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ABSTRACT 

Two hundred and twenty seven samples were collected from infected eyes producing 14(54%) from 26 the contact lens, 

67(44%) from 152 conjunctivitis and 19(39%) from 49 keratitis. Bacteria in males (61.62%) was higher than females 

(38.37%) in conjunctivitis and keratitis, while, they isolated as 100% from conjunctivitis and keratitis together in females 

only. 16S rDNA sequencing of the 100 isolates showed 14 different bacterial species identified as Staphylococcus aureus 

(33%) and Staphylococcus epidermidis (28%) of most species followed by Pseudomonas aeruginosa and Enterococcus 

faecalis (7% for both), Bacillus subtilis (6%), Enterobacter hormaechei (4%). Streptococcus pyogenes, Staphylococcus 

hominis and Proteus mirabilis (3% for each). Staphylococcus lugdunensis (2%). Bacillus amyloliquefaciens, Staphylococcus 

haemolyticus, Enterobacter cloacae and Bacillus pumilus (1% for each). Nevertheless, 6 new global strains were isolated 

from contact lens cases (42.85%) comparing with 18 of non-contact lens cases (20.93%). OatA was detected in 22(91.6%) 

of S. aureus only using a new designed primer producing 2 novel OatA alleles from 15 different alleles groups. Generally, 

Moxifloxacin (96%), Gatifloxacin (95%) and Ofloxacin (95%) were the most effective antibiotics against all 100 isolated 

species. RAPD test for S. aureus strains showed only two strains from two different patients were identical, while all other 

S. aureus isolates were of different strains. 
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Introduction 
 

Conjunctivitis (pink eye) is the infection of conjunctiva and the most common causes are viruses, bacteria and 

allergic (Leibowitz, 2000). Bacterial conjunctivitis may be caused by Staphylococcus aureus, Streptococcus 

pneumoniae, Haemophilus influenzae, Moraxella catarrhalis, Chlamydia trachomatis and Neisseria gonorrhoeae 

(Azari and Barney, 2013). 

 

Keratitis refers to infection of cornea by entering microorganisms the eye after deep injury causing infection, 

inflammation and ulceration of the cornea. Pseudomonas aeruginosa, Staphylococcus aureus, Streptococcus 

pneumoniae, Serratia, Corynebacterium and Haemophilus influenza are the most common bacteria in keratitis 

(Schaefer et al., 2001). 

 

Some bacterial pathogens acquired resistance to avoid killing by lysozyme, these bacteria are able to modify their 

peptidoglycan backbone preventing cell lysis and allow the bacteria to survive in the host mucosal surfaces (Boneca 

et al., 2007). Peptidoglycan fragments of lysis cells can aid to cause an immune response when recognized by host 

receptors and that will help in clearing infection of the host (Davis and Weiser, 2011). Peptidoglycan modification 

can limit its release to play a major role in reducing the immune reaction of the host (Viala et al., 2004). OatA is the 

enzyme that modifying peptidoglycan by catalyst the O‐acetylation of the N-acetylmuramic acid of peptidoglycan 

(Bera et al., 2005). The alleles are nucleotides variation in specific genes giving at the same time a relatedness 

between the alleles and the sources of isolates (Chmagh and Abd Al-Abbas, 2019).  

 

Topical antibiotics were used for treating bacterial to accelerate the eradication of bacteria and resolve the symptoms 

of bacterial conjunctivitis. Bacterial keratitis is an ophthalmic emergency because it can progress rapidly and may 

cause corneal blindness or visual impairment, therefore, it requires immediate treatment with topical or systemic 

antibiotics to prevent progression (Whitcher et al., 2001). However, bacterial resistance to antibiotics increasing over 

the past several decades by changing themselves in some ways to become resistant to antibiotics. Antibiotic 

resistance evolves naturally via natural selection by random mutation (Fair and Tor, 2014).  
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It is very important to differentiate between various strains of bacterial species in certain cases, this is especially 

helpful when only some bacterial strains cause illness or resist to specific antibiotic, it is also helpful to identify 

strain differences and minor the spread of certain species of the bacteria and determine the best antibiotic to eradicate 

the new strains (Abd Al Wahid and Abd Al-Abbas, 2019) 

 

According to the high infections among people especially with frequent using of contact lens, the present study 

designed to investigate the role of lysozyme protection, the distribution of bacterial strains and OatA alleles among 

those patients. 

 

Materials and Methods  
 

Samples Collection  

 

Two hundred and twenty seven samples were collected from the eyes of patients with ages ranging between 1 and 80 

years (135 males and 92 females) attended to out ophthalmology clinic in Al Basra General Hospital of Basra 

province between 8/4/2017 to 16/3/2018. The patients were suffering conjunctivitis, keratitis, contact lens wearing 

conjunctivitis and keratitis. Samples were collected by swabs in the cases of conjunctivitis and scraping by corneal 

scarper in the cases of keratitis, samples were transferred to tubes containing Brain heart infusion broth as a transport 

medium and cultured by streaking on Brain heart infusion agar, Chocolate agar and Blood agar plates. Plates were 

incubated at 37
o
C for 24-48 hrs. 

  

 16SrDNA Amplification 

 

The DNA of 100 isolates were extracted according to the procedure of Presto™ Mini g DNA bacteria kit (Geneaid, 

Taiwan). 16 S rDNA gene were amplified using universal primers 27F (5-AGAGTTTGATCCTGGCTCAG-3) and 

1492 (5-GGTTACCTTGTTACGACTT-3), the product size is about 1500bp (Wise et al., 1997). 50μl PCR reagent 

mixture contains 25 μl of Go Taq Green master mix (Bioneer, Korea), 2 μl of DNA template, 2 μl from each primers 

and 19 μl of Nuclease Free water (Bioneer, Korea). The Verity thermo cycler (Applied Biosystem, USA) was used 

with conditions for amplifying one cycle at 95°C for 5min. followed by 35 cycles at 95 °C for 30 sec., 55° C for 30 

sec and 72°C for 1min, the final extension at 72°C for 5 min. the bands of 1500 bp were detected on by agarose gel 

electrophoresis and photographed under UV transilluminator (Wisd, Korea). 

 

 16S rDNA Sequencing  

 

Twenty μl of 16S rDNA gene were sent to Macrogen company for sequencing. After proofreading the bacterial 

species were identified by BLAST “https://blast.ncbi.nlm.nih.gov/Blast.cgi?PAGE_TYPE=BlastSearch” (Kerbauy et 

al., 2011). 

 

Phylogenetic Tree  

 

Fourteen 16S rDNA sequences of different bacterial species detected in the present study were aligned with 16S 

rDNA sequences of their reference strains using “CLUSTAL Omega” https://www.ebi.ac.uk/Tools/msa/clustalo/ 

(Becker et al., 2004). The phylogenetic tree was constructed by using MAFFT (Multiple Alignment using Fast 

Fourier Transform). 

 

Designing New Primers for OatA Gene 

 

The new primers for detecting OatA gene were designed in the present study by using primer3: 

http://bioinfo.ut.ee/primer3-0.4.0 as shown in figure (1). (Rozen and Skaletsky, 2000). The new primer was applied 

with OatA gene sequences from 100 random isolates of S. aureus in GenBank using primer3 program to determine 

the ability of the primer to align with the OatA gene sequence. OatA primers were 

 Forward: 5-GGGCATTCGCAGTTATAGGA-3 and Reverse: 5-GCATGTGTTTCCATCGTTTTT-3. 50μl PCR 

reagent mixture contains 25 μl of Go Taq Green master mix (Bioneer, Korea), 2 μl of DNA template, 2 μl from each 

primers (Macrogen, Korea) and 19 μl of Nuclease Free water (Bioneer, Korea). The Verity thermo cycler (Applied 

https://blast.ncbi.nlm.nih.gov/Blast.cgi?PAGE_TYPE=BlastSearch
https://www.ebi.ac.uk/Tools/msa/clustalo/
http://bioinfo.ut.ee/primer3-0.4.0
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Biosystem, USA) was used with conditions for amplifying one cycle at 95°C for 5 min. followed by 40 cycles at 95 

°C for 30 sec. 56° C for 30 sec and 72°C for 1 min. Final extension at 72°C for 5 min. The bands of 1800 bp were 

detected on by agarose gel electrophoresis and photographed under UV transilluminator (Wisd, Korea). 20 μl of 

OatA gene were sent to Macrogen company for sequencing, after proofreading the alleles were identified 

by BLAST “https://blast.ncbi.nlm.nih.gov/Blast.cgi?PAGE_TYPE=BlastSearch” (Kerbauy et al., 2011). 

 

 
 

 

Figure 1. Primer3 output of the new designed primers of OatA, showing the sequence of the 

primers (forward and reverse) and the size of the amplified gene 

https://blast.ncbi.nlm.nih.gov/Blast.cgi?PAGE_TYPE=BlastSearch
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Antibiotic Susceptibility  

 

Antibiotic susceptibility test of 11 antibiotics (Azithromycin 15 µg, Chloramphenicol 10 µg, Ciprofloxacin 5 µg, 

Gatifloxacin 5 µg, Gentamycin 10 µg, Levofloxacin 5 µg, Moxifloxacin 5 µg, Ofloxacin 10 µg, Tetracycline 30 µg, 

Tobramycin 10 µg and Vancomycin 30 µg) from “Mast group, UK company” were performed for 100 bacterial 

species using disc diffusion method on Muller Hinton agar according to clinical and laboratory standard institute 

guideline (CLSI, 2017). 

 

Random Amplified Polymorphic DNA (RAPD) 

 

Eight isolates of S. aureus having the same results of the antibiotic susceptibility tests were subjected to RAPD test 

with three primers, OLP6(5′-GAGGGAAGAG-3′), OLP11(5′-ACGATGAGCC-3′) and OLP13(5′-ACCGCCTGCT-

3′) to determine the identical strains according to procedure of Zare et al. (2019).  

 

25μl PCR reagent mixture contains 12 μl of Go Taq Green master mix (Bioneer, Korea), 3 μl of DNA template, 1 μl 

from each primers (Macrogen, Korea) and 7 μl of Nuclease Free water (Bioneer, Korea). The Verity thermo cycler 

(Applied Biosystem, USA) was used with conditions for amplifying one cycle at 94°C for 5min. followed by 40 

cycles at 93 °C for 1min. 37° C for 90 sec. and 72°C for 1 min. Final extension at 72°C for 7 min. The bands were 

detected on by agarose gel electrophoresis and photographed under UV transilluminator (Wisd, Korea). The 

dendrogram was constructed by Unweighted pair group method with Arithmetic mean (UPGMA) “www. 

http://genomes.urv.cat/UPGMA/” by calculating the distance between RAPD bands of 8 isolates according to DNA 

ladder (Garcia-Vallvé and Puigbo, 2009). 

 

Results 
 

Distribution of Bacterial Isolates among Cases 

 

 One hundred (44%) bacterial isolates were obtained from 227 samples of patients with eye infections including 152 

Conjunctivitis, 49 Keratitis and 26 Contact lens infections. Contact lens infections had the higher isolation 14(54%) 

followed by conjunctivitis 67(44%) and keratitis 19(39%) with no significant differences (Table 1).  
  

Table 1. Distribution of eye infection between males and females 

 
Cases Number of patients Isolation Males Females 

1 Conjunctivitis 152 67(44.07%) 43(64.17%) 24(35.82%) 

2 Keratitis 49 19 (38.77%) 10(52.63%) 9(47.36%) 

 Total (Conjunctivitis and Keratitis) 201 86 (42.78%) 
*
53(61.62%) 33(38.37%) 

3 

Contact lens infections 

(Conjunctivitis and Keratitis) 
26 14(53.84%) -(0%) 

**
14(100%) 

 

Total 227 100(44.05%) 53(53%) 47(47%) 

*= p ≤ 0.05, **= p ≤ 0.01 

 

In conjunctivitis and keratitis cases, the isolation in males (61.62%) was higher than females (38.37%) with 

significant difference at p ≤ 0.05, while in the cases of contact lens conjunctivitis and keratitis was only in females 

(100%).  

 

Frequency of Bacterial Species in the Eye Infection Cases  

 

16S rDNA gene of 100 isolates were sequenced successfully and the bacterial species were identified as 

Staphylococcus aureus (n=33/ 33%), Staphylococcus epidermidis (n=28/ 28%), Pseudomonas aeruginosa and 

Enterococcus faecalis (n=7/ 7% for both), Bacillus subtilis (n=6 / 6%), Enterobacter hormaechei (n=4 / 4%), 

Streptococcus pyogenes, Staphylococcus hominis and Proteus mirabilis (n=3 / 3% for each), Staphylococcus 

lugdunensis (n=2 / 2%), Bacillus amyloliquefaciens, Staphylococcus haemolyticus, Enterobacter cloacae and 

Bacillus pumilus (n= 1 / 1% for each). Each isolate sequence was aligned with its type strain (ATCC) in NCBI 

(Figure 2 and Table 2). The similarity of identifications with type strains were ≥ 99%.  

http://genomes.urv.cat/UPGMA/
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S. aureus (33%) and S. epidermidis (28%) were the most species isolated from eye infections with high significant 

difference (P≤0.01) against other species. B. subtilis 6(100%), E. hormaechei 4(100%), S. lugdunensis 2(100%), B. 

amyloliquefaciens 1(100%) and S. haemolyticus 1(100) were found only in conjunctivitis with high significant 

differences (P≤0.01), while E. cloacae 1(100%) and B. pumilus 1(100%) were found only in keratitis with high 

significant differences (P≤0.01). But, in the cases of contact lens infections, the highest frequency was in P. 

aeruginosa 6(85.71%) with high significant difference at P≤0.01. Totally, the highest species frequented was in 

conjunctivitis cases 67(67%) with high significant difference (P≤0.01) than keratitis 19(19%) and contact lens 

infections 14(14%).  

 

 

Figure 2. Rooted Neighbor Joining phylogenetic tree constructed from concatenated sequences of 899 bp produced 

by a MAFFT alignment and visualized using forester version1046. This Neighbor Joining tree showing the 

distribution and Phylogenetic relationships of 14 different bacterial species isolated from human eye infection with 

their reference strains (ATCC). All horizontal branch lengths were drawn to scale. Bootstrap values after 1000 

repetitions are indicated 
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Table 2. Frequency of bacterial species in the eye infection cases 
No. Bacterial species n conjunctivitis keratitis contact lens infection  
1 Staphylococcus aureus *33 20(60.6%) 9(27.27%) 4(12.12%) 
2 Staphylococcus epidermidis *28 21(75%) 4(14.28%) 3(10.71%) 
3 Pseudomonas aeruginosa 7 0% 1(14.28%) *6(85.71%) 
4 Enterococcus faecalis 7 *6(85.71%) 1(14.28%) 0% 
5 Bacillus subtilis 6 *6(100%) 0% 0% 
6 Enterobacter hormaechei 4 *4(100%) 0% 0% 
7 Streptococcus pyogenes 3 2(66.66%) 1(33.33%) 0% 
8 Staphylococcus hominis 3 2(66.66%) 0% 1(33.33%) 
9 Proteus mirabilis 3 2(66.66%) 1(33.33%) 0% 
10 Staphylococcus lugdunensis 2 *2(100%) 0% 0% 
11 Bacillus amyloliquefaciens 1 *1(100%) 0% 0% 
12 Staphylococcus haemolyticus 1 *1(100%) 0% 0% 
13 Enterobacter cloacae 1 0% *1(100%) 0% 
14 Bacillus pumilus 1 0% *1(100%) 0% 

  Total 100 *67(67%) 19(19%) 14(14%) 

P≤0.01 
 

Detection of New Strains 
 

Twenty four new global bacterial strains were identified by comparing the nucleotides with their type strains. The 

new strains were recorded in DNA Data Bank of Japan (DDBJ) and published on The National Center for 

Biotechnology Information (NCBI) and the GenBank (Table 3 and Figures 3). 

 

Table 3. List of new detected strains 
 Bacterial species Strain   Mutation  Closely related 

to 
Similarity Figure 

1 131-Staphylococcus 

epidermidis 

IRQBAS75 “LC499781.1” Transition (A instead G) at 44 bp 
ATCC 12228 99.93% A 

2 196-Staphylococcus 

lugdunensis` 

IRQBAS66 “LC499613.1” Transversion (C instead A) at 43 bp 
SL13 99.93% B 

3 16-Staphylococcus 

epidermidis 

IRQBAS65 “LC499612.1” Insertion T at 283 bp 
IBK-11 99.93% C 

4 142-Staphylococcus 

epidermidis 

IRQBAS72 “ LC499747.1” Transversion (C instead G) at 591 bp 
LH-Y4 99.93% D 

5 29-Staphylococcus 

epidermidis 

IRQBAS70 “ LC498579.1” Transversion (C instead G) at 41 bp. 
IAE142 99.93% E 

6 128-Staphylococcus 

aureus 

IRQBAS62 “ LC499609.1” Two transition (T instead C) at 86 bp and 105 bp subsequently 
UP_338 99.93% F 

7 38-Staphylococcus 

hominis 

IRQBAS84 “ LC499790.1” Insertion T at 314 bp 
FCu1 99.93% G 

8 50-Proteus mirabilis IRQBAS63 “ LC499610.1” Insertion A at 802 bp UFV 131 99.93% H 

9 4-Staphylococcus 

epidermidis 

IRQBAS86 “ LC499610.1” Transition (T instead C) at 268 bp 
KCOM 1912 99.93% I 

10 138-Staphylococcus 

epidermidis 

IRQBAS81 “ LC499787.1” Transition (A instead G) at 997 bp and transversion (A instead 

C) at 1069 bp 
H42 99.93% J 

11 117-Staphylococcus 

epidermidis 

IRQBAS77 “LC499783.1” Deletion A at 571 bp 
UFVCC1197 99.93% K 

12 39-Staphylococcus aureus IRQBAS74 “ LC499749.1” Transversion (C instead G) at 904 bp and T instead G at 971 bp CFSAN082783 99.77% L 

13 189-Staphylococcus 

aureus 

IRQBAS80 “LC499786.1” Transition (T instead C) at 636 bp 
MRSA-5227 99.87% M 

14 146-Bacillus subtilis IRQBAS79 “ LC499785.1 Transversion (C instead G) at 374 bp yxw4 99.87% N 

15 41-Staphylococcus aureus IRQBAS78 “ LC499784.1” Transition (A instead G) at 636 bp LHICA120 99.87% O 

16 144-Staphylococcus 

aureus 

IRQBAS76 “ LC499782.1” Transition (A instead G) at 637 bp 
SGC801 99.87% P 

17 97-Staphylococcus aureus IRQBAS69 “LC498828.1” Transition (A instead G) at 641 bp and insertion A at 671 bp Be62 99.40% Q 

18 136-Staphylococcus 

aureus 

IRQBAS67 “LC499745.1” Transversion (C instead G) at 681 bp and insertion T at 689 bp 
LHICA120 99.70% R 

19 77-Staphylococcus aureus IRQBAS64 “LC499611.1” Transversion (C instead G) at 583 bp MR10 99.8% S 

20 162-Enterobacter 

hormaechei 

IRQBAS92 “LC576389.1” Insertion A and G at 238 bp and 266 bp respectively  
SSBB1 99.75% T 

21 212-Enterobacter 

hormaechei 

IRQBAS94 “LC576391.1” Transition (A instead G) at 674 bp 
E70 99.87% U 

22 7-Staphylococcus 

epidermidis 

IRQBAS95 “LC576392.1” Insertion T at 489 bp 
1910ICU248 99.86% V 

23 137-Proteus mirabilis IRQBAS96 “LC576393.1” Transversion (C instead G) at 674 bp S_1 99.86% W 

24 120-Staphylococcus 

aureus 

IRQBAS101 “LC576398.1” Transversion (G instead C) at 1116 bp 
Gv69 99.77% X 

https://www.ncbi.nlm.nih.gov/nucleotide/LC499781.1?report=genbank&log$=nuclalign&blast_rank=1&RID=B4T57Z0W016
https://www.ncbi.nlm.nih.gov/nucleotide/LC499613.1?report=genbank&log$=nuclalign&blast_rank=1&RID=B56D9CMW014
https://www.ncbi.nlm.nih.gov/nucleotide/LC499613.1?report=genbank&log$=nuclalign&blast_rank=1&RID=B56D9CMW014
https://www.ncbi.nlm.nih.gov/nucleotide/LC499613.1?report=genbank&log$=nuclalign&blast_rank=1&RID=B56D9CMW014
https://www.ncbi.nlm.nih.gov/nucleotide/LC499613.1?report=genbank&log$=nuclalign&blast_rank=1&RID=B56D9CMW014
https://www.ncbi.nlm.nih.gov/nucleotide/LC499747.1?report=genbank&log$=nuclalign&blast_rank=1&RID=B7BZUH69014
https://www.ncbi.nlm.nih.gov/nucleotide/LC499747.1?report=genbank&log$=nuclalign&blast_rank=1&RID=B7BZUH69014
https://www.ncbi.nlm.nih.gov/nucleotide/LC499747.1?report=genbank&log$=nuclalign&blast_rank=1&RID=B7BZUH69014
https://www.ncbi.nlm.nih.gov/nucleotide/LC499747.1?report=genbank&log$=nuclalign&blast_rank=1&RID=B7BZUH69014
https://www.ncbi.nlm.nih.gov/nucleotide/LC498579.1?report=genbank&log$=nuclalign&blast_rank=1&RID=B7DXWAS4016
https://www.ncbi.nlm.nih.gov/nucleotide/LC498579.1?report=genbank&log$=nuclalign&blast_rank=1&RID=B7DXWAS4016
https://www.ncbi.nlm.nih.gov/nucleotide/LC498579.1?report=genbank&log$=nuclalign&blast_rank=1&RID=B7DXWAS4016
https://www.ncbi.nlm.nih.gov/nucleotide/LC498579.1?report=genbank&log$=nuclalign&blast_rank=1&RID=B7DXWAS4016
https://www.ncbi.nlm.nih.gov/nucleotide/LC499609.1?report=genbank&log$=nuclalign&blast_rank=1&RID=B7FMVHR101R
https://www.ncbi.nlm.nih.gov/nucleotide/LC499609.1?report=genbank&log$=nuclalign&blast_rank=1&RID=B7FMVHR101R
https://www.ncbi.nlm.nih.gov/nucleotide/LC499609.1?report=genbank&log$=nuclalign&blast_rank=1&RID=B7FMVHR101R
https://www.ncbi.nlm.nih.gov/nucleotide/LC499609.1?report=genbank&log$=nuclalign&blast_rank=1&RID=B7FMVHR101R
https://www.ncbi.nlm.nih.gov/nucleotide/LC499790.1?report=genbank&log$=nuclalign&blast_rank=1&RID=B7JUEUZZ01R
https://www.ncbi.nlm.nih.gov/nucleotide/LC499790.1?report=genbank&log$=nuclalign&blast_rank=1&RID=B7JUEUZZ01R
https://www.ncbi.nlm.nih.gov/nucleotide/LC499790.1?report=genbank&log$=nuclalign&blast_rank=1&RID=B7JUEUZZ01R
https://www.ncbi.nlm.nih.gov/nucleotide/LC499790.1?report=genbank&log$=nuclalign&blast_rank=1&RID=B7JUEUZZ01R
https://www.ncbi.nlm.nih.gov/nucleotide/LC499610.1?report=genbank&log$=nuclalign&blast_rank=1&RID=B7UEP40S016
https://www.ncbi.nlm.nih.gov/nucleotide/LC499610.1?report=genbank&log$=nuclalign&blast_rank=1&RID=B7UEP40S016
https://www.ncbi.nlm.nih.gov/nucleotide/LC499610.1?report=genbank&log$=nuclalign&blast_rank=1&RID=B7UEP40S016
https://www.ncbi.nlm.nih.gov/nucleotide/LC499610.1?report=genbank&log$=nuclalign&blast_rank=1&RID=B7UEP40S016
https://www.ncbi.nlm.nih.gov/nucleotide/LC499610.1?report=genbank&log$=nuclalign&blast_rank=1&RID=B7UEP40S016
https://www.ncbi.nlm.nih.gov/nucleotide/LC499610.1?report=genbank&log$=nuclalign&blast_rank=1&RID=B7UEP40S016
https://www.ncbi.nlm.nih.gov/nucleotide/LC499610.1?report=genbank&log$=nuclalign&blast_rank=1&RID=B7UEP40S016
https://www.ncbi.nlm.nih.gov/nucleotide/LC499610.1?report=genbank&log$=nuclalign&blast_rank=1&RID=B7UEP40S016
https://www.ncbi.nlm.nih.gov/nucleotide/LC499787.1?report=genbank&log$=nuclalign&blast_rank=1&RID=B828S41W016
https://www.ncbi.nlm.nih.gov/nucleotide/LC499787.1?report=genbank&log$=nuclalign&blast_rank=1&RID=B828S41W016
https://www.ncbi.nlm.nih.gov/nucleotide/LC499787.1?report=genbank&log$=nuclalign&blast_rank=1&RID=B828S41W016
https://www.ncbi.nlm.nih.gov/nucleotide/LC499787.1?report=genbank&log$=nuclalign&blast_rank=1&RID=B828S41W016
https://www.ncbi.nlm.nih.gov/nucleotide/LC499783.1?report=genbank&log$=nuclalign&blast_rank=1&RID=B86H9G72014
https://www.ncbi.nlm.nih.gov/nucleotide/LC499783.1?report=genbank&log$=nuclalign&blast_rank=1&RID=B86H9G72014
https://www.ncbi.nlm.nih.gov/nucleotide/LC499783.1?report=genbank&log$=nuclalign&blast_rank=1&RID=B86H9G72014
https://www.ncbi.nlm.nih.gov/nucleotide/LC499749.1?report=genbank&log$=nuclalign&blast_rank=1&RID=B8DP87HV014
https://www.ncbi.nlm.nih.gov/nucleotide/LC499749.1?report=genbank&log$=nuclalign&blast_rank=1&RID=B8DP87HV014
https://www.ncbi.nlm.nih.gov/nucleotide/LC499749.1?report=genbank&log$=nuclalign&blast_rank=1&RID=B8DP87HV014
https://www.ncbi.nlm.nih.gov/nucleotide/LC499749.1?report=genbank&log$=nuclalign&blast_rank=1&RID=B8DP87HV014
https://www.ncbi.nlm.nih.gov/nucleotide/LC499786.1?report=genbank&log$=nuclalign&blast_rank=1&RID=BA2UWXUH016
https://www.ncbi.nlm.nih.gov/nucleotide/LC499786.1?report=genbank&log$=nuclalign&blast_rank=1&RID=BA2UWXUH016
https://www.ncbi.nlm.nih.gov/nucleotide/LC499786.1?report=genbank&log$=nuclalign&blast_rank=1&RID=BA2UWXUH016
https://www.ncbi.nlm.nih.gov/nucleotide/LC499786.1?report=genbank&log$=nuclalign&blast_rank=1&RID=BA2UWXUH016
https://www.ncbi.nlm.nih.gov/nucleotide/LC499785.1?report=genbank&log$=nuclalign&blast_rank=1&RID=BA4VP4WU014
https://www.ncbi.nlm.nih.gov/nucleotide/LC499784.1?report=genbank&log$=nuclalign&blast_rank=1&RID=BA6MA4CB014
https://www.ncbi.nlm.nih.gov/nucleotide/LC499784.1?report=genbank&log$=nuclalign&blast_rank=1&RID=BA6MA4CB014
https://www.ncbi.nlm.nih.gov/nucleotide/LC499784.1?report=genbank&log$=nuclalign&blast_rank=1&RID=BA6MA4CB014
https://www.ncbi.nlm.nih.gov/nucleotide/LC499784.1?report=genbank&log$=nuclalign&blast_rank=1&RID=BA6MA4CB014
https://www.ncbi.nlm.nih.gov/nucleotide/LC499782.1?report=genbank&log$=nuclalign&blast_rank=1&RID=BAA1WSNN014
https://www.ncbi.nlm.nih.gov/nucleotide/LC499782.1?report=genbank&log$=nuclalign&blast_rank=1&RID=BAA1WSNN014
https://www.ncbi.nlm.nih.gov/nucleotide/LC499782.1?report=genbank&log$=nuclalign&blast_rank=1&RID=BAA1WSNN014
https://www.ncbi.nlm.nih.gov/nucleotide/LC499782.1?report=genbank&log$=nuclalign&blast_rank=1&RID=BAA1WSNN014
https://www.ncbi.nlm.nih.gov/nucleotide/LC498828.1?report=genbank&log$=nuclalign&blast_rank=1&RID=BAF1D1PY014
https://www.ncbi.nlm.nih.gov/nucleotide/LC498828.1?report=genbank&log$=nuclalign&blast_rank=1&RID=BAF1D1PY014
https://www.ncbi.nlm.nih.gov/nucleotide/LC498828.1?report=genbank&log$=nuclalign&blast_rank=1&RID=BAF1D1PY014
https://www.ncbi.nlm.nih.gov/nucleotide/LC498828.1?report=genbank&log$=nuclalign&blast_rank=1&RID=BAF1D1PY014
https://www.ncbi.nlm.nih.gov/nucleotide/LC499745.1?report=genbank&log$=nuclalign&blast_rank=1&RID=BAGWNY8V01R
https://www.ncbi.nlm.nih.gov/nucleotide/LC499745.1?report=genbank&log$=nuclalign&blast_rank=1&RID=BAGWNY8V01R
https://www.ncbi.nlm.nih.gov/nucleotide/LC499745.1?report=genbank&log$=nuclalign&blast_rank=1&RID=BAGWNY8V01R
https://www.ncbi.nlm.nih.gov/nucleotide/LC499745.1?report=genbank&log$=nuclalign&blast_rank=1&RID=BAGWNY8V01R
https://www.ncbi.nlm.nih.gov/nucleotide/LC499611.1?report=genbank&log$=nuclalign&blast_rank=1&RID=BAJ83ZTE016
https://www.ncbi.nlm.nih.gov/nucleotide/LC499611.1?report=genbank&log$=nuclalign&blast_rank=1&RID=BAJ83ZTE016
https://www.ncbi.nlm.nih.gov/nucleotide/LC499611.1?report=genbank&log$=nuclalign&blast_rank=1&RID=BAJ83ZTE016
https://www.ncbi.nlm.nih.gov/nucleotide/LC499611.1?report=genbank&log$=nuclalign&blast_rank=1&RID=BAJ83ZTE016
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Figure 3. Comparison of 16S rDNA nucleotide sequence for isolates from present study with its type 

strains 
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The frequency of new strains isolated from contact lens cases were 6 (42.85%) while that from non-contact lens 

cases were 18 (20.93%) with high significant difference at P≤0.01 (Table 4). 

 

Table 4. Frequency of the bacterial new strains in contact lens and non-contact lens cases 

 Source Total isolates 
New strains 

n(%) 

1 Contact lens 14 *6 (42.85%) 

2 Non-contact lens 86 18 (20.93%) 

 Total 100 24 

*= P≤0.01 

 

Amplification and Sequencing of OatA Gene 

 

The OatA gene was detected in only 22 (22%) of all the 100 tested isolates. Particularly, all the 22 OatA positive 

isolates were only S. aureus of the total S. aureus 33(67%) as Figure (4). 

 

  
Figure 4. Agarose gel electrophoresis showing amplified OatA gene (1812 bp). Lane L: 100 bp Marker, Lane (16, 

22, 30, 31, 48, 52, 76 and 81): OatA gene bands of S. aureus 

 

The OatA gene PCR products of 22 S. aureus isolates were sequenced successfully and aligned with type sequencing 

in NCBI. The similarity of identifications were ≥ 99%. 

 

Two novel OatA alleles were frequented in five S. aureus strains of present study. The first novel allele IRQBAS_19 

“LC556094.1” was found in 4 strains (No.19, 22,128 and 223) which are closely related (99.94%) to S. aureus 

Up_620 with a transition mutation (G instead A) at 494 bp (Figure 5). The second novel OatA allele 

IRQBAS_moh99 “LC575194.1” was found in 97- S. aureus which is closely related (99.79%) to S. aureus 78 with a 

transition mutation (G instead A) and transversion mutation (C instead A) at 943 bp and 967 bp respectively (Figure 

6). The two novel OatA alleles were recorded The National Center for Biotechnology Information (NCBI) and the 

GenBank DNA sequences. 
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Figure 5. Comparison of OatA nucleotide sequence for isolate IRQBAS_19 from present study with OatA nucleotide 

sequence of type strain UP_620, a transition mutation (G instead A) at 494 bp. 

 

 
Figure 6. Comparison of OatA nucleotide sequence for isolate IRQBASmoh99 from present study with OatA 

nucleotide sequence of type strain 78, a transition mutation (G instead A) and transversion mutation (C instead A) at 

943 bp and 967 bp 

 

OtaA Alleles Groups  

 

The OtaA gene sequences were compared among 22 S. aureus strains in the present study using multiple sequence 

alignment (MSA) “https://www.ebi.ac.uk/submission/”. The sequences were divided into two groups, Group 1 

contains OatA allele sequences of 12 strains and Group 2 contains OatA gene sequences of other 10 strains. The 

comparison results showed that there are 15 different alleles of OtaA gene. In group 1, the first allele was found in 2 

strains “48 and 118” with size 1590 bp, the second allele was found in 4 strains “223, 128, 19 and 22” with size 1584 

bp, the third allele was found in 2 strains “82 and 66” with size 757 bp, the fourth allele was found in 2 strains “77 

and 136” with size 800 bp and the fifth allele was found in 2 strains “76 and 41” with size 475 bp (Figure 7). In 
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group 2, the 10 different alleles were distributed in the 10 different strains (209, 12, 206, 58, 111, 97, 144, 68, 102 

and 120) with different sizes (558,795, 696, 1031, 1083, 943, 765, 1017,972 and 538) respectively, as shown in 

Figure (8) and Table (5).  
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Table 5. Distribution of OatA alleles among S. aureus strains  

Groups No. of alleles No. of S. aureus strains Size from 1812 bp 

1 

1 
48 

118 
1590 

2 

 

223 

128 

19 

22 

1584 

3 
82 

66 
757 

4 

 

77 

136 
800 

5 
76 

41 
475 

2 

6 209 558 

7 12 795 

8 206 696 

9 58 1031 

10 111 1083 

11 97 943 

12 144 765 

13 68 1017 

14 102 972 

15 120 538 

 

Antibiotic Susceptibility 

 

The results of antimicrobial susceptibility test for 100 isolates were shown in Table (6). Most isolates were 

susceptible to MXF, GAT and OFX (96%, 95% and 95%) respectively, while less to T, VA and C (53%, 55% and 

56%) respectively, with significant differences at p≤0.01. 

 

Table 6. Antibiotic susceptibility of bacterial species isolates against antibiotics 

 
*= P≤0.01 

Chloramphenicol (C), Levofloxacin (LEV), Azithromycin (AZM), Tetracycline (T), Ciprofloxacin (CIP), 
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Tobramycin (TOB), Ofloxacin (OFX), Gentamicin (GM), Vancomycin (VA), Moxifloxacin (MXF), Gatifloxacin 

(GAT) 

RAPD-PCR for S. Aureus Strains  

 

The bands of RAPD-PCR for 8 isolates (identical in antibiotic susceptibility) of S. aureus were shown on agarose gel 

(Figure 9). 

 

 
Figure 9. Agarose gel electrophoresis showing RAPD pattern of S. aureus bands 

 

The phylogenetic tree showed that strains 111 and 82 are identical and closely related to strain 120 (Figure 10) and 

(Table 7) 

 

Figure 10. Dendrogram of 8 S. aureus strains 19 and 100, 68 and 189, 111 and 82, 85 and 120 constructed by a 

set of variables RAPD bands using the Unweighted Pair Group Method with Arithmetic mean (UPGMA) 

algorithm. Bootstrap values after 100 repetitions are indicated. 
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 Table 7. Distance Matrix between RAPD-PCR bands of S. aureus strains 

  19 100 68 189 111 82 85 120 

19 0 136.649 129.558 30.292 27.434 27.434 18.314 26.308 

100   0 87.542 118.024 130.570 130.570 119.780 129.379 

68     0 102.992 91.905 91.905 125.351 93.324 

189       0 23.937 23.937 25.701 23.653 

111         0 0.000 11.263 0.865 

82           0 11.263 0.865 

85             0 10.986 

120               0 

 

Discussion 
 

Out of 227 samples, 100 (44%) were axenic cultures grown, axenic culture means only a single species or pathogen 

grown from sample after the first culture. The low rate of positive cultures from the total samples may be due to the 

randomly use of antibiotics in treatment of eye infections or because of non bacterial infections such as viruses and 

fungi, this result is inconsistent with Azari and Barney (2013); Mohammed et al. (2020). Althogh the isolated 

bacteria from males 53(53%) were higher than females 47(47%) but with no significant difference in the frequency 

of bacteria in agreement with Sthapit and Tuladhar (2014). Since, the high percentage of bacteria in females, despite 

the low percetntage of samples compared with males due to the samples of contact lens infection which were 

collected from females only. 

 

According to the cases, the higher isolation of bacteria was in the samples from contact lens infections (53.48%) 

followed by conjunctivitis (44.07%) and keratitis (38.77%) but with no significant differences. However, the bacteria 

from conjunctivitis and keratitis accompanied with contact lens (53.84%) was higher than the total from 

conjunctivitis and keratitis without contact lens cases (42.78%). These differences may indicate that the wearing of 

contact lens with less disinfection care will increase the chance of bacterial infection. Since, there was a strong link 

between microbial keratitis, storage case hygiene and the replacement with microbial contamination of the storage 

case (Stapleton, 2020). Present study showed bacterial conjunctivitis was higher than keratitis in agreement with 

some researches finding the conjunctivitis is more common than keratitis (Roberts, 2010; Lee et al., 2018). The 

increased risk of developing microbial keratitis associated with contact lens has been accompanied with the corneal 

epithelium modification providing a niche for carrying microorganisms in the ocular surface and limiting the eye 

natural mechanisms for clearing microbes (Carnt et al., 2010; Willcox et al., 2010).  

 

The bacterial isolation was higher in males than females in cases of conjunctivitis and keratitis without contact lens 

with significant differences, this agreed with Panda et al. (2007); Fumilayo et al. (2020). While in the cases of 

contact lens (conjunctivitis and keratitis) the bacteria were only of females (100%) because females using contact 

lens much more than males in our society, and during the period of present study, no male patient attend to the 

hospital suffering from infection due to contact lens wearing. This result agreed with Ibrahim et al. (2018) for the 

same reason reportinng the isolation from conjunctivitis and keratitis was only in male cases without contact lens. 

Interestingly, the bacteria from conjunctivitis and keratitis in females were higher in contact lens cases (100%) than 

without contact lenses (38.37%), this is may be due to the low hygiene uses of contact lenses increasing the hypoxia 

of the cornea with low humidity and physical irritation to increase bacterial pathogens (POLSE, 1990). 

 

Distribution and phylogenetic relationships among the studied bacterial species and their identical type strains were 

shown in Figure (2). Sequences of 14 bacterial species were chosen as one species from each similar species to avoid 

the overlapping in the tree concatenated with 899 bp according to the shorter sequence in the present study. S. aureus 

and S. epidermidis were the most common species (33%) in agreement with many studies (Kerr and Stern, 1992; 

Azari and Barney, 2013; O’Callaghan, 2018). Since, these species are commensal on the skin and can 

opportunistically colonize the ocular surface (Petrillo et al., 2020) or because the high number of lysozyme resistance 

strains (Bera et al., 2005). B. subtilis, E. hormaechei, S. lugdunensis, B. amyloliquefaciens and S. haemolyticus were 

found only in the cases of conjunctivitis, this is agreed with Boiko et al. (2014); Di Ianni et al. (2015); Haq et al. 

(2013); Land et al. (2018). Interestigly, B. pumilus and E. cloacae were only isolated from keratitis cases this is 

agreed with Peng et al. (2018); Teweldemedhin et al. (2017). While, in the contact lens cases the species with the 
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highest frequency was P. aeruginosa in agreement with Fleiszig et al. (2020); Stapleton (2020). This is because of 

motility,pili, flagella, biofilm forming and binding sites of P. aeruginosa can facilitate adhesion process (Duran et 

al., 1987; Tran, 2011; Zimmerman, 2016). 

 

According of the results from many studies that suggested a range between 0.5% and 1% of differences (99.5 to 99% 

similarity) is usually very useful in classification (Abd Al-Abbas et al., 2012; Mossong et al., 2013). In the present 

study, 24 isolates from conjunctivitis and keratitis were recorded as new strains. The similarities of strains against 

their referece strains were more than 99% (1% difference in 16S rRNA sequence). These new strains may be resulted 

from mutations caused by unrepaired damage of DNA or RNA strand usually caused by radiation or chemical 

mutagens such as antibiotics, the mutation may caused by error in the process of DNA replication including insertion 

or deletion (Burrus and Waldor, 2004; Aminetzach et al., 2005). On other hand, the frequency of new strains isolated 

from contact lens cases (42.85%) was higher than those from non-contact lens (20.93%) with high significant 

difference. Since, the contact lens may provide an environment that protect bacteria from host defenses and prolong 

the retention time of bacteria on ocular surface allowing the replication and the preferential selection of certain 

virulence factors. The changing of bacterial genotypic in the eye is associated with the long using of the contact lens. 

These changes may be due to bacterial biofilm formation deposition of lysozyme, albumin, immunoglobulin, lipids, 

in addition to materials of lens, storing case and solution on the lens (Stapleton and Carnt, 2012; Boost et al., 

2017). Contact lens wearing may lead to molecular changes causing resistance to antibiotics and antiseptic, a study 

compared spectacle wearers with long‐term contact lens users revealed that the latter group had significantly more 

isolates with antiseptic resistance genes (Shi et al., 2015). 

 

S. aureus was chosen for designing primer because the first OatA primer in the history was designed for S. aureus 

(Bera et al., 2005). The new designed primer were tested toward 100 OatA sequences from NCBI for lysozyme 

resistant S. aureus to be sure that the primer will align to all OatA sequences. The new designed primer were used to 

detect the OatA gene in all 100 studied isolates and showed a specificity to amplify the OatA gene in S. aureus only, 

because the gene depending to designed OatA primer was for S. aureus referring that the different bacterial species 

may be needs different specific OatA primer. However, the genes amplified by PCR were sequenced and matched 

with the standard gene sequence from NCBI. From 24 S. aureus positive to lysozyme resistance assay, 22(91.6%) 

isolates were OatA positive. Because the new primer was amplified the OatA from S. aureus then it considered as a 

specific primer. 

 

Two novel OatA alleles were published in NCBI referring to the new mutation in the OatA gene responsible for 

lysozyme resistance. By using multiple sequence alignment (MSA), the OatA gene sequences were compared among 

22 S. aureus strains in the present study. Because the degree of heterogenicity between OatA alleles and for better 

alignment, the sequences were divided into two groups (Group 1 and Group 2). The comparison results showed there 

were 15 different alleles of OatA gene. This is may indicate to the changing in the gene among the strains as a result 

to the randomly mutations. On other hand, the strains with similar alleles are likely to be identical and descended 

from common ancestor strain infected patient before weeks or months and transmitted it to other patients (Enright et 

al., 2000). 

 

Most isolates of the present study were susceptible to MXF, GAT and OFX, this is agreed with Kowalski et al. 

(2003); Wong et al. (2012). While the lowest susceptibility were to T, VA and C in agreement with Shalchi et al. 

(2011). 

 

Bacterial strain typing is a way for phenotyping and genotyping systems to identify bacteria at the strain level for 

ascertaining whether the strains derived from the single parental bacteria. Antibiotic susceptibility typing determines 

the resistance of bacteria growing on media in the presence of antibiotics (disk diffusion, agar dilution and gradient 

test) which provide qualitative and quantitative values can be used to detect phenotypic variations between strains 

(Maugeri et al., 2019). In the present study, 8 strains of S. aureus were identical in the results of antibiotic 

susceptibility test, meaning they cannot be discriminated and they need to be differentiated by genotyping system. 

 

Bacterial species and strains need to be accurately described for its importance in epidemiology and ecology. Closely 

related isolates are very similar and difficult to recognize and differentiate by biochemical methods. Because 

phenotypes not variable enough for discriminating between closely related strains, while due to its high resolution, 

genotyping which discriminates bacterial strains based on their genetic content has become widely used for bacterial 
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strain typing (Wenjun Li, 2009). Therefore, genetic differences of similar S. aureus strains were done in the present 

study by random amplified polymorphic DNA polymerase chain reaction (RAPD-PCR). The benefit of using more 

than single primers is improve the differentiation power of RAPD technique (Abd Al-Abbas et al., 2012). Two 

patients of 8 (25%) have the same strains of S. aureus strains (Figure 10 and Table 6) referring to these two strains 

are descended from the same ancestor and may infected other patients. This is a sign to the ability of the same strain 

to transmit among the humans causing the same infection. 

 

Conclusions  
 

S. aureus and S. epidermidis were the most species in eye infections. Some S. aureus have the ability to resist the eye 

lysozyme with different OatA alleles and the same bacterial strain could be transmitted between patients. Strains with 

contact lens infection had more DNA mutation. 
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