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ABSTRACT 

Bacteriophages, as bacterial phages, are very species-specific with 

regard to their hosts and usually only infect a single, bacterial species, 

or even specific bacterial strains within a species. The study was 

carried out using 820 samples comprised of 100 stool and 720 urine 

from UTI infected patients. Four hundred twenty isolates of E.coli 

(51%) were isolated. It was found to be more frequent in female 

(73.17%) and less prevalent in males (28.82%) as determined by 

microbiological, biochemical and vitek-2 system and confirmed by 

detection of 16SrRNA. The sensitivity test carried out on E.coli 

isolates against 16 different antibiotics revealed resistance at a high 

ratio for more than nine antibiotics (data presented in a separate 

report). As a consequence of the challenge of multiple antibiotic 

resistance to the public health worldwide, a highly effective phage alternative therapy is 

sought in this study. The antibacterial activity of coliphages were assessed against 15 

multiple antibiotic resistant E.coli isolates obtained from children with UTI. All isolates 

(100%) tested were sensitive to bacteriophge lysis effect. This indicated that bacteriophge 

activity as anti-bacterial therapy was specifically effective against E. coli isolates. The 

electron microscopy revealed three types of viruses named: Siphoviridae, Podoviridae, and 

Microviridae. The three types of colipahges were assessed for their stability, physical, 

chemical sensitivity/durability. Coliphages stability with no change in titre was its best at 

4ºC, then declines at other temperatures tested at 25, 37, and 45
º
C. The phage titer decreased 

with the length of exposure time to sun light from clear (10
11

) to 150. Incubating phage 
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suspensions with alcohol, chloroform, detergent and hypochlorite at 37ºC resulted in 

reduction of phage activity by 10% at 12h with chloroform. On the other hand, ethanol 

showed the lowest inhibiting effect on the infectivity of tested coliphages. Detergent has 

reduced infectivity by 10% at different time exposure. While hypochlorite had a 1.25% effect 

on phage infectivity. 

 

KEYWORDS: Urinary tract infection, Bacteriophage, E. coli; multiple antibiotic resistant. 

 

INTRODUCTION 

Antimicrobial resistance is one of the major health problems worldwide resulting from 

overuse of antimicrobials in clinical situations where they are not necessary or in prolonged 

courses of therapy when shorter durations are as effective. Urinary tract infections (UTIs) are 

considered one of the most frequently acquired infections in the community, hospitals and 

other health care set-up, causing a huge amount of antibiotic consumption not only for 

treatment but also for prophylaxis of infectious complications after urological interventions 

that leads to a worldwide increase of uropathogens resistant to the first line antibiotics, such 

as cotrimoxazole, fluoroquinolones and cephalosporin’s and to the emergence of 

multiresistant bacterial strains (Wagenlehner and Naber, 2012; Tandogdu et al., 2014). 

 

Bacteriophage therapy was introduced much earlier prior to the discovery of the 

sulphonamides and antibiotics into medical practice then their uses as an alternative therapy 

have been only on a limited scale. However, the lytic activity of bacteriophages in vitro 

enabled some investigators to use specific bacteriophages for the differentiation of various 

species of bacteria (McGrath and Sinderen, 2007). Phages are currently being used 

therapeutically to treat bacterial infections that do not respond to conventional antibiotics in 

the USA (Thiel, 2004). 

 

MATERIALS AND METHODS 

Subjects and Sampling  

There were 820 samples was collected, including 720 samples urine samples were collected 

from patients with symptoms of UTI. In addition, 100 stool samples were collected from 

healthy individuals and used as controls. All patients’ samples were obtained from 

emergency units of Ibin Al-Balady, Central Teaching Hospital of Pediatrics, Al-Yarmouk, 

Fatima Al-Zahraa hospitals during the period from December 2018 to August 2019. Samples 

cultivated on blood agar base medium and MacConkey agar medium, then isolated on EMB 
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agar medium and incubated in 37°C for 24 hours. E. coli was identified according to Colony 

shape and Gram strains and its positivity for Catalase, Indole and methyl red, while negative 

for Oxidase, voges proskauer and citrate test (Collee et al., 2005). 

 

Antibiotic Susceptibility Testing  

E.coli isolates were tested for their sensitivity to 16 antibiotics by Kirby-Bauer disk (Perilla et 

al., 2010). The results recorded by measuring the inhibition zone (in millimeters) and 

interpreted according to clinical and laboratory standards (CLSI, 2017). 

 

Isolation and Enrichment of Bacteriophages From Urine 

The phage was enriched by mixing 200 ml of fresh samples urine with 20 ml of 

bacteriophage broth, 20 ml of a mixture of a seven multidrug resistant E. coli and 20 ml of 

brain heart infusion broth to 1 liter sterile flask and incubated at 37°C for 48h with shaking at 

120rpm. After incubation, the mixture was centrifuged at 10000 xg for 10 min to remove 

solid matters, then the supernatant was filtered by using 0.2 μm pore size Millipore filter 

(Kumar et al., 2011). 

 

Isolation and Enrichment of Bacteriophages From Stool 

The stool samples (10g) were homogenized in tryptone salt (8.5g of NaCl and 1g tryptone per 

liter) to a final volume of 30 ml. Stool samples were centrifuged for 15 min at 14.500 ×g and 

filtered through a Millex AP20 prefilter followed by a 0.45-μm Minisart filter. Subsequently, 

the samples were stored at 4°C (Mattila, 2015). 

 

Determination of Phage Titer From Stool  

The titer of phage was determined according to a method described by Kropinski et al., 

(2009) by preparing ten-fold serial dilutions (1-10) using agarose overlay method. The 

dilution factor that gave the best countable number of plaques was selected and used for all 

other experiments. The phage activity was determined against multiple antibiotic resistant 

E.coli isolates by using spot assay according to Karumidze et al., (2013). The presence of a 

clear zone on the bacterial lawn was considered as a complete lysis. 

 

Plaque Assay 

One milliliter of phage filtrate was transferred into a sterile tube, then, 50 μl of the respective 

E.coli suspension was added and mixed well. It was left for 10 minutes at ambient 

temperature for allowing phage to adsorb to the host. After 10 minutes, 3 ml of 0.7% Molten 
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agar (at 50°C) was added, mixed well, and poured over the surface of Eosin Methylene blue 

agar plate. It was allowed to set at room temperature and incubated at 37°C for 24 hours. 

Plates were observed and scored positive if there was a presence of clear zone (plaque 

formation) over the surface of the agar plate. Plaques were counted from all positive samples 

and recorded as a plaque forming unit (pfu/ml) (Naghavi, 2013). 

 

Spot Testing 

A plate is inoculated with E.coli to form a lawn, then small drops of phage filtrate were 

placed on the surface. After incubation a zone of bacterial lysis indicated the presence of 

phage function (Gill, 2010). 

 

Purification of Phages 

For purification of the phages, separate clear plaques were selected and cut off from the agar 

surface using sterile pipette tips and then mixed in 10 ml SM-buffer with agitation in a vortex 

mixer. The agar and cell debries were removed by centrifugation at 3000 rpm for 30 min, 

followed by filtration of the supernatant through a 0.22 μm pore sized syringe filter. The 

resulting filtrate (phage lysate) was preserved at 4°C until processing (Ahmed, 2013). 

  

Determination of Bacteriophage Host Range 

The host range of isolated phages was determined by spot test using bacteria. The plate was 

marked to allow identification of each phage. A sterile cotton swab was moistened with the 

broth culture and lawn culture was made on the surface of nutrient agar plate (HiMedia 

Laboratories, India) from each bacterial strain. Five microliters (5 μl) of each phage lysate 

was spotted on the marked area of the bacterial lawn on an agar plate. Lysates were allowed 

to dry then incubated at 37°C for 24 hours. Plates were observed for lytic zone formed on the 

spotted area and the effectiveness of individual phage was measured (Ibrahim, 2017). 

 

Effect of Culture Media on Plaque Formation 

The morphology of plaques made by coliphages was examined on seven different media. 

These media include blood, nutrient, LB, EMB, TCBS, Muller hiton and MacConkey agars 

media by double layer agar technique (Hyman et al., 2009). An aliquot of 0.1 ml phage lysate 

was mixed with 0.1 ml of the host culture in 3ml of semi-solid media. This mixture was 

poured on to the surface of the respective medium. The plates were incubated at 37°C for 24h 

then the development of plaques and their morphology was observed and recorded. 
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Stability of Coliphages to Some of Physical Condition  

Five temperatures (4, 20, 25, and 45°C) were used to study the thermal tolerance of phage in 

nutrient broth. An aliquot of phage was taken every 10 min for 12, 24, 36, 48 h, and tittered 

immediately by a double-layer agar plate method (Chandra et al., 2011). 

 

Stability of Coliphages to some of chemical agents  

To analyze phage chemical stability, phage were subjected to treatment with various 

concentration of chloroform at 10, 30, 60 and 100 % (v/v) for 12, 24, 36 and 48 h at 4°C. 

Treatment was also carried out using hypochlorite at 2.5, 1.25, 3, 75 and 5% (v/v) for 12, 24, 

36 and 48 h. In addition, phages were also exposed to alcohol at 10, 30, 70 and 100% for 12, 

24, 36, 48 h and phage was treated with detergents at 10, 30, 60 and 100 % (v/v) for 12, 24, 

36, 48 h. Then tittered immediately by a double-layer agar plate method (Chandra et al., 

2011). The results were stated as the percentages of existence phages from original particles 

in each treatment.  

  

Transmission Electron Microscopy (TEM) 

Bacteriophage filtrate was centrifuged at 25000 xg for 1h., where one drop of phage filtrate 

(10
9
) was placed on carbon-coated copper grid and stained negatively with 2% uranyl acetate. 

Then morphology of purified phages was examined by using the transmission electron 

microscopy (Cerveny et al., 2002). 

 

RESULTS 

Isolation and Characterization of Bacteriophages by Plaque Assay  

Urine, stool/urine combined and stool samples were used for screening and isolation of 

different bacteriophages to be tested for its activity on multiple antibiotic resistant (MAR) E. 

coli isolates using the plaque assay test and spot techniques. According to the diameter of the 

plaques, three types of phage's plaques were observed. These types represented by three 

plaques: large plaques with a diameter equivalent to 4.5mm, two medium plaques with a 

diameter of 3mm and one small plaque of 2.5mm. Three different single plaques with 

different plaque morphologies and diameters designated as A, B and C were picked and 

selected for further identification and characterization Figure (1).  
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Figure (1): Formation of large and small plaques by bacteriophages derived from stool 

tested against E. coli isolates derived from UTI patients. 

 

Identification of Bacteriophages by Electron Microscopy 

As examined by electron microscopy (EM), three types of phages (A, B and C) were seen 

from samples isolated from stool, mixture (urine and stool) and urine. The first type was 

belong to Podoviridae viruses which contain a short tail of a 100nm in size isolated from 

stool Figure (2A). The second type was belong to the family of Siphoviridae family viruses 

which contained a long non contractile, cubic face icosahedral with a 220nm in size and head 

tail isolated from a mixture of urine and stool Figure (2B). The third type was Microviridae 

containing no tail and was 25-27nm in size Figure (2C).  

 

 

Figure (2): Electron micrographs images of the three types of bacteriopahges isolated 

from local E coli isolates which appeared to be belong to Podoviridae (A), Siphoviridae 

(B) and Microviridae (C) viruses. 

 

Antibacterial Activity of Isolated Bacteriophages Assessed by Plaque Assay 

This study included determination of phage titer by using 10-fold serial dilutions (10
-1

, 10
-2

, 

10
-3

, 10
-4

, 10
-5

, 10
-6

, 10
-7

, 10
-8

, 10
-9

and 10
-10

) and counting the number of plaque forming 

units (PFU). Dilutions 10
-1

, 10
-2 

and 10
-3 

showed complete bacterial lysis and cannot be 

C B A 
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counted. The other dilutions showed lysis of 5.65˟10
7
, 1.8 ˟10

8
, 1.45˟10

10
, 4˟10

10
, 7.5˟10

10
, 2 

˟10
11

, and 0, respectively. These results indicate that the 10
-6

 dilution gave the best countable 

number of plaques. This dilution factor was then used for all other experiments of this part of 

the study. When comparing activity of bacteriophages derived from stool, urine/stool and 

urine alone, it appeared that stool bacteriophages were the most effective in bacterial lysis, 

followed by the combination, and then bacteriophages obtained from urine alone Table(1).  

 

Table 1: Antibacterial activity of bacteriophage obtained from stool by plaque assay. 

Plate no. Dilution factor Plaque per plate Dilution titer 

1 10
-1 

Clear Clear 

2 10
-2 

Clear Clear 

3 10
-3 

Clear Clear 

4 10
-4 

565 5.65 x 10
4 

5 10
-5 

180 1.8 x 10
4 

6 10
-6 

145 1.45 x 10
4 

7 10
-7 

75 7.5 x 10
3 

8 10
-8 

40 4 x 10
3 

9 10
-9 

20 2 x 10
3 

10 10
-10 

0 0 

 

Table 2: Sources and lysis activity of coliphages derived from stool, stoo/urine and urine 

of patients with UTI. 

Plaque per plate 
Plate number 

Stool Urine / stool Urine 

500 Clear Clear 1 

200 Clear Clear 2 

120 Semi Clear 3 

90 150 565 4 

65 130 180 5 

50 70 145 6 

15 32 75 7 

0 0 40 8 

0 0 20 9 

0 0 0 10 

Clear, complete bacterial lysis by bacteriophages.  

 

Clear, complete bacterial lysis, clear bacteriophage fully lysed bacteria. Titer was calculated 

by plaque number ˟ dilution factor divided by 0.1  

 

Specificity of Bacteriophages Tested Against E. coli Isolates  

For this study the three types of bacteriophages (A, B, and C) were assessed for their 

activities and produced similar results, therefore results for phage A will be presented here. 
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Phage A from stool was selected to assess host specificity where it showed no activity on 

bacterial species tested because isolates such as Shigela, Staphylococcus. epidermis, 

Staphylococcus.. scursi, Staphylococcus aureus, Proteus mirabilis,, Klebsella pneumonae, 

Salmonella Typhi, Pantoea Spp, Staphylococcus haemolyticus, Acinetobacter baumanni 

complex, Streptococcus pyogen, and Micrococcus. These bacteriophages were only worked 

by lysing its bacteria host of E.coli Table (3). 

 

Table 3: Specificity of bacteriophage lysis against a number of bacterial isolates. 

Type of bacteria Bacteriophage lysis ability 

E.coli + 

Staphylococcus aures - 

Staphylococcus homenes - 

Staphylococcus epiderms - 

Staphylococcus haemolyticus - 

Shigela Spp - 

Salmonella Typhi - 

Pantoea Spp - 

Enterococcus cloacac - 

Proteus mirabilis - 

Klebsella pneumonae - 

Proteus mirabilis - 

Acinetobacter baumannii complex - 

Streptococcus pyogen - 

Micrococcus Spp - 

Staphylococcus scursi - 

 

Ability of Different Growth Media to Support Plaques Formation 

Eight different types of culture media (EMB, Nutrient, blood, TCBS, XLD, LB, MacConkey 

and Muller Hinton agars) were used to assess their ability to better support plaque formation. 

Plaques phenotypes appeared as clear and transparent round zones and uniformed per each 

plate only on four different media types of EMB agar, nutrient agar, blood and Muller 

Hinton. On the other hand, they appeared as a multiform on MacConkey agar. The average 

plaque diameter was 1-3, 1-4, 1-6, 1-8 and 2-4 mm but when cultured on Muller Hinton, 

MacConkeyy, EMB, blood, Muller Hinton agars, respectively. The results concluded that 

phage responded differently host on different growth media and the best media in this cases 

was Muller Hinton followed by EMB, and blood agar Table (4).  
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Table 4: Effect of different culture media on effectiveness of bacteriophages activity. 

Dilutions Of Coliphages 

10
-7

 10
-6 

10
-5

 10
-4 

Media 

75 95 Clear Clear Muller Hinton 

75 145 180 565 EMB 

NL NL NL NL Nutrient agar 

20 21 28 29 Blood agar 

NL NL 135 Semi clear LB agar 

NL NL 67 105 MacConkey agar 

NL NL NL NL TCBS 

NL NL NL NL XLD 

NL, no lysis of bacteria by coliphage 

 

Effect of temperature on the infectivity of isolated phages  

Phages A were highly sensitive to heat inactivation after growth of phages at 45
º
C for 12, 24, 

36 and 48h. The appearance of plaque formation (bacterial lysis) was better observed when 

culture kept at 4
º
C. The viability decreased as the temperature increases. Stability of 

coliphage titer was its best at 4ºC, then declines at other temperatures tested at 25, 37, and 

45
º
C Figure (3). 

 

 

Figure (3): Stability of coliphages after treatment with different temperature ranges (4, 

25, 37, and 45
º
C). 

 

Sensitivity of Coliphages to Sunlight 

When the effect of sun radiation on the phages was evaluated, phage counts decreased when 

exposed directly to sunlight at almost constant ambient temperature for 12, 24, 36, and 48h. 
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The phage titer decreased as the length of exposure time to sun light increases from clear at 

12 h to 150 after 48 h Table(5). 

 

Table (5): Stability of coliphages after exposure to sunlight. 

Sun light Times (hours) 

Clear 12 

Semiclear 24 

Semiclear 36 

150 48 

 

Effect of Organic Solvents on the Infectivity of Coliphages  

Incubating phages A suspensions with alcohol, chloroform, detergent and hypochlorite at 

37ºC, resulted in the reduction of phage activity by 10% at 12h with chloroform. On the other 

hand, ethanol showed the lowest inhibiting effect on the infectivity of phage A which showed 

reduction of infectivity by 30-60% at different time points. Detergents have reduced 

infectivity by 10% at different time exposure. While hypochorite had a limited effect (1.25%) 

on phage infectivity. 

 

Effect of pH on The Infectivity of Coliphages  

The optimum pH for the phages A infectivity were determined by double layer technique and 

incubation of phage suspensions at different pH concentrations ranging from 4 to 14 for 30 

min at 37°C. pH14 was the optimum for bacteriophage stability. The infectivity of the phage 

was rapidly decreased as pH changed toward acidic (lower than pH6). Moreover, plaque 

formation of phageA was more sensitive to pH 2, 5, 7, and 9 Figure (4). 

 

 

Figure (4): Stability of coliphges after treatment with different pH values. 
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Effect of Glycerin on Coliphages Infectivity 

The storage of phageA at -20 and 4ºC showed the least effect on its infectivity after treatment 

with 100% glycerin at 4ºC. The ability of phages to form plaques after different storage 

temperatures were slightly affected Table (6). 

 

Table (6): The effect of glycerin on phages infectivity and titer.  

Number of plaques 

after exposure to glycerin 
Glycerin 

concentration 
Temperatures 

48h 36h 24h 12h 

clear clear clear clear 20% 

4ºC clear clear clear clear 50% 

29 130 216 520 20% 

7 100 224 460 50% 
20ºC- 

21 210 420 840 100% 

 

DISCUSSION 

The successful isolation of E. coli-specific phages in 100% of stool samples with higher 

capability of lysing bacteria compared to urine samples was interesting and this may suggest 

a substantial ability of the bacteriophage to persist in stool samples, possibly due its ability to 

replicate off the host bacteria population. E. coli-specific phages appear to be naturally 

abundant enough to achieve phage titration, even though urine and stool \ urine, even if 

present, appeared at very low levels. This is expected as E. coli can be naturally found in the 

guts of human (Gill and Hyman 2010). The phages have successfully persisted and 

maintained their populations by replicating off new infections of bacteria. Alternatively, 

bacteriophages have been shown to have a higher persistency than host bacteria, therefore 

remained viable (Kudva et al.,1998). This raises the possibility that bacteriophage 

distributions in humans may be decided mainly by infection and opportunities for phage 

shedding and transmission. The lower distribution of coliphages in urine was, in general, 

attributed to diluted viral abundance which decreases the rate of phages encountering and 

lysing od the bacteria (Weinbauer 2004). In contrast, stool phage may simply be more 

compact, leading to a higher encounter rate between phages and host bacteria compared to 

other sources. A high encounter rate was observed with stool phages (Garcia et al. 2009, Niu 

et al. 2009, Oot et al. 2007).  

 

The host range results of bacteriophages revealed that phages derived from stool, urine/stool 

and urine exhibited specificity to E.coli only. Since adsorption to the host cell is controlled by 

molecular interactions between the phage tail fibers and the cell surface binding site. The host 
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range is usually determined by the orientation of the G segment in the phage, where the G 

positive orientation enables E. coli to specifically infect its host only. The differences in 

bacteriophages host range may be associated with diminishing adsorption to an acceptable 

bacterial receptor. Both evasion systems were seen in Salmonella or E. coli serotypes 

(Snyder, 2012). 

 

This might be attributed to required for the changes in polysaccharides constituting the 

receptivepoints scattered on the host cell wall (Ashbolt et al., 2001 and Samhan, 2005). E. 

coli specifically up-regulates the expression of specific proteins and down-regulates others. 

These physiological and genetic changes have a dramatic effect on the susceptibility of E.coli 

to coliphage infection. These results agree with previous studies (Stanek & Lacy, 1997). 

 

High temperature degrees might be responsible for destruction of virus receptors that 

consequently declined its infectivity found that number of plaques and phage titers during 10, 

20, 30, 40, 50, and 60 min of chloroform treatment (Al-Mola and Al-Yassari, 2010). In 

contrast Samhan et al., (2016) found the viability of phages was unaffected by different 

temperatures. This phenomenon relies on the fact that some phages contain lipids in their 

virions and these lipids are essential for maintaining virus ability to infect new host cells 

(Bertani and Bertani (1974). In contrast, Ajoke et al., (2019) found chloroform to remain 

stable in 10% chloroform after incubation for 1 h. However, the addition of chloroform 

resulted in a 40% reduction in phage titer. Non-polar solvents are capable of denaturing 

proteins by disrupting the hydrophobic interaction between proteins, which is part of phage 

viability (Bertani and Bertani, 1974). Work showed all tested organic solvents inactivated 

phages at different ratios under certain conditions (Wang and Lin, 2001). In contrast, Geun 

and Mark (2011) found the titer phage was affected in 250 ppm hypochlorite. Hypochlorite is 

electronegative, and therefore oxidises peptide links and denatures proteins. Hypochlorite and 

chloramine in water produce hypochloric acid, which then decomposes. Both chlorine and 

oxygen are involved, and thiol groups are oxidised. Exposure of E. coli strains, Pseudomonas 

spp. and Staphylococcus spp. to lethal doses of hypochloric acid decreases ATP production.  

 

We have shown that bacteriophages were very much affected by ethanol (100%) while 

unaffected by the use of 10% and 60%. These results were similar to those described by 

Ochieng et al., (2020), and Kurek (2016). Detergents generally have less effect on phage than 

they do on bacteria although those enveloped phages are shown to be quite sensitive. It has 

been found that 5% SDS reduced phage infectivity (Fister et al., 2016). Another report 
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viruses had attributed this finding due to that SDS may be capable of denaturing the capsid 

proteins of non-enveloped.  

 

Freezing at -20ºC in the presence of glycerol have yielded reasonably a good survival rate of 

various bacteriophages to avoid losses due to aggregation. However, bacteriophages vary in 

their sensitivity to freezing and freeze-drying where the large phages are more vulnerable 

than the small, osmotic shock-resistant phages. Thus, appropriate storage conditions need to 

be determined for each phage (Ashbolt, 2009). 

 

The abilities of phages isolated from stool to form plaques after different storage periods 

were inversely proportioned to incubation temperature. The infectivity processes or 

propagation cycles were not properly completed, reflecting a decrease in the total viability of 

phages. 

 

CONCLUSION 

This study presented a well characterized three types of bacteriophages isolated from stool, 

stool/urine and urine derived from patients with UTIS. It showed that phage obtained from 

stool had higher lysis activity of multi-antibiotic resistant E. coli than the stool/urine and 

urine phages. Therefore, phage stool would be more effective alternative antibacterial therapy 

to treat multidrug resistant E. coli in UTI patients. 
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