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Abstract: Nosocomial infections can be transmitted by contaminated hospital surfaces with 
resistant pathogens. conventional sanitations are not efficiently contributing to removing resistant 
pathogens. Bacteriophages suggest as decontaminating agents, safe, their selective ability to kill 
specific bacteria. This work aimed to assess the efficiency of a phage in removing pseudomonas 
aeruginosa from different hard surfaces. The decontamination ability of phages w was tested in 
vitro against Pseudomonas aeruginosa strain. Cystoviridae Phages with titer (2 × 1012 PFU/mL) 
can efficiently reduce viable bacterial cells on contaminated surfaces. The treated surfaces with 
alcohol 70% and phage showed an evident drop of bacterial cell number from 1 h to 24 h. These 
results suggest that bacteriophages are biocontrol agents removing nosocomial infection pathogens 
transmitted by contaminated surfaces in the hospital environment. 
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1. Introduction 

The presence of microbial agents on the surfaces and medical devices in different units of the 
hospital is an important detrimental factor for health. Those pathogens play a major role in causing 
nosocomial infections which they lead to longer duration and dissatisfaction of patients in 
hospitals. About 3.2 million patients suffer from nosocomial infections each year, with 37,000 
dying directly from nosocomial infections [1-2].  

The hospital surfaces persistently are contaminated by several drug-resistant pathogens 
including Staphylococcus spp, Enterobacteriaceae, and Pseudomonas spp [3-5]. P. aeruginosa is 
resistant to disinfectants, antiseptics, and preservatives even can grow in some disinfectants and 
transmits infection so causes nosocomial infections [5]. P. aeruginosa can grow in the environment 
as a biofilm and survives for as long as one year [5]. The mortality and morbidity rate associated 
with P. aeruginosa is higher than other pathogens [6]. The results are reported from the European 
Centre for Disease Prevention and Control (ECDC) Register (2016) indicate which it is responsible 
for infection in the intensive care units (ICUs) 20.8%, ventilator-associated pneumonia (VAP) 
14.7%, urinary tract infection (UTI) 11.1% and bloodstream infections 27.8% [7-8].  
Up to know, the use of biocides is the most appropriate method against the prevalence of 
nosocomial infections [10]. However, biocides have shown significant limitation; such as 
disinfectants can be damage to tissue and cells, lack of preparation a standardized concentration, 
they evaporate when exposed to air and decreases their concentration, environmental impact, and 
corrosion of metal surfaces [9-11].  
 Based on these observations bacteriophages are suggested as a new alternative decontamination. 
They can contribute to the selection of both disinfectant-resistant and antibiotic-resistant 
pathogens. They are also devoid of undesirable side effects on eukaryotic cells. They do not need 
to be diluted. They do not corrode metal surfaces and devices.  Furthermore, they are self-
replication so they can remain and replicate as long as there exist bacteria. They are economically 
viable [12-17]. 
Ho et al 2016, used of ϕAB2 phage with titer of 105 PFU/ mL as an environmental biocontrol agent 
to Acinetobacter baumannii M3237 in intensive care units (ICUs) [15]. Phages application has 
been proved effective against foodborne bacteria and food processing surfaces [15-16], based on 
these data the US Food and Drug Administration (FDA) has approved the use of specific phages 
as antimicrobial agents against food contamination by Listeriamonocytogenes [14-15]. Here, we 
evaluate the efficacy of bacteriophage as a disinfectant in the removal of P. aeruginosa from 
different hard surfaces at various times.  
 
2. Materials and Methods 
2.1.  Bacterial species 
P. aeruginosa ATCC 27853 and ATCC 51821 were purchased from Pasteur Institute, Iran. Those 
were cultured on the blood agar, followed by overnight incubation at 37 °C. Then all of the above 
bacteria were approved by the conventional microbiology tests. The susceptibility to antibiotics 
was determined by Kirby–Bauer test with antibiotic discs namely ampicillin (10 µg), 
nitrofurantoin (300 µg), tetracycline (30 µg) meropenem (10 µg), cefotaxime (30 µg), gentamycin 
(10 µg), cefixime (30 µg), and ciprofloxacin (10 µg), all were obtained from Baharafshan, Iran 
[15]. 
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2.2.  Isolation of bacteriophage  
The bacteriophage was isolated from P. aeruginosa supernatants. All of the above bacteria were 
incubated in 100 mL Luria-Bertani (Quelab, USA) for 24 hours at 37 ℃ in a shaker incubator. The 
three samples were centrifuged at 10,000 × g for 10 minutes. The supernatant was filtrated through 
a 0.22 µm syringe filter at sterile conditions [15-19].  
 
 
2.3.  Double-Layer Plaque Assay (DLA Assay) 
900 μl sterilized sodium chloride-magnesium sulfate (SM) buffer (100 mmol/L NaCl, 8 mmol/L 
MgSO4, 2% gelatin, and 50 mmol/L Tris–HCl [pH 7.5]) was added to 10 sterile tubes. Then 100 
μl of phage was added to tube no. 1 and was vortexed. After vortexing 100 μl from tube no. 1 was 
taken out and added to tube no. 2. This procedure was repeated until tube no. 8. Tube no. 9 and 
tube no. 10 were selected as the positive and negative control respectively. From each of the diluted 
phage cocktail, 200 µl was transferred to 200 µl each of the above bacteria ATCC No (1.5× 108 
CFU/ mL). The mixtures were added to the top agar and the top agars were added to the bottom 
agar then the plates were incubated overnight at 37 °C. The experiment was repeated three times 
[15-19]. 
 
 
2.4.  Transmission Electron Microscopy (TEM) 
In order to prepare the phage for TEM, the phage was centrifuged at 20,000×g for 60 min. The 
phage was deposited on carbon-coated copper grids and was stained by 2% uranyl acetate (pH 4-
4.5). The phage cocktail was observed on a Zeiss EM 900 TEM at 130 kV [15-19]. 
2.5.  Determination the host range of phage  
The spot test was performed to determine the lytic activity of the phage. The overnight cultured P. 
aeruginosa was inoculated in top agar and were poured into the bottom agar. A certain volume of 
the phage cocktail supernatant (10 µl) was poured over the solidified agar. The plates were 
incubated at 37 °C overnight. The formation of the inhibition zone was checked [15-19]. 
 
2.6.  Phage Stability in vitro 
 
The stability of the phage was investigated under various environmental conditions such as 
temperatures and pH. Phage was incubated at 4, 22, 37, 50 °C for 60 minutes to determine thermal 
stability. The stability of the phage was determined at pH 3, 5, 7, 9, and 11 for 60 minutes. The 
lytic activity of the phage was detected by DLA assay.  
Also phage stability was measured after 1, 7, 14, 21, and 30 days at room temperature with DLA 
assay [15-19]. 
 
2.7.  Decontamination test 
The efficiency of lytic activity of phage against P. aeruginosa was assessed on different kinds of 
hard surfaces by in vitro decontamination assays. P. aeruginosa was grown in tryptic soy broth 
(TSB, Merck Millipore), then 10 μl of the bacteria suspension (OD600nm =1) was spread on the 
different types of surfaces as plastic and ceramic (ceramic tiles sterilized by oven previous).   The 
bacteria suspension was seeded and allowed to dry at room temperature. 50 μl of the phage lysate 
in SM buffer (2 × 1012 PFU/mL), 50 μl of Alcohol 70% separately were spread on the surfaces and 
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allowed to dry. Two groups as; bacteria suspension (OD600nm =1) , surfaces without bacteria 
suspension were used as a positive and negative controls respectively. After 15 min, 1, 3, 6, and 
24 hours, surfaces were directly sampled by contact plates (Merck Millipore). Each plate, 
containing samples taken at the different time was incubated for 24 hours at 37°C and bacterial 
load was evaluated by enumerating plate CFU. Each sample was performed in triplicate [20, 
13,14]. 
 
3.  Results  
3.1.  Detection of Antimicrobial Resistance 
The Kirby-Bauer test showed that P. aeruginosa is sensitive to nitrofurantoin, cefotaxime, and 
cefixime but resistant to ampicillin, tetracycline, meropenem, gentamycin and ciprofloxacin.  
 
3.2.  Characterization of phage  
Figure 1 shows the lytic activity of phage determined with the formation inhibition zone in spot 
test. The phage titer was calculated by DLA assay (2 ×1012 PFU/mL).  The morphology of the 
phage was shown by TEM, Cystoviridae with spherical shape (80-100 nm) with a lipid 
membrane around the capsomere (Figure 2).  
The viability of phage was considered in various conditions. The phage showed the highest titer at 
37 °C, but no active phage was found at 50 °C. The highest and lowest titer of phage was at pH 11 
and 3 respectively (Figure 3).   
The DLA assay results of incubation of phage after 1, 7, 14, 21, and 30 days at room temperature 
evidenced that phages efficiently can reduce viable bacterial cells.  
 

 
Figure 1. The formation of inhibition zone showed the lytic activity of phage against bacteria. 
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Figure 2. Electron micrographs of phage belong to the Cystoviridae family, with 2% uranyl acetate (pH 4- 4.5), 
Voltage 100Kv, the scale bar 100 nm. 

 

 

Figure 3.  The titer of phage in various temperatures and pH.  
 
 
3.3.  Decontamination potential of phage on the hard surfaces 

After 15 min, 1, 3, 6, and 24 h bacteria CFU on artificially contaminated surfaces were measured 
by enumerating grown colonies after 48 h incubation at 37°C. Phages can efficiently reduce viable 
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bacterial cells on contaminated surfaces, independently of the surface type (ceramic, plastic). The 
treated surfaces with alcohol 70% showed an evident drop of bacterial cell number from 1 to 24 
hours.  Bacterial cell number in positive and negative group was 108 CFU, 0 respectively (Figure 
4) (Figure 5).  

 

 

Figure 4.  Reduction of P. aeruginosa on the hard surfaces treated with phage (2 × 1012 PFU/mL), alcohol (70%), 
positive control (P.C, 108 CFU), negative control (N.C). 
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Figure 5.  Reduction of P. aeruginosa on the hard surfaces treated with phage (2 × 1012 PFU/mL), alcohol (70%), 
positive control (P.C, 108 CFU), negative control (N.C), after 15 min, 1, 3, 6 and 24h. 

 

4.  Discussion 

In this study, Cystoviridae phage against P. aeruginosa with a titer (2 × 1012 PFU/ mL) was 
isolated from a bacterial supernatant. Phage lysate showed lytic activity against P. aeruginosa as 
documented with formation of the inhibition zone in spot test. The efficacy of lytic activity of 
phage at various hard surfaces (ceramic and plastic) against P. aeruginosa confirmed after 1hour 
with a decrease the number of bacteria (CFU).  The highest lytic activity of phage determined at 
37 °C and pH 11. We proved phage stability after 1, 7, 14, 21 and 30 days of incubation at room 
temperature, by PFU titration on the specific bacterial.  

In present study phage lysate did not show destructive effects on the hard surfaces. Previous studies 
were showed phages have not side effect eukarutic cells [17-21]. Many chemical sanitizers have 
antimicrobials activity but are corrosive and toxic and unacceptable for treating tissue, food, and 
surfaces [23-24]. 

Our results showed with increasing the contact time between phage and contaminated surfaces 
decreased the number of bacteria (CFU). The highest and lowest bacterial concentrations observed 
in 15 minutes and 24 hours, respectively. The number of released progeny phage from the lysed 
host bacterium logarithmically increases so increases the lytic activity of phage.  Bacteriophages 
are self-replications so they are economically affordable [17-21]. Gamma irradiation of beef, 
approved by the U.S. FDA in 1997, produces about a 1,000-fold reduction in the number of viable 
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aerobic bacterial contaminants. However, it is expensive and requires batch processing. In 
addition, it is not specific [25].   

Common antimicrobials used for disinfecting surfaces in healthcare facilities include quaternary 
ammonium compounds, hydrogen peroxide, and chlorine-based products [24]. Lineback et al 
2018, reported significant differences in disinfectant efficacy as bacterial regrowth [24], which 
compared to our results, phage reduces bacteria over time.  Biocides for antimicrobial activity need 
special conditions as; Glutaraldehyde increases in biocidal efficacy with an increase in pH or some 
need to be diluted [24].  

According to the increased of resistant pathogens such as P. aeruginosa to traditional sanitizers 
including; hypochlorous acid, povidone-iodine, and benzalkonium chloride [26], in this study P. 
aeruginosa was selected and seeded (OD 600nm = 1) on the various hard surfaces. Three 
experimental groups were examined, with the two hard surfaces (ceramic and plate). Surfaces were 
treated by spreading 50 µl Cystoviridae phage with titer (2 × 1012 PFU/ mL). Treated surface with 
phage, after 15 min did not observe reduction in the number of viable P. aeruginosa because the 
lytic cycle of a bacteriophage, from the phage’s attachment to the release of progeny phage from 
the lysed host bacterium, requires about 40 min. Thus since we used only a 15 min contact between 
phage and the contaminated surfaces, the significant reductions in P. aeruginosa counts was not 
likely to alcohol 70% group. Treated surfaces with alcohol 70% showed viable bacterial targets 
dropped very rapidly (within 1 hour) and did not detect of viable bacteria after 24 hours. 

D’Accolti et al in 2018, the decontamination with phage was carried out on the plastic, glass, and 
ceramic surfaces against Staphylococcus aureus, Escherichia coli, and P. aeruginosa (OD 600nm = 
0.4). Their results showed phages targeted efficiently all tested bacteria (up to >90%) after 1 hour 
[27].  

Our results support the idea that P. aeruginosa bacteriophage significantly reduce contamination 
of hard surfaces without any detectable difference between surface types as same Abuladze et al 
2008, reported 100µl E. coli O157:H7 phage with titer 109 PFU/ml reduced E. coli O157:H7 on 
glass slides and gypsum boards 98% and 95 % respectively [14].  

Lytic bacteriophages are alternative approaches to aid the prevention of diseases caused by natural 
or intentional dissemination of pathogenic bacteria on various surfaces. Several authors [28-29] 
reported, treatment with bacteriophages significantly reduced the levels of major food-borne 
pathogens in various foods, with reduction levels ranging from 1.8 to 4.6 logs compared to those 
of untreated or placebo-treated controls [30-31]. LMP-102 is the first phage based preparation to 
be approved for a food safety application by a Western regulatory agency [14].  

 

5. Conclusions 

Phages potentially with stable lytic activity lead to effective and safe elimination of pathogens 
from the contaminated hard surfaces. Bacteriophages as biocontrol agents open new perspectives 
for the development of innovative products aimed at the prevention of nosocomial infections 
transmitted by contaminated surfaces in the hospital environment.  
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