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Background: In developing countries, ocular infections are a significant public health concern, particularly bacterial infections, which
are common. This research aimed to estimate how often Gram-positive and negative bacteria are present in individuals who have
external ocular infections in Wasit province. Materials and Methods: One hundred twenty-one eye swabs were gathered from patients
with various eye infections in the consulting clinics of AL-Zahra Hospital between October 1, 2021, and March 1, 2022. Various
bacterial colonies with different morphological and biochemical characteristics were detected through growth testing. Results: Of all
the external ocular samples collected, 56 (46.2%) had a positive culture for bacterial pathogens. Most of the isolated bacteria were
Gram-positive, accounting for 73.2% (41 cases) of the total. Coagulase-negative Staphylococci (CoNS) were the most commonly
identified Gram-positive bacteria, followed by Staphylococcus epidermidis, Staphylococcus hominis, Staphylococcus haemolyticus,
Staphylococcus aureus, Staphylococcus lentus, Staphylococcus hominis spp. Novobiosepticus, Staphylococcus pseudintermedius,
Staphylococcus lugdunesis, Staphylococcus gallinarum, Staphylococcus vitulinus, Staphylococcus cohnii, Streptococcus pneumoniae,
Kocuria rosea, Micrococcus luteus, Leuconostoc mesenteroides, and, among which, Gram-negative bacteria accounted for 26.8% such as
Klebsiella pneumonia, Proteus mirabilis, Enterobacter aerogenes, Pantoea spp., Yersinia enterocolitica, Citrobacter sedlakii, Pseudomonas
aeruginosa, Pseudomonas oryzihabitans, and Sphingomonas paucimobilis. DNA extraction and their purity and concentration were
confirmed using Nanodrop. A monoplex pattern of polymerase chain reaction (PCR) was employed to detect Gram-positive specific
16S rRNA. Conclusion: A majority of the bacterial strains identified in patients with ocular infections, particularly Gram-positive
bacteria, also concluded that the largest percentage of eye infections was for patients who lived in rural areas, this explains the reason
for the isolation of some bacterial species that inhabit animals such as S. lentus, S. gallinarum, S. pseudintermedius, S. vitulinus,
S. cohnii, and L. mesenteroides. In addition, most of the bacterial species found in patients with eye infections were resistant to
multiple drugs, indicating the development of multidrug-resistant bacteria in the study population, also concluded that the most
prevalent forms of external ocular infections were blepharitis, followed by conjunctiva.
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INTRODUCTION a patient’s vision.’! Bacteria can lead to a diverse range
of eye diseases, including conjunctivitis, orbital cellulitis,
keratitis, endophthalmitis, blepharitis, and dacryocystitis,
among others.*3 Generally, bacterial infections affecting

Ocular infections are a principal cause of blindness and
visual loss globally. Similarly, if treatment for an eye
infection or inflammation is delayed, blindness might
result.! The World Health Organization reports that
approximately 285 million individuals worldwide have
visual impairments. Ninety percent of them are from
nations with low median incomes.”’ There is a wide
range of morbidity associated with infections of the
external ocular region, ranging from minor infections Submission: 15-May-2023 ~ Accepted: 06-Jul-2023  Published: 27-Sep-2023
that clear up on their own to infections that jeopardize
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the surface of the eye are the most common type of eye
infection.[®

Most cases of bacterial ophthalmic infections are
typically treated by broad-spectrum antibiotics as a first-
line approach, which often results in the development of
antibiotic resistance. In addition, the widespread misuse
of broad-spectrum antibiotics, for instance, to treat viral
or bacterial infections or as a prophylactic measure, has
contributed to the development of antibiotic resistance
issues, which is a global issue.” The establishment of
bacterial resistance to several antimicrobial drugs might
raise the chance of medical failure. Multidrug resistance
is becoming a severe problem that is becoming more
widespread.®® This project was presented to detect the
incidence of common Gram-positive and negative
bacteria from cases with an external eye infection in
Al-Kut city, Wasit province, Iraq, and to evaluate the in
vitro drug susceptibility patterns of these isolates and then
molecular analyses.

MarteriaL AND METHODS

One hundred twenty-one cases of eye infections were
collected for a cross-sectional study from patients who

were admitted to the Al-Zahra teaching hospital in the
Waist province between October 1, 2021, and March
1, 2022. These patients were of both sexes, male and
female. Collecting sampling swabs, sterile cotton-tipped
swabs presaturated with hygienic physiological saline
were aseptically used. These swabs were then placed in
an Amies transport medium and transported to a clinical
bacteriology laboratory. Identification of bacterial isolates
was completed via biochemical and morphological tests,
as well as Vitek2The Kirby-Bauer method for assessing
antibiotic susceptibility was used on Muller Hinton agar,”
and the results were interpreted following the standards.!"”

Using Nanodrop (Thermo Scientific, USA), the purity
and concentration of the DNA that was isolated from
33 Gram-positive bacteria were verified. The samples’
nucleic acid concentrations ranged from 50 to 360 mg/L,
and their purity ranged from 1.8 to 2. Then, primers were
created following the instructions provided by studies
by 12 [Table 1].

Programmable thermal controller
The 1.5%-2% agarose gel wells were filled with the
polymerase chain reaction (PCR) product and the DNA

Table 1: Primers’ sequence of 16SrRNA genes

No. Bacteria Sequences (57-3") Product size (bp) References
1. Staphylococcus cohnii F: CCGTGGAGGGTCATTGGAAA 550 This study
R: TTGTCACCGGCAGTCAACTT

2. Staphylococcus epidermidis F: GGAGGCAGCAGTAGGGAATC 839
R: ACCTTCCTCCGGTTTGTCAC

3. Staphylococcus haemolyticus F: TAACTTCGGGAAACCGGAGC 501
R: TTTCCAATGACCCTCCACGG

4. Staphylococcus lugdunensis F: GGAAGCAACAACGCAGAACA 533
R: CATCTGGGGCTTGGAAACGA

S. Staphylococcus hominis F: CTGGAACTGAGACACGGTCC 327
R: TTTCCAATGACCCTCCACGG

6. Streptococcus pneumoniae F: CCACACTGGGACTGAGACAC 539
R: CCCCGGAAAGGGTCTAACAC

7. Staphylococcus aureus F: GTGCCAGCAGCCGCGGTAA 886 13l
R: AGACCCGGGAACGTATTCAC

1. Enterobacter aerogence F: CTGGAACTGAGACACGGTCC 300 This study
R: CGGGGATTTCACATCCGACT

2. Klebsiella pneumoniae F: TGCCTGATGGAGGGGGATAA 382
R: TGCCTGATGGAGGGGGATAA

3. Pseudomonas aeruginosa F: TCAACCTGGGAACTGCATCC 816
R: CTTCTGGAGCAACCCACTCC

4. Sphingomonas paucimobilis F: CCACACTGGGACTGAGACAC 301
R: AGGCAGTTCTGGAGTTGAGC

5. Proteus mirabilis F: CTGCCCGATAGAGGGGGATA 383 {4
R: GGAGTTAGCCGGTGCTTCTT

6. Yersinia enterocolitica F: GATGACCAGCCACACTGGAA 322 This study
R: GTTAAGCGCGGGGATTTCAC

7. Pantoea spp. F: CCTGGACAAAGACTGACGCT 523 113

R: CGCTTCTCTTTGTATGCGCC
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Figure 1: Gram-positive isolates bacteria from external ocular infection of the studied patients

ladder, and the gel electrophoresis was carried out at either
70 or 100 V. The gel was subsequently documented.

Statistical analysis

To conduct the statistical analyses, version 9.1 of
the Statistical Analysis System was utilized. Also,
the “Chi-square test” was carried out to analyze the
differences in percentages. A P value of less than 0.05 is
considered to be an acceptable significance threshold in
statistics.['®!

ResuLts

The current study included a total of 121 patients with
external eye infections, and 56 of these patients (46.2%)
had a positive culture. The majority of participants (23
[56.1%)]) were males, from rural areas (60.9%), and 78.1%
were earners. Among the various types of external ocular
infection observed, blepharitis was the most prevalent
(41.4%), followed by conjunctivitis (24.3%).

Results of Gram-negative showed that 15 (26.8%)
isolates of the total belonged to Gram-negative bacteria
(Klebsiella pneumoniae, Proteus mirabilis, Enterobacter
aerogenes, Pantoea spp., Yersinia, Citrobacter freundii,
Pseudomonas aeruginosa, Pseudomonas oryzihabitans,
and Sphingomonas paucimobilis). Isolate was first
determined by morphological and biochemical tests and
Vitek2. The males and females were nearly equal. Most
of the patients (60%) came from remote regions, and
the majority (93.3%) were working. The most prevalent
external ocular infection was blepharitis 10 cases (66.6%)

and conjunctivitis 2 cases (13.3%), whereas the viral
infection was 3 cases (20%).

It was found that 41 isolates (73.2%) belonged to Gram-
positive bacteria [Figure 1]. All isolates were tested for
resistance against antibiotics from different classes,
and the results showed that all Staphylococcus aureus
isolates were (100%) resistant to amoxicillin-clavulanic
acid, ampicillin, penicillin, cefoxitin, and erythromycin,
and resistant to chloramphenicol (66.7%). However, all
isolates were sensitive (100%) to ciprofloxacin, amikacin,
trimethoprim-sulphamethoxazole, and gentamicin.

Isolates of Staphylococcus epidermidis were resistant
(100%) to penicillin followed by 92.9% to ampicillin
then 50% to amoxicillin-clavulanic acid, whereas
sensitive (100%) to amikacin followed by 92.9% to
clindamycin, 78.6% and 71.4% to chloramphenicol and
ciprofloxacin, respectively, and 57.1% for both cefoxitin
and trimethoprim-sulphamethoxazole. S. epidermidis
showed a high degree of resistance to penicillin (97%),
cotrimoxazole (47%), gentamicin (26.5%), and a low
degree of resistance toward ciprofloxacin (58.8%).

Staphylococcus hominis spp., Hominis, most of these
isolates were resistant (87.5%) to penicillin and
erythromycin followed by 62.5% to ampicillin, 50% to
amoxicillin-clavulanic, cefoxitin, and trimethoprim-
sulphamethoxazole, whereas all of these isolates were
sensitive (100%) to amikacin followed by 87.5% to
tetracycline and gentamicin, 75.0% to clindamycin, and
62.5% to ciprofloxacin. All isolates of Staphylococcus
haemolyticus were resistant (100%) to ampicillin followed
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Figure 2: Using traditional PCR, samples were run by gel electrophoresis, ethidium bromide dye staining, UV transilluminator visualization, and
agarose 1.8%, 100 V/cm for 35 min. DNA ladder, lane, 2000 bp was used as the reference marker (M), in lanes 1 through 12: (A) Staphylococcus
haemolyticus, Staphylococcus cohnii, and Streptococcus pneumoniae 16S rRNA gene,16S rRNA 539 bp, 550 bp, and 501 bp. (B) The 16S rRNA
gene from Staphylococcus lugdunesis and Staphylococcus aureus. 16S rRNA 886 bp and 16S rRNA 533 bp. (C) Staphylococcus epidermidis 836 bp
of 16S rRNA. (D) Staphylococcus hominis 16S rRNA gene, 327 bp of 16S rRNA. (E) Klebsiella pneumoniae, Enterobacter aerogenes, and Pantoea:
16S rRNA genes with sizes 382 bp, 300 bp, and 523 bp were observed. (F) Sphingomonas paucimobilis, Proteus mirabilis, and Yersinia pestis: 16S
rRNA gene with sizes of 301 bp, 383 bp, and 322 bp. (G) Pseudomonas aeruginosa:16S rRNA, 817 bp. PCR = polymerase chain reaction.

by 75.0% to all of the following antibiotics (cefoxitin,
ciprofloxacin, trimethoprim-sulphamethoxazole, and
gentamicin). However, their sensitivity was relatively
lower (50%) to amoxicillin-clavulanic acid and
tetracycline.

Staphylococcus pseudintermedius isolate was resistant
(100%) to cefoxitin and penicillin, whereas sensitive to
all of the following antibiotics: ampicillin, clindamycin,
amoxicillin-clavulanic acid, erythromycin, ciprofloxacin,
chloramphenicol, amikacin, tetracycline, trimethoprim-
sulphamethoxazole, and gentamicin.

Results of antibiotic susceptibility of Gram-negative
bacteria are as follows: E. aerogenes were resistant (100%)
to ceftriaxone, ampicillin, clindamycin, penicillin, and

erythromycin, whereas sensitive (100%) to tobramycin,
amoxicillin-clavulanic acid, cefoxitin, ciprofloxacin,
chloramphenicol, tetracycline, amikacin, trimethoprim-
sulphamethoxazole, and gentamycin.

The resistance to ceftriaxone was 100% across all
K. pneumoniae isolates, clindamycin, penicillin, and
erythromycin, respectively, followed by 75% to ampicillin,
whereas sensitive (100%) to tobramycin, amoxicillin-
clavulanic acid, cefoxitin, ciprofloxacin, chloramphenicol,
tetracycline, amikacin, and gentamycin, respectively.

Yersinia isolate was resistant (100%) to ampicillin,
clindamycin, cefoxitin, and penicillin, whereas sensitive
(100%) to ceftazidime, ceftriaxone, tobramycin,
amoxicillin-clavulanic acid, erythromycin, ciprofloxacin,

-Medical Journal of Babylon | Volume 20 | Issue 3 | July-September 2023 m
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Figure 3: Thermal cycling program for 16S rRNA genes of: (A) Staphylococcus homins, (B) Staphylococcus lugdunesis, Streptococcus pneumoniae,
and Staphylococcus epidermidis, (C) Staphylococcus cohnii, (D) Staphylococcus haemolyticus, and (E) Staphylococcus aureus

chloramphenicol, amikacin, tetracycline, trimethoprim-
sulphamethoxazole, and gentamicin.

Both Pantoea isolates resisted (100%) penicillin and
erythromycin, whereas sensitive (100%) to ceftazidime,
ceftriaxone, ampicillin, tobramycin, cefoxitin, amoxicillin-
clavulanic acid, amikacin, chloramphenicol, gentamicin,
and tetracycline, respectively.

P, oryzihabitans isolate was resistant (100%) to clindamycin,
amoxicillin-clavulanic acid, penicillin, trimethoprim-
sulphamethoxazole, and intermediate (100%) to ceftriaxone
and ampicillin, whereas sensitive (100%) to ceftazidime,
tobramycin, cefoxitin, erythromycin, ciprofloxacin,
chloramphenicol, amikacin, tetracycline, and gentamicin.

P. aeruginosa isolate was resistant (100%) to ceftriaxone,
ampicillin, clindamycin, amoxicillin-clavulanic acid,
cefoxitin, penicillin,and trimethoprim-sulphamethoxazole,
respectively, and intermediate (100%) to erythromycin
and tetracycline, whereas sensitive (100%) to ceftazidime,
tobramycin, ciprofloxacin, chloramphenicol, amikacin,
and gentamycin.

Sphangomonas paucimbilis isolate was resistant (100%)
to amoxicillin-clavulanic acid, and intermediate (100%)
to clindamycin, erythromycin, ciprofloxacin, and
tetracycline, whereas sensitive (100%) to ceftazidime,
ceftriaxone, tobramycin, ampicillin, cefoxitin,
penicillin, chloramphenicol, amikacin, trimethoprim-
sulphamethoxazole, and gentamicin, respectively.

C. freundii isolate was resistant (100%0) to ceftriaxone, ampicillin,
clindamycin, amoxicillin-clavulanic acid, penicillin, and

erythromycin, and intermediate (100%) to cefoxitin, whereas
sensitive (100%) to ceftazidime, tobramycin, ciprofloxacin,
chloramphenicol, amikacin, tetracycline, trimethoprim-
sulphamethoxazole, and gentamicin, respectively.

P. mirabilis isolates were resistant (100%) to ampicillin,
clindamycin, penicillin, erythromycin, chloramphenicol,
and trimethoprim-sulphamethoxazole, whereas sensitive
(100%) to tobramycin and amoxicillin-clavulanic acid.

Molecular analysis

This study has revealed that S. haemolyticus, a species
of Coagulase-negative Staphylococci (CoNS), is a
significant cause of infected corneal ulcers, despite it
being a part of the normal flora and found everywhere.
The advancements in identification and diagnosis have
helped identify CoNS as a major cause of such ulcers. The
study has found four (100%) cases of S. haemolyticus, one
(100%) case of Staphylococcus cohnii, and one (100%) case
of Streptococcus pneumoniae through diagnostic tests for
16S rRNA bacteria. Figure 2 shows the PCR results after
they were separated using agarose gel electrophoresis.

The study found that all three samples of bacteria identified
as S. aureus tested positive for the /6S rRNA diagnostic
test. In addition, one sample of bacteria identified as
Staphylococcus lugdunensis also tested positive for the
same test.

Based on the 16S rRNA diagnostic test used in this
investigation [Figure 3], all 14 samples tested positive
for the presence of S. epidermidis. This information
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was visualized in Figure 2 (C) using an agarose gel
electrophoresis technique.

According to the results of this study, all eight of the
bacterial samples tested were identified as S. hominis
through the use of a 16S rRNA diagnostic test. Figure 2
(D) displays the visualization of PCR products through
an agarose gel.

In the case of Gram-negative, the study’s findings revealed
that the 16S rRNA bacterial diagnostic test successfully
identified all four K pneumoniae strains (100%), both
E. aerogenes strains (100%), and both Pantoea strains
(100%). Figure 2 (E) shows the outcomes from the
visualization of the PCR products on an agarose gel.

Based on the study findings, the diagnostic test for 16S
rRNA bacteria indicated that S. paucimobilis (one
strain), P mirabilis (two strains), and Yersinia pestis (one
strain) showed 100% detection accuracy. The results were
illustrated in Figure 2 (F) by showing the agarose gel of
PCR products.

The study found that the diagnostic test for detecting
P aeruginosa using 16S rRNA was 100% accurate in
identifying one instance of this bacteria. The results were
illustrated in Figure 2 (G) by showing the agarose gel of
the PCR products.

Discussion

Hameed!'” reported the highest rate of cases being
conjunctivitis,  blepharoconjunctivitis  followed by
blepharitis, dacryocystitis, and other external eye
infections. Also, the findings of the study by Zimam
et al."® showed the highest rate was also for conjunctivitis
followed by blepharitis and dacryocystitis.

The presence of different bacterial species causing external
ocular infections suggests that variations in environmental
conditions, personal hygiene practices, age, and the site
of infection may be contributing factors. The findings of
this study are consistent with a previous study conducted
by Hameed,"” which also reported a high resistance rate
of S. aureus to cephalexin and penicillin, at 92.5% and
91.6%, respectively. Similarly, the same study reported
a high sensitivity rate of these bacteria to ciprofloxacin
at 7.4%. This study’s findings were in line with those of
studies by Raheemal'” and Raheema and Abed.? Isolates
of S. epidermidis were resistant (100%) to penicillin
followed by 92.9% to ampicillin then 50% to amoxicillin-
clavulanic acid; these outcomes are in line with the results
of a study by Pate et al.,*") where 100% of resistance was
observed for cefoxitin, and ciprofloxacin and gentamicin
were determined to be the two antibiotics that were most
efficient against S. pseudintermedius. Also, findings were
consistent with those of the study by Raheema et al.,*

which also reported that S. pseudintermedius isolates
were sensitive to ampicillin, ciprofloxacin, gentamicin,
erythromycin, tetracycline, and amikacin.

Methicillin-susceptible S. aureus (MSSA) acquired in the
hospital setting causes keratitis less frequently but leads to
a higher incidence of conjunctivitis compared with MSSA,
whichisacquired in the community.?¥ Intraocular infection
caused by Staphylococcus lugdunensis is not common
but can cause severe vision impairment. This kind of
infection has been linked to trauma, intravitreal injections
of antivascular endothelial growth factor medications,
dexamethasone implants, and cataract surgery. Therefore,
S. lugdunensis would be considered an infrequent but
grave cause of postoperative endophthalmitis, principally
in diabetic people.?*?4

However, K. Pneumoniae was resistant to ampicillin,
amoxicillin, and tetracycline, which is in agreement with
Jassim et al.s? findings.

Both Pantoea isolates resistance results were similar to the
result of the studies by Gajdacs? and Muslem et al.,?”
in which all of the isolates were amikacin-susceptible.
In addition, the majority were responsive to gentamicin,
ceftriaxone, and chloramphenicol.

P, aeruginosa isolate was resistant to different antibiotics
and sensitive to ceftazidime, tobramycin, ciprofloxacin,
chloramphenicol, amikacin, and gentamycin; this result
disagreed with the study by Abdul-Husseein er al.P®
The study’s findings of P mirabilis isolates revealed high
resistance to ampicillin. A comparable finding was verified
by studies done by Aljeeliz et al.,”” Raheema et al., B% and
Albadri.B!

This study’s results agree with other studies by Acharya
et al.,’? which also noted the prevalence of S. paucimobilis
as a pathogen that may trigger ophthalmic infections such
as endophthalmitis, panophthalmitis, and keratitis after
surgery for cataracts. P mirabilis has been identified in
bacterial conjunctivitis less frequently, and this finding was
consistent with another study.®?¥ The study found that the
diagnostic test for detecting pathogenic bacteria using 16S
rRNA was 100% accurate in identifying bacteria. Our result
is consistent with recent studies,?**! and the effectiveness
of personal cleanliness may be responsible for the study’s
low incidence of Gram-negative colonic bacteria. This is
due to fecal-oral contamination of the eyes being the main
method of transmission for enteric infections. Educating
patients in general, and especially patients living outside of
the city and animal breeders, on the importance of seeking
urgent treatment from an ophthalmologist if a symptom
indicates an eye infection, and not using any ointment or
antibiotic without first consulting an ophthalmologist.
A similar finding was reported by Ibrahim er al.’3¥
Mohammed et al.,? and Al-khafaji et al.*® on the use of
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antibiotics that they should be kept under the supervision
and advice of doctors and should be given in appropriate
doses for an appropriate period.”

CoNcLUSIONS

The largest percentage of eye infections was for patients
who lived in rural areas, this explains the reason for the
isolation of some bacterial species that inhabit animals
such as Staphylococcus lentus, Staphylococcus gallinarum,
S. pseudintermedius, Staphylococcus vitulinus, S. cohnii,
and Leuconostoc mesenteroides. Blepharitis was the
most typical kind of external eye infection, followed
by conjunctivitis. CoNS were found to be the primary
bacterium in eye infections. Gram-positive bacteria were
the most frequent causal agents of ocular infections,
and amikacin is the preferred medication for Gram-
positive bacteria. In addition, tobramycin is the preferable
treatment option for Gram-negative bacterial infections
in individuals with ocular infections, and Gram-negative
bacteria were the less frequent causal agents of ocular
infections.
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