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Summary 

The current study was aimed for  isolation and identification of 

antibiotic-resistant bacteria from different clinical sources, measurement  

the effectiveness of antibiotics against these bacteria and using nano- as 

alternatives antibiotics to antibiotics and measuring  their effect .During 

this study  150 samples were collected from  (Al-Diwaniyah Teaching 

Hospital, Maternity and Children Teaching Hospital and Al-Hussein 

Children's Hospital) , the samples included urine and stool, the study 

continued  during the period from 1-Nov-2021 to 01-Mar-2022. The 

current study was done at AL-Qadisiyah University.   where the results 

showed 60 isolates of the bacteria Eshreeshia  coli. it was showed  

multidrug resistance (MDR), 50 (100%) isolates were resistant to 

carbenicillin 49 (98%) isolates were resistant to the antibiotic erythromycin 

47 (94%) Rifampin isolate rifampin-resistant, 44 (88%) ceftazidime-

resistant isolates, 38 (76%) novobiocin-resistant isolates, 37 (74%) 

cefotaxime-resistant isolates (66%) tetracycline-resistant 26 (52%) isolates 

Isolates resistant to ciprofloxacin, 15 (30%) isolates are resistant to 

gentamicin and two (4%) are resistant to nitrofurantoin. The susceptibility 

of bacteria to the production of virulence factors (hemolysin, membranes) 

was tested. The production rate was 100%, 100%, 80%, 44%, respectively. 

As for the results of synthesis  of silver nanoparticles (Ag NPs). The 

possibility of bio-synthesis of Ag NPs was observed through the color 

change. Ag NPs were described through the use of a spectrophotometer 

test, where the absorption band was formed at a wavelength of 431 nm, 

which is evidence of the formation of silver particles. It is between 28.91 -

63.67 nm and then determined by atomic force microscope AFM the three-

dimensional cross-section of the surface topography of the Ag NPs of 

spherical shape and their average sizes were 17.95 nm. As for the Fourier 



 

 

II 

 

transmission infrared  test (FTIR) determined their functional aggregates 

for the proteins thatIt can be attached to Ag NPs with a range of (430-2972) 

cm. Ag NPs appeared in the inhibitory activity of NPs at different 

concentrations of 100,  75,50,25% against E.coli by the well diffusion 

method and growth inhibition assay. It was noticed in the diffusion method 

that the inhibitory diameter at 100% concentration ranging from 17-25 mm 

and in the growth inhibition method. The results appeared at 25% 

concentration only and did not appear in the rest of the concentrations. in 

inhibiting virulence factors (hemolysin) after bacterial agents at 

concentrations of 25%, 50%, 75%, 100% of silver nanoparticles, as 

bacterial isolates lost the ability to produce virulence factors at 

concentrations of 50% 75% 100%. The results of the cytotoxicity selection 

for silver nanoparticle concentrations 5, 10, 25, 50, 75 and 100% appeared. 
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1. Introduction  

Nanotechnology has emerged as a rapidly developing research 

field in materials science with the potential to positively affect human 

health (Singh et al., 2010). In nanotechnology, silver nanoparticles 

(AgNPs) are the most important metal element with beneficial 

properties. AgNPs ranging in diameter from 1 to 100 nm are an 

attractive research target due to their antimicrobial and cytotoxic 

potential imparted by their ability to easily attach to the cell wall. This 

attachment leads to effects on cellular respiration and permeability that 

result in cell death. Furthermore, AgNPs can also easily enter cells to 

interact with biomolecules, including DNA and protein via their 

phosphorus and sulfur groups, respectively. (Elumalai et al., 2010). 

 Silver ions have been successfully used as antimicrobial agents, 

although AgNPs have shown higher antimicrobial activity in 

comparative studies. Very small quantities of AgNPs may have higher 

antimicrobial effects compared to that for their bulk material. The 

increased prevalence of antibiotic-resistant microbes, currently 

considered a widespread health problem, is likely related to intensifying 

antibiotic use. Decreased antibiotic efficacy has been clearly 

documented (El-Mokhtar and Hetta, 2018; Huh and Kwon, 2011). 

Several initiatives to develop antibiotic alternatives have stressed 

the potential of nanomaterials in order to prevent the development of 

antibiotic-resistant microbes. Silver nanoparticles are a potential 

strategy for fighting microbial resistance because microbes are unlikely 

to accumulate the numerous mutations required to develop nanoparticle 

resistance. Nanomaterials with dimensions ranging from 1 to 100 nm 

are manufactured, synthesized, and used as part of the nano drug 
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delivery system.(Abd Ellah, et al., 2019a; Abd Ellah et al., 2019b; El-

Mokhtar and Hetta, 2018) . 

MDR bacteria (multidrug-resistant bacteria) continue to be the 

most serious hazard to public health. Diseases caused by such resistance 

;resistance has become a serious concern for several antimicrobial 

treatments. Nanotechnology breakthroughs have opened up new 

opportunities for generating unique formulations based on different 

types of nanoparticles (NPs) of varying sizes and shapes with flexible 

antibacterial properties. Because NPs can both kill germs and serve as 

transporters for pharmaceuticals and natural antibacterial chemicals, 

they may be a viable choice.(Wang et al., 2017) . 

While a variety of materials have been investigated, ranging from 

liposomal to polymer-based nano-drug carriers, metallic vectors. The 

capacity to deliver a broad variety of drugs to the site of infection 

quickly and securely, either connected to their enormous surface area or 

encapsulated inside the structure, at a regulated rate of targeted 

administration.(Gholipour Malekabadi et al., 2017; Pissuwan et al., 

2011) .  

 The Aim of study 

1- Isolation and identification of E.coli  antibiotic-resistant bacteria from 

different clinical sources . 

2- Measuring the effectiveness of antibiotics against these bacteria. 

3- Using antibiotic and nanoparticles  as alternatives to antibiotics and 

measuring their effect. 

4. Detections chuA gene gene by PCR technical.  
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2. Literatures review 

2.1. History of nanotechnology 

Nanotechnology controlled manipulation of nanomaterials with at 

least one dimension less than 100 nm (Castillo-Henríquez et al.,2020      

)As mentioned that the word "nanotechnology" was first used in 1974by 

Norio Taniguchi in a paper titled "on the Basic concept of 

Nanotechnology", by the 1980s, people were regularly using and 

publishing the word "nanotechnology", the late Richard smalley shared 

the 1996 Nobel prize in chemistry with Harry Kroto and Robert Curl, 

was a champion of the nanotech cause, in 1999 he told congress that "the 

impact of nanotechnology on the health, wealth, and lives of people will 

be at least the equivalent of the combined influences of 

microelectronics,medical imaging, computer aided engineering and man 

made polymers "Nanobiotechnology describes the applications of 

nanotechnology techniques for the development and improvement of 

biotechnological process and products (Choudhury et 

al.,2020).Nanobiotechnology is widely emerging field which involves 

interdisciplinary subject as biology, physics, chemistry, and 

medicine(Ratan et al.,2020) 

The origin of the term "Nano" is Greek which means dwarf and 

denotes a measurement on the scale of one-billionth (10-9) of a meter in 

size (Rogers et al., 2015). ).Nanoparticles are clusters of atoms in size 

range of 1-100 nm, the physical and chemical properties of nanomaterial 

can become very different from those of the same material in larger bulk 

form (McNeil,2005).Nanotechnology involves the synthesis of 

nanoparticles using the top-down and bottom-up methods. In top-down 
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synthesis, nanoparticles are produced by size reduction from a suitable 

starting material; size reduction is achieved by various physical and 

chemical treatments as shown in figure (2-1). Top-down synthesis 

production methods introduce imperfections in the surface structure of 

the product and this is a major limitation because the surface chemistry 

and the other physical properties of nanoparticles are highly dependent 

on the surface structure. In bottom up synthesis, the nanoparticles are 

built from smaller entities, for example by joining atoms, molecules and 

smaller particles In bottom up synthesis, the nanostructured building 

blocks of the nanoparticles are formed first and then assembled to 

produce the final particle. The bottom-up synthesis mostly relies on 

chemical and biological methods of production. The probable 

mechanism of nanoparticle synthesis by bottom up approach is shown 

in figure (2-1) (Mittal et al., 2013). 

Nanotechnology is an important field of modern research dealing 

with design, synthesis, and manipulation of particle structures ranging 

from approximately 1-100 nm. Nanoparticles(NPs) have wide range of 

applications in areas such as health care, cosmetics, food and feed, 

environmental health, mechanics, optics, biomedical sciences, chemical 

industries, electronics, space industries, drug-gene delivery, energy 

science, optoelectronics, catalysis, single electron transistors, light 

emitters, nonlinear optical devices, and photoelectrochemical 

applications (Salata,2004). 

Nanobiotechnology is a rapidly growing scientific field of 

producing and constructing devices. An important area of research in 

nanobiotechnology is the synthesis of NPs with different chemical 

compositions, sizes and morphologies, and controlled 

dispersities.Nanobiotechnology has turned up as an elementary division 
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of contemporary nanotechnology and untied novel epoch in the fields of 

material science receiving global attention due to its ample applications. 

It is a multidisciplinary approach resulting from the investigational use 

of NPs in biological systems including the disciplines of biology, 

biochemistry, chemistry, engineering, physics and medicine. Moreover, 

nanobiotechnology also serves as an imperative technique in the 

development of clean, nontoxic, and eco-friendly procedures for the 

synthesis and congregation of metal NPs having the intrinsic ability to 

reduce metals by specific metabolic pathways (Rotello,2004).  

 Nowadays, there is a growing need to develop eco-friendly 

processes, which do not use toxic chemicals in the synthesis protocols. 

Green synthesis approaches include mixed  valence polyoxometalates, 

polysaccharides, Tollens, biological, and irradiation methods which 

have advantages over conventional methods involving chemical agents 

associated with environmental toxicity. Selection of solvent medium 

and selection of eco-friendly nontoxic reducing and stabilizing agents 

are the most important issues which must be considered in green 

synthesis of NPs(Sinha et al.,2006 ). 

2.2. Nanoparticles 

Nanoparticles are the building blocks of nanotechnology; they are 

defined as particles having more than one dimension measuring 100 nm 

or less. They behave differently from matter at the bulk scale 

(Ghorbani,2014).                                                                

Nanoparticles can be classified into organic nanoparticles which 

include carbon nanoparticles such as "fullerenes", and inorganic 

nanoparticles which include magnetic nanoparticles, Noble metal 

nanoparticles such as "silver" and semiconductor nanoparticles such 

as"zinc oxide" (Bamrungsap et al.,2012). 
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Figure (2-1): Various approaches for making nanoparticles and cofactor 

dependent bio reduction adapted from (Mittal et al., 2013). 

2.3. Silver nanoparticles 

Silver nanoparticles (AgNPs) are one of the most commonly used 

nanomaterials both in fundamental medical sciences and clinical 

practice.The development of consistent processes for the synthesis of 

AgNPs is an important aspect of current nanotechnology research. One 

of such promising processes is green synthesis. AgNPs can be 

synthesized by several physical, chemical and biological methods. 

various rapid chemical methods have been replaced by green synthesis 

because of avoiding toxicity of the process and increased quality (   

Zhang et al.,2016). 
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Figure (2-2): Mechanisms of nanoparticle synthesis adapted from (Mittal et al., 

2013). 

The properties of AgNPs depend on size and characteristics such 

as melting temperature, magnetic behavior, redox potential and their 

color can be controlled by changing their size (1-100nm) and shapes 

such as spherical ,triangular and rod .AgNPs have attracted a lot of 

attentions due to their good conductivity, chemical stability and used as 

catalysts (Singh et al.,2015). 

Silver is a soft and hard, white, lustrous transition metal 

possessing high electrical and thermal conductivity. It has been known 

longer than recorded history due to its medical and therapeutic benefits 

before the realization of microbes as agents for infections. It is used in 

many forms as coins, vessels, solutions, foils, sutures, and collides as 

lotions, ointments, etc. It is the foremost therapeutic agent in medicine 

for infectious diseases and surgical infections. Silver benefits more than 

risk factors Silver NPs are of interest because of the unique properties 

which can be incorporated into antimicrobial applications, biosensor 
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materials, composite fibers, cryogenic superconducting materials, 

cosmetic products, and electronic components. Some important 

applications of silver NPs in pharmaceutics, medicine, and 

dentistry(Mulfinger et al.,2007 ).  . 

Several physical and chemical methods have been used for 

synthesizing and stabilizing silver NPs.The most popular chemical 

approaches, including chemical reduction using a variety of organic and 

inorganic reducing agents, electrochemical techniques, physicochemical 

reduction, and radiolysis are widely used for the synthesis of silver NPs. 

Most of these methods are still in the development stage and the 

experienced problems are the stability and aggregation of NPs, control 

of crystal growth, morphology, size and size distribution. Furthermore, 

extraction and purification of produced NPs for further applications are 

still important issues (Nair and Laurencin,2007). 

 Silver nanoparticles can be synthesized in different shapes, such 

as, spheres, discs, rods, wires, stars, prisms, right bipyramids, and cubes, 

moreover it has many applications in catalysis, electronics, surface-

enhanced Raman scattering (SERS) and as antimicrobial sterilization to 

decrease toxicity toward mammalian cells (Tran and Le,2013). 

 Silver nanoparticles products are found to have bactericidal 

effects and strong inhibitory, furthermore a broad spectrum of 

antimicrobial activities have attracted much attention, so that, for 

centuries, it has been employed to prevent and treat various diseases, 

especially infections. Many researchers report the silver nanoparticles to 

possess anti-fungal, anti-viral, anti-inflammatory and antiangiogenics 

(Lee and Jun, 2019). One major mechanism of antibacterial properties 

of silver nanoparticles is represented by adhesion and penetration of 

AgNPs to cell membranes of bacteria . The silver nanoparticles have 
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antimicrobial capability, which is employed suitably in applications and 

fields like water filtration materials , textile and disinfection or for 

medicine purposes.Silver nanoparticles (AgNPs) are considered 

goldstandared in nanoscience investigations. AgNPs are of significant 

consideration to the researchers because they have distinctive physical 

and chemical properties (Abou El-Nour et al.,2010).  

2.4. Characterization of nanoparticles 

2.4.1. UV-Visible Spectrometry 

 The technique of spectrophotometry is generally used for the 

qualitative and quantitative estimation of biomolecules such as proteins 

,sugar , carbohydrates , amino acids , nucleic acids , vitamins , etc. the 

UV–visible spectroscopy has proven to be very useful for analyzing of 

different nanoparticles such as gold and silver nanoparticles (Ramezani 

et al., 2008;Anderson et al., 2004). 

2.4.2. X-Ray Diffraction (XRD) 

A microscope works in two stages. First, light strikes the object 

andis diffracted in various directions. The lens collects the diffracted 

rays and reassembles them to form an image Figure (2-3). With x-rays, 

we can detect diffraction from molecules, but we have to use a computer 

to reassemble the image. It’s not that simple, but that’s the essence of 

the method. X-ray diffraction is also defined as one of the primary 

analytical techniques used for phase identification and crystalline 

structure determinations in solid-state materials. Non-amorphous 

materials are composed of repeating regular planes of atoms that form a 

crystal lattice. In This method, a monochromatic X-ray is directed onto 

a sample and the interaction between these planes of atoms and X-rays 

lead to diffracted rays being emitted. Depending on the atomic 
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composition of the crystalline lattice and their arrangement, various 

minerals diffract X-ray beams differently. These diffracted X-rays are 

then collected and processed, and by comparison of the sample 

diffraction pattern with standard reference patterns and measurements, 

the material identification will be allowed(Kohler and Fritzsche 2004). 

2.4.3. Scanning Electron Microscope 

This electron microscopy based technique determines the size, 

shape and surface morphology with direct visualization of the 

nanoparticles,therefore scanning electron microscopy offers several 

advantages in morphological and sizing analysis. However they provide 

limited information about the size distribution and true population 

average. During the process of SEM characterization, the solution of 

nanoparticles should be initially converted into a dry powder. This dry 

powder is then further mounted on a sample holder followed by coating 

with a conductive metal(e.g. gold) using a sputter coater. Whole sample 

is then analyzed by scanning with a focused fine beam of electrons. 

Secondary electrons emitted from the sample surface determine the 

surface characteristics of the sample(Jores et al.,2004). 

This electron beam can often damage the polymer of the 

nanoparticles which must be able to withstand vacuum. Average mean 

size evaluated by SEM is comparable with results obtained by dynamic 

light scattering. In addition these techniques are time consuming, costly 

and frequently need complementary information about sizing 

distribution(Molpeceres et al., 2000). 

2.4.4. Fourier-transform infrared spectroscopy (FTIR) 

Is an important tool for the observation of functional groups 

which are involved for the stabilization of synthesized nanoparticles. 
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The FTIR spectrum of green synthesized AgNPs reveals clear peaks 

throughout the whole range of observation. 

2.4.5. Biological application of nanoparticles 

Although the development and application of nanotechnology is 

primarily still in the research phase , the different fields that find 

potential performance of nanotechnology. Applying nanotechnology for 

treatment, diagnosis, monitoring, and control of diseases has been 

referred to as“nanomedicine”.The most common applications of 

nanoparticles in medicine are drug delivery and cancer therapy (  Iravani 

et al.,2014 ). 

Nanoparticles are used for site specific drug delivery. The 

required drug dose is used and side-effects are lowered significantly as 

the active agent is deposited in the morbid region only. The highly 

selective approach can reduce costs and pain to the patients (Krutyakov 

et al.,2008). 

The strength of drug delivery systems is their ability to alter the 

pharmacokinetics and biological distribution of the drug. Nanoparticles 

are designed to avoid the body's defense mechanisms (Martínez-

Castañon et al.,2008). 

The development and optimization of drug delivery approaches 

based in nanoparticles concerns the early detection of cancer cells and/or 

specific tumor biomarkers, and the enhancement of the efficacy of the 

treatments applied .The immobilization of biomolecule– NP Conjugates 

on surfaces provide general route for the development of optical or 

electronic biosensors (Chouhan,2018). 

The advanced techniques of nanotechnology can help storage of 

energy, its conversion into other forms, eco-friendly manufacturing of 

materials and by better enhanced renewable energy. Nanotechnology 
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can help in developing new eco-friendly and green technologies that can 

minimize undesirable pollution (Beyene et al.,2017). 

 

 

2.5. Synthesis of silver nanoparticles 

Generally, silver nanoparticles are prepared by a variety of 

methods: 

1-Physical methods 

2-Chemical methods 

3-biological methods 

2.5.1. Physical methods 

Evaporation-condensation and laser ablation are the most 

important physical approaches. The absence of solvent contamination in 

the prepared thin films and the uniformity of NPs distribution are the 

advantages of physical synthesis methods in comparison with chemical 

processes. Physical synthesis of silver NPs using a tube furnace at 

atmospheric pressure has some disadvantages, for example, tube furnace 

occupies a large space, consumes a great amount of energy while raising 

the environmental temperature around the source material, and requires 

a lot of time to achieve thermal stability. Moreover, a typical tube 

furnace requires power consumption of more than several kilowatts and 

a preheating time of several tens of minutes to reach a stable operating 

temperature (Bogle et al.,2006).                                                         

2.5.2. Chemical methods  

The most common approach for synthesis of silver NPs is 

chemical reduction by organic and inorganic reducing agents. In 

general, different reducing agents such as sodium citrate, ascorbate, 
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sodium borohydride(NaBH4), elemental hydrogen, polyol 

process,Tollens reagent, N, N-dimethylformamide(DMF), and poly 

(ethylene glycol)-block copolymers are used for reduction of silver ions 

(Ag+) in aqueous or non-aqueous solutions. These reducing agents 

reduce Ag+ and lead to the formation of metallic silver(Ag0), which is 

followed by agglomeration into oligomeric clusters. These clusters 

eventually lead to the formation of metallic colloidal silver particles (28-

30). It is important to use protective agents to stabilize dispersive NPs 

during the course of metal nanoparticle preparation, and protect the NPs 

that can be absorbed on or bind onto nanoparticle surfaces, avoiding 

their agglomeration (Ghorbani et al.,2011   ). The presence of surfactants 

comprising functionalities (e.g.thiols, amines, acids, and alcohols) for 

interactions with particle surfaces can stabilize particle growth, and 

protect particles from sedimentation, agglomeration, or losing their 

surface properties.                            

 Polymeric compounds such as poly (vinyl alcohol), poly 

(vinylpyrrolidone), poly(ethylene glycol), poly (methacrylic acid), and 

polymethylmethacrylate have been reported to be the effective 

protective agents to stabilize NPs. In one study, Zhao et al.,(2018)  and 

coworker prepared dodecanethiol-capped silver NPs, according to Brust 

procedure based on a phase transfer of an Au3+ complex from aqueous 

to organic phase in a two-phase liquid-liquid system, which was 

followed by a reduction with sodium borohydride in the presence of 

dodecanethiol as stabilizing agent, binding onto the NPs surfaces, 

avoiding their aggregation and making them soluble in certain solvents. 

They reported that small changes in synthetic factors lead to dramatic 

modifications in nanoparticle structure, average size, size distribution 

width, stability and self-assembly patterns. Baker and colleagues (Baker 
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et al.,2005 ) reported synthesis of spherical silver NPs with a 

controllable size and high mono disparity using the polyol process and 

a modified precursor injection technique. In the precursor injection 

method, the injection rate and reaction temperature were important 

factors for producing uniform-sized silver NPs with a reduced size. 

Silver NPs with a size of 17 ± 2 nm were obtained at an injection 

rate of 2.5 ml/s and a reaction temperature of 100 °C. The injection of 

the precursor solution into a hot solution is an effective means to induce 

rapid nucleation in a short period of time, ensuring the fabrication of 

silver NPs with a smaller size and a narrower size distribution. (Zhang 

and coworkers, 2019) used a hyper branched poly (methylene 

bisacrylamide aminoethylpiperazine) with terminal dimethylamine 

groups to produce colloids of silver. It was reported that the formation 

process of these NPs could be divided into three stages: growth, 

incubation and Ostwald ripening stages. The higher boiling point of 300 

°C of paraffin affords a broader range of reaction temperature and makes 

it possible to effectively control the size of silver NPs by varying the 

heating temperature alone without changing the solvent. Moreover, the 

size of the colloidal silver NPs could be regulated not only by changing 

the heating temperature, or the ripening time, but also by adjusting the 

ratio of oleylamine to the silver precursor. 

Silver NPs can be prepared at room temperature, by simple 

mixing of the corresponding metal ions with reduced polyoxometalates 

which serves as reducing and stabilizing agents. Polyoxometalates are 

soluble in water and have the capability of undergoing stepwise, multi 

electron redox reactions without disturbing their structure. It Was 

demonstrated that silver NPs were produced by illuminating a deaerated 

solution of polyoxometalate/S/Ag+ (36). Furthermore,green chemistry-
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type one-step synthesis and stabilization of silver nanostructures 

withMoV–MoVI mixed-valence polyoxometalates in water at room 

temperature has been reported (Chen et al.,2009). 

2.5.3. Biological methods 

Biological methods can be used to synthesize AgNPs without the 

use of any harsh, toxic and expensive chemical substances .The use of 

microorganisms in the synthesis of nanoparticles emerges as an eco 

friendly and exciting approach, for production of NPs due to its low 

toxic, environmental compatibility,reduced costs of manufacture, 

scalability, and nanoparticle stabilization compared with the chemical 

synthesis (Sharma et al.,2009). 

Recently many studies were conducted to explore the synthesis of 

silver nanoparticles using microorganisms as a potential 

biosource,synthesis of silver nanoparticles which uses microorganisms 

or supernatant of microbial culture at rates much slower than the rates 

in which plants can biosynthesised silver nanoparticles. The time 

required for the complete reduction of silver ions is known to range from 

24 hours to120 hours in the case of microorganisms, while the reaction 

completion time is much less in the case of plants, ranging from a few 

hours to a maximum of 48hours (Starowicz et al.,2006 ). 

2.6. Escherichia Coli 

Escherichia Coli can be classified into the following taxonomic 

levels: 

Kingdom: Bacteria 

Domain: Bacteria  

Phylum: Proteobacteria  

Class: Gammaproteobacteria  

Order: Enterobacterales  
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Family: Enterobacteriaceae  

Genus: Escherichia  

Species: E. coli  

Escherichia coli  also known as E.coli  is a Gram-negative, 

facultative anaerobic, rod-shaped, coliform bacteria of the genus 

Escherichia that is commonly found in the lower intestine of warm-

blooded organisms. Most E.coli strains are harmless, but some serotypes 

(EPEC, ETEC etc.) can cause serious food poisoning in their hosts, and 

are occasionally responsible for food contamination incidents that 

prompt product recalls(Johnson and Russo,2002) The harmless strains 

are part of the normal microbiota of the gut, and can benefit their hosts 

by producing vitamin K2, and preventing colonization of the intestine 

with pathogenic bacteria, having a mutualistic relationship. E.coli is 

expelled into the environment within fecal matter. The bacterium grows 

massively in fresh fecal matter under aerobic conditions for three days, 

but its numbers decline slowly afterwards(Sperandio and Nguyen,2012). 

E.coli and other facultative anaerobes constitute about 0.1% of 

gut microbiota, and fecal–oral transmission is the major route through 

which pathogenic strains of the bacteria cause disease. Cells are able to 

survive outside the body for a limited amount of time, which makes 

them potential indicator organisms to test environmental samples for 

fecal contamination. A growing body of research, though, has examined 

environmentally persistent E.coli which can survive for many days and 

grow outside a host(Smith et al.,2007 ). 

 Escherichia coli typically colonizes the gastrointestinal tract of 

human infants within a few hours after birth. Usually, E.coli and its 

human host coexist in good health and with mutual benefit for decades. 

These commensal E.coli strains rarely cause disease except in 
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immunocompromised hosts or where the normal gastrointestinal 

barriers are breached — as in peritonitis, for example. The niche of 

commensal E.coli is the mucous layer of the mammalian colon. The 

bacterium is a highly successful competitor at this crowded site, 

comprising the most abundant facultative anaerobe of the human 

intestinal microflora.Despite the enormous body of literature on the 

genetics and physiology of this species, the mechanisms whereby E.coli 

assures this auspicious symbiosis in the colon are poorly characterized. 

One interesting hypothesis suggests that E.coli might exploit its ability 

to utilize gluconate in the colon more efficiently than other resident 

species, thereby allowing it to occupy a highly specific metabolic 

niche(Köhler and Dobrindt,2011). 

However, there are several highly adapted E.coli clones that have 

acquired specific virulence attributes,which confers an increased ability 

to adapt to new niches and allows them to cause a broad spectrum of 

disease.These virulence attributes are frequently encoded genetic 

elements that can be mobilized into different strains to create novel 

combinations of virulence factors,or on genetic elements that might 

once have been mobile, but have now evolved to become ‘locked’ into 

the genome. Only the most successful combinations of virulence factors 

have persisted to become specific 

‘pathotypes’ of E.coli that are capable of causing disease in 

healthy individuals. Three general clinical syndromes can result from 

infection with one of these pathotypes:enteric/diarrhoeal disease, 

urinary tract infections(UTIs) and sepsis/meningitis. Among the 

intestinal pathogens there are six well-described 

categories:enteropathogenic E.coli (EPEC), enterohemorrhagic. coli 

(EHEC), enterotoxigenic E.coli (ETEC),enteroaggregative E.coli 
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(EAEC), enteroinvasive E. coli(EIEC) and diffusely adherent E.coli 

(DAEC).UTIs are the most common extraintestinal E.coli infections and 

are caused by uropathogenic E.coli (UPEC).An increasingly common 

cause of extraintestinal  infections is the pathotype responsible for 

meningitis and sepsis - meningitis-associated E.coli (MNEC) (Manges 

et al.,2019). 

The E.coli pathotypes implicated in extraintestinal infections 

have recently been called ExPEC3. EPEC,EHEC and ETEC can also 

cause disease in animals using many of the same virulence factors that 

are present in human strains and unique colonization factors that are not 

found in human strains .An additional animal pathotype, known as avian 

pathogenic E.coli (APEC), causes extraintestinal infections — primarily 

respiratory infections, pericarditis,and septicaemia of poultry. This 

review will focus on E.coli strains that are pathogenic for humans (Biran 

and Ron,2018). 

The various pathotypes of E.coli tend to be clonal groups that are 

characterized by shared O (lipopolysaccharide,LPS) and H (flagellar) 

antigens that define serotypes (O antigen only) or serotypes (O and H 

antigens)( Bélanger et al.,2011).Pathogenic E.coli strains use a multi-

step scheme of pathogenesis that is similar to that used by other mucosal 

pathogens, which consists of colonization of a mucosal site, evasion of 

host defenses,multiplication and host damage. Most of the pathogenic 

E.coli strains remain extracellular, but EIEC is a true intracellular 

pathogen that is capable of invading and replicating within epithelial 

cells and macrophages. Other E.coli strains might be internalized by 

epithelial cells at low levels, but do not seem to replicate intracellular 

cells,as shown in figure(2-6)(Riley, 2014 ). 
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Figure (2-6). Classification of extraintestinal and intestinal pathogenic E.coli 

variants. Abbreviations:intestinal pathogenic E.coli (IPEC), 

enteropathogenic E.coli (EPEC), enterohemorrhagic E. coli(EHEC), 

enterotoxigenic E.coli (ETEC), enteroaggregative E.coli (EAEC), 

diffusely adherent E.coli (DAEC), enteroinvasive E.coli (EIEC), 

extraintestinal pathogenic E.coli (ExPEC), uropathogenic E.coli 

(UPEC), neonatal meningitis E.coli (NMEC), sepsis-associated E.coli 

(SEPEC), avian pathogenic E.coli (APEC), and mammary pathogenic 

E.coli (MPEC),avian pathogenic E.coli (APEC), and mammary 

pathogenic E.coli (MPEC).   
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2.6.1. Virulence Factors 

ExPEC virulence factors can be divided into five categories: 

adhesins, invasins, iron uptake factors, protectines, and toxins: 

2.6.1.1. Adhesins 

Many surface structures play a significant role in the process of 

specific adhesion. There are three main types of adhesins: fimbriae, 

afimbrial adhesins (Afa), and outer membrane proteins (OMPs) (Mainil, 

2013). This family of adhesive and virulence-associated surface 

structures in Gram-negative bacteria is assembled and secreted by the 

chaperon-usher pathway, which involves the binding of nascent pilus 

subunits by a dedicated chaperone in the bacterial periplasm and the 

subsequent polymerization of subunits into the pilus fiber at the outer 

membrane by an integral outer membrane channel protein termed the 

usher (Emody et al.,2003). The expression of surface adhesins increases 

the virulence of pathogenicE.coli by facilitating close contact of the 

bacteria with the host cell wall. Different bacterial adhesins are adapted 

to colonize specific niches. S-fimbrial adhesins (sfa), F1C (“pseudotype 

I”) fimbriae (foc), coding P-like pili, papC, and Iha (iha) are the most 

frequently detected adhesins among isolates from UTI patients 

(Law,2000). For UPEC strains, P- and S- fimbriae receptors are located 

on the surface of epithelial cells lining the host urinary tract (Escobar-

Páramo et al.,2004). 

S-fimbrial adhesins are virulence factors present in strains 

responsible for meningitis and sepsis. These fimbriae can bind 

extracellular matrix components and sialoglycoproteins on brain 

capillary endothelial cells. NMEC is characterized by K1 capsular 

antigens (kpsM,neuA) or the ibeA invasion gene. The relationship 

between the type of infection and thePathogens presence of 
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characteristic virulence factors has been demonstrated, i.e., IbeA protein 

hassurface receptors on the brain capillary endothelial cells and allows 

pathogens to invade the nervous system(Bien,2014). 

2.6.1.2. Invasins 

The adhesion of E.coli to membrane receptors of host cells 

triggers a cascade of host-cell signal transduction pathways that result 

in host-cell actin cytoskeleton rearrangements required for bacterial 

invasion of Human Brain Microvascular Endothelial Cells(HBMEC) 

(Oelschlaeger et al.,2002). Regulation of the rearrangement of the host 

actin cytoskeleton by E.coli K1 is a complex multifactorial process 

involving host actin-binding proteins and signaling molecules, as well 

as specific microbial determinants. However, the underlying host-

microbial interactions in the bacterial invasion of HBMEC remain not 

entirely understood(Sharma et al.,2007). 

2.6.1.3. Iron Uptake Factors 

Siderophores are secondary metabolites that capture iron to 

enhance bacterial growth and development (Ron, 2010). Iron deficiency 

weakens bacterial adaptive abilities by generating disturbances in 

cellular capsules structure and synthesis . In ExPEC, access to iron in 

blood serum is of paramount importance. Since E.coli can cause sepsis 

and infection of various organs with very low iron availability, this 

pathotype has developed many strategies to obtain iron from infected 

sites (Karimian et al.,2012 ). 

Siderophores can be divided into five main classes: catecholates, 

phenolates, hydroxamic acids, _-hydroxycarboxylates, and a mixed type 

containing different siderophores.ExPECs are equipped with 

siderophores that increase their virulence: enterobactin and salmochelin 
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(catecholate siderophores), aerobactin (a mixed-type siderophore), and 

yersiniabactin(phenolate siderophore)  (La Ragione and 

Woodward,2002 ). 

Iron is essential for bacteria because of its involvement in many 

metabolic functions, such as the transport of oxygen and electrons. Most 

iron in humans is complexed with the transport molecules transferrin 

(found in blood) and lactoferrin (found in the digestive tract and in 

salivary and pulmonary secretions) and with reserve molecules (ferritin) 

or it is incorporated into the heme of hemoglobin and myoglobin. This 

complexation results in iron limitation, which in turn serves as one of 

the innate defenses against the survival of bacteria within hosts. To use 

iron from the host, bacteria have developed capture systems that target 

these iron-complexed forms within citrate ions (fec system) or heme 

(chu system). The bacteria use transport systems (Sit systems) or 

produce PK-NRP compounds called siderophores that capture iron from 

host transporters or reserve systems and transport it back to the bacteria 

via specific receptors (Jiang et al.,2012 ). The siderophore enterobactin, 

which is found in almost all E. coli, is encoded by the core genome. 

Thus, Lipocalin-2, which is capable of sequestering enterobactin, 

prevents its uptake by the bacteria via the FepA receptor (Tiba et 

al.,2008). Therefore, ExPEC acquires PAI-encoding iron-uptake 

systems to thwart this host defense mechanism. The most frequently 

encountered siderophores are aerobactin, yersiniabactin and 

salmochelin (Mellata et al.,2003 ). Salmochelin is a modified 

enterobactin formed by glycosylation of one of its derivatives, and this 

modification makes salmochelin insensitive to inhibition by human 

Lipocalin-2 . The PAI-encoded siderophores salmochelin and 

yersiniabactin are both produced at significantly higher levels in ExPEC 
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isolated from urine than in rectal isolates and could play a greater role 

than enterobactin within the human urinary tract . In a newborn rat 

meningitis model, salmochelin plays an important role in maintaining a 

high level of bacteremia, which is a necessary step for bacterial crossing 

of the blood-brain barrier (Watt et al.,2003). 

Receptor-mediated uptake of heme is another iron-uptake 

mechanism encoded by ExPEC PAIs. Two outer membrane heme 

receptors, ChuA and Hma, have been characterized, and both were 

required for bacterial optimal fitness in a UTI mouse model . ChuA 

could also be important during IBC formation (Vila et al.,2000). The 

PAI-encoded Sit system transports manganese and ferrous iron into the 

ExPEC cytoplasm and enhances resistance to oxidative stress. The sit 

genes are upregulated during murine UTI and are expressed during 

human UTIs, suggesting that they contribute to urofitness (Santo et 

al.,2006 ). 

2.6.1.4. Toxins 

The most frequently detected genes encoding toxins in ExPECs 

are: hlyA, hlyD, hlyF (α-hemolysin), cnf1 (cytotoxic necrotizing factor 

1), sat (secreted autotransporter toxin), pic(protease involved in 

colonization), and vat (vacuolating autotransporter protein)( Rijavec et 

al.,2008). 

E.coli hemolysin appears to be cytotoxic to many different host-

cell types and towards many hosts, both animals and humans. The target 

and host-cell specificity could be dueto the sequence and N-linked 

oligosaccharide-modification differences in the primary receptors for 

the toxins, _2 integrins, on immune cells . The mechanism forE.coli 

hemolysin cytotoxicity involves the formation of membrane pores. 

Therefore, when erythrocytes are used as target cells, loss of 
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intracellular K+ ions and subsequent influx of cations and water leads 

to osmotic lysis . The initial pore formation leads to partial lysis of 

erythrocytes and subsequently triggers purinergic-receptor activation 

and creates a host-mediated pannex in pore. These events lead to the 

complete lysis of the cells (Blum and Leitner,2013). 

CNF1 was initially described as a toxin causing dermonecrosis 

when CNF-producing E.coli strains were intradermally injected in 

rabbits, it's  described cytotoxic activity was the formation of 

multinucleated cells in culture(Doughari et al.,2008). 

2.7. Antimicrobial Resistance of Bacteria  

AMR results in reduced efficacy of antimicrobials, making the 

treatment of patients costly and difficult, or even impossible . Due to its 

particular ecology, E.coli can be considered a sensor of antimicrobial 

resistance. This organism has consolidated resistance traits that 

appeared many years ago, like TEM-1 _-lactamase, as well as the 

“newer _-lactamases” .( Klein and Bülte,2003) 

The cephalosporins, fluoroquinolones, and trimethoprim-

sulfamethoxazole are often used to treat community and hospital E.coli 

infections, and resistance to these agents is responsible for delays in 

appropriate therapy with subsequently increasing morbidity and 

mortality . Several surveillance studies during the 2000s across 

Europe,North and South America have shown that between 20 and 45% 

of ExPECs are resistant to first-line antibiotics, including 

cephalosporins, fluoroquinolones, and trimethoprim sulfamethoxazole 

(Turchi et al.,2019).  

This problem undoubtedly must be controlled by a One Health 

approach,as the role of food-producing animals and the environment is 
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not negligible ._β-Lactam antibiotics, especially the 3rd generation 

cephalosporins, are a major drug class used to treat severe community-

onset or hospital-acquired infections involving E.coli .Unfortunately, 

among E. coli, β _-lactamase production remains the most important 

mediator of β -lactam resistance. _-lactamases are bacterial enzymes 

that inactivate  β -lactamPathogens antibiotics by hydrolysis, resulting 

in the compound’s inefficiency . These enzymes can hydrolyze 

penicillins, cephalosporins, and monobactams, but not the cephamycins 

and carbapenems, and are inhibited by traditional  β -lactamase 

inhibitors clavulanic acid,sulbactam, and tazobactam (Rassam, 2010  ). 

E.coli possesses a chromosomal gene that encodes for an AmpC 

β-lactamase. Usually,low amounts of these β -lactamases are produced 

because the AmpC gene is regulated by a weak promoter and a strong 

attenuator (Miranda-Estrada et al.,2017). AmpC enzymes are not 

inhibited by traditional β -lactamase inhibitors such as clavulanic acid, 

sulbactam, and tazobactam,although boronic acids and cloxacillin have 

shown a good level of inhibition . Risk factors associated with infection 

of AmpC β-lactamase-producing bacteria are not as well defined as 

those associated with ESBL-producing bacteria (Kukanur et al.,2015). 
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3. Materials & Method 

3.1. Materials 

3.1.1. Equipment and instruments 

Equipment used in this study were shown in table 3-1 

Table (3-1): Equipment used in present study. 

Origin  Company Instruments or equipment 

Korea Labtech Autoclave 

Korea K & K Scientific 

Supplier 

Laminar airflow cabinet 

India Labsays Petri-dish 

Germany Memmert Oven 

Lebanon Concord Refrigerator 

Spain  

 

BD Emerald Syringe 1ml, 5ml 

Korea K & K Scientific 

Supplier 

Hot plate with a magnetic 

stirrer 

Germany Sartorius Sensitive Balance 

England Gallen Kamp Vortex mix 

Germany Humax L micropipette 

England Gallenkamp Shaking incubator 

Germany Memmert Shaking water bath 

USA Agilent Thermocycler 

Japan Shimadzu UV-visible 

spectrophotometer 

Germany Memmert Incubator 

Netherland FEI Scanning electron 

microscope 

Germany Broker X ray diffraction (XRD) 
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3.1.2. Chemicals and Biological materials 

Table (3-2): Chemical and biological materials used in present study 

Origin Company  Materials 

England BDH silver nitrate 

(AgNO3) 

England BDH trisodium citrate 

India Himedia Muller Hinton broth 

India Himedia Nutrient agar 

India Himedia Nutrient broth 

Canada Bio Basic Agarose 

Canada Bio Basic Ethidium Bromide 

Solution 

USA Sigma Glycerol 

India Himedia Gram stain 

Canada Bio Basic Tris-Borate-EDTA 

Buffer(TBE buffer) 

Canada Bio Basic Tris-EDTA (TE) 

buffer 

England BDH α-Naphthol 

(C10H8O) 
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3.1.3. Culture media 

The culture media used in this work with their purpose are listed in table 

(3-3). 

Table (3-3): Culture media used with their purpose 

Purpose Company/origin Culture media 

Determination the 

sensitivity 

test of bacteria to 

silver 

nanoparticle 

Himedia/India Brain heart infusion 

agar 

growth ,activation and 

maintenance of 

bacteria 

Himedia/India Brain heart infusion 

broth 

Growth of G-ve 

bacteria and 

determination their 

ability to 

lactose fermentation 

Lab /USA MacConkey agar 

biochemical test Himedia /India MR-VP broth 

biochemical test Himedia /India Nutrient broth 

biochemical test Himedia /India Peptone water 

biochemical test Himedia /India Simmone citrate 

Agar 

Transport medium China\ China Swab with media 

(Amies medium) 
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3.1.4. Antibiotics 

Table(3-4) Antibiotic disks used in study 

Concentration(μg, U) Symbol Antibiotic No. 

30 AMC Amoxicalve 1 

30 AK Amikacin 2 

30 CRO Ceftriaxone 3 

10 MEM Meropenem 4 

5 CIP Ciprofloxacin 5 

30 ATM Aztreonam 6 

5 LEV Levofloxacin 7 

10 NET Netilmicin 8 

30 PY Carbenciline 9 

75/10 TCC Ticarcillin/clavulanic 

acid 

10 

10 NOR Norfloxacin 11 

30 DO Doxycycline 12 

100 PRL Pipracillin 13 

25 SXT Trimethoprim-

sulfamethoxazole 

14 

300 NIT Nitrofurantoin 15 

10 TOB Tobramycin 16 

20 R Rifampin 17 
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3.1.5. Extraction kit 

Table (3-5) kit was used during the study 

Component Manufacturer Kit name 

FABG Buffer 

Wash Buffer 

W1 Buffer 

Elution Buffer 

Proteinase K 

Collection Tube 

Elution Tube 

FABG Mini Column 

Favorgen / Korea FavorPrep Genomic 

DNA 

Mini Kit 

(Blood/Cultured 

Cell) 

 

3.1.6. Polymerase chain reaction materials 

3.1.6.1. PCR master mix 

The master mix is from Bioneer company from Korea origin is 

Accupower® PCR-Premix-Kit 

3.1.6.2. Molecular weight DNA marker 

Quick-Load® 100 bp DNA Ladders from Biolabs New England 

were used in research. 
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3.2. Methods 

3.2.1. Patients 

A total of one hundred  and fifty urine and stool samples from 

patients  were collected at different age-groups (children, young people 

and adults) including male and female. Patients range in age from 1 to 

60 years. Samples were obtained from patients who consulted at AL- 

Diwaniyah Teaching Hospital from 1-11-2021 to 1-3-2022. Each patient 

had a case sheet containing the name, age, sex, appearance of the signs 

and symptoms arranged in questioner in index. 

3.2.2. Sample Collection 

A total of one hundred and fifty urine and stool samples were 

collected from urinary tract infection patients and diarrhea patients  by 

Amies medium swabs and labeled with the information of the patient 

and transported to the laboratory immediately. Sometimes the samples 

are preserved  in a transport  medium  according  to  the time of 

collection  until reaching the laboratory. 

  All samples were streaked according to standard methods on 

differentiating and enrichment media (Blood agar and MacConkey) to 

detect E.coli and then incubated aerobically at 37˚C, for 24 hours 

(Murray et al., 1995) .The  samples  processing  steps were clarified in 

Figure (3-1). 
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 Figure(3-1): Study protocol  
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3.2.3. Preparation of culture media 

All media presented in Table (3-3) were prepared according to the 

manufacturing company instructions. The constituents were dissolved 

in distilled water, Microwave oven was used to dissolve all constituents 

completely. The sterilization of media was done by autoclaving at 

121°C, for 15 minute, the media left to cool and poured in sterilized petri 

dishes in case of agar media and in sterilized screw tubes in case of broth 

media inside laminar hood, the media were incubated at 37°C for 24 

hours to ensure sterility(MacFaddin ,2000).  

3.2.3.1. Citrate Medium 

This medium was used to determine the ability of microorganisms 

to utilize citrate as the only source of carbon. Simmons citrate agar slants 

were inoculated with young bacterial colonies (overnight culture ) and 

incubated for 24-48 hours at37ºC, changing the color of media from 

green to blue indicates positive result (MacFaddin, 2000). 

3.2.3.2. Indole Test Medium 

The medium peptone broth was prepared by dissolving 20 g of 

peptone in100 ml of distilled water The volume was completed to one 

liter with distilled water and dispensed into test tubes ,autoclaved at 

121°C for 15 minute . and stored in cool places until used (Forbes et al., 

2007). 

3.2.3.3. Motility test medium 

The medium was prepared by dissolving 0.65g nutrient broth and 

added0.2g from agar with 50ml distilled water then sterilized by 

autoclaving at 121°C For 15 minute , finally poured into sterilized test 
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tube and left to solidify until used for detection of the motility (Collee 

et al., 1996). 

3.2.3.4. MacConkey agar 

The medium was prepared by dissolving 2.6 g of MacConkey 

agar in 50ml distilled water then sterilized by autoclaving at 121ºC for 

15 minute , thenput in plastic petri dish and solid until used (British 

Pharmacopoeia .,2011). 

3.2.3.5. Methyl Red Voges-Proskauer  

The medium was prepared by dissolving 0.85g of Methyl Red 

powder in50 ml distilled water then sterilized by autoclaving at 121ºC 

for 15 minute , thenput in test tube until used (MacFaddin et al ., 2000). 

3.2.4. Preparation Of Reagents And Solution 

3.2.4.1. Catalase Reagent (3%) 

The reagent was prepared as 3% of hydrogen peroxide H2O2 

from stock. Itwas used for detecting the ability of bacteria to produce 

catalase enzyme( Harley and Prescott, 2002).  

3.2.4.2. Oxidase Reagent(1.5%) 

The reagent was prepared freshly in a dark bottle by dissolving 

0.1g. of tetramethyl p-phenyl diamine-dihydrochloride in 10 ml distilled 

water It was used for detecting the ability of bacteria to produce oxidase 

enzyme (Harley and Prescott, 2002). 

3.2.4.3. Kovacs Reagent 

It was prepared by dissolving 0.5g from P- dimethyl amino- 

benzaldehyde in 15ml ethyl alcohol. This reagent was used for the 

detection of indoleproduction. ( MacFaddin 2000). 
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3.2.4.4. Methyl Red Reagent(MR) 

The reagent was prepared by dissolving 0.1 g. of methyl red 

powder in300 ml of ethanol (96%), the volume was completed to 500 

ml with distilledwater .The reagent was used as indicator in methyl red 

test.( MacFaddin ,2000). 

3.2.4.5. Voges-Proskauer Reagent (VP) 

The reagent was prepared as follows: 

Solution A: (40 % KOH) : prepared by dissolving 40 g. of KOH 

in 100 ml of distilled water . 

Solution B: (5% α-naphthol) : prepared by dissolving 5 g. of α-

naphthol in100 ml of 96% ethanol. Two drops of solution A were added 

to 6 drops of solution B into each test tube. This reagent was used as an 

indicator in Voges-Proskauer test ( MacFaddin ,2000). 

3.2.5. Preservation And Maintenance Of Microorganisms Isolate 

Preservation and maintenance of isolates were done according to 

( Harley and Prescott, 2002) as follows: 

3.2.5.1. Short-Term Preservation 

Isolates were preserved for a periods of few weeks were sub 

cultured onthe surface of appropriate agar plates, the plates were tightly 

wrapped withparafilm and stored at 4°C. 

3.2.5.2. Long-Term Preservation 

Isolates were stored for long period using brain heart infusion 

broth(BHI) medium containing 20% glycerol at low temperature 

without significantloss of viability by adding 0.4ml of sterilized glycerol 

in to2ml of anexponential growth of bacteria in sterilized 

Microcentrifuge tube and stored at -20°C. 
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3.2.6. Synthesis of Silver Nanoparticles 

To synthesize silver nanoparticles (AgNPs), wet chemical method 

was used. Solution of silver nitrate AgNO3 was prepared by dissolving 

0.0169g of silver nitrate in 100 ml of distilled water and the contents 

were mixed thoroughly by a magnetic stirrer. Another 1% trisodium 

citrate solution is prepared by dissolving 1g of trisodium citrate into 100 

ml of distilled water. Then 20ml of silver nitrate solution was kept in hot 

plate at 90°C for 5 minutes after that added 2.5 ml of trisodium citrate 

drop by drop once the reduction process begins color change appears 

and the solution turns pale yellow. After the changes in color, solution 

was stirred in a magnetic stirrer hot plate for 15 mins (Fang et al.,2005). 

The solution was constantly stirred in a magnetic stirrer hot plate 

for 15 mins and centrifuged at 6000 rpm for 10 minutes to separate the 

AgNPs. The AgNPs were oven -dried at 100°C_for_36_hand stored for 

further application (Fang et al.,2005). 

3.2.7. Determination Of MIC And MBC. 

The bacteriostatic and bactericidal potential of AgNPs was 

evaluated using the broth microdilution method. Twofold serial 

dilutions of AgNPs (2.5 µg/ml -1280 μg/ml) in Mueller-Hinton broth 

were made using 18-24 hours bacterial inoculum with turbidity adjusted 

according to 5 × 105 CFU/ml was dispensed in tubes containing different 

concentrations of AgNPs and incubated. Following incubation, the tubes 

will be checked visually for turbidity at the end of the incubation period. 

The presence of cloudiness suggested that the antimicrobial agent 

concentration in the medium had not been enough to stop bacterial 

growth. The MIC was calculated as the lowest concentration of the 

extract inhibiting the visible growth of bacterial strain. To determine the 
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MBC, subculturing last clear MIC tubes onto growth medium and 

enumerated to determine viable CFU/ml. The MBC is the lowest 

concentration that demonstrates a pre-determined reduction (such as 

99.9%) in CFU/ml when compared to the MIC dilution. The experiment 

was performed in triplicate for each isolate and negative and positive 

control was also included. 

3.2.7.1. Determination Of The Inhibition Zone. 

The antibacterial activity of prepared silver nanoparticles was 

performed on five different isolates of pathogenic Escherichia coli, 

which were cultured on agar plates supplemented with different 

concentration of silver nanoparticles (500, 1000, 2000 µg/mL) by agar 

well diffusion method as described by (Siddique et al.,2020). Bacterial 

isolates were prepared as bacterial suspension via cultured in Nutrient 

broth overnight, and turbidity was adjusted to 5 × 105 CFU/ml. and 

swabbed on the surface of nutrient agar plates. Wells having a diameter 

of 6mm were made aseptically on plates, and 0.1 ml of various 

concentrations of AgNPs was dispensed in wells with the help of 

micropipette followed by overnight incubation at 37°C. After 

incubation, the diameters of zones of inhibition were measured. The 

wells containing dimethyl sulfoxide (DMSO, 0.1%) alone served as a 

negative control. 

3.2.8. Identification of isolates 

The bacterial  isolates  of E.coli were identified depending on 

morphological and microscopical examination ,biochemical tests and 

API 20 (Collee et al.,1996; MacFaddin,2000 ). 
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3.2.8.1. Morphological And Microscopical Examination 

After isolation of single colonies of E.coli on Brain heart infusion 

agar, they were observed for their shape, size, texture,and arrangements 

of colonies. Then, single pure colonies were transferred to a microscopic 

slide, fixed well and stained with Gram stain in order to identify their 

response to this stain microscopically under oil immersion with 

magnification power 100x ( Holt et al., 1994). 

3.2.8.2. Biochemical Tests 

These tests were done to both Escherichia Coli according to the 

principle of each test. 

3.2.8.2.1. Catalase Test 

A colony of microorganisms that was cultured after 24 hours then 

transferred by sterile wooden stick to the surface of a glass slide, dried , 

andone drop of 3% H2O2 was added. The formation of gas bubbles 

indicates positive results (Harley and Prescott, 2002). 

3.2.8.2.2. Oxidase Test 

A piece of filter paper was saturated with oxidase reagent; then a 

colony of microorganism was spread onto the filter paper. If the color 

turned to purple, the oxidase test would be positive (Vandepitte et al., 

2003). 

3.2.8.2.3. Indole Test 

Indole medium was dispensed in test tubes and inoculated with 

24 hours single colony culture, and then incubated at 37°C for 24 hours. 

Five drops of Kovac's reagent were added after 24 hours and shaked. 

Production of red ring on the surface indicates positive reaction which 
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means the isolate produce tryptophanase converts tryptophan into the 

indole ( MacFaddin ,2000). 

3.2.8.2.4. Methyl Red Test 

MR-VP broth was inoculated with a microorganism colony and 

incubated at 37°C for 24 hours , five drops of methyl red solution were 

added to each tube and the result was read immediately. Changing the 

color to red indicates a positive result. The test was used to detect the 

complete sugar hydrolysis ( MacFaddin ,2000). 

3.2.8.2.5. Voges-Proskauer Test 

MR-VP broth was inoculated with bacterial colonies and 

incubated at 37°C For 48 hours.. Then one ml of solution A (40% KOH 

solution) and three ml of solution B (5% α-naphthol solution) were 

added to each tube. After 15 min, positive results are represented by 

changing the color to pink-red which indicates partial hydrolysis of 

sugar and the production of acetyl methyl carbinol acetoin( MacFaddin 

,2000).. 

3.2.8.2.6. Urease Test 

Urease is an enzyme that breaks the carbon-nitrogen bond of 

amides to form carbon dioxide, ammonia and water. The urea base agar 

was sterilized by autoclave. After that, it was cooled to 45C˚ and urea 

solution was added to it; then it was inoculated by microorganism, which 

was incubated for 24-48 hours. at 37C˚. When urea was broken down, 

ammonia was released and the pH of the medium increased. The pH 

change was detected by a pH indicator that turned pink in a basic 

environment as a positive test for urease ( MacFaddin ,2000). 
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3.2.8.2.7. Citrate Utilization Test 

Simmons citrate agar was inoculated with tested bacteria by 

streaking on medium with a sterile loop and incubated at 37C° for 24 

hours. After the incubation period , a positive result was observed by the 

bacteria grown on the medium and transformed the bromothymol which 

is green to blue color ; while green color of the medium remains the 

same is considered as the negative result of this test( MacFaddin ,2000) 

. 

3.2.8.2.8. Motility Test 

Ten ml of semisolid media was dispensed in culture tubes and it 

was inoculated with a straight wire, making a single stab down the center 

of the tubeto about half the depth of the medium. The tubes were 

incubated at 37C˚for 48hours. 

Non-motile bacteria gave growth that is confined to the stab-line 

and had sharply defined margins leaving the surrounding medium 

clearly transparent.Motile bacteria typically gave diffuse hazy growth 

that spread throughout the medium rendering it slightly opaque(Collee 

et al.,1996). 

3.2.9. Confirmatory Tests (API 20 System) 

The API 20 strip consists of 20 microtubes containing dehydrated 

substrates. These micro tubes are inoculated with a bacterial suspension 

that reconstitutes the tests. During incubation, metabolism produces 

color changes that are either spontaneous or revealed by the addition of 

reagents. The reactions are read according to the Reading Table and the 

identification is obtained by referring to the Analytical Profile Index or 

using the identification software. API 20 system is a system of standard 
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identification for E.coli and the bacteria has been identified  according 

to the manufacturer instructions index of  Biomerieux. 

3.2.10. Antibacterial Effect Of Antibiotics 

The sensitivity of E.coli to antibiotics was tested using the kirby 

bauer method according to Vandepitte et al. ,2013 and as follows:- 

1-From 3-5 colonies that were grown on MacConkey agar 

medium at 22 hours of age, they were transferred to a tube containing 5 

ml of physiological saline solution and the turbidity of the solution was 

adjusted with the turbidity of the previously prepared  MacFarland 

solution (1.5x108). 

2-The sterile cotton swab was inserted into the tube containing 

the bacterial suspension and was rotated it was pressed against the inner 

wall of the tube to remove the excess inoculum and then passed onto the 

plates Contain  Muller-Hinton medium, several times and in different 

directions for growth homogeneous. 

3- Antibiotics disks were placed on the surface of the culture 

medium at equal dimensionsThe discs were gently pressed using sterile 

forceps, then the plates were incubated at a hot temperature 37ₒC  for 24 

hours. 

4-The results of the diameters of the damping areas around the 

discs were recorded in millimeters using a ruler, then results were 

compared with standard tables (CLSI,2021). 

3.2.11. Molecular  study 

3.2.11.1. Bacterial DNA extraction protocol. 

1. suspension was prepared by transfer some bacteria colonies to tube 

contain noemal saline. Bacteria Culture suspension ( 0.5 ml.) has been 

transferred to the eppendorf tube, then centrifuged at 8000g for 3min.  
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2. Discard the supernatant without touching the pellet.  

3. Resuspend the pellet with 200 μl of lysozyme by vortexing and 

incubate for 1 hour at 37C.  

4. For each sample, add 20 μl of proteinase K and 200 μl of Buffer LB1 

to the mixture .  

5. Mix by vortexing and incubate for 15min. at 60C (lysis step) .  

6.  add 200 μl of 100% ethanol to the mixture and mix by vortexing.  

7. Apply the mixture to the spin column and centrifuge at 8000 rpm for 

1 min (binding step).  

8. Discard the liquid flow-through together with the collection tube and 

place the spin column in a new collection tube.  

9. add 500 μl of BufferW2 to the spin column (wash step#1).  

10. centrifuge at 8000rpm for 1 min. 

11. Discard the liquid flow-through together with the collection tube and 

place the spin column in a new collection tube.  

12.  add 500 μl of BufferW2 to the spin column (wash step#2).  

13. centrifuge at 8000rpm for 1 min.  

14. Discard the liquid flow-through into medical waste and place the 

spin column back into the same collection tube. 

15. centrifuge the empty spin column at 12.500 rpm for 1 min. 

16.  Discard the collection tube including the liquid flow-through and 

wait for 1min to evaporate ethanol. 

17. Place the spin column in a clean 1.5ml microcentrifuge tube and wait 

for 1 min to evaporate ethanol. 

18. add 50-100 μl of Buffer EL3 to the spin column and wait for 5 min 

(Elution step).  

19. centrifuge at 12.500 rpm for 1 min.  
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20. The liquid flow-through is the DNA sample. Store the DNA at +4C 

in case of instant use or store at -20C for later use. 

3.2.11.2. Estimation Of DNA Quality 

The extracted  DNA  was estimated by using a Nanodrop 

instrument that measured DNA concentration(ng/µL), then DNA purity 

checked by reading the absorbance at 260 /280 nm. The method has been 

proceeded according to the manufacturer instructions. 

3.2.11.3. Preparing of the Primers Suspension  

 The primers were re-suspended by dissolving the lyophilized 

product, after spinning down concisely, about (295 -349 µl) PCR water 

(free nuclease) according to manufacturer instructions to reach to 100 

picomole per microliter ( pmol/ µl )  as a stock primer suspension. 

Working primer equal to 10  pmol/µl concentration was prepared by 

dilution of 10 µl. of stock primer with 90 µl. of PCR water, then mixed 

well by vortex. 

3.2.11.4. Polymerase Chain Reaction ( PCR) Preparation 

 Polymerase Chain Reaction  components (table 2-9) has been 

used from (Maxime PCR Abm Kit) and the method proceeded according 

to instructions of company.  Polymerase Chain Reaction master mix  

components  that  mentioned in table (2-9) were placed in standard  

Maxime PCR Premix Tubes that containing all other elements which are  

needed  to PCR  reaction like Taq DNA polymerase, dNTPs, Tris-HCl 

pH: 9.0, KCl, MgCl2, and loading dye.  Then, all the PCR tubes 

transferred  into the Existing  vortex  centrifuge  at 3000 rpm for 3 

minutes, and then put in PCR Thermocycler (ABM Canada).  
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Table ( 3-6 ): PCR mixture components 

 

PCR mixture Volume  

DNA template 5 µl 

Forward primer (10pmol/µL) 1.5 µl 

Reverse primer (10pmol/µL) 1.5 µl 

PCR water 4.5 µl 

Master mix 12.5 µl 

Total volume 25 µl 

3.2.11.5. Polymerase Chain Reaction Thermo Cycling Conditions  

 The PCR tubes were put into the thermo cycler and the right PCR 

cycling program parameters conditions were adjusted according to each 

primer the  following  program as shown in tables (3-7,3-8 ) 

Table (3-7): Program of PCR for gene(ChuA ) 

 

Temperature (cº)/Time 

Primer 

Name 

Final 

Extension 

/Time 

Cycling conditions Initial 

denaturation 

/Time 

Extension Annealing Denaturation 

72°C\10 

min 

 

72°C\1.5mi

n 

63°C\ 1.5 

min 

94°C\ 1.5 

min 

95°C\ 5 min ChuA 
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Table(3- 8 ) Primer sequences used for gene amplification. 

Reference Product 

size 

Primer Sequences (5´- 3´) Gene 

Clermont et 

al.,2000 

 F- 

GACGAACCAACGGTCAG

GAT 

 

R- TGCCGCCA TACCA 

GACA 

ChuA 

 

3.2.11.6. Agarose Gel Electrophoresis 

  The PCR products were analyzed by agarose gel electrophoresis 

according to manufacturer instructions (Plus science / UK). Agarose  gel 

was prepared  according to the method  of  Sambrook  and Rusell (2013 

)by adding 1.5 gm to 100ml of 1.0X TBE Buffer, then heated by stirrer 

hot plate to dissolve all particles with buffer, then allowed to cool to 50˚-

60˚C  then mixed with 0.5 mg/ml ethidium bromide before pouring in 

tray with comb. 

3.2.12. Characterization of Silver nanoparticles 

3.2.12.1. UV-Vis Absorption Spectrophotometry 

The absorbance curve identify of synthesized silver nanoparticle 

sample was carried out using UV–visible spectroscopy at a resolution of 

1 nm and explored spectrum in series of wavelength endorse 200-1100 

nm at 1% at 25 °C and controlled by beer lambert law and plotted the 

best fitted curve absorbance (Zhang et al., 2005). 

3.2.13. Fourier Transform Infrared (FT-IR) 

Fourier Transform Infrared (FT-IR) spectroscopy analysis was 

performed using an FTIR spectrometer in attenuated complete reflective 
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mode and a spectral range of 450 - 4000 cm-1 with a resolution of 4 cm. 

The Fourier Transform Infrared (FT-IR) spectroscopy was used to 

analyze functional groups present in prepared silver nanoparticles and 

conjugate using the compact FT-IR Spectrometer ALPHA II. The 

samples were mixed with spectroscopically pure KBr in the ratio of 

1:100 and pressed to obtain IR transparent pellets. The pellet was placed 

in sample holder and the analysis was carried out in the mid IR region 

of 450-4000 cm -1 with 16 scan speed (Bajracharya et al.,2018) 

3.2.13.1. Field Emission Scanning Electron Microscopic (FESEM) 

Scanning Electron Microscopy (SEM) Analysis of the prepared 

sample was done using JEOL Jsm-6480 LV for morphological 

characterization. The samples were dispersed on a slide and then coated 

with platinum in an auto fine coater, after that the material was subjected 

to analysis The micrograph and procedure were performed in RAZI 

Applied Research Foundation in Iran (Prasad et al., 2011). 

3.2.13.2. X-Ray Diffraction (XRD) 

The X-ray diffraction (XRD) analysis was performed using the 

XRD system (Philips PW 1830) operated at a voltage of 40 kV and 

current of 20 mA to determine the crystallinity, metallic nature, and 

cubic structure of the prepared sample. Analysis was carried out in in 

RAZI Applied Research Foundation in Iran 

3.2.14. Statistical Analysis 

  Statistical analysis was performed. Chi-square test and LSD test 

were used for the estimation of association between the studied 

variables. The predictive value  (P ≤ 0.05) was statistically 

significant(Field, 2005). 
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3.2.15. Ethical of the Study  

The present study has been managed according to 

recommendations from the College of Sciences, University of Al-

Qadisiyah. The study did not include forbidden biological materials or 

genetically modified organisms. . All isolates of E.coli included in this 

study were obtained from patients at the Dermatological Consultation of 

Al-Diwaniyah Teaching Hospital after obtaining official approvals by 

the doctor and the patient who allowed the collection of samples. 
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4. Results and Discussion 

4.1. Results  

4.1.1. Isolation and identification of E.coli 

In the current study, 60 isolate of E.coli bacteria out of  150 

sample(122 gram negative isolates (figure 4-1) and 28 isolate of gram 

positive bacteria),as shown in figure (4-1), were isolated from urine 38   

(63.3% ) and stool samples  22   (36.6%).as shown in table (4-1) .                                         

 

Figure(4-1):-percentage distribution of gram negative bacteria isolated from 

urine and stool samples. 
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Table(4-1) Numbers and percentages of E.coli isolated from urine and stool 

samples. 

X2 Other bacterial 

isolates 

E.coli isolates NO of 

samples 

Source 

138* % NO % NO 

63.3 57 63.3 38 95 Urine 

251* 36.6 33 36.6 22 55 Stool 

  100(60%) 90 100(40%) 60 150 Total 

*presence of significance difference at probability level 0.05 

4.1.2. Cultural Characters 

The colonies of E.coli grow with a green metallic sheen which is 

due to the Metachromatic property of dyes (Eosin & Methylene blue) 

and the lactose fermenting property of E.coli which changes the pH of 

the medium to Acidic. Hence making the medium more selective for 

E.coli and making the identification much easier, as shown in figure (4-

2).             
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A

 

B

 

Figure(4-2):E.coli on(A: MacConkey agar and B: EMB agar)  

4.1.3. Microscopic Characteristics 

The results of the microscopic examination showed that the 

bacteria are gram negative, rod shaped, non-spore forming with 

peritrichous flagella.As shown in figure(4-3).  

  

Figure(4-3):E.coli under oil immersion lens of microscope 100x stained with 

Gram. 
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4.1.4. Biochemical Tests 

The isolates grown on the selective medium were diagnosed 

based on biochemical tests Where are the results shown,as follows in 

table (4-2). showed that all the  isolates were had given positive test for 

catalase, indole, methyl red, Gas production and for lactose 

fermentation, but negative test for oxidase, citrate , Vogas-Proskaue and 

urease test Confirmed diagnosis by Api 20  syatem.As shown in figure 

(4-4). As for the culturing of isolates on the selective medium on Eosin 

Methylene Blue , The result was positive with a percentage of 100%, 

where the bacterial colonies appeared in a shiny metallic green color 

after being planted on this medium for 24 hours at a temperature of 37 

°C, which is considered a positive result,as in figure(4-2).   
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Table(4-2): Diagnostic biochemical tests for bacteria E.Coli 

Result Biochemical test 

+ Catalase test 

- Oxidase test 

+ Indole test 

- Citrate utilization test 

+ Methyl-red test 

- Voges Proskauer 

+ Lactose fermentation 

+ Motility test 

- Urease test 

A\A TSI 

+ Gas production 

- H2S Production 

*(+) Positive results (-) negative result 
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Figure(4-4):Api 20 E system results for identification of E.Coli 

4.1.5. Distribution Of Isolates According To Sex   

Significance  percentages of cultures were distributed for urine 

and stool  samples by sex as shown in the table(4-3 ) Where there was 

more bacteria isolated from urine samples in females(73.6%) than 

males(26.3%), The percentage of bacteria isolated from the stool 

samples was also distributed, and it was higher among males(68.1%) 

than females (31.8%). As it turned out statistically, there is a significant 

difference at the probability level 0.005. 

Table(4-3  ):- Distribution of E.coli isolates according to sex 

Stool Samples Urine Samples Sex 

% NO % NO 

68.1 15 26.3 10 Males 

31.8 7 73.6 28 Females 

100 22 100 38 Total 

13.24* 24.2* X2 

  0   0 P 
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*presence of significance difference at probability level  0.05 

4.1.6. Distribution Of Isolates According To Age 

The results of the current study showed that the highest 

percentage of bacteria isolated from urine samples (44.73%) .Those 

whose ages are more than 30 years,by 17 isolate .As shown in table(4-

4). 

Table(4-4  ):- Distribution of E.coli isolates according to age 

Total Stool samples Urine samples Age(years) 

  % NO % NO 

18 45.45 10 21.05 8 1-10 

11 18.18 4 18.42 7 10-20 

12 27.27 6 15.78 6 20-30 

19 9.09 2 44.73 17 30> 

60 100 22 100 38 Total 

 LSD=2.5(between ages for each source),LSD=2.5(between isolates), 

LSD=5.6(overlap), There is a significant difference at the level of 

probability P< 0.05 

4.1.7. Antibiotic Susceptibility Test 

As shown in Table (4-5) and Figure(4-5  ), the results of antibiotic 

sensitivity test for Escherichia Coli showed that most bacterial isolates 
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showed higher resistance towards most widespread antibiotics, this is 

called multidrug resistance (MDR). Hence, isolates revealed higher 

resistance to aztreonam (81.8%),ticarcillin/clavulanic acid 

(89.09%),and carbencillin (83.6%),While other antibiotics displayed  

different resistant activity against isolates piperacillin (70.9%), 

nitrofurantoin (67.26%), ceftriaxone (61.8%), Furthermore, most 

isolates appeared less resistance to amikacin(43.6%),levofloxacin 

(21.8%).As As it turned out from the study, there are 40 isolates of 

Escherichia Coli that have multiple resistance to antibiotics(MDR). 

 

  

 

Figure(4- 5 ):- Antibiotic drug sensitivity screening test ,Pictures shows the 

method of disc spread and multi-antibiotic resistance represented by the 

absence of inhibition rings around many antibiotics and based on the standards 

approved within the CLSI (publications, 2015). 
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Table(4-5) : Antimicrobial susceptibility patterns of  E.coli (N = 60) 

Antibiotic Symbol Resistant 

isolates(%) 

Moderate 

sensitive 

isolates(%) 

Sensitive 

isolates(%) 

Amoxicalve AMC 40(72.73) 12(14.55) 8(12.73) 

Amikacin AK 28(43.6) 9(12.7) 27(43.6) 

Ceftriaxone CRO 34(61.8) 10(9.0) 16(29.0) 

Ciprofloxacin CIP 42(76.3) - 18(23.64) 

Levofloxacin LEV 17(21.8) 3(5.4) 40(72.7) 

Aztreonam ATM 45(81.8) 5(3.6) 10(14.5) 

Meropenem MEM 39(70.9) 9(14.5) 12(16.55) 

Tobramycin TOB 30(54.5) 10(9.0) 20(36.3) 

Netilmicin NET 2(3.63) 12(12.7) 46(83.6) 

Carbencilline PY 46(83.6) 14(16.3) - 

Ticarcillin & 

Clavulanic acid 

TCC 49(89.09) 6(7.4) 5(5.46) 

Norfloxacin NOR 33(60) 13(18.1) 14(21.8) 

Doxycycline DO 45(81.8) - 15(18.1) 

Pipracillin PRL 39(70.9) 13(17.55) 8(14.55) 

Nitrofurantoin NIT 37(67.26) 11(10.91) 12(21.82) 

Trimethoprim/s

ulfamethoxazol 

SXT 40(72.37) 5(9.09) 15(18.19) 

4.1.8. Detection of Virulence(chuA) Gene  by (PCR) 

Molecular detection of virulence factor (chuA) genes was 

performed for the presence of a gene by polymerase chain reaction on 

40 isolates of bacteria, which had the character of multiple 
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resistance(MDR) to antibiotics. The result revealed the presence of this 

gene in all isolates at percentage(100%) in the testes isolates, as shown 

in figures (4-6 , 4-7).  

 

Figure (4-6): Detection of chuA gene by PCR. Lanes 1-10 represent  positive 

isolates with bands (297 bp) in size . Lane M represents DNA markers(100-2000 

bp). (1% Agarose gel ,75 volts to 1 hours). 

 

                                     

Figure (4-7): Detection of chuA gene by PCR. Lanes 1-30 represent  positive 

isolates with bands (297 bp) in size . Lane M represents DNA markers(100-2000 

bp). (1% Agarose gel ,75 volts to 1hrours). 
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4.1.9. Characterization of chemical synthesized AgNPs 

4.1.9.1. Visual inspection 

At the end of reaction for synthesis silver nanoparticles. The color 

of the mixture was turned to yellowish brown at first and then the 

intensity of the color increased with the period , so the color was 

changed into pale yellow.  on completion of the reaction with Ag+ ions. 

Color change was noticed only in the test flask and it is a clear indication 

for the formation of SNPs in the reaction mixture. As shown in figure(4-

8).  

 

Figure (4-8  ) Color of the AgNPs after 30 minutes of reaction 

4.1.9.2. UV-Vis spectroscopy 

UV-vis spectroscopy is a very useful and reliable technique for 

the primary characterization of synthesized nanoparticles which is also 

used to monitor the synthesis and stability of AgNPs. The analysis was 

evaluated at different times after the start of the reaction. The λ max 216 

nm(figure 4-9) was observed only in the test flask which confirmed the 

production and indicated the specific surface Plasmon resonance of 
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SNPs. The scanning was continued and absorbance was recorded every 

24 hours. The absorbance intensity gradually increased with time, this 

indicating a continuous reduction of AgNO3 and consequently, increase 

in SNPs concentration.  

 

Figure(4-9) UV-Vis spectrophotometer analysis of chemically synthesized 

silver nanoparticles. 

4.1.9.3. Fourier Transform Infrared Spectroscopy (FTIR) 

The FTIR measurement of the dried and powdered sample of the 

SNPs was performed to provide information about the chemical bonds 

and molecular structures of a possible material that could have a role in 

the reduction of silver ions and capping for SNPs. The FTIR spectrum 

of biosynthesized SNPs revealed the presence of different distinct peaks 

located at 3421,3047,2843,2314,1747,1411,1188,844,590 cm-1 (figure 

4-10). 
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Figure(4-10) FTIR spectrum of SNPs, synthesized by chemical method, with 

distinct peaks. 

4.1.9.5. Scanning Electron Microscope (SEM) 

Scanning Electron Microscope (SEM) was one of techniques 

broadly utilized for the description of the synthesized AgNPs. The 

morphological features (shape and size) of Prepared silver nanoparticles 

were studied by SEM analysis. The surface deposited AgNPs are clearly 

seen at (70,000x). The SEM image showed the high density of 

synthesized AgNPs. The size of selected synthesized AgNPs average 

was 108.24±0.78 and shape was spherical and irregular as in figure (4-

11)  
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Figure (4-11) SEM assay for synthesized Ag NPs  

4.1.9.6. X-ray Diffraction XRD 

Figure 4-12  shows the X-ray diffraction pattern of the produced 

Ag nanoparticӏes. At (30-50)°, eight Bragg refӏection peaks were found, 

which correspond to 150-400 pure siӏver pӏanes based on the face-

centered cubic structure (JCPDS, fiӏe No. 04-0783) (Priyadharshini et 

al., 2014). The XRD resuӏts cӏearӏy show that the Ag nanoparticӏes 

synthesized .  

https://paperpile.com/c/f2V0Yo/xr5Oi
https://paperpile.com/c/f2V0Yo/xr5Oi
https://paperpile.com/c/f2V0Yo/xr5Oi
https://paperpile.com/c/f2V0Yo/xr5Oi
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Figure 4-12  X-ray diffraction (XRD) pattern of phytosynthesized siӏver 

nanoparticӏes. 

 

 

4.2. Discussion  

4.2.1. E.coli Isolation 

The results of the significant  culture of urine and exit samples 

were shown, respectively, 60 isolate of E.coli bacteria from total 150 

sample(122 gram negative isolates (figure 4-1) and 28 isolate of gram 

positive bacteria),as shown in figure (4-1), were isolated from urine 38   

(  63.3% ) and stool samples  22   (36.6%  ).as shown in table (4-1). 
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The results of this study are in agreement with the study 

conducted by Heijer et al.,2010,that  found that the bacterial growth of 

urine samples was by 60% and stool samples was 30%,The results of 

the study also agree with the findings of Ali et al.,(2009), who found 

that most of the causes of diarrhea in children were bacteria, with a 

percentage of 60%,but the study results disagree with research of Al-

Hasnawi (2014) that found percentage of bacteria that cause diarrhea in 

children at (60%). 

When waste products and excess water is removed from your 

blood by the kidneys, urine is created. Normally, urine moves through 

your urinary system without any contamination. However, bacteria can 

get into the urinary system from outside of the body, causing problems 

like infection and inflammation (Flores-Mireles et al., 2015). Normal 

urine is sterile and contains no germs such as bacteria, viruses, or fungi. 

Urinary tract infections (UTIs) occur when bacteria enter the urinary 

tract via the urethra. UTIs are most commonly caused by bacteria that 

normally live in the bowel (Wolfe and Brubaker, 2015).                                  

Some types of E.coli bacteria make a toxin (a poisonous 

substance) that can damage the lining of the small intestine. This can 

lead to bad stomach cramps, vomiting, and diarrhea (often with blood in 

it). When that happens, people can get dehydrated (Evans and Evans, 

2011).  E.coli infection by ingesting (taking in by mouth) certain strains 

of E.coli bacteria. The bacteria travels down your digestive tract, 

releasing a destructive toxin, called the Shiga toxin, which damages the 

lining of the small intestine. The growing infection causes diarrhea and 

the bacteria can be present in stool samples (Evans and Evans, 2011).                        

https://paperpile.com/c/f2V0Yo/hmu2
https://paperpile.com/c/f2V0Yo/hmu2
https://paperpile.com/c/f2V0Yo/hmu2
https://paperpile.com/c/f2V0Yo/mkoR
https://paperpile.com/c/f2V0Yo/xxUI
https://paperpile.com/c/f2V0Yo/xxUI
https://paperpile.com/c/f2V0Yo/xxUI
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4.2.2. Cultural Characters 

The diagnosis was made based on the morphology , microscopic 

examination and biochemical tests as in the figures (4-1 ) and the table 

(4-1), and as a preliminary diagnosis, as it relied on the shape and 

strength of the colony, as well as its ability to ferment lactose sugar on 

the MacConkey  mixture, E.coli isolates under study were characterized 

when grown on MacConkey medium, as their colonies were small, 

circular in shape, raised with smooth edges and dry with a pink color 

because they were fermented by lactose sugar. MacConkey medium is 

a selective medium because it contains crystal violet pigment and yellow 

salts, so positive bacteria do not grow on Gram stain and yeast (Setia et 

al., 2009). E.C oli bacteria, when grown on methylene blue medium, 

were characterized by colonies of bright green metallic color, while on 

the blood medium, some isolates showed their ability to analyze blood, 

and when examined under a light microscope and stained with Gram 

stain, it was noted that they are short Gram-negative bacilli (Cheese, 

2012). As for the biochemical tests, they were negative for the oxidase, 

urease, citrate consumption and voges Proskauer tests, and they did not 

produce gas, and they were positive for the test for catalase, methyl red, 

lactose fermentation, and indole ring production(Reddy,  2010).             

4.2.3. Distribution of isolates according to sex 

The isolates of bacteria isolated from urine samples were 

distributed according to gender,(73.6%) in females and(26.3%) in 

males, while the proportion of bacteria isolated from stool samples 

according to gender was more than the percentage of isolated bacteria 

in males(68.1%) than in females(31.8%). The reason for this difference 

in the percentage of bacteria E.coli  isolate may be due to the difference 

in the number of samples, the time period for completing the research, 
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and the different environmental conditions of the sites of this study. The 

statistical results also showed the existence of a significant difference of 

statistical significance between the two sexes infected with bacteria 

E.coli  in the sources of isolation at the probability level 0.05  as in the 

table(4-3 ). 

The results of the current study agreed with the researcher’s 

findings(Hadi,2008), as the percentage of isolation of  E.coli bacteria 

that causes urinary tract infection in females(70.2%) was higher than in 

males(20,5%).and the study is consistent with AL-karawyi et al.,( 2014) 

As the isolation rate of bacteria E.coli in females(78%) while in 

men(22%).this may be Women are particularly at risk for UTIs because 

their urethra sits close to the anus, where E.coli is present. It's also 

shorter than a man's, giving the bacteria easier access to the bladder, 

where the majority of UTIs occur, and the rest of the urinary tract . 

Where the length of the urinary canal in females 2.8 cm, while in males 

10 cm, in addition to prostate secretions that has antibacterial property, 

which provides protection against bacterial invasion and is also one of 

the important factors that make females more susceptible to UTI than 

males (Abu Daia et al., 2000). 

4.2.4. Distribution of isolates according to age 

As for the age groups, it was clear from the results of the study 

that the highest percentage of bacteria isolated from urine samples 

(44.73%) .Those whose ages are more than 30 years,by 17 isolate .As 

shown in table(4- 4). These results are in agreement with what was 

stated by (Avalos et al.,1999), (Orenestien and wong,1999) and Abu 

Daia et al ., (2000). 

The increase in exposure to disease with increasing age may be 

attributed to the fact that the disease increases directly with increasing 
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age, because this age group suffers from weak natural immunity with 

age and the effect of some factors of aging, such as chronic diseases that 

increase the incidence of these bacteria such as diabetes(AL-

Hadithi,1996). Also, the incidence of urinary tract infection in elderly 

males is due to an enlarged prostate( Prostatic hypertrophy )( Fair, 1999 

; Nicolle, 1994). 

4.2.6. Spectrophotometry 

During this study, a UV-vis spectrophotometer was used, through 

which the absorption beams of silver nanoparticles were determined at 

a wavelength between (800-200 nm), which represents the absorption 

peak of silver nanoparticles. Figure 4-5 shows the absorption beam 

counting the wavelength 431 nm, which is an indicator of the production 

of silver nanoparticles, which is a result close to what was recommended 

( Gauthami. Likewise 2015; Ibrahim et al.,  2016), where they recorded, 

using a spectrophotometer, a beam that identified 425 nanometers for 

silver nanoparticles manufactured by the researchers, which is close to 

the current study, and also came close to the result (Saleh et al., 2021) 

Silver nanoparticles were determined 448 nm. The absorbance spectrum 

for the synthesis of AgNPs is an important characteristic and has proven 

to be a very useful method in the analysis of AgNPs. The difference in 

the spectrum may be due to the number of particles and size distribution 

in the solution (Wang and Zhou 2012). The current 420-450 nm 

evidence of surface plasmon resonance (SPR) (Muthukrishnan et al., 

2015;Ramalingam et al., 2014). 

Various reports have shown that the resonance peak of silver 

nanoparticles appears around this region, but the exact situation depends 

on a number of factors. Factors such as particle size and distinct species 

on the surface, Pal et al 2007, at wavelengths greater than 550 indicate 
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well-dispersed states in solution (Khawass et al., 2015) The 

characterization of nanoparticles depends on chemical and physical 

properties such as temperature Silver nitrate, time, acidity, and 

concentration, these factors play an important role in the measurement 

of nanoparticles in addition to the shape, size and distribution of silver 

nitrate, (Prasad., 2014) 

4.2.6.1. Microscopy Force Atomic Apparatus 

In this device, the three-dimensional cross-section showed the 

surface topography of silver particles with a spherical shape, and their 

average sizes were 17.95 nanometers, which is the result of a close 

approach with the study conducted by the researcher (Priyadarshinia et 

al., 2015), which showed that the silver particles are spherical in shape 

and their average size is 12-61 nanometers, and his approach also came 

with the study conducted by the researcher (Korbekandi et al., 2012), 

where the average size of silver particles was from 25-50 nanometers 

4.2.6.2. FTIR Chemical 

Determine the association of the functional groups of proteins 

with silver nanoparticles through the FTIR device as shown in Figure 

(4-5) FTIR spectra of silver nanoparticles with the appearance of seven 

absorption peaks located in a region between 597.93 cm -1  - 2972.31 

cm-1, as the band detected at 597.93 cm-1- 2972.31 cm-1 indicates the 

presence of a C-H and CH2 bond, respectively, while the band detected 

at 1718.58 cm-1 indicates a carbon and oxygen group The double bond 

between them, while the 1375.25 cm -1 band indicates NO3, which is 

consistent with the products of researcher (Saad., 2020)  
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Who indicated the presence of the products those aggregates of 

silver nanoparticles that they manufactured, while the 597.93 cm -1 

bundle indicates C-O-O  P-O-C Phosphates present in aromatic 

compounds, and it is in agreement with what the researcher Almalah and 

her group found 2019 when analyzing silver nanoparticles extracted 

from the students with the FTIR device and determining the band 539 

cm-1 The amine and carboxyl groups present within the silver particles 

act as a reducing agent and have an effective role in the stability of the 

silver particles and prevent the formation of these particles in the 

formation center of the silver particles by binding on the surface of the 

silver nanoparticles And the formation of what is known as coat protein( 

Bright et al., 2010). 

4.2.6.3. Scan electron microscopy (SEM) 

The results of the current study showed that the size of the 

nanoparticles ranged between 28.91 - 63,67 nanometers, which is close 

to what was reached by the researcher (Rao et al., 2014). Where the rate 

of silver nanoparticles using SEM was determined to be 42 nanometers 

and it was close to With a study conducted by the researcher 

(Lakshmanan al et., 2017)  

where it was found that the size of nanoparticles is 43 nanometers, 

while it was found (Wyatt, 2018) that the average size of nanoparticles 

ranged between 10 - 78.9 nanometers. 

4.2.6.4. Activity of Ag NPs Against E.coli  

4.2.6.5. Digging Diffusion Method 

The results of the current study showed the inhibitory activity of 

silver nanoparticles towards E.coli bacteria that are resistant to 

antibiotics at different concentrations 25, 50, 75 and 100 by the method 

https://paperpile.com/c/f2V0Yo/XgyI
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of diffusion by digging. Hinton MulIer, who showed that the diameter 

of the inhibitor at the concentration 100% is about 17-25 mm. It is the 

result of a close approach with the study conducted by the researcher 

(Shelar and  Chavan, 2015), which recorded the inhibition diameter of 

silver nanoparticles against E.coli bacteria about 15 mm, as noted 

by(Baker and Nagendra, 2016) that the inhibitory activity of silver 

nanoparticles against bacteria was about 21 mm and it is compatible 

with The results of our current study. The researcher ( pati, 2014) also 

determined the inhibitory diameter of silver nanoparticles at about 14 

mm, which is a close result with the current study, where the inhibitory 

diameter increases with the increase in the concentrations used against 

bacteria, as well as the researcher (Akintelu et al., 2012) who determined 

the inhibitory diameter about 16 mm against E. coli, which is a result 

consistent with the diameters of the current study. Also, the current 

study agreed with the results of the researcher (Yosef, 2019).  

Which determined the damping diameter is about 17 mm. Figure 

9-4 Effect of silver nanoparticles by etching diffusion method on (SJP> 

E.coli L). Silver nanoparticles have physical, chemical and biological 

properties that differ from ordinary silver ions as they can concentrate 

on the bacterial cell wall after sticking to the cell wall and penetrate the 

cell membrane and enter For nanoparticles inside bacteria, there is an 

antibacterial effect that depends on the size of nanoparticles, that is, 

smaller nanoparticles have a large surface area in contact with bacterial 

cells and can reach the cytoplasm more than large nanoparticles and this 

will make physical changes in the cell membrane such as damage  The 

membrane has a negative charge due to the presence of carboxyl groups, 

phosphates, and amino groups (Van et al., 2017). Seong and Lee 

(Khalandi et al., 2017).  
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So The positively charged silver nanoparticles give them the 

ability to attract towards the negatively charged cell membrane of 

bacteria and thus facilitate the binding of AgNP to bacterial cell 

membranes (Abbaszadegan et al., 2015). It was also demonstrated that 

the antibacterial effect of AgNPs on Gram-negative bacteria was 

stronger than that of Gram-positive bacteria. This is due to the difference 

in the composition of the bacterial wall, the thickness of the cell wall, 

Gram-positive bacteria (30 nm) and Gram-negative bacteria (3-4 nm), 

which consist mainly of peptidoglycan. 

4.2.6.6. A Growth Inhibition Method  

In this method, the inhibitory ability of silver nanoparticles 

against E.coli was determined by the growth inhibition assay method. 

The effectiveness of concentrations of silver nanoparticles 25%, 50%, 

75%, 100% in inhibiting the bacteria under study was determined by 

determining the growth of isolates (control sample). ) for each species 

compared with isolates treated with concentrations of secondary silver 

particles on solid nutrient agar medium, where the current study showed 

no bacterial growth at concentration 50%, 75% and 100%, which is the 

result of the agreement of the results of the researcher in favor of the 

absence of bacterial growth of E.coli at these concentrations Of the 

nanoparticles, where the growth at a concentration of only 25% of these 

molecules and the results of this study are consistent with what the 

researcher (Humberto et al., 2010) 

Found about the absence of growth at a concentration of 50% and 

also came close to the study of the researcher (Lkhagvalav et al., 2011), 

which confirmed There is no growth of these bacteria at 50%. Silver 

nanoparticles (AgNPs) can enter the bacterial cell through the cell 
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membrane and interact with cellular structures and biomolecules such 

as proteins, lipids and nucleic acids.The interaction of AgNPs with 

cellular structures or molecules will cause them to malfunction and 

eventually kill the bacteria. In particular, the interaction of AgNP with 

ribosomes leads to their denaturation, which leads to inhibition of 

translation and protein synthesis. It is also expected that silver 

nanoparticles (AgNPs) interact effectively with carboxyl and thiol 

groups, inhibiting the biological functions of intracellular proteins, and 

leading to death. (Youl et al., 2017 ).  

 Furthermore, the antibacterial mechanism of AgNPs is also due 

to their ability to produce high levels of free radicals (ROS) such as 

hydrogen peroxide, superoxide anion, hydroxyl radical and singlet 

oxygen. (Zhao et al., 2017;Siritongsuk et al., 2016) 

4.2.6.7. Activity Against Virulence Factors  

 The effectiveness of silver nanoparticles was tested at a 

concentration | (25, 50, 75, 100)% towards the production of virulence 

factors phenotypically, which included (hemolysin) by five E.coli 

isolates are under study, as the results of the current study showed the 

effectiveness of silver particles The secondary in the activation of 

virulence factors (hemolysin) after treating bacteria with concentrations 

of 50,925, 75%, 100% of the secondary silver particles. virulence as 

described below. 

4.2.6.7.1. virulence factor hemolysin 

 After treatment, the bacterial isolates showed their inability to 

produce hemolysin after treatment with silver nanoparticles, the 

inhibitory activity against the virulence factor hemolayin was evident 

through the loss of the factor compared to the control sample (bacteria 

not treated with silver nanoparticles concentrations). 
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Where the results of the current study were close to the results of 

the study carried out by researchers (Singh et al., 2014; Nafee et al., 

2014), who confirmed that E.coli isolates when they are treated Silver 

nanoparticles become unable to produce the virulence factor hemolysin, 

and also came close to the results of the study of the researcher (Saleh, 

2017) who found the ability of silver nanoparticles to inhibit the 

virulence factors produced by these bacteria for hemolysin). 

.
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5. Conclusions and Recommendations 

5.1. Conclusions 

1- E.coli bacterial isolates showed multiple resistance to the antibiotics 

under study 

2- Most of the bacterial isolates possess the ability to produce all 

virulence factors that were determined phenotypically (Hemolysin). 

3- The current study showed the possibility of biosynthesis of silver 

nanoparticles from the extract of the students.  

4- The tests that were determined to examine the manufactured material 

confirmed that it is a nano-material with a spherical shape of varying 

sizes, which were determined between (27.2-33 nm) nm and the average 

size obtained is 17.95 nm. 

6- The results of the current study showed the inability of bacteria to 

grow by the growth inhibition assay method at the 50% inhibitory 

concentration. 

7- The secondary silver particles showed their ability to inhibit the 

virulence factors produced by E. bacterial isolates. coli is under study. 

5.2. Recommendations 

1- Studying the effect of silver nanoparticles on other bacterial species 

2- Manufacture of secondary particles such as zinc, gold and zinc from 

the extract of the study plant.  

3- The possibility of studying the use of silver nanoparticles as an 

alternative to traditional antibiotics in inhibiting bacteria. 

4- The possibility of studying the effectiveness of silver nanoparticles in 

inhibiting other cancer cell lines. 

 5- The possibility of studying the effect of E.coli bacteria in other 

laboratory animals.
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 الخالصة  

مصادر  من  الحيوية  للمضادات  المقاومة  البكتيريا  وتحديد  عزل  إلى  الحالية  الدراسة  هدفت 

المضادات   واستخدام  البكتيريا  هذه  الحيوية ضد  المضادات  فعالية  وقياس   ، مختلفة  سريرية 

  150الحيوية النانوية كبدائل للمضادات الحيوية وقياس تأثيرها ، وخالل هذه الدراسة تم جمع  

) مستشفى الديوانية التعليمي ومستشفى األطفال ومستشفى الحسين لألطفال( ، وشملت عينة من  

.  3- 01-2022إلى    2021- 11- 1العينات البول والبراز ، واستمرت الدراسة خالل الفترة من  

النتائج   أظهرت  حيث  القادسية.  جامعة  في  تمت  الحالية  بكتيريا    60الدراسة  من  عزلة 

Eshreeshia coliأظهرت م .( قاومة لألدوية المتعددةMDR  ، )50   (100 عزلة كانت )٪

للكاربينيسيلين   االريثروميسين  98)  49مقاومة  الحيوي  للمضاد  مقاومة  كانت  عزلة   )٪47 

٪( 76)  38٪( مقاومة للسيفتازيديم. عزالت ،  88)   44٪( ريفامبين مقاومة للريفامبين ،  94)

  ، للنوفوبيوسين  مقاومة  مقا74)   37عزلة  ) ٪( عزلة  للسيفوتاكسيم  مقاومة 66ومة  عزلة   )٪

،  52)   26للتتراسيكلين   للسيبروفلوكساسين  مقاومة  عزالت  مقاومة  30)   ٪15(  عزلة   )٪

٪( عزلة من 90)  45٪( مقاومان للنتروفورانتوين. أظهرت النتائج أن 4للجنتاميسين و اثنان ) 

ونة لألغشية الحيوية ٪( عزالت مك4)   2البكتريا المكونة للغشاء الحيوي بدرجات مختلفة ،  

  37٪( عزالت مكونة لغشاء حيوي ذات قوة التصاق معتدلة ، و  12)  6ذات التصاق قوي ،  

البكتيريا إلنتاج  74) اختبار حساسية  تم  الحيوية ضعيفة االلتصاق.  ٪( عزلة مكونة لألغشية 

٪  44٪ ،  80٪ ،  100٪ ،  100عوامل الضراوة )الهيموليزين ، األغشية(. كان معدل اإلنتاج  

 ( النانوية  الفضة  تخليق جسيمات  لنتائج  بالنسبة  أما  التوالي.  تمت مالحظة Ag NPsعلى   .)

من خالل   Ag NPsمن خالل تغيير اللون. تم وصف    Ag NPsإمكانية التوليف الحيوي لـ  

استخدام اختبار مقياس الطيف الضوئي ، حيث تم تشكيل نطاق االمتصاص بطول موجة يبلغ  

نانومتر    63.67-  28.91دليل على تكوين جزيئات الفضة. يتراوح ما بين    نانومتر ، وهو  431

، المقطع العرضي ثالثي األبعاد للتضاريس    AFMثم تم تحديده بواسطة مجهر القوة الذرية  

نانومتر. أما بالنسبة   17.95أحجامها  ذات الشكل الكروي وكان متوسط    Ag NPsالسطحية لـ  

( فقد حدد مجاميعها الوظيفية للبروتينات التي FTIRلحمراء )الختبار فورييه لألشعة تحت ا

في النشاط التثبيطي لـ   Ag NPs( سم. ظهر  2972- 430بمدى )  Ag NPsيمكن ربطها بـ  

NPs    ضد اإلشريكية القولونية بطريقة انتشار البئر  25،    50،    75،    100بتركيزات مختلفة ٪

- 17٪ تراوح بين  100أن القطر المثبط بتركيز    ومقايسة تثبيط النمو. لوحظ في طريقة االنتشار

٪ فقط ولم تظهر في باقي التركيزات. 25مم وفي طريقة تثبيط النمو. ظهرت النتائج بتركيز    25
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في تثبيط عوامل الضراوة )الهيموليسين ، األغشية الحيوية( بعد العوامل البكتيرية بتركيزات 

نوية ، حيث فقدت العزالت البكتيرية ٪ من جسيمات الفضة النا ٪100 ،  ٪75 ،  ٪50 ،  25

بتركيزات   الفوعة  إنتاج عوامل  السمية 100٪  75٪  50القدرة على  اختيار  نتائج  ٪. ظهرت 

 ٪. 100و   75،   50،  25،  10،  5الخلوية لتركيزات الجسيمات النانوية الفضية  
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