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ABSTRACT 

Foot ulcers are the main cause of hospitalization and mortality of diabetic patients over the world. Approximately 25 % of 

diabetic patients will suffer from wound infections during their lifetime. Resistance of bacterial pathogens to available 

antibiotics has become a great load to the human health care, resulting in a significant progression of morbidity and 

mortality.Therefore, the use of novel solutions with antimicrobial properties such as bacteriophages attracted the attention of 

many investigators. In the current study, twenty seven multidrug resistant (MDR) E. coli isolates were isolated from 

hospitalized diabetic foot patients and bacterial identification was done based on biochemical and molecularcharacteristics 

using 16srRNA.  Four bacteriophages with lytic activity against MDR E. coli were obtained. Two different bacteriophages 

were characterized physically through the evaluating of their lytic activities at a wide range of temperatures (40–90° C) and 

pH values (2–12) and biologically by evaluating their host ranges and the rate of adsorption.  Transmission electron 

microscope (TEM) study was revealed that both phages belong to Myoviridae family. The present study opens a new window 

for the application of bacteriophages as promising antimicrobial agents against MDR bacteria. 
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Introduction 
 

Diabetes mellitus (DM) is commonly referred to diabetes which is considered a chronic disease and metabolic 

disorder that characterized by high glucose concentrations. DM has been categorized into two main types 

according to the International Diabetes Federation. Type 1 diabetes mellitus (T1DM) that known as insulin–

dependent diabetes mellitus which is reported in about 10–15% of all diabetes mellitus and considered as an 

auto–immune disorder that mostly starts in infected persons before age 40 and characterized by the self -

destruction of insulin– producing beta pancreatic cells by the body’s own immune system. Type 2 diabetes 

mellitus (T2DM) formerly known as non–insulin dependent diabetes mellitus and also referred to as late–

onset diabetes and accounts for the bulk of diabetes worldwide about 90% of all diabetic cases. The 

distinctive feature of this type is the relative insulin deficiency and resistance which lead to build–up plasma 

glucose [1]. At high risk, diabetic patients suffer from developing foot ulcers and subsequent microbial 

infection [2]. 

Escherichiacoli   is reported as the main cause for 70% of patients with DM. There are a correlation between 

amyloid producing E. coli in the intestine, followed by their reduction by induction of prophage, and the 

intiation of autoimmunity and progression of diabetes especially Type 1 Diabetes mellitus [3].  Furthermore, 

high level of blood sugar has been associated with the rapid multiplication of E. coli followed by 

establishment of severe infection [3, 4].E. coli is Gram negative rod-shaped of the family Enterobacteriaceae, 

facultative anaerobes and non-spore forming that commonly associated with digestive microflora and 

naturally excreted in faeces. E. coli can cause approximately 80% of cases of meningitis and 40% of cases of 

septicemia that lead to septic shock, fever, hypothermia or hypotension. In severe cases it may be complicated 

by uremia, hepatic failure, coma and finally death [5, 6]. Different strains of E. coli as Enteroinvasive, 

Enterotoxigenic and Shiga toxin–producing E. coli (E. coli O157:H7) are associated with distinctive diarrheal 

illnesses [7]. 

The appearance of multidrug-resistant (MDR) bacterial strains, particularly human pathogens, is one of the 

major problems of current medicine [8].Phage therapy (PT) is reported to be one of the most important 

https://ejchem.journals.ekb.eg/?_action=article&au=29250&_au=Walaa++El-Shwiniy
https://ejchem.journals.ekb.eg/?_action=article&au=29250&_au=Walaa++El-Shwiniy
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alternative strategies to reduce or eliminate bacterial infections particularly the resistant ones to the action of 

antibiotics. In the last few years, significant works have been achieved concerning the application of 

bacteriophages as a promising therapy in the context of the rise of antimicrobial resistance (AMR) and can be 

considered as a potential replacement for antibiotics[9, 10]. 

The potential therapeutic option of bacteriophages is based on several advantages over conventional 

antimicrobial drugs regarding medical application. Bacteriophages are antibacterial agent that can regulate 

bacterial populations by the induction of bacterial lysis; they are highly numerous, usually readily isolated and 

active against Gram-positive as well as Gram-negative bacteria, including MDR pathogens. They have 

specificity against one single species or even strain of bacteria. These advantages of phage reduces the 

harmful effect on the natural microflora of the human body and avoided the side-effects of antibiotics [11].  

Bacteriophage therapy is also suitable for use in humans, since bacteriophage does not infect cells of 

eukaryotic [12]. Another advantage is that phages replicate at the site of infection, ensuring their safety and 

absence of side effects, even after their wide distribution upon systemic administration. Unlike antibiotics, 

phages still infective under unfavorable environmental conditions [13]. 

The aim of the current study was to isolate bacteriophages specific for MDR E. coli isolated from diabetic 

foot infected ulcers and investigating of their physical and biological properties. Physical properties of 

bacteriophages include pH and thermal stabilities, while biological properties include host range, longevity 

and adsorption rate of isolated bacteriophages. The morphological characteristics were also studied using 

TEM. 

  

 

Methodology 

  

1. Isolation and Identification of E. coli isolates  

A total of 85 selected diabetic foot samples were obtained from patients with foot ulcers 

hospitalized in the Sednawy Health Insurance hospital, Al Demerdash Hospital, Nasr City Health 

Insurance hospital, and different private diabetic foot clinics in Cairo (Egypt). The specimens 

were cultured onto blood agar and MacConkey’s agar media (Oxoid), using the plate streaking 

technique [14]. The plates were incubated at 35–37 °C for 24–48 h. The isolated bacterial 

colonies were chosen and picked up according to culture characteristics then purified by 

successive sub-culturing on the same media as appropriate and stored at 4 °C till used. The 

bacterial isolates were identified according to their morphological characteristics, biochemically 

using Vitek2.  

2. Antimicrobial susceptibility testing 

 E. coli isolates were tested for susceptibility to Ampicillin (10μg), Aztreonam (30μg) 

,Carbenicillin (100μg) ,Cefaperazone Sulbactam (75+25μg)  , Cefazolin (30 μg) , Cefuroxime (30 

μg) ,  Cefotaxime (30 μg) , Cefepime (30μg) , Ceftriaxone (30μg),Ceftazidime (30μg), 

Chloramphenicol (30 μg) , Colistin (10 μg), Polymixin B (50 μg /300 IU)  , Ofloxacin (5 μg), 

Ciprofloxacin (5 μg), Gentamicin (10 μg), Tobramycin (10 μg),   Amikacin ( 30μg), Meropenem 

(10 μg), Tetracycline(30μg), Doxycyline (30 μg), Norfloxacin (10 μg), Nitrofuration (300 μg), 

Nalidix  (30 μg), and  Trimetho-Sulfamethazole (1.25+23.75 μg) using disc diffusion method in 

Muller-Hinton agar and interpreted according to [15]. 

3. Molecular identification of the most resistant E. coli isolate  

The most resistant isolate was confirmed with molecular characteristics as 16S rRNA.PCR 

products were sequenced using the standard Sanger method on ABI 3730XL DNA Sequencer at 

Macrogen sequencing services (Macrogen, Seol, South Korea). The partial nucleotide sequence 

of 16s rRNA region for bacterial isolate was done from the forward and reverse directions. All 
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molecular identification procedures were done in Omicsense Company (Al- Maady, Egypt). 

4. Bacteriophage enrichment and isolation  

Two sewage samples were collected from different locations and the enrichment technique was 

applied to isolate the E. coli phages according to Adam [16].The crude lysate of the phages were 

obtained according to Borrego et al. [17] and assayed qualitatively by spot test and quantitatively 

the double-layer agar technique [16]. 

5. Phage purification and amplification 

Bacteriophages were propagated and purified to ensure the purity of phage isolates using single 

plaque method to Adams [16]. 

6. Characterization of the isolated bacteriophages  

6.1. Physical properties of bacteriophages  

6.1.1. Thermal stability  

Thermal inactivation point of phages in vitro was carried out by exposure E. coli phage to 

different degrees of temperature, 40, 50, 60, 60, 70, 80 and 90
 o

C for 10min using water bath and 

then immediately cooled under tap water. Treated phage was diluted and assayed by the plaque 

assay according to philipson [18]. 

6.1.2. pH stability 

The ability of phage to survive at different pH levels was evaluated by exposing the phages 

suspension to different pH values from 2 to 12 using 0.1 M HCL/NaOH over 1 h at 37°C, the 

stability of survival was checked qualitatively and quantitatively by using plaque assay [19, 20]. 

6.1.3. Phages longevity in vitro 

The infectivity of isolated phageswas examined by plaque assay after incubation at different 

temperatures (4
o
C, room temperature and 20

o
C) for eight months [16]. 

6.2. Biological properties of bacteriophages  

6.2.1. Host range of isolated bacteriophage  

Host range of the isolated phages was determined using the spot test according to [21, 22, 23]. 

(The lytic spectrum of the isolated phages was determined against 26 E. coli isolates. 

6.2.2.   Phage adsorption rate 

The adsorption rate of phages was determined by the method of Adams [16]. Phage suspension 

was added at a multiplicity of infection (MOI) of 0.1 to the host culture and incubated at 37
o
C. 

Aliquots were taken at 5 min intervals and the number of free infectious phage particles was 

calculated by phage titration. 

7 .Morphological properties of bacteriophages 

In order to observe phage morphology, transmission electron microscopy (TEM) of the isolated 

five phages was performed as described by[24].The examination was performed using a Hitachi 

H600A electron microscope at 80 KV at the Electron Microscopy Unit, Faculty of Agriculture, 

Mansoura University, Egypt. 
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Results  

  

1. Isolation and identification E. coli and their antimicrobial susceptibility pattern 

From collected diabetic foot samples, 27 bacterial isolates of E. coli(12.9%) were isolated. 

Bacterial isolates were gram negative, straight short rods, single, colonies are smooth, medium 

(2-3mm), shiny, circular pink red in color and lactose fermenters on MacConkey agar media (Fig. 

1). Results of antimicrobial  susceptibility pattern of E. coli in (Table 1) revealed that the highest 

percentage of resistance reached 88%to Ampicillin, Cefazolin and Norfloxacin, then 84% to 

Cefuroxime and Trimetho-Sulfamethazole1, 68% to Cefaperazone/ Sulbactam, Tetracycline, 

Aztreonam,72% to Carbenicillin, Cefotaxime and Cefepime, 92% to Ceftazidime, 60% to 

Amikacin, 64% to Nalidix and Ciprofloxacin, 48% to Tobramycin, 76% to Ofloxacin, 52% to 

Doxycyline, Chloramphenicol and 56% to Nitrofuration but it was sensitive 68% to Ceftriaxone 

80% to 68% Gentamicin Polymixin B and colistin and 72% to Meropenem. The highly resistant 

bacterial isolate was chosen tightly for biochemical identification and for testing the 

susceptibility and MIC (μg /ml) with Vitek 2 (Table 2 & 3)and identified as Escherichia coli. 

 

 
Figure 1. Photograph of E. coli on MacConkeyagar media 

 

 

Table 1. The percentage of antibiotic resistance of E. coli isolates 

Antibiotics % of 

Resistance E. 

coli isolates 

Ampicillin 85.2 

Carbenicillin 63 

Cefaperazone Sulbactam 66.6 

Aztreonam 63 

Cefazolin 85.2 

Cefuroxime 81.5 

Cefotaxime 70 

Ceftriaxone 29.6 

Cefepime 48.1 

Ceftazidime 85.1 
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Table 2. Biochemical identification E. coli isolate by Vitek2 GP card 

 

Tobramycin 44.4 

Amikacin 55.5 

Gentamicin 29.6 

Ciprofloxacin 63 

Ofloxacin 74 

Norfloxacin 85.2 

Meropenem 25.9 

Chloram- phenicol 51.8 

Polymixin B 18.5 

Colistin 18.5 

Trimetho-Sulfamethazole1 81.5 

Nalidix 63 

Doxycyline 48.1 

Tetracycline 63 

Nitrofuration 51.8 

Result Biochemical tests No. of 

tests 

*-  Ala-Phe-Pro Arylamidase (APPA) 1 

+* L-Proline Arylamidase (ProA) 2 

+ Tyrosine Arylamidase (TyrA) 3 

+ L-Lactate Alkalinization (lLATk) 4 

+ O/129 Resistanec (Comp. Vibrio) O129R 5 

+ D-Sorbitol ( dSOR) 6 

+ D-Mannitol (dMAN) 7 

- Alpha- Galactosidase (AGAL 8 

- Urease (URE) 9 

- Saccharose-Sucrose (SAC) 10 

- L- Pyrrolidonyl- Arylamidase (PyrA) 11 

+ D- Maltose (dMAL) 12 

- Phosphatase (PHOS) 13 

- B-Glucoronidase (BGUR) 14 

- Lipase (LIP) 15 

- Tagatose (dTAG) 16 

- Alpha Glocosidase (AGLU) 17 

- Ornithine decarboxylase(ODC) 18 

- GlutamyleArylamidaseNA (AGLTP) 20 

- Palatinose (PLE) 21 

+ D- trehalose (dTRE) 22 
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Table 2, Continue  
 

 

 

 

 

 

 

 

 

 

 
*+ = Positive and - = 

Negative. 

 

Table 3. Susceptibility and MIC (μg /ml) for E. coli (D15c) isolate 

 

D15c Antibiotic 

group 

Antimicrobial 

+   ESBL 

≥ 

32(R) 

  B-lactams Ampicillin 

≥ 

32(R) 

B-lactams Ampicillin/ 

Sulbactam 

≥64(R)   Cephalosporin Cefazolin 

+ Succinate Alkanization (SUCT) 23 

+ Lysine Decarboxylase (LDC) 24 

+  D- Glucose (dGlucose) 25 

+ d- Mannose (dMNE) 26 

- CIT citrate (sodium) 27 

- Beta N-Acetyle (NAGA) 28 

- L-Histidine assimilation (IHISa) 29 

-  Gamma-Glutamyle-Transferase (GGT) 30 

-   Beta- Xylosidase (BXYL) 31 

- Malonate (MNT) 32 

Result Biochemical tests No. of 

test 

+ Alpha – Glactosidase (AGAL) 33 

+   Beta Glactosidase (BGAL) 34 

+  Fermentation/ Glucose (OFF) 35 

- Beta-Alanine Arylamidase PNA 

(BAlap) 
36 

+ 5-keto-D-Gluconate (5KG) 37 

-   Hydrogen Sulphide (H2S) 38 

- Beta-Glucosidase (BGLU) 40 

+   Glycine Aryamidase (GlyA) 41 
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4(*R) Cephalosporin Cefepime 

4 (*R)  Monobactams Aztreonam 

≤ 

0.5(S) 

 Carbapenems Ertapenem 

≤ 

0.25(S) 

Carbapenems Meropenem 

     ≤ 

(2S) 

 

Aminoglycosides 

Amikacin 

≥(16R) Aminoglycosides Gentamicin 

8 (I) Aminoglycosides Tobramycin 

≥ 4(R)   Quinolones Ciprofloxacin 

≥ 8(R) Quinolones Moxifloxacin 

64 (I)   Nitrofurans Nitrofurantoin 

0.55   MDR Index 

 

S: Sensitive; I: Intermediate; R: Resistant;ESBL and Extended spectrum beta-lactamases 

 

2. Molecular identification of multi- drug resistant E. coli isolates using 16S rRNA  gene 

16s rRNA region of multidrug bacterial isolates was amplified from isolated DNA of cells 

mixed with PCR reaction mixture and specific primer sets. The size of PCR product was 

estimated by comparing its electrophoresis mobility with those of standard DNA lader (100 

bps). The amplified DNA fragments were in the expected size calculated ~ 1300bps(Fig. 2). 

The partial nucleotide sequence of 16s rRNA region for bacterial isolate was done from the 

forward (Fig. 3) and reverse direction andrepresented as 704bps for forward direction and 691 

bps for reverse direction (Fig. 4). The phylogenetic tree was performed and showed that 

Egyptian isolate were be found to be highly homologous with Escherichia coli strain EGI255 

16S ribosomal RNA gene  that recorded on Gene-Bank  and significant similarities for 16sRNA 

gene of   E. coli isolate with some other related genera recorded in gene bank  was done using 
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Blast research alignment (Table 4). The Gene-Bank nucleotide sequence accession numbers for 

partial sequences of 16S rRNA gene generated in this study using DDBJ Center and recorded as 

Escherichia coli EcEG01 LC589615. 

 

 

Figure 2. Agrose gel electrophoresis of polymerase chain reaction (PCR) of MDR E. coli isolate 

genes  
 

 

 

 

 

Figure 3. 

Partial 

nucleotide sequence of 16s rRNA gene for E. coli(forward direction) 

 

>H200410-014_I06_12_16S-F.ab1 704 

ACGTATTGGATCGACTGCGATGCAGCCCTCCCGAAGGTTAAGCT

AACTACTTCTTTTGCTCCCACTCGCATGGTGGGACAGGCGGTGTG

TACAAGGCCCGGGAACGAATTCGCCGTGTAATTCTGATCCACGA

TTACAACCGATTCCGACTTCATGGAGTCAAGTTGCAGACTCCAA

TCCGGACTACGACGATGTTTATGAGGTCCGCTTGCTCTCGCGAG

GTCGCTTCTCTTTGTATGCGCCATTGTAGCACGTGTGTAGCCCTG

GTCCCAAGGGCCCTGATGACTTGACGCCGTCCCCACCTTCCTCCG

AGGTATCACTGGGGAATTCCTTTGAGTGCCCGGCCGGACCGCTC

GCACCTGACGATAGGGGTAGCACTGGTTGCGGGACTTAACCCAA

CATTTCACAACACGAACTGACGACAGCCATGCAGCACCTGTCTC

ACAGTTCCCGAAGGCACAATTCCATCTCTGAAAAGTTCCGTGGA

TGTCAAGACCAGGTAAGTTCTTCGCGTTGCATCAAATTAAGCGC

CATGCTCCACCGCTTGTGCGGGCCCCCGTCAAATCATTTGAGTTT

TAACCCTGCGGCCGAACTCCCTCTGAGACTGACTTAACGCATTA

TCTCCGAGAGGCCACACCTCTCCGGGACAACCTCCAAGTTGACA

TCATATACGGAGTGGACTACCAGGGTATCTAATCCTGCT 
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Figure 4. Partial nucleotide sequence of 16s rRNA gene for E. coli(reverse direction) 

 

 

Table 4. Significant similarities for 16sRNA gene of   E. coli isolate with some other related 

genera recorded in gene bank 

 

 

 

 

 

3. I

solation, 

propagat

ion of 

coliphag

es 

Incidence 

of phages 

specific 

for 

clinical 

bacterial isolates were done using spot test and confirmed by plaque assay technique. Results 

showed that four phage isolates were attacked E. coli and designated as C1, C2, C3 and C4. 

4. Morphological characteristics of coliphages 

4.1.1. Plaque morphology 

>H200410-014_C08_12_16S-R.ab1  691 

GCGTGACGACTGACTGCGATGCAAGCCGTCCCGAAGGATGCGCTAA

CTACTTCTTTCGCTCCCAATCGCCTGGCGGGAGAGTAATGTCTGGCA

AAGTGCCTGATGGAAGTCGATGACTACTGCTAATCCACGATTACAAC

GGATTCCGACTTCATACCAGTCAAGGGGACCACTCCGGTCTCGACTA

CTACGATGTTTATGATGGGATTTTGCTCTCGCGAGGTCGCTTCTCTTT

GTATGCGCCATATCCCTACGTGTGTGACCTGGGACCAAGGGCCCTGA

TGATTTGACGCCGTCCCCACCTTCCTCCGAGGTATCACTGGGGAATT

CCTTTGAATGCCCGGCCGGACCATTCGCACCTGACGATAGGGGTAGC

ACTGCCTGCGGGACTTAACCCACTTTTTCACAACACGAACTGACGAC

AGCCATGCCTTTCTGTCTCACCGTTCCCCGAAGGCACAATTCCATCTC

TGAAAAGTTCCGTGGATGTCAAGACCACGTAAGGTTCTTCGCGTTGC

ATCAAATTAAGCCACATGCTCCACCGCTTGTGCGGTCCCCCGTCAGA

TCATTTGAGTTTTAACTCTGCCTCCGAACTCCCCCTGATACTGACTTA

ACTCATTATCTCCGGAAGCCACACCTCTCCGGCACAACCTCCGAGTC

GACATCATTTACGGCGTGAACTACCAGGGTA 

Description Query  

cover 

Per. 

Ident. 

Accession 

Escherichia coli strain  N12-3 16S ribosomal 

RNA gene, partial sequence 

96 89.85 % MT192513.1 

 

Escherichia coli strain  N11-4 16S ribosomal 

RNA gene, partial sequence 

96 89.85 % MT192512.1 

 

Escherichia coli strain  EC 16S ribosomal 

RNA gene, partial sequence 

96 89.87 % MN083306.1 

Escherichia coli strain  73 16S ribosomal 

RNA gene, partial sequence 

96 89.88 % MH671439.1 

Escherichia coli strain  56 16S ribosomal 

RNA gene, partial sequence 

96 89.87 % MH671432.1 

https://www.ncbi.nlm.nih.gov/nucleotide/MT192513.1?report=genbank&log$=nucltop&blast_rank=4&RID=5MJDWP7F01R
https://www.ncbi.nlm.nih.gov/nucleotide/MN083306.1?report=genbank&log$=nucltop&blast_rank=8&RID=5MJDWP7F01R
https://www.ncbi.nlm.nih.gov/nucleotide/MH671432.1?report=genbank&log$=nucltop&blast_rank=10&RID=5MJDWP7F01R
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 Four isolated phages formed distinct plaques which differ in size and transparency. C1 phage 

formed plaque of medium size (3mm), irregular; C2 phage formed plaque of medium size 2mm, 

round and clear, clear plaque with halo, C3 phage formed   a medium sized (3mm) irregular and 

clear plaque with halo and C4 phage formed plaque of medium size (2mm) round and clear. Two 

phages with different plaques morphology (C1, C2,) were selected for further characterization 

(Fig.5). 

 

Figure 5. Photograph of plaque assay technique showing the morphological characters for C1 

and C2 phages. 

4.2. Morphological properties of phages (TEM) 

Transmission Electron microscopy (TEM) revealed that both phage particles had head and long 

contractile tail. According to International Committee on Taxonomy of viruses (ICTV) the 

bacteriophages C1 and C2 resemble those of Caudovirales order. C1 phage contains hexagonal 

head with diameter about 96 nm and long tail with length about 120nm with diameter about 24 

nmwhile, C2 phage contains elongated head with diameter about 78.5 nm and long tail with 

length about 135.7nm with diameter about 35.7 nm.Both phages assumed to belong to 

myoviridae family (Fig. 6). 

 

 
Figure 6. Electron micrograph illustrates bacteriophages C1 andC2 specific for E.coli. 

 

5. Characterization of the isolated bacteriophages  

5.1. Thermal Stability and pH Stability of the coliphages  

From the obtained results, it was found that both phage particles remain infective from 40
o
C to 

70
o
C and completely stopped at 80

o
C (Fig. 7).  The results also revealed that the viral infectivity 

increased by increasing the pH value until it reach the maximum infectivity then decreased 
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gradually and lost their ability to lyse host at pH12. The maximum infectivity of both phages 

was in neutral medium at (pH=7). Both phages were lost their infectivity at pH 2and 12. C1 

phage still infective at pH ranged from 3 to11, while C2phage was lost their infectivity   at 3 

and 12.The result indicate that all phages were stable at pH 4-11, but inactivated completely at 

pH2 and 12 (Fig.8). 

 

 
 

Figure 7. Stability of C1 and C2 phages at different temperatures. 

 

 

Figure 8. Stability of C1 and C2 phagesunder different pH values. 

 

5.2. Determining the host specificity of C1 and C2 phages  

Coliphages C1 and C2 showed variability in the lytic spectrum to clinical bacterial E. coli 

isolates. It was found that 15 bacterial isolates had sensitivity to C2 while, 22 bacterial isolates 

had sensitivity to C1 phage (Table 5). 

 

Table 5. Host range pattern for C1 and C2 phages specific for E. coli isolates 

Tested 

bacterial 

isolates 

                                             

Phage isolates 

C1 C2 

1 - - 

0

5

10

15

0 40 50 60 70 80 90

Lo
g1

0
 (

p
fu

/m
l)

Temperatures(0c)

C1 C2

0

5

10

15

2 3 4 5 6 7 8 9 10 11 12Lo
g1

0
 (

p
fu

/m
l)

pH values

C1 C2
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2 + + 

3 - + 

4 + + 

5 - - 

6 + - 

7 - + 

8 + - 

9 + + 

10 + + 

11 + - 

12 + + 

13 + + 

14 + - 

15 + + 

16 + + 

17 + + 

18 + + 

19 + - 

20 + - 

21 + + 

22 + + 

23 + + 

24 + - 

25 + - 

26 + - 

+= lysis & -= No lysis 

5.3. Phages longevity and rate of adsorption 

The infectivity of C1 and C2 phages was determined at month intervals. The results (Fig. 9) 

revealed that  C1 and C2 phages were remain survive for eight months at 4
o
C with titer 0.1x 10

6
   

and 0.1x 10
5
 respectively while, at room temperature C1 phage remain survive for 7 months with 

low titer of about 0.1x 10
3
 and C2 phage still infective for five months with low titer about 2 x10

3
 

(Fig. 10). On the other hand, C1phage after stored at freezing (-20
o
C) was survived for five 
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months with low titer of about 0.9 x 10
3
 PFU/ml and C2 phage survived for only four months 

with low titer about 1 x10
3
 (Fig. 11). The results in showed that the adsorption rate of  C1 and C2 

phage specific for E. coli was found to be 15 min. 

 

 
 

Figure 9.Determination the longevity of C1 and C2 phages at 4
o
C 

 

 

Figure 10.Determination the longevity of C1 and C2 phages at room temperature 

 

 

Figure11. Determination the longevity of C1 and C2 phages at -20
o
C 

. 
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Foot ulcers are considered the main cause of hospitalization and mortality of diabetic patients 

across the world. In recent years, the development of antibiotic resistant bacteria has made it 

increasingly difficult to select appropriate antibiotics for the treatment of DFI resulting in a 

significant upturn of morbidity and mortality [25, 26]. In the present study,the prevalence of 

Escherichia coli isolates in diabetic foot samples was 12.9%. The antibiotic resistance 

patterns of E. coli isolates were studied and the isolates were multi-drug resistant with 

percentage of 92%. 

The present study revealed that E. coli showed the highest resistance to ampicillin, cefazolin 

and Norfloxacin, followed by Cefuroxime and Trimetho-Sulfamethazole1, then to 

Cefaperazone/ Sulbactam, Tetracycline, Aztreonam. On the other hand, the isolates were 

sensitive to Ceftriaxone, Gentamicin, Polymixin B, colistin and Meropenem. These results 

were in compatible with Shanmugam et al. [27]; PHE [28] and Mutonga et al.[29]. 

In the present study, the partial genome sequence of E. coli was about 704bps for forward 

direction and 691 bps for reverse direction. These results were in agreement with Olowe et al. 

[30] who identified nine E. coli isolates using 16S rRNA gene sequence and found isolates 

were 91% similar to both E. coli strain. 

In the current study four Coliphages were obtained from sewage samples and formed round or 

irregular plaques of medium size ranged between 2-3mm, and with or without halos. These 

results were in compatible with Necel et al. [31] who isolated vB_Eco4M-7 and ECML-117 

phages that form uniform plaques on E. coli O157:H7 (ST2–8624) strain with diameters of 

approximately 1 mm. 

The results of thermal stability for coliphage revealed that both phages specific for E. coli C1 

and C2 remain infective at 70
o
C but inactivated completely at 80

o
C. In the same line, Litt & 

Jaroni [32] reported that the thermal stability studies on all the tested seven phages specific for 

E. coli O157 were stable in the 40–60∘C temperature range and phage infectivity was affected 

at higher temperatures of 70 and 90∘C. Furthermore, the pH stability of four coliphages were 

showed that phages C2 was lost their infectivity   at 3 and 12 while, C1 phage still infective at 

pH. These results are in agreement with Manohar et al. [33]who reported that E. coli phages 

were infective from pH 4 - 11, but the phages were inactivated at pH 3 and 12. On the other 

hand, Litt & Jaroni [32]reported that the isolated phages specific for E. coli O157 were stable 

at a wide pH range (1–11). At low pH, it is possible for phages to acquire non reversible 

mutations [34, 35]. 

Host range pattern of coliphages C1 and C2 in the current study showed variability in the lytic 

spectrum to clinical bacterial E. coli isolates. 81.5% of E. coli isolates had sensitivity to C1 

but, C2 infect only 55% of E. coli isolates. These results were incompatible with Manohar et 

al. [33] who reported that 73% of the tested E. coli isolates were sensitive to 

myPSH2311Escherichia phage using spot test.   

Phage stability is an important aspect for ensuring phages activity during storage and 

transportation after preparation. Although phages may not necessarily be stored at 37 
o
C, 

storage conditions are not always constant especially in hot climates where refrigeration is not 

available. Type of phage and solute available in a sample may also effect on stabilityof phage 

[36]. 

 In this study, the infectivity of C2 and C3 phages was determined at month intervals. The 

results revealed that  C1 andC2 phages were remain survive for eight months at 4
o
C with 

percentage of 46% and 39%,  respectively while, at room temperature C1 phage remain 

survive for 7 months with low percentage of  18.5% and C2 phage still infective for five 

months with percentage of 22.7%. On the other hand, C1phage after stored at freezing (-20
o
C) 
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was survived for five months with percentage of 18.5% PFU/ml and C2 phage survived for 

only four months with low titer about 29.1%.Similarly, Litt & Jaroni [32] tested phages 

specific for Escherichia coli O157 for cold storage stability and found to be more stable at 

refrigeration temperature (4∘C) than at frozen temperatures (−20
o
C and −80∘C) over a period 

of 90 d. Previous studies have showed that tailed phages are more resistant to refrigeration and 

can remain viable for more than 10–12 years at 4∘C [37]. 

The results showed that the rate of adsorption of C1 and C2 phage specific for E. coli was 

found to be 15 min. The transmission electron microscopy of coliphages revealed that C1 and 

C2 belong to Myoviridae family and contain head with diameters about 78.5 nm and 96nm 

and long tail with length about 135.7nm and 120 nm with diameters about 35.7 nm and 24 nm, 

respectively. These results were in agreement with Necel et al. [31] who isolated two phages 

of Myoviridae family. Both phages contain head of 66 nm in diameter and a contractile tail 

with diameter of 107 ×20 nm and 120 ×20 nm. 

 

Conclusion 

 

In order to overcome the appearance of multidrug-resistant bacteria, particularly human 

pathogens especially in diabetic foot infections, phage therapy was studied. Twenty seven E. coli 

isolates were obtained from diabetic foot patients and the most resistant one was confirmed with 

molecular analysis using 16srRNA gene.  Specific phages for MDR E. coli isolate were isolated 

from sewage, identified and characterized. The bacteriophages were belonging to the family 

Myoviridae. They had wide host ranges, wide range of temperature, pH suggest that they can be 

used in further studies on investigation the effectiveness of bacteriophage against multi-drug 

resistant bacteria of DFU in animal model.

  

 

Abbreviations 

  DM: Diabetes mellitus; MDR: Multidrug resistant; DFU; Diabetic foot ulcer;PT: 

Phagetherapy; AMR: antimicrobial resistance TEM; Transmission Electron Microscope; MIC: 

Minimum inhibitory concentration; 16srRNA:16S ribosomal RNA; PCR; Polymerase chain 

reaction; bps; base pairs; Pfu: Plaque forming unit; MOI: Multiplicity of infection. 
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