agar 67 
plates were incubated in 5-10% carbon dioxide both were evaluated at 24 hours and 48 hours and then 68 
discarded if no growth was seen.

(14)
 SDA plates with chloramphenicol were incubated at 25°C for 5-7 69 

days.  70 
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The inoculated BHIB was incubated for 24hrs at 37°C and a smear was prepared from this liquid medium 71 
for gram staining, in addition, BA, CA, and SDA plates were subcultured and incubated as described 72 
previously. 

(12, 13)
 73 

Isolation and identification of bacterial and fungal spp. were done as per standard guidelines as well as 74 
the sensitivity results. 

(15)
 Bacterial and fungal isolates were also confirmed using the MALDI-TOF MS 75 

device (ultrafleXtreme BRUKER device) in Alexandria Main University Hospital. In cases that were 76 
nonresponsive to treatment and clinically suspicious of Acanthamoeba, smear was done for chromotrope 77 
staining procedure. The viral keratitis cases were identified clinically.  78 

1.4 Statistical analysis of the data 79 

 80 
Data were analyzed using Statistical Package for Social Sciences software package version 18.0 (SPSS, 81 
Chicago, IL, USA). Qualitative data was expressed in frequency and percent. Qualitative data was 82 
analyzed using Fisher’s exact test and Monte Carlo was applied to compare different groups. P-value was 83 
assumed to be significant at 0.05. 84 

1.5 Data mining  85 

 86 
Systematic approaches were assembled using pre-specified certain risk factors and diagnostic signs, 87 
which resulted in extraction of information depending on these variables to build up functional software 88 
package data mining. The Apriori algorithm is used to perform association analysis on the attributes of 89 
patient risk factors, clinical features and microbiological diagnosis. 90 

3. RESULTS AND DISCUSSION 91 

 92 

3.1 Epidemiological characteristics 93 

In our study, the majority of patients were males 67% (67/100) and females were only 33% (33/100) out 94 
of 100 patients. The most susceptible age group to keratitis was adults of age 21-60 years (76%, 76/100) 95 
with the highest number of cases being recorded among patients of 41-60 years (43% of the total cases). 96 
The least percentage fall in the age group <20 (5%, 5/100), most of them were females (80%, 4/5), 97 
whereas the elderly group >60 (19%, 19/100) were mostly men representing (89.5% of elderly patients, 98 
17/19), and the average age of presentation was 46.7 years. (Fig. 1) The majority of the patients were 99 
from rural population (63%); compared to 37% patients were from urban population. The monthly 100 
incidence of cases varies throughout the 10 months period, where the highest number of cases (40%) 101 
was recorded in August-to-October period of time, followed by March-to-May (33%), whereas, the least 102 
number of patients (27%) were admitted in the winter season (November-February). Out of 100 patients 103 
enrolled in this study, a large number of patients were farmers (42%, 42/100), all were males. However, 104 
the majority of females were domestic workers (11% 11/100). Laborers and other industrial workers were 105 

30%, (30/100). 106 
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 107 

Figure (1): Distribution of 100 studied microbial keratitis patient’s age in relation to gender.   108 

3.2 Clinical Presentations 109 

Majority of patients in this study presented during the first two weeks of the onset of symptoms (74%), 110 
specifically during the first week (39%), while 16% of subjects presented during 15-30 days and the 111 
remaining 10% presented after 30 days since onset of symptoms. The symptoms of microbial keratitis are 112 
similar in most patients. The severity may vary in relation to the underlying causative organism, the 113 
immune status of the host, and the duration of the symptoms before presentation. In this study, all 114 
patients presented with pain, redness, photophobia and reduction in vision. The right eyes were involved 115 
in 63.5% of the patients. The ulcer shape varied between nonspecific (69%), geographic (16%) and 116 
serrated (15%). Centrally located ulcers were more common (56%) while, 32% of cases showed 117 
peripherally located ulcer. 118 

3.3 Risk Factors 119 

The most common risk factor in this study was diabetes (29 cases) as a systematic cause followed by 120 
smoking as a bad habit in 21 cases, while the most common local causes were corneal trauma, past-121 
ocular disease/surgery and contact lens usage showing same percentage among keratitis patients (17 122 
cases each). Topical steroid intake was present in 12% of the patients, and 13% had history of 123 
hypertension disease. Nevertheless, cases showing no predisposing factor accounted 19%, whereas, 124 
39% patients suffered from multiple risk factors. (Fig.2) 125 
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 126 

Figure (2): Factors studied in 100 patients with suspected microbial keratitis 127 

3.4 Microbial Investigations 128 

The prevalence of microbial keratitis was 94% among these 60% of the cases were suffering from single 129 
microbe as follow; bacterial (29%), fungal (3%), Acanthamoeba (12%) and viral keratitis (16%) of total 130 
cases. Moreover, polymicrobial keratitis were present in 34 cases, the higher combination was bacterial-131 
fungal keratitis (15 cases), whereas, viral keratitis equally superadded by fungal and bacterial organisms 132 
(2 cases each). However, Acanthamoeba was usually superadded by fungal keratitis (10/24 cases), and 133 
to lesser extent mixed with bacteria (2/24 cases). The indefinite diagnosis represented 6 cases in which 134 
they received anti-inflammatory drugs with prophylactic antibiotics.  135 

The frequency of isolation of bacteria in corneal scrapings were 32 (64%) Gram positive bacterial 136 
isolates, and 18 (36%) were Gram negative. Among Gram positive bacteria, the most commonly isolated 137 
organism was S. epidermidis 24 (48%), followed by S. aureus (12%), while among Gram negative 138 
bacteria, the most commonly isolated organism was P. aeruginosa (16%), followed by K. pneumoniae 139 
(12%). The majority of patients (50%) with fungal keratitis had Aspergillus spp., followed by 10 isolates 140 
(31.2%) fusarium spp., while candida spp. were found in 6 cases (18.8%). 141 

3.5 Data Mining Analysis 142 

The data mining techniques showed great correlation between various causative organisms of keratitis 143 
and clinical findings beside other predisposing factors. Based on this research, using Apriori algorithm on 144 
infectious keratitis dataset, the confidence was ranging between 100% and 97%. Moreover, there was a 145 
relation between topical steroid application, satellite lesions and fungal infection, whereas, there was an 146 
association between contact lens usage, perineuritis clinical finding in the affected cornea and 147 
Acanthamoeba keratitis. As for bacterial keratitis; by applying the Decision Tree (J48) single-label 148 
classifier; the F-score was 97% and the accuracy 97%; it showed that when the onset is rapid it is most 149 
probably bacterial element. In addition, there was a high prevalence of recurrence in relation with viral 150 
infection. (Fig. 3) 151 
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 152 

Figure (3): Acanthamoeba keratitis Decision Tree (J48) 153 
 154 
 155 

3.6 Media Variation  156 

The bacterial and fungal isolates recovered by both liquid (BHIB) and solid media (BA, CA, SDA) 157 
revealed 66.7% positive cases, where 36.5% appeared in liquid media only while 30.2% were positive in 158 
both solid and liquid media. 159 

 160 

3.7 Antimicrobial Susceptibilty Pattern of Bacterial Isolates 161 

The antimicrobial susceptibility pattern of bacterial isolates of the most commonly used antibiotics was as 162 
follow; S. aureus was highly sensitive to vancomycin and amikacin (100% each), followed by neomycin 163 
and clindamycin (83.3% each), and 66.7% sensitivity to macrolids, flouroquinolones, however, 100% 164 
were resistant to third generation cephalosporin. Compared to S. epidermidis, isolates showed less 165 
sensitivity to vancomycin, amikacin, and gentamycin (79.2% each), followed by lower response to 166 
macrolids and flouroquinolones except for moxifloxacin (87.5%).  167 

On the other hand, E.coli and K. pneumoniae were 100% sensitive to most antibacterials tested, except 168 
for macrolides and clindamycin. While the resistance rate for Pseudomonas spp. to antibiotics like 169 
neomycin, cefoxitin, macrolides and tetracyclin was more than 50%.  170 

Chloramphenicol, the frequently used ophthalmic antibiotic was found to be effective for most of the 171 
isolates except for S. aureus and P. aeruginosa which showed 83% and 87.5% resistance, respectively. 172 
On contrary of flouroquinolones, all Gram negative bacteria were sensitive to this group while Gram 173 
positive bacteria were less sensitive. 174 

Table (1a): The antimicrobial susceptibility of isolated Gram positive bacteria 175 

 

S. aureus 
(n = 6) 

S. epidermidis 
(n = 24) 

Bacillus spp. 
(n = 1) 

Corynebacterium spp. 
(n = 1) 

Antibiotics No. % No. % No. % No. % 

Penicillin 

Oxacillin 2 33.3 12 50% 1 100% 1 100% 
Cephalosporin 

Cefoxitin 2
nd

  2 33.3% 14 58.3% 1 100% 0 0% 
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Ceftriaxone 3
rd

  0 0% 11 45.8% 1 100% 0 0% 

Cefotaxime 3
rd

  0 0% 9 37.5% 1 100% 0 0% 

Ceftazidime 3
rd

  0 0% 3 12.5% 1 100% 0 0% 
Glycopeptide 

Vancomycin  6 100% 19 79.2% 1 100% 1 100% 
Aminoglycoside 

Gentamycin  4 66.7% 19 79.2% 1 100% 0 0% 

Tobramycin  4 66.7% 10 41.7% 1 100% 0 0% 

Amikacin  6 100% 19 79.2% 1 100% 0 0% 

Neomycin 5 83.3% 10 41.7% 1 100% 0 0% 
Fluoroquinolones 

Ciprofloxacin 2
nd

  4 66.7% 13 54.2% 1 100% 1 100% 

Ofloxacin 2
nd

  4 66.7% 11 45.8% 1 100% 1 100% 

Norfoxacin  2
nd

  4 66.7% 13 54.2% 1 100% 0 0% 

Lomefoxacin 2
nd

  4 66.7% 13 54.2% 1 100% 1 100% 

Levofloxacin  3
rd

  4 66.7% 15 62.5 1 100% 1 100% 

Moxifloxacin 4
th
  4 66.7% 21 87.5% 1 100% 1 100% 

Macrolide 

Erythromycin 4 66.7% 10 41.7% 1 100% 0 0% 

Azithromycin  4 66.7% 8 33.3% 1 100% 0 0% 

Clarithromycin 4 66.7% 10 41.7% 1 100% 0 0% 
Tetracyclin 

Doxycyclin   4 66.7% 10 41.7% 1 100% 1 100% 

Tetracyclin   0 0% 8 33.3% 0 0% 0 0% 
 Bacteriostatic 

Fusidic acid  0 0% 14 58.3% 1 100% 1 100% 

Chloramphenicol  1 16.7% 17 70.8% 1 100% 1 100% 

Polymyxin B 0 0% 8 33.3% 0 0% 0 0% 

Clindamycin  5 83.3% 16 66.7% 1 100% 0 0% 

176 
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Table (1b): The antimicrobial susceptibility of isolated Gram negative bacteria 177 

 
E. coli 
(n = 2) 

K. pneumoniae 
(n = 6) 

P. aeruginosa 
(n = 8) 

S. marcescens 
(n = 2) 

Antibiotics No. % No. % No. % No. % 

Penicillin 

Oxacillin 0 0% 2 33.3% 0 0% 0 0% 
Cephalosporin 

Cefoxitin 2
nd

  2 100% 6 100% 0 0% 1 50% 

Ceftriaxone 3
rd

  2 100% 6 100% 3 37.5% 2 100% 

Cefotaxime 3
rd

  2 100% 6 100% 6 75% 2 100% 

Ceftazidime 3
rd

  0 0% 6 100% 6 75% 2 100% 
Aminoglycoside 

Gentamycin  2 100% 6 100% 7 87.5% 2 100% 

Tobramycin  2 100% 6 100% 8 100% 1 50% 

Amikacin  2 100% 6 100% 8 100% 2 100% 

Neomycin 2 100% 6 100% 1 12.5% 1 50% 
Fluoroquinolones 

Ciprofloxacin 2
nd

  2 100% 6 100% 8 100% 2 100% 

Ofloxacin 2
nd

  2 100% 6 100% 8 100% 2 100% 

Norfoxacin  2
nd

  2 100% 6 100% 8 100% 2 100% 

Lomefoxacin 2
nd

  2 100% 6 100% 8 100% 2 100% 

Levofloxacin  3
rd

  1 50% 6 100% 8 100% 2 100% 

Moxifloxacin 4
th
  2 100% 6 100% 8 100% 2 100% 

Macrolide 

Erythromycin 0 0% 0 0% 1 12.5% 0 0% 

Azithromycin  0 0% 0 0% 1 12.5% 0 0% 

Clarithromycin 0 0% 0 0% 1 12.5% 0 0% 
Tetracyclin 

Doxycyclin   0 0% 6 100% 1 12.5% 0 0% 

Tetracyclin   0 0% 6 100% 1 12.5% 0 0% 
 Bacteriostatic 

Chloramphenicol  2 100% 6 100% 1 12.5% 2 100% 

Polymyxin B 0 0% 2 33.3% 8 100% 0 0% 

Clindamycin  0 0% 0 0% 1 12.5% 0 0% 

  178 

 179 
4. DISCUSION 180 

4.1 Microbial Keratitis Trend and Presentations 181 

Bacterial keratitis is an ophthalmic emergency that needs immediate treatment. Our study focuses on the 182 
pattern of bacterial pathogen causing keratitis and the antibiogram of the bacterial isolates among 183 
patients attending the outpatient clinic in the Ophthalmology, Alexandria Main University Hospital. 184 

The majority of patients presented during first two weeks of onset of the symptoms (74%), specifically 185 
during the first week (39%), similar to the study of Saka, et al., 

(16) 
where (79.6%) cases presented during 186 

first two weeks.  187 
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Centrally located ulcers were more common (56%) while, 32% of cases showed peripherally located 188 
ulcer. A study in Jordan

(17)
 found 60% of microbial keratitis affecting central two-thirds of the cornea, 189 

compared to 14.8% reported in Saudi Arabia
(18)

. 190 

4.2 Data Mining Techniques Interpretations 191 

The data mining techniques showed great correlation between various causative organisms of keratitis 192 
and clinical findings beside other predisposing factors. For example, by applying data mining decision 193 
tree, it revealed that the rapid onset/course of the disease appeared to have a great correlation with 194 
bacterial keratitis, and Acanthamoeba keratitis was more likely to occur in younger aged group, and in 195 
patients with a longer duration of symptoms. The average range of patients’ age with Acanthamoeba 196 
keratitis in this study (20-60 years) was similar to a study in New Zealand 

(19)
, which could be due to that 197 

younger aged patient might be using contact lenses. Furthermore, other clinical findings including ring 198 
infiltrate/immune ring (25%) and perineuritis (22%) appeared to be highly associated with Acanthamoeba 199 
keratitis. It is possible that the immune ring is an indicator of prolonged untreated infections, which would 200 
be consistent with the longer duration of symptoms in the Acanthamoeba group of this and other 201 
studies.

(20, 21)
 As regard patients complaining of satellite lesions (30%), the majority of them were suffering 202 

from fungal keratitis and that was proven by previous study.
(22)

 About 18% of cases had history of 203 
recurrent corneal lesions. This is higher than the findings of Geilani, et al.,

(23)
  where only 4.5% had 204 

history of recurrent keratitis. Recurrence of keratitis symptoms did not emerge as an important risk factor, 205 
though it is predominant associated with viral keratitis (15 of 18 viral cases) which was proved by data 206 
mining techniques, and was observed in a previous study.

(24)
 207 

4.3 Risk Factors In Relation to Microbial Findings 208 

Out of 100 cases, the most common risk factor was diabetes (29%) followed by smoking in 21% of the 209 
cases, while the most common local causes were corneal trauma, past-ocular disease/surgery and 210 
contact lens usage (17 cases each). Prokosch, et al.,

(25)
 showed similar results, as diabetes was the most 211 

common systematic predisposing factor and regarding local factors contact lens usage was predominant. 212 
Keay, et al.,

(26) 
stated that diabetes and smoking had great role as being systematic causes for microbial 213 

keratitis.  However, multiple studies 
(14, 16) 

proved that trauma as a local cause was the most dominant risk 214 
factor, which did not appear obviously in this study. 215 

Corneal trauma and steroid usage were the major predisposing factors to fungal keratitis. The correlation 216 
between trauma and fungal keratitis was highly significant in a study of 3183 patients at Tamil nadu,

(13)
 217 

and that was also stated in previous studies.
(27, 28) 

218 

In our study, despite that contact lens usage did not emerge as an important risk factor, it was considered 219 
as the major predisposing factor for Acanthamoeba (12/24) cases,  and it is a predominant risk factor for 220 
Acanthamoeba keratitis in developed countries as well.

(29)
 221 

4.4 Microbial Findings 222 

Bacterial organisms had the higher incidence (50%) causing microbial keratitis, followed by fungi (32%), 223 
Acanthamoeba (24%), and viruses (20%). In Egypt, multiple studies on microbial keratitis were carried 224 
revealing the following results; bacterial keratitis (55%)

(14)
, (56.7%)

(30)
, fungal infection (35%)

(14)
, (18.7)

(30)
, 225 

Acanthamoeba  keratitis (19.1%) 
(31)

, and viral keratitis
148)

 were positive by cell culture in (20.8%), 226 
whereas PCR was positive in (29.2%) cases. A study conducted in China showed that percentages of 227 
bacterial, fungal, Acanthamoeba, viral keratitis were 46.2%, 10.2%, 0%, and 43.6% respectively.

(32)
 In 228 

addition, a study carried out in the United Kingdom (UK) found the percentages of microbial corneal ulcer 229 
as follow; bacteria (58.2%), fungal (3%), Acanthamoeba (0.5%) and viral infection (19.9%).

(33) 
However, 230 

most of the studies did not encounter viruses with other infective agents and considered the microbial 231 
keratitis as bacterial, fungal and Acanthamoeba keratitis only. 232 

4.4.1 Bacterial Isolates 233 
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Gram positive organisms (64%) represented the preponderance, (63.5%),  where Staphylococcus spp. 234 
were the most common agents in 60% of isolates, which is consistent with results from Gopinathan, et al., 235 
(34)

 MRSA was present in 66.7% of the S. aureus isolates, whereas, MRSE was present in 41.7% of the S. 236 
epidermidis isolates. Lichtinger, et al.,

(35) 
conducted a 11-year review study and stated that there was a 237 

trend toward increasing laboratory resistance to methicillin from 28% during the first 4 years of the study 238 
to 38.8% for the last 3 years. 

  
239 

P. aeruginosa was the predominant Gram-negative bacteria accounting for 16% of the total bacterial 240 
isolates, which was in agreement with the results of Tewari, et al., 

(36)
  followed by K. pneumoniae (12%) 241 

E. coli (4%) and Serratia marcescens (4%).  242 

4.4.2 Fungal Isolates 243 

Aspergillus species were the most common isolated fungi (50%), followed by Fusarium spp. (31.2%) and 244 
Candida spp. (18.8%). In agreement with the current results, Al-Hussaini, et al., 

(14)
 reported that 245 

Aspergillus spp., Fusarium spp., and Candida spp. accounted for 60%, 10% and 6%, respectively of total 246 
fungal isolates. 247 

4.5 Solid and Liquid Media Variation 248 

Indirect culture method increased the chance of isolation of bacteria and fungi in pure and /or mixed 249 
infections. The isolated organisms were 34 bacteria, 15 fungal and 15 mixed, in which 29-single isolates 250 
were recovered by direct culture compared to the indirect culture, using BHIB, with 64 cases of single or 251 
mixed positive growth. Bhadange, et al.,

(37) 
stated that liquid culture media had great role in isolation of 252 

bacterial organisms and mixed infections. 253 
 254 

4.6 Antibiotic Susceptibility of Bacterial Isolates Interpretation  255 

S. aureus showed highest sensitivity to vancomycin and amikacin, whereas, the most resistance was to 256 
the third generation cephalosporins (ceftriaxone, cefotaxime and ceftazidime), tetracycline, fusidic acid 257 
and polymyxin B. The S. epidermidis were mainly sensitive to the fourth generation fluoroquinolones 258 
(moxifloxacin), while the high resistance was counted to ceftazidime. The most effective antibiotics 259 
against Gram negative bacteria were aminoglycosides (tobramycin, amikacin mainly) and 260 
fluoroquinolones. In conclusion, fluoroquinolones had the highest susceptibility against all isolated 261 
bacteria (62%).  262 

In conclusion, proper handling of contact lenses, topical steroids and antimicrobials is needed to evade 263 
predisposing factors of microbial keratitis. The use of combined direct and indirect culture methods is 264 
recommended for better recovery of microorganisms in suspected bacterial and fungal keratitis. 265 
Vancomycin, aminoglycosides and fluoroquinolones are the best choices for shotgun (initial) therapy of 266 
suspected bacterial keratitis. Finally, further studies using data mining techniques are required to help 267 
introducing decision support systems and information technologies in the healthcare systems. 268 

5 CONCLUSIONS 269 
 270 
The present study provides that corneal trauma is a major local cause, while diabetes is considered to be 271 
a major general risk factor for corneal infection. In addition, bacterial organisms are thought to be the 272 
main causative organism of microbial keratitis, where Staphylococcus spp. the main agent followed by P. 273 
aeruginosa. According to the antimicrobial susceptibility, Vancomycin and fluoroquinolones showed 274 
higher rates of sensitivities against different bacterial isolates in comparison to other antibacterial agents. 275 
This study, applied a comparision between liquid and solid media in relation to the ability to recover 276 
bacterial/ fungal organisms in single and/ or mixed infection, in which, liquid media increased the chance 277 
of isolation of bacteria and fungi in pure and /or mixed infection. It was noticed that using - MALDI-TOF, 278 
would simplify the process of microbial identification in terms of accuracy and rapidity. [This should briefly 279 
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state the major findings of the study. If you are using copy-paste option then select ‘match destination 280 
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 390 
 391 
  Approval consent to undergo medical research 392 

 393 
  394 

Research Title: Laboratory Diagnosis of Bacterial Keratitis in Alexandria Main University Hospital 395 

Main Researcher Name: Zainab Abdelkader 396 

I / “the undersigned” acknowledge that the purpose and duration of the research has been clarified and 397 
notified of its benefits to me and to others. I have also been informed that when necessary, the possibility 398 
of a change in the steps of the research for my benefit, and in addition to the lack of complications of the 399 
research. I was informed that I had the right to leave the search at any time without any accountability. I 400 
have also been informed that the confidentiality of research information will be taken into account. 401 

Signature of the subject: 402 
National ID Number: 403 
Phone number: 404 
 405 
Researcher’s signature: 406 

 407 
 408 
 409 

APPENDIX II 410 
1. PATIENT NO. 411 

 412 
2. NAME:  413 

 414 
3. AGE:                        yrs.                               415 

 416 
4. SEX:                                (1-male, 2-female) 417 
5. OCCUPATION: 418 
6. DATE OF EXAMINATION: 419 
7. ADDRESS: 420 
8. TELEPHONE No. : 421 
9. SOCIO-ECONOMIC STATUS:  422 

1. URBAN 423 
2. RURAL 424 

 425 
10. COMPLAINTS:  426 

RIGHT EYE        LEFT EYE      DURATION 427 
 428 

1. PAIN 429 
1- YES 430 
2- NO 431 

 432 
2. PHOTOPHOBIA 433 

1- YES 434 
2- NO 435 

 436 
3. WATERING 437 

1- YES 438 
2- NO 439 

 440 
4. REDNESS 441 
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1- YES 442 
2- NO 443 

 444 
5. DISCHARGE 445 

1- YES 446 
2- NO 447 

 448 
11. PREVIOUS HISTORY OF APPLICATIONS OF (1- YES , 2- NO) 449 

1. ANTIBIOTIC 450 
2. ATIBIOTIC + STEROID 451 
3. CYCLOPLEGIC  452 

 453 
 454 

12. HISTORY OF RISK FACTORS (1- YES , 2- NO) 455 
1. TRAUMA 456 
2. CONTACT LENS WEAR 457 
3. DIABETES 458 
4. DACROCYSTITIS 459 
5. IMMUNE SUPPRESSOR 460 
6. RECURRENCE 461 

 462 
13. MEDICAL HISTORY: 463 

(1- DIABETES, 2- HYPERTENSION, 3- BOTH, 4- ANY OTHER MEDICAL DISORDER, 5- 464 
NONE) 465 
IF 4 SPECIFY: 466 
 467 

14. PERSONAL HISTORY:  468 
(1- SMOKING, 2- NONE) 469 
 470 

15. OCCULAR EXAMINATION: 471 
                                                                   RIGHT EYE       LEFT EYE 472 
CONJUNCTIVA  473 

Normal (1= yes; 2= no) 474 
Conjunctival congestion (1=yes; 2=no)  475 

 476 
CORNEA            (1- normal, 2- abnormal)  477 

 478 
� Keratitis 479 

 480 
� Corneal ulcer  481 

a. Location (1 = Central; 2= Peripheral) 482 
b. Shape 483 
c. Size 484 
d. Depth (1=Superficial;2=Mild Stromal; 3=Deep Stromal) 485 

 486 
e. Perforation (1=yes; 2=no)  487 
f. Hypopyn (1=yes; 2=no)     488 

 489 
16. OCULAR INVESTIGATIONS:  490 

A. Corneal scraping 491 
a. Stain (1=positive, 2= negative) 492 

� Gram 493 
� KOH wet mount 494 

 495 
b. Culture  (1=positive, 2= negative) 496 
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� Blood Agar 497 
� Chocolate Agar 498 
� Sabouraud’s Dextrose Agar 499 
� Brain Heart Infusion 500 

 501 
c. Antibiotic sensitivity test 502 

 503 
 504 
 505 
 506 
 507 

APPENDIX V 508 

      CORNEAL SCRAPING EXAMINATION, CULTURE & SENSITIVITY 509 
Patient #:   510 
If Gram positive organisms: 511 

D
A

Y
 1

 

TEST PRINCIPLE / PROCEDURE RESULT 

DAY ONE 

1. Direct Microscopic 
examination 

• Swab of cornea on two slides.  

2. Culture 
 
� On Blood agar 
( Solid enriched 
media) 

 
 

� On Chocolate 
agar 

(non-selective, enriched 
growth medium) 
� On Sabaraud 

dextrose agar 
(SDA) 

• Culture on blood agar from 
corneal sample using Komura 
spatula. 

• Streak the agar in a C-shaped 
manner, streaking without 
burning. 

• Incubate at 37 ºC 24 hrs. 

DAY 2 
Colonies: 
Size: 
 
Shape:  

• Incubate at 37 ºC in CO2 24 hrs. 

• Method: Streak the agar in a C-
shaped manner, streaking without 
burning. 

 

• Incubate at 20-25 ºC for 5 days.  

3. Culture on Brain 
Heart Infusion 
Broth (BHIB) 

 

• It is a liquid medium rich in 
nutrients. 

• Incubate at 37 ºC 24 hrs. 

 

DAY TWO 

 

1. Indirect Microscopic 
examination 

• A loop full from BHIB or an 
isolated colony from the 
blood/chocolate agar. 

 

D
A

Y
 2

 

2. Culture 
- On Blood agar 

        ( Solid enriched 
media) 
 

 

• Culture on blood agar from Brain 
heart infusion broth. 

• Method: primary inoculum, the 
next inoculum with burning loops, 
end with tail. 

• Incubate at 37 ºC 24 hrs. 

DAY 3 
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- On Chocolate 
agar 

(non-selective, 
enriched growth 
medium) 

 
- On Sabaraud 

dextrose agar 
(SDA) 

 

• Culture on chocolate agar from 
Brain heart infusion broth. 

• Incubate at 37 ºC 24 hrs. 

 

• Method: primary inoculum, the 
next inoculum with burning loops, 
end with tail  

• Incubate at 20-25 ºC for 5 days. 

 

DAY THREE 

D
A

Y
 3

 
 

1. Indirect 
Microscopic 
examination 

• Isolated Colony from cultured 
plate. 

 

 
 
2. Catalase test 

• Catalase is an enzyme, 
which is produced by 
microorganisms that live in 
oxygenated environments to 
neutralize toxic forms of 
oxygen metabolites; H2O2. 

 

 
 

3. Coagulase test 

� Slide Coagulase Test 

Procedure(done to detect 

bound coagulase or clumping 

factor) 
� Tube Coagulase Test 

Procedure (done to detect free 
coagulase) 

• Incubate tube at 35
o
C in 

ambient air for 4 hours. 

 

4. Culture on 
Mannitol salt agar 

(If suspect staphylococcus 
spp.) 

• Incubate at 37 ºC 24 hrs. DAY 4 

 
5. Novobiocin 

Susceptibility 

• Novobiocin is an amino-
coumarin antibiotic which can be 
used to differentiate S. aureus 
from some CoNS. 

DAY 4 

                  If Gram negative organisms: 512 

DAY TWO 

D
a
y
 2

 

1. Microscopic 
examination 

 
 

• Isolated Colony from cultured 
plate/ BHIB, Heat fix. 

• Gram stain; Then examine by oil 
immersion lens (100x). 

 

2. Culture 
� On Blood agar 
( Solid enriched 
media) 

 

• Culture on blood agar from Brain 
heart infusion broth. 

• Streak the agar with burning. 

• Incubate at 37 ºC 24 hrs. 

DAY 3 
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� On Chocolate agar 
(non-selective, enriched 

growth medium) 
 
 
 

� On MacConkey’s 
agar 

(Selective & Differential 
media) 

 
� On Nutrient agar 
� On Cetrimide 

agar(Selective & 
Differential media)[If 
suspect 
pseudomonas spp.] 
 

� On Sabaraud 
dextrose agar (SDA) 

• Method: primary inoculum, the 
next inoculum with burning loops, 
end with tail 

• Incubate at 37 ºC in CO2 24 hrs. 

 
 
 
 
 
 
 
 
 
 
 
 
 
 

DAY 4 -5 
 
 
 

DAY 5-7 

• Contain inhibitor substances (bile 
salts, crystal violet)  

• PH indicator Neutral red (red in 
acid) 

•  Fermentable sugar is Lactose. 

• Method: primary inoculum, the 
next inoculum with burning loops, 
end with tail 

• Incubate at 37 ºC 24 hrs. 

• Nutrient agar is a general 
purpose medium supporting 
growth of a wide range of non-
fastidious organisms. 

• Plates are usually inoculated by 
streak or spread method from 
non-selective medium or directly 
from the specimen. Incubate the 
plates at 35- 

• 37°C for up to 48 hours. 

• Method: primary inoculum, the 
next inoculum with burning loops, 
end with tail. 

• Incubate at 20-25 ºC for 5 days. 

3. Triple Sugar Agar 
test (TSA) 

 
 
DONE ON GRAM 
NEGATIVE RODS ONLY 
 (enteric pathogens) 
� Inoculate by: Stab + 

Streak the slant) 
� Incubate at 37 ºC 24 hrs. 

Test the ability of the organism to : 
1. Ferment glucose (0.1 %-

constitutive enzyme);  
2. Utilize lactose – sucrose (1% 

each - inducible enzymes). 
3. Anaerobic respiratory process 

that use Sulfur as final electron 
acceptor to produce hydrogen 
sulfide (Black precipitation). 

4. Protein [Aerobic process –upper 
slant if deaminate become red 
color]. 

5.  Indicator: phenol red (yellow in 
acid). 

6. Sulfur source:  
a) Organic amino acid. 
b) Inorganic Ferrous sulfate. 

DAY 3 

4. Oxidase test • This test depends on the 
presence of cytochrome oxidase 
in bacteria. 

 

5. Motility test • Non biochemical test  

6. IMViC 
a) Indole 

 

• Ability of the organism to spit 
Indole form tryptophan amino 
acid by tryptophanase enzyme in 
tryptophane broth. 

� Incubate at 37 ºC 24 hrs. 
� Add 0.1 xylol (shake), add 

DAY 3 
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Kovac’s reagent. 

 
b) Methyl Red 

 

• Test mixed acid producers. 

• The bacteria maintain stable acid 
end products from glucose 
fermentation (large amount of 
acid from glucose fermentation 
that overcomes the buffering 
action. 

� Inoculate buffered glucose broth. 
� Incubate at 37 ºC 2-5 days. 
� Add Methyl red reagent & shake. 

DAY 4 

c) VP 

Test butylene glycol producers. 
Test the ability of bacteria to produce 
NEUTRAL end products from 
fermentation of glucose. 
� Inoculate buffered glucose broth. 
� Incubate at 37 ºC 2-5 days. 
� Add VP reagent – wait 15 min 

with open cap [Don’t shake] 

DAY 4 

d) Citrate • Test the ability of the organism to 
utilize Citrate as sole source of 
carbon & energy by citritase 
enzyme. 

• Streak the slant of simmon citrate 
agar by inoculated loop. 

• Incubate at 37 ºC 24 hrs.  

DAY 3 

7. Urease hydrolysis 
test 

 

• Test the ability of the organism to 
hydrolyze urea by urease enzyme 
producing alkaline product. 

• Incubate at 37 ºC 24 hrs. 

Day 3 

DAY THREE 

D
a
y
 3

 

Antibiogram DAY 4 

Generic name Trade name  

Penicillin 

1. Oxacillin  (OX)   

Cephalosporin 2
nd

 

2. Cefoxitin (FOX) 2
nd

   

3. Ceftriaxone (CRO) 3
rd

 IM Rociphin, Cefotrix, Cefaxon  

4. Cefotaxime (CTX) 3
rd

 Claforan  

5. Ceftazidime (CAZ) 3
rd

 Fortum  

Glycopeptide 

6. Vancomycin  (VA)   

Aminoglycoside 

7. Gentamycin (CN) Apigent , genoptic , Cidomycin  

8. Tobramycin (TOB) Tobralex, Tobral, Tobrin  

9. Amikacin (AK)   

10. Neomycin  

Fluoroquinolones 

11. Ciprofloxacin   (CIP) 2
nd

 Ciloxan , Ciprofar , Ciprocin , Cipro 

12. Ofloxacin (OFX)  2
nd

 Optifox,Oculofox,Oflox,Oflicin,Ofloxin 

13. Norfoxacin  (NOR)   2
nd

 OptoQ3 
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14. Lomefoxacin  (LOM)  2
nd

 Okacon, Orchacin 

15. Levofloxacin (LEV) 3
rd

 Levaquin 

16. Moxifloxacin (MOX) 4
th
  

Macrolide 

17. Erythromycin (E) Erythromycin  

18. Azithromycin (AZM) Zithromax  

19. Clarithromycin (CLR)   

Tetracyclin 

20. Doxycyclin  (DO) Vibramycin  

21. Tetracyclin  (TE)   

Bacteriostatic 

22. Fusidic acid (FD) Fucithalmic  

23. Chloramphenicol  (C) Isoptofenicol  

24. Polymyxin B (Pb) Polyfax, Polytrin  

25. Clindamycin  (DA)   

 DAY 4 (In case of MRSE/MRSA)  DAY 5 

 
OXACILLIN 
RESISTANCE 
SCREENING 
AGAR BASE 
(ORSAB) 

• Oxacillin Resistance Screening Agar Base is 
a nutritious and selective medium containing 
peptones for growth, a high salt 
concentration and lithium chloride to 
suppress non-staphylococcal growth with 
mannitol and aniline blue for the detection of 
mannitol fermentation. 

 

 513 
 514 

 515 
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