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ABSTRACT 
Silver nanoparticles (Ag NPs) show good antibacterial properties due to their large surface area to 

volume ratio. The purpose of the present study was to evaluate the antibacterial effect of different 

concentrations of silver nanoparticles before and after irradiation with different doses of gamma 

radiation, against bacterial eye infection isolates. Out of 65 clinical samples, 40 bacterial isolates 

were identified and their susceptibility profiles were determined, using disc diffusion method, 

against 10 of the most commonly used antibiotics in eye infections. For Gram positive and 

negative isolates, the highest resistance was recorded against fusidic acid and norfloxacin, 

respectively. The most effective drugs were polymyxin, tobramycin and chloramphenicol. The 

chemical syntheses of Ag NPs were carried out using 2% polyvinyl pyrolidone solution. The 

properties of Ag NPs were confirmed by UV/VIS spectral analysis, transmission electron 

microscope and dynamic light scattering. The MICs of Ag NPS were determined for selected 

bacterial isolates using well diffusion method. The highest MICs were recorded against 

Escherichia coli (20µg/ml), Klebsiella pneumoniae (S10) (15µg/ml) and Staphylococcus 

epidermidis (S61) (15µg/ml). Ag NPs were stable upon exposure to gamma radiations up to 

15KGy, above which the activity was highly diminished for certain bacterial isolates with high 

MICs. Ag NPs are active against different strains of bacterial eye infections and can be useful 

especially, in treating highly antibiotic resistant strains. Irradiated Ag NPs are stable and active 

upon exposure to doses of gamma radiations of less than 20KGy which is suitable for sterilization 

processes.  

 INTRODUCTION 

Ophthalmic bacterial infections mainly occur in the conjunctiva, cornea, and the uveal 

tract. The leading infectious agents in eye infections are Staphylococcus aureus, Coagulase 

negative Staphylococci, Streptococcus pneumoniae and Pseudomonas aeruginosa. 

Moreover, Streptococcus pyogenes, Klebsiella pneumoniae and Escherichia coli are being 

frequently reported in different ocular infections (Teweldemedhin et al., 2017). 

Acute ocular infections require early diagnosis and immediate and proper antibiotic 

treatment (Souli et al., 2001). The spread of antibiotics resistant bacteria and the significant 

decrease of new antibiotic discoveries in the last decades are creating a great concern worldwide. 

Once again, bacterial infections are considered one of the greatest health care challenges. Hence, 
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new treatment strategy to control such diseases, is to combine biological active agents with the 

currently available nanotechnology tools (Rizzello and Pompa, 2014). 

Nanotechnology is one of the most promising approaches in the medical applications 

field. However, only few nano-products are currently in use for medical purposes. Nano-silver is 

one of the most prominent medical nano-products. Silver, at nano-scale, exhibits remarkably 

unusual physical, chemical and biological properties which account for its strong antibacterial 

activity  (Chen and Schluesener, 2008). 

Antimicrobial properties of Ag NPs are demonstrated in nano-fiber mats, bandages, 

wound dressings and ointments. In addition, Ag NPs have shown bacterial anti-colonization 

effect on different surfaces such as catheters, prostheses  and clothing (Foldbjerg et al., 2009). On 

the other hand, the bactericidal property of these nanoparticles can be impaired with different 

factors including the bacterial growth medium and exposure to radiations (Shrivastava et al., 

2007).  

 In this study the susceptibility patterns of microorganisms isolated from patients with eye 

infections were identified. The most ineffective treatments were determined and compared to the 

antibacterial activity of silver nanoparticles on strains with different resistance pattern. Finally, 

the effect of different doses of gamma radiations on the activity of silver nanoparticles was 

assessed. 

MATERIALS AND METHODS 

1. Patients’ data 

The eye infected patients’ data was collected after their consents and after diagnosis from 

reports supported by the medical team. The collected data was; gender, age, symptoms and cause 

(S 1). 

2. Collection of samples 

Samples were collected using sterile cotton swabs, obtained under aseptic conditions from 

patients suspected of having ophthalmic infections in the outpatient departments of El-

Demerdash Hospital Ain – Shams University and Research of Ophthalmology, Cairo, Egypt. The 

samples were taken after patients’ consents according to the regulations of El-Demerdash 

Hospital and Research of Ophthalmology. 

Samples obtained from infected eyes were directly inoculated into nutrient broth medium, 

Nutrient agar (NA), MaCconkey’s agar (MA), and Sabouraud dextrose agar (SDA). Cultures on 

NA and MA were evaluated up to 48 h. SDA medium was examined daily at least for 1 week for 

any growth, before being discarded (Mathewsa et al., 2000). 

3. Identification of the isolates 

 Identification to species level was carried out using the API systems (API 20E) and (API 

Staph) (Biomerièux Inc., France) according to the instructions of the manufacturer. 

4. Antibiotic sensitivity test 

Antibiotic sensitivity test was carried out using Kirby-Bauer disc diffusion method as 

recommended by Clinical and Laboratory Standards Institute (CLSI, 2018; 

http://www.microbiolab-bg.com/CLSI.pdf. This test was performed to determine the antibacterial 

http://www.microbiolab-bg.com/CLSI.pdf
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activities exerted by the most commonly used antibiotics in the Egyptian drug market, as eye 

preparations, against our isolated strains. 

  The antibiotics discs (Oxoid, UK) used in the susceptibility test were: cefotaxime (30 µg), 

ciprofloxacin (5 µg), ofloxacin (5 µg), polymyxin (300Unit),  gentamicin  (10 µg), fusidic acid 

(10 µg), chloramphenicol (10 µg), tobramycin (10 µg), norfloxacin (10 µg) and vancomycin (30 

µg).  

5. Synthesis of silver nanoparticles 

Silver Nitrate (AgNO3), used in preparation of silver nanoparticles, was obtained from 

Sigma Aldrich-USA. Chemical Synthesis of silver nanoparticles (Ag NPs) was carried out 

according to the method described by (El-Batal et al., 2016). Briefly, 10 mL of 2% polyvinyl 

pyrolidone (PVP) solution was mixed with 90 ml of 1mM AgNO3 solution. The mixture was 

stirred at room temperature and exposed to gamma radiation at 5.0 kGy. This led to the 

immediate formation of Ag NPs which was indicated by yellowish-brown color appearance.  

6. Characterization of silver nanoparticles 

Reduction of silver ions was verified by scanning the solution in the range of 200–900 nm 

by a spectrophotometer. UV/VIS spectra of Ag NPs were recorded as a function of wavelength at 

a resolution of 1nm.   

The size and morphology of the nanoparticles were determined by  Transmission electron 

microscope (JEOL 200CX) (Shrivastava et al., 2007). TEM samples were prepared by drop 

coating silver nanoparticles onto carbon-coated TEM grids.  

Average particle size and size distribution were determined by the dynamic light 

scattering (DLS) particle size system (PSS-NICOMP 380-ZLS, USA). A volume of 250μl of the 

suspension was transferred to a disposable low volume cuvette. After equilibration to room 

temperature, five measurements were performed using 12 runs of 10s each. 

7. Gamma Irradiation of the Ag NPs 

Irradiation was performed at National Center for Radiation Research and Technology 

(NCRRT) with gamma-irradiation system using Co-60 source (Gamma cell 4000-A-India). 

Different concentrations of prepared silver nanoparticle were irradiated with different doses 1.0, 

5.0, 10.0, 15.0 and 20kGy at a dose rate of 1.8kGy/h at 25°C.The MIC of the irradiated silver 

nanoparticles was re-investigated; to detect the effect of irradiation on their activity. 

8. The minimum inhibitory concentrations of Ag NPs on different bacterial isolates 

Kirby-Bauer well diffusion test was performed to determine the antimicrobial activity 

exerted by different concentrations of silver nanoparticles on the isolated strains before and after 

radiation, and also with and without combination of Ag NPs with single dose of eye drop (Fusidic 

acid or Norfloxacin). Wells were  loaded with different concentrations of silver nanoparticles (1, 

2, 3, 4, 5, 10, 15, 20, 25, 50, 75, 100, 200, 300, 400, 500 µg/ml ) in culture media swabbed with 

200μl of each isolated strain whose inoculum was adjusted to 0.5 McFarland standard 

(1.5×10
8
CFU/ml). The zone of inhibition was recorded for each well in mm (Turnidge, 2015). 
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9. Statistical analysis 

Statistical presentation and analysis of the present study was conducted, using the mean, 

standard Deviation and Analysis of variance [ANOVA] test by SPSS V20. The difference was 

considered significant according to the P value where, P>0.05 was considered non-significant,   

P<0.05* was considered significant and P <0.001** was considered highly significant. 

RESULTS 

1. Patients’ data 

 From the patients’ history, different eye infection causes were reported. The highest 

percent of bacterial eye infection was associated with diabetic patients (Figure 1). 

 

Figure (1): Different causes of eye infections 

A pie chart representing the percent of each cause of eye infections in the examined patients. The 

highest percentage was recorded for cataract/diabetes, followed by trauma, contact lens 

contamination, corneal ulcer and post-operative contamination. 

2. Collection of samples 

Out of 65 clinical samples, only 40 cases (61.54%) showed positive bacterial growth on 

the cultivation media. Bacterial isolates were classified by direct examination with light 

microscope through their morphologies and arrangements into Gram positive (23) and Gram 

negative (17) isolates. On the other hand, no fungal or yeast colonies were detected (S 2). 

3. Antibiotic sensitivity 

The isolates showed high resistance pattern to the 10 most commonly used antibiotics in 

the Egyptian market (S 3). For Gram positive and negative isolates, the highest resistance was 

recorded against fusidic acid, vancomycin and norfloxacin, respectively (Figure 2). These two 

drugs were used as references to evaluate the antimicrobial activities of different Ag NPs 

treatments. 
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Figure (2): Resistance of bacterial isolates against different antibiotics 

A bar chart showing the number of resistant isolates to most commonly used antibiotics in the 

Egyptian market in eye preparations. The antibiotic sensitivity test was done by Kirby-Bauer 

disc diffusion method. 

Cefotaxime (CTX), Ciprofloxacin (CIP), Ofloxacin (OFX) polymyxin (PB), Gentamicin  (GEN), 

Fusidic acid (FA), Chloramphenicol (C), Tobramycin (TOB), Norfloxacin (NOR) and 

Vancomycin (VA). 

4. Identification of bacterial isolates  

 A total of 9 bacterial isolates, with different antibiotic susceptibility patterns, were chosen 

for further identification using API system. The bacterial isolates were: Escherichia coli, 2 

isolates of Klebsiella pneumoniae (S10) and (S13), Pseudomonas aeruginosa, Micrococcus sp., 

Staphylococcus aureus, Staphylococcus capitis and 2 isolates of Staphylococcus epidermidis 

(S61) and (S64). 

5. Synthesis of Silver nanoparticles 

 Chemical synthesis resulted in immediate formation of Ag NPs indicated by 

yellowish-brown color appearance. Ag NPs were further characterized by UV/VIS spectrum 

analysis, Transmission electron microscope and Dynamic Light Scattering.  
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6. Characterization of silver nanoparticles 

 UV/VIS spectrum analysis 

UV visible spectral analysis revealed strong absorption band at 044nm indicating Ag NPs 

formation (Figure 3a).  

Transmission electron microscope (TEM)  

 Morphological structure and distribution of synthesized silver nanoparticles were 

characterized at high magnifications of transmission electron microscope (Hitachi H-300TM 

electron microscope, Japan). The Average particle size of Ag NPs determined by images of TEM 

was of mean diameter 12.45nm (Figure 3b). 

Dynamic Light Scattering (DLS) 

The particle size distribution of the synthesized Ag NPs was determined using DLS 

technique. The mean diameter of DLS size range was 23.9 nm showing good stabilization and 

dispersion of the Ag NPs (Figure 3c). 

  

 

  

 

(a) 
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Figure (3): Characterization of Ag NPs 

 a) UV visible spectral analysis of Ag NPs: The scan spectrum curve is representing the 

absorbance of Ag NPs at different wavelengths.  The absorption peak was recorded at 400 nm 

that confirmed the formation of silver nanoparticles. b) Transmission Electron Microscope 

image of Ag NPs: TEM image, at scale of 100nm, is showing the steady aggregated and the well 

dispersed nanoparticles with diameters ranging from 7.78 to 22.4 nm. c) Diffraction Light 

Scattering (DLS) of Ag NPs: The DLS graph is representing the intensity of Ag NPs against 

different particle sizes. The Ag NPs mean diameter was 23.9 nm.The result confirmed the good 

stabilization and dispersion of the Ag NPs. 

(b) 
(b) 

(c) 
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7. The minimum inhibitory concentrations of AgNPs on different bacterial isolates  

 Upon testing different concentrations of Ag NPs on the nine identified bacterial isolates, 

results showed effective antibacterial activity of Ag NPs against eye infecting bacteria, especially 

on P. aeruginosa, S. epidermidis  and S. aureus as shown in table (1). The highest MIC for Ag 

NPs was 20 µg/ml and it was recorded against Escherichia coli. 

Table 1: The minimum inhibitory concentrations of Ag NPs on different bacterial isolates 

Microorganism MIC of silver nanoparticles (µg/ml) 

Escherichia coli 20 

Klebsiella pneumoniae (S10) 15 

Klebsiella pneumoniae (S13) 5 

Pseudomonas aeruginosa 1 

Micrococcus spp. 5 

Staphylococcus aureus 1 

Staphylococcus capitis 5 

Staphylococcus epidermidis(S61) 15 

Staphylococcus epidermidis(S64) 1 

The Test was carried out using well diffusion method. Different concentrations of Ag Nps (500, 

400, 300, 200, 100, 75, 50, 25, 20, 15, 10, 5, 4, 3, 2 and 1 µg/ml) were tested against the nine 

identified bacterial isolates. The lowest concentrations that gave inhibition zones corresponding 

to the diameter of the cup were recorded in µg/ml. 

8. The combination between Ag NPs and different Eye drops 

The combination of 20µg/ml of Ag NPs with a single dose of  fusidic acid eye drop or 

norfloxacin eye drop didn’t increase the inhibition zones of either of Gram positive or Gram 

negative organisms, respectively (Table 2). This indicated that there was no synergistic or 

additive effects between Ag NPs and either of the tested drugs. 
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Table 2: The inhibition zones of 20µg/ml of Ag NPs with and without a single dose of 

commercial eye drops obtained against the tested bacterial isolates 

 

The test was carried out using well diffusion method E.D
a
: a single dose of fusidic acid eye drop. 

E.D
b
:   a single dose of norfloxacin eye drop. Mix.20

a
: a mixture between 20µg /ml of Ag NPs 

and a single dose of fusidic acid eye drop. Mix.20
b
: a mixture between 20µg /ml of Ag NPs and 

a single dose of norfloxacin eye drop. The mean represents the average of 3 experiments results. 

SE: standard error. *: significant. **: highly significant. Statistical study was done by using two-

way ANOVA 

 

9. The effect of different doses of gamma radiation on the activity of Ag NPs  

The irradiated 20µg/ml Ag NPs were active and effective until 20KGy for all of the 

isolates except for S. epidermidis (S61), K. pneumoniae (S10) and E. coli (Table 3). Upon using 

higher concentrations of Ag NPs (100µg/ml) the activity was maintained to all isolates after 

exposure to all gamma radiation doses.  

  

Gram positive bacteria 

 

Treatments 

E.D
a 

20 Mix.20
a 

P-value 

Mean SE Mean SE Mean SE 

Micrococcus .sp, 20 3.2 25 4.5 20 3.4 0.080 

S. aureus 34 3.2 30 4.2 30 4.5 0.197 

S. epidermidis(S61) 14 6.2 34 2.9 17 3.6 0.002* 

S. epidermidis(S64) 14 6.4 20 5.3 14 6.3 0.097 

S. capitis 28 4.8 25 5.6 14 4.3 0.011* 

Gram negative  bacteria E.D
b 

20 Mix.20
b 

P-value 

Mean SE Mean SE Mean SE 

K. pneumoniae (S10) 11 2.0 18 4.1 16 4.9 0.016* 

K. pneumoniae (S13) 11 2.9 25 3.4 15 2.6 <0.001** 

E. coli 12 2.5 21 2.2 22 5.8 0.052 

P. aeruginosa 0 0.0 28 2.1 27 3.4 <0.001** 
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Table 3: The effect of different doses of gamma radiations on the inhibition zones of  

20µg/ml of  Ag NPs on different isolates 

The test was carried out using Kirby-Bauer well diffusion method. The mean represents the 

average of 3 experiments results. SE: standard error. *: significant. **: highly significant. 

Statistical study was done by using two way ANOVA by comparing the irradiated Ag NPs 

inhibition zones to non- irradiated one (0KGy). 

DISCUSSION 

Eye infections occur when pathogenic microorganisms, including bacteria, fungi or 

viruses, invade the eyeball or its surrounding area. Eye infection is usually alarming as it may 

deteriorate, in some cases,   to complete visual loss. That is why the rapid and effective treatment 

choices may prohibit a lot of eye complications. 

Antimicrobial resistance is responsible for a large share of treatment failure. There are 

continuous trials to add new antimicrobial agents and treatment strategies to the battle against 

infectious microbes. From these trials, is the use of nanotechnology. Nanoparticles exhibit 

remarkably unusual physical, chemical and biological properties when compared to their parent 

compounds. 

Silver nanoparticles (Ag NPs) have been extensively used in many applications, including 

dental work, surgery applications, wounds and burns treatment, and biomedical devices. One of 

the new applications is using Ag NPs as eye drops for treating eye infections that don’t respond 

to conventional antibiotics (Weng et al., 2017). 

In our study, 40 bacterial isolates were collected from patients with different eye diseases. 

The reports of the examined cases revealed that the main complication accompanied eye 

infections was diabetic cataract (left, right or bilateral) (42.5%). This may be attributed to the 

immune-suppressing effect of diabetes that facilitates infection.  

 Both Gram positive and Gram negative bacteria were isolated in this study. From the 

Gram positive bacteria were S. capitis, and S. epidermidis. Both of them are common  coagulase 

negative eye infection  bacteria (Huebner and Goldmann, 1999). On the other side from the 

Isolated bacteria Doses of gamma radiation P-value 

0kGy 10kGy 15kGy 20kGy 

Mean SE Mean SE Mean SE Mean SE 

Micrococcus sp. 25 6.0 26 4.1 30 3.5 20 2.9 41000 

S. aureus 30 2.9 24 4.4 34 6.5 32 5.6 410.0 

S. epidermidis(S61) 34 5.5 28 5.2 23 3.6 22 3.8 41400 * 

S. epidermidis(S64) 20 3.7 19 2.1 19 3.7 16 2.4 41000 

S. Capitis 25 4.6 23 4.2 23 3.0 25 4.9 410.0 

K. pneumonia(S10) 15 2.2 12 1.5 17 2.4 0 0.0 <0.001** 

K. pneumonia(S13) 25 3.2 19 2.2 20 4.5 22 3.4 0.227 

E. coli 18 2.2 20 2.9 21 3.6 0 0.0 <0.001** 

P. aeruginosa 28 3.4 20 3.3 23 4.3 20 2.7 0.068 
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identified Gram negative bacteria were E. coli and P. aeruginosa. P. aeruginosa, in particular, is 

responsible for multiple eye complications from which, contact lens contamination  (Alfonso et 

al., 1986).  

On the other hand, E. coli, as a member of normal intestinal microbiota of humans and 

animals, accounted for certain percent of the external eye infection in our study. E. coli has been 

reported to be responsible for certain ocular inflammations such as endophthalmitis, keratitis and 

conjunctivitis (Teweldemedhin et al., 2017).  

According to most studies, frequent and persistent long-term use of topical drops, sub 

conjuctival and parenteral antibiotics lead to a greater chance of resistance development. 

Unfortunately, there are no strict rules to regulate the selling of antibiotics in the Egyptian 

pharmacies. Patients can buy antibiotics without having a written prescription from their 

physicians. This largely participates in the occurrence and the quick spread of different antibiotics 

resistance. In our study, the highest resistances were recorded against fusidic acid, vancomycin, 

norfloxacin, cefotaxime and ciprofloxacin. This can be attributed to the relatively low cost of 

fusidic acid and its availability in different dosage forms, so highly and regular consumed by the 

patients. Moreover, vancomycin, norfloxacin, cefotaxime and ciprofloxacin are from the most 

famous and regularly purchased antibiotics in the Egyptian market according to the Egyptian 

Drug Index 2013.  

The chemical synthesis of Ag NPs was accompanied by the formation of a characteristic 

dark brown color. Ag NPs formation was confirmed by g UV-VIS spectroscopy, transmission 

electron microscope and diffraction light scattering.  The absorption spectrum of Ag NPs showed 

a surface plasmon absorption band with a maximum of about 430 nm, a characteristic peak of Ag 

NPs indicated their presence in the solution using UV-VIS spectroscopy. The broadness of the 

peak is a good indicator for the nanoparticles size. As the particle size increases, the peak 

becomes narrower with a decreased bandwidth and increased band intensity (Kong and Jang, 

2006).  

Transmission electron microscope (TEM) showed spherical dispersed nanoparticles with 

size diameters ranging from 7.78 to 22.4 nm. The average particle size was determined by 

Diffraction light scattering (DLS) method and the mean diameter was found to be 23.9 nm. The 

TEM and the size distribution graph indicated good dispersion and suitable nanoparticle sizes for 

effective antibacterial activity. 

The antibacterial activities of the synthesized nanoparticles were assessed against our 

isolates before and after exposure to gamma radiations. The 20 µg/ml of Ag NPs was the lowest 

effective concentration against all the isolates until being irradiated by 20 kGy. Its activity was 

demolished or at least decreased, for certain isolates, namely: K. pneumoniae (S10), E. coli and S. 

epidermidis (S61).  These particular isolates recorded the highest inhibitory concentrations of Ag 

NPs. This can be explained by the aggregative effect of gamma radiations, which was observed at 

20kG, leading to depriving some nanoparticles from theirs exquisite properties and lowering their 

concentration below the effective inhibitory dose. This was amended by irradiating higher 

concentration of Ag NPs (100 µg/ml) with the same gamma radiation doses. The 100µg/ml of Ag 

NPs remained active and effective against all tested isolates including K. pneumoniae (S10), E. 

coli and S. epidermidis (S61). 

The ability of Ag NPs to maintain its activity up to 15 KGy insures its activity and 

stability in their final dosage form after sterilization by gamma radiations, as 9.2 KGy is the dose 

required for attaining the sterilization process in most cases (Baker et al., 2005). 
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Conclusion 

Silver nanoparticles are active against different bacterial isolates of eye infections and can 

be useful especially in treating highly antibiotic resistant strains. Irradiated Ag NPs are stable and 

active   upon exposure to a dose of gamma radiations of less than 20KGy.   
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Supplementary data 

S 1: Data of patients with eye infection  

Patient 

No. 

Patient code Gender Age 

(Years) 

Symptoms Cause 

1 S30 M 60 Conjunctivitis Trauma 

2 S31 M 51 Blurred vision Cataract/Diabetes 

3 S32 M 58 Endophthalmitis Post-operative contamination 

4 S33 M 60 Keratitis Contact lens contamination 

5 S34 M 62 Endophthalmitis Post-operative contamination 

6 S35 M 54 Blurred vision Cataract/Diabetes 

7 S36 M 53 Blurred vision Cataract/Diabetes 

8 S37 M 66 Keratitis Contact lens contamination 

9 S38 M 58 Redness / swelling Trauma 

10 S39 M 60 Blurred vision Cataract/Diabetes 

11 S40 F 65 Redness / swelling Trauma 

12 S41 F 52 Redness / swelling Trauma 

13 S42 M 57 Blurred vision Cataract/Diabetes 

14 S43 F 64 Blurred vision Cataract/Diabetes 

15 S44 F 63 Pus drainage Corneal ulcer 

16 S45 F 56 Blurred vision Cataract/Diabetes 

17 S46 M 62 Blurred vision Cataract/Diabetes 

18 S47 F 59 Keratitis Contact lens contamination 

19 S48 F 57 Pus drainage Corneal ulcer 

20 S49 M 63 Blurred vision Cataract/Diabetes 

21 S50 M 68 Redness / swelling Trauma 

22 S51 F 63 Keratitis Contact lens contamination 

23 S52 F 66 Blurred vision Cataract/Diabetes 

24 S53 M 59 Pus drainage Corneal ulcer 

25 S54 F 60 Blurred vision Cataract/Diabetes 

26 S55 M 55 Keratitis Contact lens contamination 

27 S56 M 57 Blurred vision Cataract/Diabetes 

28 S57 F 56 Redness / swelling Trauma 

29 S58 F 64 Blurred vision Cataract/Diabetes 

30 S59 M 66 Blurred vision Cataract/Diabetes 

31 S60 F 62 Endophthalmitis Post-operative contamination 

32 S61 M 57 Keratitis Contact lens contamination 

33 S62 M 67 Blurred vision Cataract/Diabetes 

34 S63 M 56 Blurred vision Cataract/Diabetes 

35 S64 F 60 Keratitis Contact lens contamination 

36 S65 F 57 Blurred vision Cataract/Diabetes 

37 S66 M 66 Endophthalmitis Post-operative contamination 

38 S67 M 52 Pus drainage Corneal ulcer 

39 S68 M 64 Redness / swelling Trauma 

40 S69 M 61 Redness / swelling Trauma 
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S 2: Classification and morphological examination of bacterial isolates 

Sample No. Sample code Gram reaction Morphological shape 

1 S24 -ve Rods 

2 S9 +ve Cocci 

3 S3 -ve Rods 

4 S6 -ve Rods 

5 S7 -ve Rods 

6 S7cw1 -ve Coccobacilli 

7 S12 -ve Rods 

8 S13 -ve Rods 

9 S17 -ve Rods 

10 S8 -ve Coccobacilli 

11 S10 -ve Rods 

12 S61 +ve Cocci 

13 S64 +ve Cocci 

14 S52 +ve Cocci 

15 S44b +ve Cocci 

16 S34 +ve Cocci(micrococci) 

17 S49 +ve Cocci 

18 S50 -ve rods 

19 S51 +ve cocci 

20 S58 +ve cocci 

21 S65 +ve cocci 

22 S67 +ve cocci 

23 S63 +ve cocci 

24 S48 +ve cocci 

25 S53 -ve rods 

26 S54 +ve cocci 

27 S56a +ve diplococci 

28 S56b -ve rods 

29 S57 +ve cocci 

30 S30 +ve cocci 

31 S34a +ve cocci 



 

N. Egypt. J. Microbiol. Vol. 52, January, 2019.                      15 
 

 

 
 

Bacterial isolates were classified by direct examination with light microscope through their 

morphology and arrangement using gram staining method 

 

S 3: The antibiotics sensitivity of the bacterial isolates against different types of antibiotics 

32 S32a +ve cocci 

33 S44a +ve cocci 

34 S46b +ve cocci 

35 S40 +ve cocci 

36 S41 -ve rods 

37 S46a +ve cocci 

38 S1N.A -ve rods 

39 S8b -ve rods 

40 S10 -ve rods 

No. 

 

S
am

p
le

(s
) 

Antibiotics 
% of Resistance and sensitivity of 

the organism to all tested 

antibiotics 

TOB CIP CTX OFX C CN VA PB NOR FA R S I 

1 S49 S I S S S S S S S S - 90% 10% 

2 S50 S S S S S S S I S S - 90% 10% 

3 S51 R S I S S S S R S S 20% 70% 10% 

4 S58 S S R S S S S R R R 40% 60% - 

5 S61 S R R R S R R I R R 70% 20% 10% 

6 S64 S R I R S I S S R R 40% 40% 20% 

7 S65 S S S S S S S S I S - 90% 10% 

8 S67 S S I S I S S S S I - 70% 30% 

9 S63 S S S S S S S S S R 10% 90% - 

10 S48 S S S S S S R S I S 10% 80% 10% 

11 S52 R S I S S R R I R R 50% 30% 20% 

12 S53 S S R S S I S R S R 30% 60% 10% 

13 S54 S S S S S S S I S S - 90% 10% 

14 S44b I R I R I S S S R S 30% 40% 30% 

15 S56a S R S R S S S S R S 30% 70% - 

16 S56b S R S R S S S S R S 30% 70% - 

17 S57 S R S S S S S S S R 20% 80% - 

18 S30 S S I S I S S R S I 30% 60% 10% 

19 S34a I S S S S S S S S I - 80% 20% 
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TOB: Tobramycin               C: Chloramphenicol R: Resistance  

CIP: Ciprofloxacin CN: Gentamicin I: Intermediate 

CTX: Cefotaxime VA: Vancomycin                         S: Sensitive 

OFX: Ofloxacin PB: polymyxin 

NOR: Norfloxacin FA: Fusidic acid 

  

20 S32a S S S S S S R S S R 20% 80% - 

21 S44a R S S S S S S R S I 20% 70% 10% 

22 S46b S S I S S S S R S I 10% 70% 20% 

23 S40 S I S I S S R S S I 10% 60% 30% 

24 S41 S S S S S S S S S S - 100% - 

25 S34 R S R S R R R R S R 70% 30% - 

26 S46a S S S S S S S R I I 10% 70% 20% 

27 S3 R R R R S R R S R R 80% 20% - 

28 S6 R R R R R R R S R R 90% 10% - 

29 S7 S S R R R S R S R R 60% 40% - 

30 S7cw1 I R I R R I R R R R 70% - 30% 

31 S2N.A I S I S R S S S S I 10% 60% 30% 

32 S8 S R S R S S R S R R 50% 50% - 

33 S8b S S I S R S R S S R 30% 60% 10% 

34 S10 I S R S R R R S S R 50% 40% 10% 

35 S12 R R R R R R R S R R 90% 10% - 

36 S13 R R R R S R R S R R 80% 20% - 

37 S17 S R R R R S R S R R 70% 30% - 

38 S9 R R R R S R R S R R 80% 20% - 

39 S24 R R R R R R R S R R 90% 10% - 

40 S1N.A S S I S R S R S S R 30% 60% 10% 
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 مه عزلاتالالمعسضة لاشعة غاما هى مضاد بكتيسي فعال ضد  متسيةىاووال الفضة ذزات

 المسضى الريه يعاوون مه التهابات العيه
*و ػجذ اندىاد هبشى , هبنخ انحفُبوي*, سٌهبو سًٍشحُبٌ انجبص  

 

 .نًشكض انقىيً نجحىس وركُىنىخٍب الإشؼبع, انقبهشح, يظش  

 .بػخ, كهٍخ طٍذنخ خبيؼخ انقبهشح, انقبهشح, يظشقسى انًٍكشوثٍىنىخً و نًُ *

 

( خظبئض خٍذح يؼبدح نهدشاثٍى َظشًا نًسبحخ سطحهب انكجٍشح إنى َسجخ Ag NPs)انفؼخ َبَىيزشٌخ انخهفٍخ: رظُهش اندسًٍبد 

قجم َبَىيزشٌخ  انفؼخانحدى1 كبٌ انغشع يٍ هزِ انذساسخ هى رقٍٍى انزأثٍش انًؼبد نهجكزٍشٌب نزشكٍضاد يخزهفخ يٍ اندسًٍبد 

 وثؼذ انزشؼٍغ ثدشػبد يخزهفخ يٍ إشؼبع خبيب ، ػذ ػضلاد انزهبة انؼٍٍ اندشثىيٍخ

ػضنخ ثكزٍشٌخ ورى رحذٌذ يلايح انحسبسٍخ نذٌهى ، ثبسزخذاو ؽشٌقخ  04ػٍُخ سشٌشٌخ ، رى رحذٌذ  0.شق وانُزبئح: يٍ ثٍٍ انط

يٍ انًؼبداد انحٍىٌخ الأكثش اسزخذايًب فً انزهبثبد انؼ1ٍٍ ثبنُسجخ نؼضل اندشاو انًىخت وانسبنت ، رى  04َشش انقشص ، يقبثم 

سٍذٌك وانُىسفهىكسبسٍٍ ، ػهى انزىان1ً وكبَذ الأدوٌخ الأكثش فؼبنٍخ هً انجىنًٍكسٍٍ رسدٍم أػهى يقبويخ ػذ حًغ انفى

٪1 رى رأكٍذ 2ثبسزخذاو يحهىل ثىنً فٍٍُم ثٍشونٍذوٌ  Ag NPsوانزىثشايٍسٍٍ وانكهىسايفٍٍُكىل1 أخشٌذ انزشكٍجبد انكًٍٍبئٍخ نـ 

، انًدهش الإنكزشوًَ نلإسسبل واَزثبس انؼىء  UV/ VISيٍ خلال انزحهٍم انطٍفً نلأشؼخ فىق انجُفسدٍخ  Ag NPsخظبئض 

 MICsنهؼضلاد انجكزٍشٌخ انًخزبسح ثبسزخذاو ؽشٌقخ اَزشبس انجئش1 وسدهذ أػهى  Ag NPSيٍ  MICsانذٌُبيٍك1ً رى رحذٌذ 

انؼُقىدٌخ  يٍكشوغشاو / يم( وانًكىساد 00يٍكشوغشاو / يم( ، الانزهبة انشئىي كهٍجسٍلا ) 24ػذ الإششٌكٍخ انقىنىٍَخ )

، وفىق رنك رقم  KGy  15ثبثزخ ػُذ انزؼشع لإشؼبػبد غبيبثدشػخ رظم إنى NPsيٍكشوغشاو / يم(1 كبَذ 00اندهذٌخ )

 انؼبنٍخMICs 1انُشبؽ إنى حذ كجٍش ػذ ثؼغ انؼضلاد انجكزٍشٌخ راد 

يفٍذح ثشكم خبص ، فً ػلاج رُشؾ ػذ سلالاد يخزهفخ يٍ انزهبثبد انؼٍٍ انجكزٍشٌخ وًٌكٍ أٌ ركىٌ  Ag NPsانخلاطخ: 

  KGyانًشؼؼخ يسزقشح وَشطخ ػُذ انزؼشع ندشػبد إشؼبػبد خبيب أقم يٍ NPsانسلالاد انًقبويخ نهًؼبداد انحٍىٌخ1 رؼذ 

 1ثبلاػبفخ اَهب يُبسجخ نؼًهٍبد انزؼقٍى 20


