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ABSTRACT 

Objectives: This study aims to detect the presence of bacterial biofilm in the surgical operating rooms in Suez Canal University 

Hospital, and evaluate the activity of silver nanoparticles (AgNPs) as an antibiofilm agent and its effect in bacterial colony count 

in surgical operating rooms.  

Methods: Frequently touched surfaces in five surgical operating rooms were, swabbed with dry sterile cotton swabs such as air 

supply vents, beds, anesthesia devices' surfaces, doors, and walls. The bacterial samples were tested for biofilm production by 

microtitre plate method. Then the biofilm producers were identified using VITEK® 2 system. Silver nanoparticles were tested to 

inhibit the biofilm formation and to eradicate pre-formed biofilm in microtitre plate and the effect was measured 

spectrophotometrically. After that silver nanoparticles were tested to reduce the aerobic colony count on frequently touched 

surfaces besides walls and floors in operating rooms by determination the colony count before and after use of silver 

nanoparticles.  

Results: A total of 71 samples obtained from five surgical operating rooms, 19 samples were found to be strong biofilm 

producers and 25 were moderated biofilm producers. Silver nanoparticles and sodium hypochlorite showed no statistical 

differences in in vitro tests of antimicrobial activity and antibiofilm activity. Silver nanoparticles (AgNPs), in concentration 150 

ppm, showed significant decrease in aerobic colony count on operating rooms frequently touched surfaces after use of AgNPs, 

and significant reduction of aerobic colony count (ACC) on walls and floors in comparison with sodium hypochlorite. 

Conclusion: Silver nanoparticles are more efficient in reduction of ACC in comparison with sodium hypochlorite. 

Key words: Silver nanoparticles, hypochlorite, biofilm, Surgical Operating Rooms 
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INTRODUCTION 

Infection control policy is a set of practices and measures applied to all patient care units in healthcare setting to 

provide high-quality health care for patients and a safe working environment for those who work in healthcare settings [1] 

Cleaning and disinfection of surfaces in health care setting is important to prevent exposure to environmental or airborne 

pathogens may result in infections with significant morbidity and mortality  and to bring outbreaks under control  [2]. 

A biofilm is a complex multicellular community formed at surfaces and interfaces [3]. It occurs in nearly every moist 

environment where sufficient nutrient flow is available and surfaces attachment can be achieved [4]. Biofilms have been found to 

protect the microbial community from environmental stresses. Therefore, the formation of biofilm allows the bacteria to develop 

resistances to bacteriophages, amoebae, chemically diverse biocides, host immune responses, and antibiotics through the 

production of a protective cover, the extracellular polysaccharide substances. Bacterial biofilm particularly problematic due to its 

high antimicrobial resistance tendency causing numerous chronic infections such as chronic osteomyelitis, and chronic 

pneumonia in patients with cystic fibrosis. In addition, infections associated with the use of biomaterial such as; intravascular 

catheters, urethral catheters, and prosthetic heart valves [5]. 

Nanotechnology is a new strategy in fighting bacteria due to unique properties of metal in form of nanoparticles. The 

high surface-to-volume ratio of nanoscale materials is associated with several novel and desirable properties compared with the 

corresponding bulk materials. These properties include chemical, mechanical, electrical and optical characteristics such as light 

absorption and conductivity, as well as catalytic and biological activity [6,7]. Silver nanoparticles (AgNPs), especially, have a 

strong antibacterial effect against Gram-negative bacteria, Gram-positive bacteria, fungi, and viruses [8-12]. They are commonly 

used in water filters for inhibition of biofilm or additional level of treatment, also used in hospital water systems as a secondary 

disinfectant to reduce the level of chlorine in drinking water supplies [26] Although, the inherent resistance of biofilm against 

antimicrobial and host immune system, it was observed that silver nanoparticles in different particles size and concentration have 

significant log reduction and inhibition of biofilm [13,14,15]  

This study aimed to detect the bacteriathat contaminating frequently touched surfaces in the surgical operating rooms 

in Suez Canal University Hospital and determination their ability to produce the biofilm, then demonstrate the antibacterial and 

antibiofilm activity of silver nanoparticles on the isolated strains and evaluate its use as disinfectant appropriate for bacterial 

colony count reduction in surgical operating rooms. 
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Materials and methods 

Table: list of materials and media 

Media/ chemical name Source 

Nutrient agar lab m LTD, UK 

Nutrient broth lab m LTD, UK 

Trypticase soy agar lab m LTD, UK 

Trypticase soy broth Oxoid LTD, UK 

40 % Glycerol Loba chemia, India 

0.1% crystal violet solution Sd Fine-chem LTD, India 

Muller-Hinton broth Oxoid limited, UK 

Methods 

Collection of samples 

There are 7 surgical operating rooms in Suez Canal University hospital for various kinds of surgeries. The room number 7 

was specialized for ophthalmic surgeries. Each room is about 30 m2 in space and 2.5 m Hight, and containing the surgical bed in 

the middle of the room, and anesthesia device. In one side of the wall, there are shelves impeded in the wall used to store I.V. 

infusion solutions and any other devices and tools. In the roof, there are 1 or 2 hanged torches and 4-6 air supply vents. 

The samples were collected by swabbing frequently-touched surfaces in surgical operating operation rooms in Suez Canal 

University by using dry sterile cotton tipped swabs [16], after 24 hours of usual cleaning procedures with 0.5% sodium 

hypochlorite. The swabbing was done once a week from October 2014 to November 2014. Surfaces swabbed, area of swabbing, 

swabbing time, and number of swabs from surfaces is illustrated in (Table 2). 

Table 1: Description of sampling 

Swabbed surfaces Area of swabbing Swabbing time 
Number of 

swabs 
Location of sampling 

Surgical bed 20 cm* 20 cm 30 seconds 2 
From top and bottom of the 

bed 

Anesthesia device 10 cm* 10 cm 30 seconds 2 Screen surface and button  

Shelves 20 cm* 20 cm 30 seconds 2 From two sites of the shelves 

Floor 20 cm* 20 cm 30 seconds 2 
Beside the bed and from 

corners 

Walls 20 cm* 20 cm 30 seconds 2 From the middle of the wall 

Door 20 cm* 20 cm 30 seconds 2 from each side of the door 
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Isolation and purification of samples 

The swabs were transferred to the lab within 30 minutes of sampling. Each swab immersed in 5 ml of saline, then mixed 

well, and then swabs 0.5 ml were inoculated into a nutrient agar (NA) and trypticase soy agar (TSA) plates, then incubated at 

370c for 24 hours. Purification of isolated colonies by transferring mixed plates on new plates until get pure colonies. The isolated 

colonies were saved in 40% glycerol nutrient broth and kept at -20 oc [17]. The isolated purified samples coded with room 

number and swabbed site.  

Detection of biofilm production using microtitre plate method (STEPANOVIC, et al. 2007)  

An overnight bacterial growth on nutrient agar plates was inoculated into trypticase soy broth supplemented with 1% 

glucose, then incubated for 24 hours at 37oC. The culture was diluted 1:100 with fresh medium to make the bacterial suspension. 

One hundred microliters of bacterial suspensions were added to 96-well microtitre plate, and incubated for 24 hours at 37oC. 

After incubation, the contents of the plate were discarded, then plates washed four times with 200 µl normal saline to remove 

planktonic cells. Biofilm formed by bacteria adherent to the inner wall of the wells fixed by 200 µl of 2% sodium acetate for 5 

minutes, then washed with distilled water. Fixed biofilm was stained by 200 µl of 0.1% crystal violet aqueous solution for 10 

minutes. Excess stain removed by washing with distilled water, and left to dry. After drying, 100 µl of distilled water and 100 µl 

of 1N HCl were added as coloring agent. The optical density of the stained biofilm was obtained by ELISA autoreader at 

wavelength 450 nm – 630 nm. The test was done in duplicate, obtaining the average of absorbance and the interpretation of 

biofilm production was done according to Stepanovic criteria Table 2. Positive control used was Staphylococcus aureus, 

Escherichia coli, and Bacillus subtilis, which obtained from faculty of pharmacy, Suez Canal University Ismailia, Egypt. 

Table 2: Stepanovic Criteria 

non/ weak producer 
OD ≤ ODc 

ODc ≤ OD ≤ 2*ODc 

Moderate producer 2*ODc ≤ OD ≤ 4*ODc 

strong producer OD ≥ 4*ODc 

ODc (optical density cut-off of negative control) = average of OD of negative control + 3* Standard deviation of negative control 

 

Identification of strong and moderate biofilm producer strains 

Biofilm-producing isolates identified as Gram-positive or Gram-negative using Gram stain set. Identification of Biofilm-

producing isolates was done using VITEK® 2                                                                       ® 2 ID 

cards. 

Synthesis of silver nanoparticles 

Silver nitrate (AgNO3) and Polyvinylpyrrolidone (PVP) solutions were used for the synthesis of AgNPs. The modified 

method of (El-Batal, et al. 2016 a and 2016 b) was applied as follows: 10 ml of 0.5% PVP solution was mixed with 90 ml of 5.0 

mM AgNO3 solution and. The mixtures were exposed to gamma radiation at dose 25 kGy at room temperature. After irradiation, 
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the produced AgNPs were characterized according to (El-Batal, et al., 2016a and 2016b). The method of irradiation was 

conducted at National Center for Radiation Research and Technology (NCRRT). The facility practiced was 60 Co-Gamma 

chamber 4000-A-India. Irradiation was administered at a dose rate 2.9 kGy/ hour at the time of the experiment. 

Determination of minimum inhibitory concentration (MIC) by microdilution method on 96-well microtitre plate 

[18] 

In a sterile 96-wells microtitre plate, 100 µl of silver nanoparticle solutions in concentration 500 ppm added into the first 

     f     pl        5  μl of Mueller-Hinton broth were added into the rest rows. Two-fold serial dilutions of silver nanoparticle 

solutions were made by drawing up 50 of silver nanoparticle solution from the first row into the next one and then mix well, after 

           p 5  μl  f the mix and added to the next well and so on. The concentrations of silver nanoparticles in the wells from 

row (A) to the row (F) of the plate was as follows 500, 250, 125, 62.5, 31.25, and 15.625 ppm. The rows (G) and (H) was used as 

negative and positive controls, respectively. The positive control was inoculated with strains Staphylococcus aureus, Escherichia 

coli, and Bacillus subtilis, which obtained from faculty of pharmacy, Suez Canal University Ismailia, Egypt, while the negative 

control wells were Mueller-Hinton broth and disinfectant solution with no bacterial suspensions. Preparation of bacterial 

suspension made from an overnight growth of bacterial isolates was as follow; two separated colonies were collected and 

suspended in saline matching 0.5  cF  l       b                Al q     5  μl   f   c  b c     l    p               c l          

  ll   f   c        pl        b       f   l v l     f     μl      c    ll  f     pl            c b     f   24          3 oC. The 

MIC of silver nanoparticles detected as the lowest concentration cause inhibition of bacterial growth and that indicated by no 

turbidity was observed in the wells. 

Testing of antibiofilm activity of silver nanoparticles 

Testing the activity of inhibition of biofilm formation [18] 

This method depends on visual observation of biofilm formed in the wells of microtitre plate in presence of silver 

nanoparticles solutions by staining with 0.1% crystal violet solution as indication of bacterial growth. The antibiofilm activity of 

silver nanoparticles in concentrations 500 ppm, 250 ppm and 125 ppm was tested in comparison with sodium hypochlorite 

solution in concentration 5000 ppm (0.5%), as a standard disinfectant in the policies of infection control in healthcare facilities in 

Suez Canal U  v          p   l          c        pl        c  c              μl  f   lv       p    cl    l          c  c           

500 ppm, 250 ppm, and 125 ppm, respectively. Fifty microliters of Mueller-Hinton broth were added into the wells of plates. 

Aliquot (50 μl   f b c     l    p        f 44          f                     b  f l  p    c            c l            ll   f   

microtitre plate and incubated at 37oC for 24 hours. The inhibition effect indicated by detecting the biofilm formation using a 

crystal violet stain. After 24 hours of incubation, contents of the wells were discarded, and the wells were washed three times 

     2   μl      l   l     A        b  f l       b    f     b  2   μl  f 2%         c      f   5                          

distilled water. Bi f l                b  2   μl  f    % c     l v  l    q        l      f                     c              

    v   b                    ll                   2   μl  f      ll                 lv             c l  l      l             well 

indicating no biofilm formed, while appearance of blue color of crystal violet stain indicates biofilm growth. This test run in 

comparison with negative and positive control. The standard strains used as a positive control were Staphylococcus aureus, 

Escherichia coli, and Bacillus subtilis, which obtained from department of microbiology and immunology, Suez Canal 

University. 
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Chi square test was used to find the difference in inhibition of biofilm formation between silver nanoparticles in 

concentrations 500 ppm, 250 ppm, and 125 ppm and between silver nanoparticles and sodium hypochlorite solutions in 

concentration 5000 ppm (0.5%). 

Testing the activity of silver nanoparticles to eradicate the formed biofilm [19] 

This method is based on comparing the biofilm mass before and after the treatment with the antimicrobial agent and that 

indicating the ability of antimicrobial agent to eradicate the formed biofilm. The test had been performed by preparing 96-wells 

microtitre plates containing 100 µl of biofilm growing medium. Bacterial suspension made from an overnight growth of strong 

and moderate biofilm producer, then matching with 0.5 McFarland turbidity standard. 100 µl of bacterial suspension let to grow 

as a biofilm in microtitre plate for 24 hours at 37 oC. After incubation, content of the wells was discarded and plates were washed 

b  2   μl      l   l                 Af              µl  f f                    µl  f       c  b  l           lv       p    cles 

500, 250, and 150 ppm and sodium hypochlorite 5000 ppm, were added into the wells and incubated for another 24 hours at 

37oC  Af      c b       c        f       ll         c                 ll                               2   μl      l   l         

        b  f l  f     b  2   μl  f 2%         c      f   5                      with distilled water. After washing, the 

         b  f l                b  2   μl  f    % c     l v  l    q        l      f                     c                  v   

b                    ll          Af              μl      ll                 μl  N HCl     added and each plate was duplicated. 

The stained biofilms were measured by ELISA reader at wavelength range 492 nm- 630 nm. Determine the percentage of 

inhibition by the following formula [20]. 

                          
                                                 

                          
      

Determination the reduction of Aerobic Colony Count (ACC) using silver nanoparticles 150 ppm and NaOCl 0.5% in 

surgical operating room 

This test done through randomized control trial in the comparing of two procedures for cleaning the operating room. Using 

of silver nanoparticles on the frequently-touched surfaces (e.g. bed, door, anesthesia device surfaces) and non-critical surfaces 

(floors and walls) in concentration 150 ppm after cleaning with water only. The usual cleaning procedure by environmental 

service workers with sodium hypochlorite on non-critical surfaces. While there was no monitoring on the concentration of 

prepared solution or the cleaning procedure performed. 

Five rooms of surgical operating rooms had been used to test the ability of AgNPs and sodium hypochlorite to reduce the 

aerobic colony count. Each room had been washed twice with each antimicrobial agent. Any other antimicrobial agent should not 

be used before washing. To avoid the physical and chemical factors that percent in the environment such as pH, temperature, 

relative humidity, and water hardness concentration of silver nanoparticles used increased from 125 ppm to 150 ppm.  

The method was modified from the source [21]. The original method used several types of swabs and diluents for the 

detection of specific types of microorganisms, such as for detection of salmonella species buffered peptone water and selective 

enrichment medium should be used and for just enumeration the peptone saline used as diluent. In the current study used normal 

saline as diluent and plate count agar [22] as the growth medium.  
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The cleaning procedure using silver nanoparticles 150 ppm was as follow; at the end of working day, the operating room 

was cleaned using only water and remove the waste. Then the silver nanoparticles 150 ppm sprayed over the frequently touched 

surfaces mentioned in Table 4 using pressure sprayer, beside floors and walls. The sprayer was moved back and forth to ensure 

covering the surface under test. The same steps done when cleaning with sodium hypochlorite, but the sodium hypochlorite was 

not used on frequently touched surfaces to avoid its damaging. Each room underwent assessment of aerobic colony count on 

frequently touched surfaces at the end of surgical working day and after 24 hours by swabbing. The experiment was repeated 

twice in each room. 

       f c  ’    b  c ll c             c             pl    ll            and Table 4. After swabbing, swabs were immersed 

in 5 ml of saline for bacterial extraction, and then two plates of plate count agar were inoculated with 0.5 ml of bacterial 

suspension for each. The plates coded and incubated at 37oC for 48 hours and checked for growth every 24 hours. The count was 

calculated using the following formula: 

                   
 

      
    

Where: C is the sum of colonies on all plates counted; V is the volume applied to each plate in ml; N1 is the number of 

plates counted at the first dilution; N2 is the original volume of suspension in ml; And D is the dilution from which the first count 

was obtained e.g.10-2 is 0.01. If the swab is from a measured area the count can be divided by the area swabbed in cm2.  

Table 3: Room(s) decontamination plan 

Date of ... 
Room(s) Decontaminated with 

sodium hypochlorite 

Room(s) Decontaminated with silver 

nanoparticles 
Pretreatment 

swabbing 
intervention 

Post-treatment 

swabbing 

8/4/2016 

Thursday 

8/4/2016 

Thursday 

9/4/2016 

Friday 
- 3, 4 

10/4/2016 

Saturday 

10/4/2016 

Saturday 

11/4/2016 

Sunday 
3, 4 - 

15/4/2016 

Thursday 

15/4/2016 

Thursday 

16/4/2016 

Friday 
- 2, 7 

17/4/2016 

Saturday 
17/4/2016 Saturday 

18/4/2016 

Sunday 
2, 7 - 

22/4/2016 Thursday 
22/4/2016 

Thursday 

23/4/2016 

Friday 
- 3, 4, 5 

24/4/2016 Saturday 24/4/2016 Saturday 
25/4/2016 

Sunday 
3, 4, 5 - 

29/4/2016 Thursday 
29/4/2016 

Thursday 

30/4/2016 

Friday 
- 2, 7, 5 

1/5/2016 Saturday 1/5/2016 Saturday 
2/5/2016 

Sunday 
2, 7, 5 - 
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Table 4: Description of sampling before and after disinfectants interventions 

Swabbed surfaces Area of swabbing 
Swabbing time 

(seconds) 

No. of swab(s) from the surface from each room 

Anesthesia device 10 cm* 10 cm 30 2 

Surgical bed 20 cm* 20 cm 30 1 

Door 20 cm* 20 cm  30 2 

lamp 10 cm* 10 cm 30 1 (from room number 3 only) 

Shelves 20 cm* 20 cm 30 2 

Chair 10 cm* 10 cm 30 1(from room number 7 only) 

Trolley 20 cm* 20 cm 30 1(from room number 7 only) 

Floor 20 cm* 20 cm 30  2 

Walls 20 cm* 20 cm 30  2 

 

Statistical analysis 

Chi-square test had used to evaluate difference in antimicrobial activity between the different disinfectants and reduction of 

aerobic colony count. The one-way ANOVA test was used to evaluate the difference in reduction of biofilm mass at   < 0.05. 

The analysis made using the SPSS program version 22. 

RESULTS 

Samples collection 

One hundred and twelve swab samples were collected from five surgical operating rooms in Suez Canal University hospital. 

Sites of isolation and number of isolates as shown in (Table 5). Of which, 71 samples (63.39%) obtained as positive growth. The 

isolated samples were saved in 40% glycerol nutrient broth for further tests [23-29].  

Table 5: Isolated samples from swabbed surfaces 

Swabbed Surface Number of isolates 

Anesthesia device 14 

Surgical bed 19 

Shelves 16 

lamp 7 

Door 7 

Floors 3 

Walls 5 

 

Detection of biofilm production using microtitre plate 
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The biofilm production of the 71 isolates was as follow; Non- or weak biofilm producers were 27 isolates (38.02 %), 25 isolates 

(35.21 %) were moderate biofilm producers and 19 isolates (26.76 %) were strong biofilm producer. The positive control; 

Staphylococcus aureus, Escherichia coli, and Bacillus subtilis, showed moderate biofilm production. Figure 1 showed the density 

of the stained biofilm on microtiter plate. 

 

Figure 1: Testing of biofilm production on 96-wells microtitre plate. The yellow color appeared after addition of coloring agent to stained 

biofilm. The density of the color indicates the extent of biofilm production. 

Identification of biofilm producing isolates 

Identification of 19 strong-biofilm producers and 25 moderate biofilm producers by VITEK® 2 system with identification 

probability 86%-99%. The identified organisms illustrated in Table 6. 

Table 6: Identified microorganisms 

Identified microorganism Frequency 

Strong biofilm producers 

Staphylococcus aureus 2 

Staphylococcus vitulinus 4 

Staphylococcus lentus 6 

Staphylococcus sciuri 3 

Enterococcus columbae 1 

Aerococcus viridans 1 

Unidentified sample 2 

Moderate biofilm producers 

Pseudomonas oryzihabitans 2 
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Staphylococcus sciuri 2 

Staphylococcus lentus 9 

Staphylococcus carnosus ssp carnosus 2 

Aerococcus viridans 2 

Unidentified samples 8 

 

Synthesis of silver nanoparticle 

Silver nanoparticles synthesis noticed by deep- yellowish brown color formation. Result of silver nanoparticles synthesis at 

25.0 kGy gamma irradiation dose showed maximum absorption (3.123) at the wavelength (433nm) [30-33]. 

Determination of MIC 

The MIC was determined by absence of turbidity in the well of the lowest concentration, that indicating the growth 

inhibition. So as shown in Figure 2, silver nanoparticles in concentrations 500 ppm and 250 ppm showed no turbidity in 71 of 

isolates, while silver nanoparticles in concentration 125 ppm showed no turbidity in 64 isolates. From the previous, the MIC 

obtained as 125 ppm [34-37]. 

 

Figure 2: MIC plotting chart. 
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Testing of antibiofilm activity 

Testing the activity of inhibition of biofilm formation 

This test is measuring the ability of antimicrobial agents to prevent the formation of biofilm. The results of the test as shown in 

Table 7 [38-42]. 

Table 7: Inhibition of biofilm formation by antimicrobial agents 

Antimicrobial agent Inhibited isolates 

Silver nanoparticles 

500 ppm 44 

250 ppm 44 

125 ppm 42 

Sodium hypochlorite 5000 ppm (0.5%) 40 

 

The Chi square analytical test showed that the difference in inhibition of biofilm formation between silver nanoparticles in concentrations 

500 ppm, 250 ppm, and 125 ppm was not significant (p-value= 0.440771), and between silver nanoparticles and sodium hypochlorite (5000 ppm) 

was also not significant (p-value= 0.233763) at p < 0.05. 

Testing the activity of eradication of preformed biofilm 

When silver nanoparticles used to eradicate the formed biofilms of 44 isolates, concentration 500 ppm showed inhibition by 

68%, concentration 250 ppm showed inhibition by 56.81%, and concentration 125 ppm showed inhibition by 59.09%. While 

sodium hypochlorite in concentration 5000 ppm, it showed inhibition of the 44 isolates by 45%. Figure 3 showed the average of 

percentage of inhibition of biofilm masses by the different disinfectants.  

Statistical test performed using One-way ANOVA test. The difference in reduction of biofilm mass between silver 

nanoparticles in concentrations 500 ppm, 250 ppm, and 150 ppm (P-value 0.809) and between silver nanoparticles and sodium 

hypochlorite in concentration 5000 ppm (P-value 0.928) were not significant at p < 0.05 [43-46].  
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Figure 3: Number of eradicated biofilms and percentage of eradication. 

Determination the reduction of aerobic colony counts (ACC) using silver nanoparticles 150 ppm 

and NaOCl 0.5% in surgical operating room 

Silver nanoparticles in concentration 150 ppm showed decrease in aerobic colony count on frequently touched surfaces by 

95.6 % against increase in aerobic colony count by 14.09 % on same surfaces when no intervention taken for decontamination, as 

sodium hypochlorite should not be used on these surfaces to avoid its damage. the reduction of aerobic colony count of silver 

nanoparticles 150 ppm was statistically significant (P-value= 0.00001, p< 0.05), Figure 4 shows aerobic colony count represented 

by CFU/ cm2 on frequently touched surfaces in the operating rooms before and after disinfection with silver nanoparticles 150 

ppm and the colony count with no intervention.  

When silver nanoparticles used on floors and walls showed decrease in aerobic colony count by 85 % against increase of aerobic 

colony count when decontaminated by sodium hypochlorite by 252.5 %. Figure 5 shows the aerobic colony count on floors and 

walls before and after decontamination with silver nanoparticles 150 ppm and sodium hypochlorite 5000 ppm. The 

microorganisms that contaminated the frequently touched surfaces are illustrated in  

Table 8 [47-52]. 

Table 8: Microorganisms that contaminating the frequently touched surfaces in surgical operating rooms 

Surface swabbed Strong biofilm producers Moderate biofilm producers 

Anesthesia device 

Staphylococcus aureus 

Staphylococcus sciuri 

Aerococcus viridance 

Staphylococcus lentus 
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bed 
Staphylococcus vitulinus 

Staphylococcus lentus 

Staphylococcus sciuri 

Staphylococcus carnosus spp carnosus 

door 
Enterococcus columbae 

Staphylococcus vitulinus 
----- 

shelves Staphylococcus lentus 
Pseudomonas oryzihabitans 

Aerococcus viridans 

 

 

Figure 4: The effect of silver nanoparticles 150 ppm on ACC on frequently touched surfaces against no intervention taken on the same surfaces. 



Hanora AM, et al Der Pharmacia Lettre, 2017, 9 [10]:1-23 

______________________________________________________________________________ 

14 

Scholar Research Library 

 

 

 

Figure 5: Reduction of ACC on floors and walls by silver nanoparticles 150 ppm and sodium hypochlorite 5000 ppm (0.5%). 

Discussion 

This study aims to detect the presence of biofilm-producing bacteria in the surgical operating rooms in Suez Canal 

University hospital, and evaluate the cleaning protocol of surgical operating rooms by using environmental culture method. In 

this research, silver nanoparticles generated to use as disinfectant for surfaces decontamination in surgical operating rooms. There 

are no studies previously provided a use of the silver nanoparticles for the disinfection processes of surgical operating rooms. 

In the present study, Samples collected by swabbing the frequently touched surfaces of surgical operating rooms using dry 

sterile cotton swabs with a sensitivity 63.39 %. This data was agreeing with results of [53] and [54] who found that the dry sterile 

cotton swaps have a sensitivity about 60 %- 62 % of extraction of microorganisms from contaminated surfaces. This method in 

considered simple and does not need for special techniques, so used for qualitative detection of bacteria that contaminating 

surfaces. 

This study used microtitre plate method for quantitative evaluation of biofilm formation, as this method considered 

standard in evaluation of biofilm activity. The results obtained from this method was 61.97 % were biofilm producers and that 

resembled that by [55] who tested 152 clinical isolates of Staphylococcus spp. to produce biofilm by Congo red agar (CRA), 

microtitre plate method and tube method (TM) methods. The results showed that 97.1% of strains assessed as biofilm producers 
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with the use of microtitre plate method, 73.6% by TM, and only 6.8% in the case of CRA method, thus the authors concluded that 

the most sensitive method for biofilm formation detection was the microtitre plate method. It is also as the results of [90] who 

found that only 7.4% of analyzed coagulase negative staphylococci strains yielded positive reactions in the CRA method. While 

by microtitre plate method showed that 20.5% of isolates could produce biofilm. These studies were strongly suggested that the 

use of microtitre plate method for the evaluation of biofilm formation ability by strains isolated from hospital environment [56-

58]. 

The antimicrobial activity of silver nanoparticles on environmental isolates showed no difference than that of sodium 

hypochlorite. These results resampled with study of [59]. Who tested bactericidal effect of silver nanoparticles as a final 

                             c     lv       p    cl      c  c          53  μ /  l  53  pp   c  p                   p c l      

2.25 % (25,000 ppm) in prevention and treatment of endodontic infections. The results showed that nanoparticles of 10 nm and 

the sodium hypochlorite at 2.25% were effective for eliminating E. faecalis, with nonsignificant difference between them. The 

differences between current study and this study is, the microorganisms isolated from surface of uniradicular extracted dental 

organs intentionally contaminated with Enterococcus faecalis standard strain, while the current study tested the effect on 

microorganism isolated from environmental surfaces from operating rooms [60-66]. 

Lack of standardization makes a comparison of the silver nanoparticles tests results difficult, and can lead to the generation 

of conflicting data between studies since the experimental outcome is strongly dependent on the assay conditions and materials 

employed in the testing. Crystal violet was widely used for staining methods applied to biofilm quantification as it is inexpensive 

and measures the effects on total biomass of biofilms [67 ]. The antibiofilm activity of silver nanoparticles tested to be used for 

surfaces that might be able to aid the growth of biofilm by preserving moisture or porous surface [68-70]. 

The use of silver nanoparticles in higher concentration (150 ppm) rather than the MIC concentration (125 ppm) in the test of 

reduction of aerobic colony count to avoid the physical and chemical factors that percent in the environment such as pH, 

temperature, relative humidity, and water hardness. These factors could affect the efficacy of silver nanoparticles solution and 

reduce its potency [71]. 

The cleaning procedure of surgical operating rooms was using sodium hypochlorite according to Policies of infection 

control in healthcare facilities in Suez Canal University hospital. Sodium hypochlorite was used only on walls and floors and 

other surfaces cleaned only with wet cloths. In this study, the cleaning protocol evaluated by swapping these surfaces before and 

after cleaning, it found that increase in aerobic colony count by 14.09%. This result resembles with the In vitro study by [40] who 
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used sodium hypochlorite in intensive care unit. The results showed that even the exposure to hypochlorite at concentration 

20,000 ppm, S. aureus cells were re-growing on prolonged incubation. The contamination of surfaces in surgical operating rooms 

of Suez Canal university hospitals by pathogenic microorganisms as shown in [72-76]  

Table 8, may be for many reasons; first, the cleaning protocol in the infection control policies and practices of Suez Canal 

university hospital [77] have some limitations in the cleaning procedure of blood spills, that is the blood spills removed first by 

absorbed cotton, then using sodium hypochlorite 5000 ppm for disinfect the surface. This procedure did not document the use of 

detergent before the disinfection. Second, the infection control policies and practices of Suez Canal University hospital did not 

document a procedure for cleaning of surfaces that could not be decontaminated by sodium hypochlorite such as beds and 

anesthesia devices, and that made the cleaning process varied as the cleaning worker. The increase that observed in aerobic 

colony count after cleaning with sodium hypochlorite may be due to low training and education on the updated guidelines of 

infection control for the environmental services workers, there were no monitoring on the disinfectants preparation and use, but 

just visual auditing [78-80].  

In the current study, Silver nanoparticles was applied on semi-critical surfaces in operating rooms such as; anesthesia 

devices, beds, chairs and tables. The result was aerobic colony count inhbition on theses surfaces by 95.6%. sodim hypochlorite 

could not used on these surfaces to avoid its damage due to the corrosive effect on metal and destruction effect on fabrics. This 

result agree with that of [81] who tested Dettol® effect on viablity of microorgansims causing nosocomial infections. Different 

concnentrations of Dettol® had been used, and there was significant decrease in colony count. The difference between current 

study and previous study is that the tested effect of reduction of aerobic colony count in situ while the other study had used in 

vitro tests under controoled conditions. Besides, study had found that there is a relationship between multidrug resistance and 

disinfectant resistance, but there are no evidence on resistance against silver nanoparticles [82]. This result also resembles 

another study by [83-86], who used in vitro tests to evaluate a comercial silver-based disinfectant (AgION®   lv  cl   ™     

clinical isolates from hospitalizad patients. The results shoewd signficant decrese (78%) in growth. This current study differs 

from the other study by the using of in situ test against in vitro tests under controlled conditions. 

Silver nanoparticles have a higher effect on reduction of aerobic colony count on any types of surfaces and have wide 

antimicrobial spectrum with low tendecy to develop resistance. In addition to its growing applications in healthcare facility and 

low or ignorent toxicity on human or hamaging effect on inanimate objects in comparison with sodium hypochlorite. So, it is 

obvieus that the silver nanoprtices is superior to be used in decontamination of surfaces in sterile rooms [86-94]. 

Conclusion 
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Silver nanoparticles-based disinfectant is superior to sodium hypochlorite due to its disadvantages of hypochlorite 

solution. Silver nanoparticles had found better antimicrobial and antibiofilm activity with higher stability than sodium 

hypochlorite. This study recommends the use of AgNPs as disinfectant in steril rooms.  
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