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Abstract
The objective of this project is to optimize the diagnostic process in the industry dedicated to the medical sector through diffuse 
control. For this, an automated system capable of carrying out the aforementioned process will be implemented in such a way that 
the diagnosis is carried out in an automated manner and in this way will reduce the risks and costs in the medical industry. This 
will have a portable device mechanism in which several pathologies will be diagnosed in the heart, three wires of different colors 
that will show the signal on the mobile screen, and an embedded system that will perform the digital signal processing system.

Introduction
Infectious keratitis and corneal ulcers develop after microbiology 
invades corneal epithelium. Although some bacteria like Neisseria, 
Corynebacteria, Listeria, and Haemophilus, can infiltrate an intact 
corneal epithelium8, most corneal infections propagate when the 
corneal surface protection is compromised. Epithelial defense can 
become weakened with various mechanisms including contact lens 
induced ischemia, ocular surface disease, immunosuppression, di-
abetes, trauma, and previous surgery [1,2,4-8]. In addition to sin-
gle bacterial infections, multiple bacteria as well as fungi can be 
present [1,2,4]. 

Of the most common microorganisms, Pseudomonas aeruginosa, 
Staphylococcus aureus, and Streptococci are among the causative 
culprits in found in recent literature [2,3,6,7]. With this knowledge, 
hasty treatment with appropriate empirical antimicrobial eye drops 
can be administered to avoid consequences like corneal damage 
and vision loss when the infiltrate is small without an overlying 
epithelial defect and away from the visual axis. However, if this 
is not the case, corneal scraping and cultures can be obtained to 
further ascertain exactly what microbe is wreaking havoc. 

Through our study, we examined the microbiological profiles of 
bacteria with antibiotic susceptibilities cultured from corneas of 
patients diagnosed with infectious keratitis or corneal ulcers. We 
looked at risk factors and best-corrected visual acuity with treat-
ment as well as associated treatment outcomes over a 5-year period 
at University of Mississippi Medical Center, a tertiary hospital in 
Jackson, Mississippi.

Materials & Methodology
This study was approved by the Institutional Review Board at the 
University of Mississippi Medical Center. A retrospective analysis 
of medical charts was conducted in patients who were diagnosed 
with keratitis or corneal ulcer from January 1, 2014 and December 
31, 2018 at University of Mississippi Medical Center. 

Patient charts were populated based upon diagnosis codes: Corneal 
ulcer (370.00/H16.00); Marginal corneal ulcer (370.01/H16.04); 
Central corneal ulcer (370.03/H16.01); Hypopyon ulcer (370.04/
H16.03); Mycotic corneal ulcer (370.05/H16.06); Perforated cor-
neal ulcer (370.06/H16.07); Other forms of keratitis (370.8/H16.8).
The following data were collected from each medical record: med-
ical record number, age, gender, ethnicity, past medical and ocular 
history, medication use, ophthalmic surgical history, date of initial 
presentation with disease, visual acuity at first visit, laterality of 
affected eye, culture results and sensitivities, treatments given for 
infection, best corrected visual acuity after the treatment typically 
one month and three months after presentation, and need for addi-
tional procedures after treatment. All patient data was entered into 
Redcap to be further analyzed. 

Results
Patient demographics & baseline characteristics
A total of 563 corneal infections were analyzed. There were 263 
female patients; of these, 19 females required repeat culturing for 
a separate corneal infection to total 282 female infections (50.1%). 
There were 265 male eyes; of these, 16 males required repeat cul-
turing for a separate corneal infection to total 281 male infections 
(49.9%). The median patient age was 48 years old. Patient popula-
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tion included White/Caucasian (51.3%), Black/African American 
(44.2%), Hispanic (1.2%), American Indian (0.5%), and Missis-
sippi Band Choctaw (0.4%). The right eye was affected in 274 
(48.7%) and the left eye in 264 (46.9%). Both eyes were affected 
in 25 (4.4%). 

Possible risk factors associated with infectious keratitis were also 
studied. Of the patients analyzed, 214 were contact lens wearers, 
and 78 contact lens wearers (36.4%) had positive cultures for bac-
teria and fungi. Diabetes mellitus was present in 67 eyes (11.9%). 
Immunologic or autoimmune disease (excluding rheumatoid ar-
thritis, HIV, or diabetes mellitus) was present in 49 (8.7%). For-

ty-seven (8.3%) of these patients were diagnosed with some form 
of elevated IOP including glaucoma or ocular hypertension, with 
45 of these (95.7%) being treated with drops (44.4% on latanoprost 
and 37.8% on dorzolamide-timolol). Fifty-six (9.9%) of patients 
were diagnosed with dry eye syndrome and 41 (73.2%) of these 
were concurrently taking some form of lubricating drop. Many pa-
tients 112 (19.89%) needed additional procedures as part of their 
keratitis treatment. The most common procedure performed was 
corneal transplant in 55 eyes (49.1%), followed by evisceration in 
13 eyes (11.6%), patch graft in 7 eyes (6.3%), repeat initial proce-
dure in 6 eyes (5.4%), enucleation in 5 eyes (4.5%), and some oth-
er procedure not listed elsewhere in 44 eyes (39.3%). See Table 1.

Table 1: Demographics and baseline characteristics of patients with infectious keratitis. Table 1: Demographics and baseline characteristics of patients with infectious keratitis.
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Microorganism characteristics
Of the 563 eyes, 202 eyes (35.9%) had positive cultures, 88 eyes 
(15.63%) had negative cultures and 273 (48.5%) had no labs run. 
Of the positive cultures, 166 microorganisms (82.2%) had treat-
ment sensitivities. Many of the cultures were positive for more than 
one microorganism. In total, there were 134 (63.8%) gram-pos-
itive bacteria identified and 76 (36.2%) gram-negative bacteria. 

The most frequently identified organism in all cases of keratitis 
was from the Staphylococcus genus (94 eyes, 44.8% of all bacte-
rial infections), with the species epidermidis (36 eyes, 38.3% of 
Staphylococcus) being most common followed by coagulase neg-

ative (31 eyes, 33.0% of Staphylococcus) then aureus (27 eyes, 
28.7% of Staphylococcus). After Staphylococcus, the most com-
mon genus was Pseudomonas (47 eyes, 22.4% of all bacterial in-
fections), followed by Streptococcus (23 eyes, 11.0% of all bacte-
rial infections), Bacillius (9 eyes, 4.3% of all bacterial infections), 
Serratia (8 eyes, 3.8% of all bacterial infections), Acinetobacter 
(6 eyes, 2.9% of all bacterial infections), and Moraxella (5 eyes, 
2.4% of all bacterial infections). Thirty-six eyes (21.7% of posi-
tive cultures) were identified having fungal infections. These in-
fections included coinfection with multiple organisms at the time 
cultures were taken. See Table 2 for delineation of bacterial and 
fungal characteristics. 

Microorganism characteristics 
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Table 2: Microorganism characteristics. 

Contact lens wear and keratitis
A number of contact lens wearing patients were identified in this 
study (214 eyes). Of these, 101 eyes (47.19%) had no labs run at 
initial appointment, and 3 of these had labs run at a later appoint-
ment. Thirty-five eyes (16.35%) had negative labs and 78 eyes 
(36.44%) had labs positive for microorganisms. Again, many cul-
tures were positive for more than one microorganism.

In these contact lens patients, the most prevalent organism identi-
fied was Pseudomonas aeruginosa (29 eyes) followed by Staphy-

lococcus epidermidis (11 eyes), Staphylococcus aureus (9 eyes), 
Staphylococcus coagulase negative (7 eyes), Streptococcus viri-
dans (4 eyes), Staphylococcus caprae (2 eyes), Serratia marcescens 
(2 eyes), Pseudomonas oryzihabitans (1 eye), Serratia liqueficians 
(1 eye), Moraxella (1 eye), Bacillus (1 eye), Diphtheroid (1 eye), 
Neisseria meningitis (1 eye), Morganella (1 eye). Seven eyes were 
identified with positive fungal cultures. These included Aspergil-
lus fumigatus (2 eyes), Fusarium (2 eyes), Curvularia (1 eye), Pen-
icillium species (1 eye), mold (1 eye). See Table 3.
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Table 3: Contact lens wear associated keratitis.

Susceptibilities & Resistances
Susceptibility and resistance patterns were provided by the lab in 
134 of the gram-positive bacteria and 66 of the gram-negative bac-
teria. Most gram-positive organisms were susceptible to vanco-
mycin (93.3%), followed by tetracycline (79.1%), and gentamicin 
(78.4%). Gram-negative bacteria were most susceptible to amik-
acin (95.5%) followed by levofloxacin (90.9%), and tobramycin 
(81.8%). See Table 4.

Gram-positive bacteria were mostly resistant to erythromycin 
(56.0%), followed by oxacillin (25.4%), clindamycin (25.4%), 
and tetracycline (14.2%). Gram-negative bacteria were mostly re-
sistant to ampicillin (18.2%), followed by trimethoprim/sulfame-
thoxazole (16.7%), and ceftriaxone (15.2%). See Table 5.
There were only 2 sensitivities reported from fungal cultures; both 
were Candida albicans sensitive to fluconazole.
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Visual Outcomes
Vision was taken initially at presentation then checked again at 
1 and 3 month visits after treatment had been started. Vision im-
proved at 1 month in 18.8% and 24.3% of eyes with gram-positive 
and gram-negative keratitis respectively; it improved at 3 months 
in 10.3% and 9.9% of eyes with gram-positive and gram-nega-
tive keratitis respectively. Visual acuity neither increased nor de-

creased in 3.6% and 8.1% of eyes at 1 month in gram-positive 
and gram-negative infections respectively. At 3 months, visual 
acuity remained stable in 2.7% eyes with gram-positive infections 
and 2.7% eyes with gram-negative infections. Vision worsened in 
6.7% eyes with gram-positive infections at 1 month and 3.1% eyes 
at 3 months. Vision worsened in 4.5% eyes with gram-negative 
infections at 1 month and 2.7% eyes at 3 months. See Table 6.

Table 6: Visual Outcomes. 
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Discussion 
When corneal infections have concerning features like purulent 
discharge, anterior chamber reaction, significant pain, infection 
obscuring visual axis, and/or conjunctival infection, culturing 
should be considered for timely and adequate treatment. The most 
common way to diagnose infectious keratitis is through cultur-
ing corneal samples then subsequently testing for antibiotic sus-
ceptibility and resistance. These results help tailor the types of 
treatment used to eradicate infection while minimizing antibiotic 
overuse, thus encouraging further microbial antibiotic resistance. 
It is known that bacteria like Staphylococcus are most commonly 
found in corneal infections from all causes, while Pseudomonas 
is most commonly found in contact lens wearers. While this is 
true, microorganisms can vary in location and in their antibiotic 
resistance patterns. This study aimed to outline the microorganism 
profile causing infectious keratitis in addition to their antibiotic 
susceptibility and resistance patterns at University of Mississippi 
Medical Center over a five-year period.

Of the 563 eyes with diagnosed keratitis analyzed, bacteria and/or 
fungi was identified in 35.9%. The most frequently isolated organ-
ism was Staphylococcus, with combined epidermidis & coagulase 
negative comprising 50% of gram-positive bacterial infections 
and 27.2% overall infections. The second most common organ-
ism isolated was Pseudomonas aeruginosa, involving 60.5% of 
gram-negative bacterial infections and 18.7% overall infections. 
The third most common organism isolated was Staphylococcus 
aureus, making up 20.1% of gram-positive bacterial infections and 
11% overall infections. These results are similar to recent microbi-
ological profiles with coagulase negative Staphylococcus being the 
most common isolate in infectious keratitis [7].

It has been well documented that Pseudomonas is one of the most 

common causes of infectious keratitis in contact lens wearers 
[1,2,8], and our study seems to support this data. Pseudomonas 
aeruginosa was the most commonly isolated microorganism in 
37.2% of contact lens wearers.

Microorganisms treated with broad spectrum antibiotics naturally 
have started to develop resistance to treatments [6]. In our hospital, 
we commonly start using topical broad-spectrum antibiotic drops 
immediately after culturing. These commonly include a combina-
tion of vancomycin to treat gram-positive keratitis and tobramycin 
for gram-negative infections. We found that 93.3% of gram-posi-
tive cultured bacteria was susceptible to vancomycin with no re-
sistance. We found that our cultured gram-negative bacteria were 
highly susceptible to tobramycin at 81.8% with no resistance. This 
further proves that our empirical management with vancomycin 
and tobramycin at our institution remains a robust treatment. With 
less severe cases of keratitis, moxifloxacin is routinely used. Al-
though not included in our labs, other fluoroquinolones like ci-
profloxacin and levofloxacin both had low levels of resistance 
for both gram positive and gram-negative infections. Also used 
in more minor cases of keratitis is erythromycin. We found that 
38.1% gram-positive infections are susceptible to erythromycin 
and 56.0% was resistant.

Regardless of treatment, 19.89% of patients needed some type of 
additional procedure. The most common procedures were corneal 
transplant in 49.1% and evisceration in 11.6%. We believe this may 
be due to prior ocular or systemic disease that could include diabe-
tes mellitus, immunocompromised status or autoimmune disease, 
glaucoma, or dry eye syndrome. Some repeat keratitis cases were 
in the same individuals that had previously been lost to follow up 
but then presented with keratitis much later with severe keratitis 
requiring additional procedures. These patients also had consid-



erably decreased visual acuity upon presentation with not much 
improved resolution after treatment of any form as compared to 
other keratitis cases with good follow up. Excluding the percent of 
patients lost to follow up, most patients improved at least one line 
of vision at 1 and 3 months after treatment. 

Our data was collected from charts that had a diagnosis of ‘kerati-
tis’. This did not always necessarily correlate with infectious caus-
es, as peripheral ulcer keratitis and terrien marginal degeneration 
were sometimes diagnosed at initial presentation and coded as ‘ker-
atitis’. This limitation mistakenly includes more cases of keratitis 
in our study that were not infectious and thus did not necessitate 
culturing, making the percentage of keratitis cases cultured falsely 
lowered. On the other hand, this study was completely conducted 
at a tertiary center, which could make findings less generalizable 
to other populations. Many infections were referred to our center 
for treatment, thus possibly falsely elevating the amount of cases 
recorded. As mentioned earlier, our lab did not test for moxifloxa-
cin, a commonly used fluoroquinolone for empirical treatment, so 
susceptibility and resistance patterns can only be estimated from 
similar fluoroquinolones. Another limitation could include the 
possibility of culture contamination by normal flora thus creating 
positive cultures like CNS and Staphylococcus epidermidis. These 
bacteria live on ocular surfaces like eyelashes and not commonly 
known to cause pathogenic keratitis. Along with corneal sampling, 
there is a possibility that not enough of the microorganism was 
taken for adequate growth at the time of diagnosis. Another lim-
itation of lab testing with antibiotic susceptibility and resistance in 
vitro is that there is not always a complete correlation of corneal 
microorganisms treated with prescribed antibiotics.

All together, our data concludes that CNS, Pseudomonas aerugi-
nosa, and Staphylococcus aureus were the most common microbes 
causing infectious keratitis. Pseudomonas aeruginosa is the most 
commonly identified organism in contact lens wears. The empir-

ical treatment of vancomycin and tobramycin used at our institu-
tion remains an excellent treatment for these microbes based off 
susceptibility and resistance patterns. After accounting for patients 
lost to follow up, most patients’ visual outcomes improved the 
most at 1 month then at 3 months after treatment.
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