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Summary 

       This study is conducted to detect Extended Spectrum β- Lactamase (ESBLs) 

phenotypically and genotypically in Escherichia. coli  isolating from  different 

clinical cases (urine, seminal fluid, wound swab and blood) from main hospitals 

in Maysan province, completed in a period from October 2018 till end of 

December  2018. 

      Two hundred and ninety one (n= 291) samples were collected from clinical 

cases and cultured on Blood and  MacConkey agar  media for primary isolation 

of bacteria, further cultured on selective and differential  media such as (EMB 

and chrome agar).  Microscopic and Morphological examination, conventional 

biochemical tests, API 20E system and Vitek 2 system were used to confirm 

identification of E. coli. Antimicrobial susceptibility test is performed using 

Modified Kirby-Bauer method. Furthermore, screening test and Double Disc 

Synergy Test (DDST) were used to determine ESBLs E. coli producers. The 

results revealed that positive bacterial growth appeared in 235 isolate [138 urine, 

28 seminal fluid, 30 wound swab and 39 blood]. The number of E. coli among 

positive growth were 105 isolates and the most common were isolated from 

urine 91 isolates, followed by seminal fluid 6, wound swab 4, and blood 4 

isolates.  Among 105 E. coli, ESBLs producers were detected in 87(82.9%) in 

screening test, while in confirmatory test the results were 19(21.8%).  

      The results of antibiotic susceptibility test showed that all E. coli were fully 

sensitive to imipenem(100%), followed by amikacin (90.5%), while ampicillin, 

piperacillin, augmentin, oxacillin, were the lowest effective antibiotics against 

E. coli  where their resistances were 98.1%, 96.2%, 90.5% and 93.3% 

respectively, in addition to the resistance to cephalosporin's; cefotaxime, 

ceftazidime, cefpodoxime, ceftriaxone, cefipeme and cefoxitin were  94.3%, 

93.3%, 93.3%, 87.6%, 92.4% and 86.7%  respectively.  

Other antibiotics showed a variable degree of resistance where it were recorded 

as following 81.9%, 68.6%, 53.3%, 46.7%, 35.2%, and 34.3% to azetreonam, 
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trimethoprim/sulphamethoxazole, gentamicin, norfloxacin, nitrofuranition and 

ciprofloxacin respectively. All identified E. coli (n=105) were submitted to 

molecular detection of ESBLs genes on chromosome and plasmid (blaTEM, 

blaSHV, blaOXA and blaCTX-M) using monoplex PCR technique. The frequency of 

the detected genes among E. coli were as following; 100% of isolates carried 

blaCTX-M, blaOXA and blaTEM genes on chromosome, while blaSHV was detected in 

45.7%. On Plasmid was 100%  for blaTEM and blaCTX-M genes whereas 99.05%, 

41%  for blaOXA and blaSHV  genes respectively.  

       The present study revealed that there are high prevalence of antibiotic 

resistance especially to Beta-lactam antibiotics mediated by ESBLs as indicated 

by screening test, furthermore the molecular study showed high levels of 

occurrence of blaCTX-M, blaOXA, blaTEM genes irrespective of the origin. 
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Introduction 

      Escherichia coli (E. coli) is one of the most widespread microbes in the 

world,  capable to cause intestinal or extra intestinal disease and lead to a wide 

range of diseases (Saleh and Hussain, 2019)..It is a group of genetically 

heterogeneous bacteria, usually colonizes the digestive system of human infants 

through a few hours after birth and remain mutual benefit for decades, wherever 

found it indicates a fecal contamination of water or food (Barer and Irving, 

2018).  In addition to its  presence in the human intestines its also present in the 

intestine of warm-blooded animals (George and Prasad, 2015). 

       E. coli is considered one of the most important opportunistic and 

nosocomial infection (Aswani et al., 2014; Al-Hasnawy et al., 2018). It can be 

divided into pathogenic and non-pathogenic strains, pathogens strains divided 

according to site of intestinal infection into: extraintestinal pathogenic which 

causes several infection and named based on site of infection such as: 

uropathogen  E. coli (UPEC) that causes urinary tract infection, and intestinal 

pathogens strains which causes diarrhea which in turn divided in six classes 

based on type of diarrhea and virulence factors (Bavaro, 2012 ; Kwak et al., 

2016). 

      E. coli  is the main pathogen causing urinary tract infections and important 

pathogens causing blood stream infections, otitis media, wounds infections, and 

other complications in humans , also  its the common cause of food and water-

borne infections (Saravanan and Raveendaran, 2013). It can cause these 

infections due to its ability to the acquisition of mobile genetic factors which 

carrying many virulence genes (Bok et al., 2015; Martin, 2017). 

          The most common virulence factors  in E. coli are adhesions, iron uptake, 

toxins and capsules responsible for attachment, adherence and invasion in the 

host and then lead to infection  (Yun et al., 2014). Also it has surface structures 

such as flagella, capsule, and lipopolysaccharides (LPS), which give bacteria 

antigenic properties and  also possesses fimbreae or pilli, which help them to 
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hold of  the host tissue, which give  them the ability to form biofilm (Zowawi et 

al., 2015; Terlizz et al., 2017). 

       Since E. coli is becoming resistance to current available antibiotics, it is 

therefore considered major global public health concern (Subash et al., 2014). 

This may  exacerbated by the highly flexible genome of E. coli, and tendency to 

spread resistance through horizontal gene transfer and clonal spread. (Bajaj et 

al., 2016) . E. coli  has the ability to evolve constantly, moreover, their strains 

enables to survive under different environmental conditions and selective 

pressures (Laehnemann et al., 2014).  

       𝛽-lactam antibiotics are one of the most widely used therapeutic classes of 

antibacterial prescribed in human and veterinary practices  and other domains of 

life as agriculture  due to their safety profile and broad antimicrobial spectrum 

(Zaniani  et al., 2012; Rahman et al., 2018). Despite the importance of these 

antibiotic for treating many bacterial infections, but their extensive and 

heightened use in different fields has become a selective force for driving 

resistance globally (Shaikh et al., 2015). Where the continuous and random 

exposure of the bacterial cell to this antibiotic that  leads to the production of  

beta lactamase enzymes continuously and thus to the occurrence of genetic 

mutations in the encoded genes, which resulted in the emergence of resistance 

encoded genes for the extended-Spectrum Beta-lactamase(ESBLs) enzymes that 

give resistance to bacteria towards many groups of Beta-lactam antibiotic such 

as penicillins and cephalosporins (Rezai et al., 2015).  However, bacterial 

resistance has originated fast due to the production of these enzyme (Abdi et al., 

2014). E. coli is produced ESBLs in high percentage, these enzyme  represent a 

major group of β-Lactamases enzymes (Al-Hamadani et al., 2013).  

      ESBLs are encoded by some genes  such  as  blaTEM ,blaSHV  and  blaCTX-M for 

the narrower spectrum ß-lactamases by mutations that alter the amino acid 

configuration around the enzyme active site (Jena et al., 2018). These enzyme 

are typically encoded by plasmids that can be exchanged between bacterial 

species (Topaloglu et al., 2010).  Also blaOXA gene was small group that was 
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distinguishable by its ability to hydrolyze oxacillin (Evans and Amyes, 2014). 

ESBLs may be defined as a group of enzymes that are capable of conferring 

resistance to beta lactam with substantial potential to hydrolyse beta-lactam 

rings are able to hydrolyse  penicillins,  cephalosporins  and monobactam 

antibiotics but not cephamycins, and carbapenems, Moreover, ESBL production 

is often accompanied by resistance to fluoroquinolones, co-trimoxazole or 

aminoglycosides (Flores-Mireles et al., 2015). So, the production of ESBLs 

which produce by E. coli  is very troubling, greatly limiting treatment options,  

so, E. coli infections are becoming difficult treated (Hano et al., 2018).  

       Since the production of these enzymes leads to  promote resistance to many 

antibiotics groups and are associated with the difficult of treatments and high 

morbidity and mortality rates so the detection of these enzymes are very 

 ,Alfaham; Aljanaby and ., 2016et alJuma ( eimportant for optimal  patients car

2017).    ….                                                                                                             

According to the previously mentioned informations and due to lack of studies 

in Maysan province, the present study was aimed to:                                      

1- Isolation and identification of E. coli from different clinical sources  

2- Determination of the susceptibility patterns of the identified isolates 

toward the commonly used antibiotics.   

3- Phenotypic detection of ESBLs producing E. coli. 

4- Detection of plasmid and chromosomal mediated ESBLs represented by 

blaTEM, blaSHV, blaCTX-M and blaOXA genes by monoplex   PCR. 
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1. Literature Review 

1.1. Escherichia coli  

      E. coli was first described by Theodor Escherich in 1884 and since that time, 

it has become a critical model organism that has been used to understand the 

fundamentals of molecular biology (Escherich, 1988; Blount, 2015). Certain 

strains of bacteria were responsible for diarrhea in infants and gastroenteritis, an 

important discovery of public health., E. coli bacteria were initially called 

Bacterium coli, the name later changed to E. coli to honor its discoverer  

(Tamerat et al., 2016). 

        There are several species of Escherichia but E. coli and E. vulneris are the 

major causes of infections in human ( Olowe et al., 2017). 

        E. coli is a coliform bacterium that occurs as a commensal in the 

gastrointestinal tract of humans and other warm blooded mammals (Conway and 

Cohen, 2015). It is a gram negative bacteria belongs to the family  

Enterbacteriaceae, (0.5-0.7) µm in diameter and (1.0-3.0) µm in length, arranged 

singly or in pairs, non spore forming rod, with some having prominent 

polysaccharide capsule which  provides resistance against many host defense 

mechanisms (Bardiau et al., 2010). Also, it is aerobic or facultative anaerobic 

(Oliveira et al., 2017).  It is ferment a variety of carbohydrates which lead to 

produce acid and gas from the fermentation to give the one of the characteristics 

of diagnosis, these bacteria are motile by peritrichous flagella (Brooks et al., 

2013). 

      Cell wall of E. coli is composed of a thin peptidoglycan layer and an outer 

membrane, the outer membrane is composed of lipopolysaccharides that 

includes lipid A, core oligosaccharides and a unique polysaccharide , referred to 

as the O-antigen, the outer membrane surrounds the cell wall provides a barrier 

to certain antibiotics such that E. coli is not damaged by penicillin, between the 

outer membrane and the cytoplasmic membrane there is a space filled with a 

concentrated gel-like substance called periplasm (Brenner et al., 2005). 

https://en.wikipedia.org/wiki/Periplasm


Literature Review                                                                            Chapter One 

 

4 
 

Therefore, the cell wall of the Gram-negative bacteria, including  E. coli, is an 

important factor in its virulence that protects the microbes from antibiotics and 

analytical enzymes (Melnyk et al., 2015).  

      It is Growing in pH between (4.4 - 9) and the optimal temperature for 

growth (36 - 37) C° (Jawetz et al., 2016; Wanger et al., 2017). It is positive for 

the catalase test and negative for the oxidase and urease test, whilst positive for 

the indole test, which is the best test are recommended that to distinguish it from 

other intestinal family members, as well as non-consuming citrate as the sole 

source of carbon, and it is positive for the  Methyl red test and negative for the 

Vogase-Proskauer test (Hemraj et al., 2013). 

      E. coli has many virulence genes which located on mobile genetic elements, 

this indicates that horizontal gene transfer plays a mainly role in the  

development of various bacterial pathotypes (Subash et al., 2014). 

      These bacterium is persists in the environment and  contamination water or  

food; until  its next host consumes viable bacteria, the following ingestion,  a 

stressor  facing  by  E. coli  is  acidity  in  the stomach, which it survives because 

stationary phase bacteria induce protective acid resistance systems (Van Elsas et 

al., 2011).  Upon reaching the colon,  E. coli must get to the nutrients it needs to 

way out lag phase and grow from minimal to high numbers, failure to 

transmission from lag phase to logarithmic phase will lead to elimination of the 

invading E. coli bacteria, successful colonization in the colon by E. coli depends 

on competition for nutrients with intensive and diverse microflora (Bonnet et al., 

2014). 

        It penetrates the mucus layer and has the capability to avoid host defenses 

and grow rapidly, exceeding the turnover rate of the mucus layer resides in 

mucus until being escaping into the lumen of the intestine, some cells are 

discarded in the host feces and the cycle begins again. This cycle of colonization 

and extraintestinal survival is the fact for commensal and pathogenic E. coli 

(Bergstrom et al., 2012).  
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1.2. Classification of E. coli: (Tchaptchet and Hansen, 2011). 

Kingdom     Eubacteria 

Phylum        Proteobacteria 

Class           Gamma proteobacteria 

Order           Enterobacteriales 

Family         Enterobacteriaceae 

Genes           Escherichia 

Species          coli 

 

1.3 -Epidemiology  

       E. coli is the main part of the intestinal family that invades the intestines 

after birth and coexists naturally, while some strains have opportunistic 

susceptibility to host disease after optimum conditions for growth (Gharajalar 

and Sofiani, 2016). It has evolved truly since its discovery, and  pathogenic E. 

coli have been reported to cause a spectrum of diseases (Baker, 2015). 

         E. coli is a source of hospital infections, particularly for children with low 

immunity and under nourishment, which leads to the use of antibiotics, this 

causes the emergence of antibiotic resistance bacteria (Korzeniewsk et al., 

2013). This resistance leads to the failure of treatment, especially  resistant to 

antibiotics which are the first choice in the treatment of infections such as the 

third generation where it leads to recurrence of infection and increase diseases 

and raise mortality (Barber et al., 2013). The acquisition of strains bacteria  to 

determinants of resistance and expansion in the acquisition of resistance already 

present in the bacteria E. coli considered one of the most important reasons for 

bacterial resistance to antibiotics (Costa et al., 2013).  

      It is remained as one of the most important bacteria causing infections in 

pediatrics due to producing ESBLs which making them resistant to beta-lactam 

antibiotics( Rezai et al., 2015). Also it is one of the most common causes of 
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diseases and deaths of diarrheal children worldwide (Bettelheim and Goldwater, 

2014). Moreover, it is also one of the most common bacterial species 

responsible for Urinary Tract Infection (UTIs) especially in pregnant women 

(Brooks et al., 2016; Lhwak and Abbas, 2018). 

  

1.4. Types of E. coli  

1.4.1. Normal flora E. coli 

      The most common basic habitation of normal flora E. coli is the part of the 

normal flora bacteria in the  gastrointestinal tract, also called commensal E. coli 

or nonpathogenic E. coli (Gillespie and Hawkey, 2006). 

      The exits of intestinal microflora can prevent the growth of pathogenic 

bacteria strains, which have survived the gastric juice of the upper 

gastrointestinal tract and have reached the large intestine, through the 

competitive inhibition of pathogenic strains; (Katouli, 2010). The metabolic 

functions of this flora comprise the synthesis of essential vitamins  and 

fermentation of indigestible dietary residues (Gerritsen et al., 2011). High and 

irregular use of antibiotics may lead to change in the intestinal microflora which 

causes the disease (Distefano, 2015). 

1.4.2. Intestinal pathogenic E. coli 

      The E. coli have ability to cause gastrointestinal infection, intestinal 

pathogenic E. coli which have evolved many mechanisms that can cause disease 

through: colonize of the mucosa, evade host defense, multiply and damage the 

host. It can be divided into six types depending on their specific characteristics 

and specific virulence factors; enterohaemorrhagic  (EHEC), enterotoxigenic  

(ETEC), enteropathogenic (EPEC), enteroaggregative  (EAEC), diffusely 

adherent  (DAEC) and (EIEC) enteroinvasive ( Kaber et al. 2004; Rivas et al., 

2015;  Malema et al., 2018 ). 
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1.4.2.1. Enteropathogenic E. coli (EPEC) 

EPEC is a major cause of infantile diarrhea and mortality in low-income 

countries (Ale et al., 2017). The central mechanism of EPEC pathogenesis is a 

lesion called ‘Attaching and Effacing’ (A/E), which is characterized by intimate 

adherence of bacteria to the intestinal epithelium. The adherence of bacteria to 

the enterocytes is mediated by intimin, an outer membrane protein encoded by 

the eae gene (Magdy et al., 2015).  

1.4.2.2. Enterohemorrhagic E. coli (EHEC) 

      EHEC are major food-borne pathogens whose survival and virulence in the 

human digestive tract remain unclear owing to paucity of relevant models. 

EHEC interact with the follicle-associated epithelium of Peyer’s patches of the 

distal ileum and translocate across the intestinal epithelium via M-cells, but the 

underlying molecular mechanisms are still unknown(Cordonnier et al., 2017).  

      Ruminants, especially cattle, are a natural reservoir of shiga toxin producing  

E. coli (STEC) and human infection is linked with the consumption of 

contaminated food, STEC belong to a wide range of serotypes; however, only a 

limited number has been associated with human disease, among which EHEC 

O157:H7 is the most prevalent serotype associated with outbreaks and sporadic 

cases worldwide (Rangel et al., 2005). E. coli O157:H7 is considered a main 

food-borne organisms in cattle and other ruminants which considered the major 

reservoirs for this organism (Shabana, 2014). Also infections of this bacteria can 

be acquired by direct contact with animals and by person-to-person spread 

(Khosravi et al., 2016). 

1.4.2.3. Enterotoxigenic E. coli (ETEC) 

      The ETEC is the most common group, particularly in the developing 

countries, the diarrhea caused by ETEC is characterized by a rapid onset of 

watery, non-bloody diarrhea with remarkable volume, accompanied by mild or 
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no fever, other common manifestations of this diarrheal infection are malaise, 

abdominal cramping pain, vomiting and nausea (Abbasi et al., 2014). It is the 

mainly cause of travelers' diarrhea in south Asia (Sanders et al., 2019). Where it 

colonizes the gastrointestinal tract (GI) by fimbrial adhesion, they are non-

invasive. However, they produce two types of toxins which allow rise to 

intestinal secretion causing the watery diarrhea (Dubreuil et al., 2016). 

1.4.2.4. Enteroinvasive E. coli (EIEC) 

      EIEC are a group of intracellular pathogens able to enter epithelial cells of 

colon, multiplicate within them, and move between adjacent cells with a 

mechanism similar to Shigella, the etiological agent of bacillary 

dysentery  (shigellosis) in humans, which is characterized by invasion and 

inflammatory destruction of the human colonic epithelium (Pasqua et al., 2017; 

Belotserkovsky and Sansonetti , 2018) .The transmission is achieved by the 

faecal–oral route, contaminated food and water being the major sources of 

infection, able person-to-person transmission has been also respected (Gomes et 

al., 2016). The EIEC produce syndrome through infection can be 

indistinguishable from infection  of Shigella (DuPont, 2014).  

1.4.2.5. Enteroaggregative E. coli (EAEC)                                          

       The classical definition of EAEC pathogenesis indicates that the 

microorganism has the ability to adhere to epithelial cells in a very characteristic 

"stacked-brick" pattern and is capable of forming biofilms (Arenas-Hernández et 

al., 2012). EAEC   strains are important causes of diarrhea  worldwide  and are 

the second most important bacterial cause of travelers' diarrhea (TD) (Bamidele 

et al., 2019).  In addition, it has been identified as the causative agent of AIDS-

associated diarrhea in both developing and industrialized countries also known 

to distribute widely in water and food, and occasionally with animal feces, 

diagnosis of EAEC has long been problematic (Zhang et al., 2016). 

https://www.sciencedirect.com/topics/medicine-and-dentistry/diarrhea
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 1.4.2.6. Diffusely Adhering E. coli (DAEC) 

      Adherent E. coli  (DAEC) were the last diarrheagenic E. coli pathogroup 

(DEC) to be recognized. It is a bacterial pathogen that induces unique 

alterations on epithelial cells, resulting in diarrhea illness and epithelia damage 

that may also contribute to the development of other intestinal diseases (Meza-

Segura and Estrada-Garcia, 2016). DAEC remains controversial, Previously, 

that motile DAEC strains isolated from diarrheal patients induced high levels of 

interleukin 8 (IL-8) secretion via Toll-like receptor 5 (TLR5), none the less, 

DAEC strains from healthy carriers hardly induced IL-8 secretion, regardless of 

their possessing flagella (Tanimoto et al., 2019). 

                      1.4.3. Extraintestinal pathogenic E. coli (EXPEC)            

       EXPEC include: Uropathogenic E. coli (UPEC) and neonatal meningitis E. 

of specific  eproduc can UPEC .)a(2012Pitout )  according to (NMECcoli 

virulence factors which enable the bacteria to adhere to uroepithelial cells and to 

caused by neonatal  neonatal meningitis  . Also(Kaira and Pai 2017) IUT cause

meningitis E. coli (NMEC) in infants (Brooks et al., 2013).                                   

      Other most major E. coli infections are cholecystitis, appendicitis, 

peritonitis, postoperative wound infections, and sepsis (Mahon et al., 2014). 

These  Infections which caused by the EXPEC strains have been widely reported 

in the community settings as well as hospitals and long-term care facilities thus, 

causing a pronounced burden on the medical and economic resources across the 

globe ( Poolman and Wacker, 2016).                                                                       

1.5. Virulence factors of E. coli  

       E. coli strains have a number of virulence factors, which enable them to 

colonize and causes disease also persist in face of highly effective host defenses, 

some of these fall within the cellular structure and others are excreted outside 

the body (Brooks et al., 2010). Among these virulence Biofilm, which is defined 
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as a layer of polysaccharide and proteins, many bacteria of the same species 

forming it to protect themselves when they feel threatened by adhesion to the 

surface (Vuotto et al., 2014). Also, hemolysin; an enzyme  which has a great 

importance in increasing the ferocity of the bacteria, as it works on exiting of  

hemoglobin from the red blood cells, and thus lossing iron (KuKanur et al., 

2015 ). There are several types of hemolysin according to the form of 

decomposition which include Alpha, Beta and Gama (Jaweetz et al., 2016). The 

most common type of  hemolysin of E. coli was α-Hemolysis, which is 

specifically non-linked to the cell of bacteria and it is extracellular type that 

excreted in the logarithmic phase  (Brooks et al ., 2016).  

       Bacteriocin which called colicins when produced by E. coli, are 

antimicrobial proteins, can target other E. coli cells by binding to cell surface 

receptor proteins and activating their import, resulting in cell death , it is  

encoded on plasmid (Soltani et al., 2018; Sharp et al., 2019). Additionally, 

endotoxin is one of the most important components of the bacterial cell wall of 

the Gram negative, which consists of lipopolysaccharide (LPS) containing the 

somatic antigen O that gives a bacteria the ability to colonialize on the host 

cells, flagellum are structures also contain the antigen H (Flagellar antigen H) 

these antigens give the bacteria the ability to overcome the host's immune 

system  and  siderophores are an important and  specialized iron transport 

system of bacteria and play a significant role in virulence of E. coli, which 

allows them to use hemoglobin as an iron source that stimulates the growth of 

bacteria (Terlizzi et al., 2017).  

            E. coli also have another virulence factor like capsule is called K-

antigens, where it is the major surface antigens of E. coli and it is the first line of 

defense in the bacteria, which consists of polysaccharide surrounding the 

bacterial cell (Yang et al., 2018). Other virulence factor called cytotoxic 

necrotizing Factor (CNF1) is a major virulence factor of pathogenic E. 

coli strains (Reppin et al ., 2017). It is  obtained their name from necrosis effect 
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on rabbit skin when it was isolated and tested (Markus, 2017).  Moreover it had 

adhesins and fimbriae or pilli which was of the most important factors that help 

bacteria adhere to host tissue, give bacteria the ability to form the biofilm and 

then increase their resistant to antibiotic (Neamati et al., 2015; Spaulding et al., 

2017).                      

       Therefore, the knowledge of virulence factors of  E. coli will help in better 

understanding of the organism pathogenicity and guided empirical therapy 

                   (Kaira and Pai, 2017). better treatment outcome a incan result  which 

1.6. Antibiotics and Resistance 

      Antimicrobials can be defined as any natural, synthetic or semisynthetic 

origin substance which kill or inhibit the growth of microorganisms, on the other 

hand, antibiotic refers to a low molecular weight substance produced by 

microorganisms which act against another microorganism at low concentrations 

(Giguère, 2013).                      

      Indeed, each new antibacterial drug development has been followed by the 

detection of resistance to it, antibiotic resistance is defined as the ability of 

microbes to resist the effects of drugs, as a result the drugs become ineffective to 

neither kill nor inhibit the microbes (CDC, 2015). 

      The emergence and rapid spread of antimicrobial resistance is now a global 

concern (Ventola, 2015).  Where the antimicrobial resistance in bacteria may be  

the result  from selection pressures applied by antimicrobial use (WHO, 2014). 

Also bacteria can acquire antimicrobial resistance either by chromosomal 

mutation and acquisition of resistance genes by horizontal transfer (Ruppé et al., 

2015).   
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1.6.1. Chromosome-mediated Antibiotic resistance 

        E. coli have a circular chromosome, is double stranded DNA, range from 

4.500 to 5.520 million base pairs, E. coli, chromosome is roughly 1000 times 

longer than the cell itself (Donnenberg, 2002).  Pathogenicity of  E. coli is, due 

to the presence of many virulence genes, located on chromosomes or plasmids 

or both that encodes important virulence factors, if present on the chromosome, 

these genes are typically found in specific regions called pathogenicity islands 

(PAI) (Koga et al., 2014). Many of the Gram negative bacteria have naturally 

occurred chromosomally mediated β-lactamase, which may be help the bacteria 

in finding a niche when faced with competition from other bacteria that naturally 

produce β-lactams (Tham, 2012). Also bacteria have the ability to acquire 

different types of ESBLs enzymes with both plasmid transmissible and 

chromosome encoded (Adeyankinnu et al., 2014). In addition to, the mutations 

in chromosomal genes resulting in an increase in the expression of intrinsic 

resistance mechanisms (either antibiotic-inactivating enzymes or efflux pumps), 

permeability alterations by loss of outer membrane porins, or target 

modifications (Ruppe et al., 2015).  

 

 1.6.2. Plasmids-Mediated Antibiotic Resistance 

       The term plasmid was first introduced by the American molecular biologist 

Joshua Lederberg in 1952 (Black, 2012). Bacterial plasmids are double-

stranded, circular, self-replicating  and  DNA extrachromosomal genetic 

elements, which are not essential for bacterial growth. They may not be exist in 

all species or all strains in a species. A strain can have more than one type of 

plasmid that vary in size and the genetic code it carries, in addition to, it can be 

transferred from one cell to another cell spontaneously or during manipulation 

(Ray and Bhunia, 2014). Plasmids are main mechanism for the spread  of 

antibiotic resistant genes and confer traits  of  antibiotic resistance  in bacterial 

populations (Sandhu, 2010).  
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      The transfer of gene plasmid-mediated can occur either between closely 

related strains or between widely related strains from diverse species or genera 

and can play a significant role in the mobility of resistance genes (Ray and 

Bhunia, 2014; Cruz and Hedreyda, 2017 ).  

      Resistance to β-lactams and other antibiotics in the Enterobacteriaceae is 

frequently associated with plasmid resistance, β-Lactamase-mediated resistance 

is increasingly associated with plasmid-encoded ESBLs and carbapenemases, 

specifically the CTX-M family of ESBLs, the KPC family of serine 

carbapenemases, and the VIM, IMP, and NDM-1 metallo-β-lactamases. These 

enzymes are now appear in multiple combinations of ESBLs and 

carbapenemases, thereby there confer resistance to virtually all β-lactam 

antibiotics (Bush, 2010; Reinthaler et al., 2010). Additionally, Bacterial 

plasmids mainly transfer via conjugation mechanism (Huddleston, 2014). 

Whereas this process does not transfer the chromosome mediated antibiotic 

resistance genes (Tabassum et al., 2018).  So, E. coli repeatedly caused urinary 

tract, wound and blood infection resulting in significant morbidity and mortality 

due to having plasmid encoded ESBLs  which in turn lead to treatment failure 

(Ali , 2018). Therefore, Plasmids have an important role behind the success of 

the ESBL genes as they both mediate transfer and immobolize maintenance of 

these genes in new hosts (Søraas, 2014).  

1.7. Antibiotics Group 

1.7.1. Beta-Lactams Antibiotics Group 

      These antibiotics are of great importance among other antibiotics. They are 

broad-spectrum against Gram-negative and Gram-positive bacteria which cause 

many infections (Ehmann and Lahiri, 2014). They have a deadly effect of Gram-

positive bacteria than Gram-negative, because Gram-negative contain within the 

composition the external membrane which obstructs the arrival of the antibiotic 

to the target  (Brook et al., 2007).                                      ……………………. 
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      These antibiotics contain the beta lactam ring, which makes it more 

important and effective against bacteria. They are inhibit cell wall formation of 

bacteria through the binding antibiotic with  special proteins within the cell 

membrane structure  called Penicillin  binding Proteins (PBPs) , where  inhibit 

the action of Transpeptidase enzyme, which creates peptide chains linking the 

layers of peptidoglycan, which forms a component of the cellular wall (Carroll 

et al., 2016). This binding causes  decomposition  the  cell wall of bacteria and 

then its death (Brook et al., 2007). There are seven types of these proteins in E. 

coli (la, lb, 2, 3, 4, 5, 6) which are arranged by molecular weight (Davey et al., 

2015).                                                                                                                                                       

      Resistance to β-lactams may be a result of several mechanisms including:  

altering the permeability of the cell membrane which results in the loss of some 

channel proteins (porins) making it difficult for the antibiotic to reach the cell 

(Fernando and Kumar, 2011). Additionally, other mechanisms such as    

modification of penicillin-binding proteins,  production of β-lactamases  and 

overexpression of efflux pumps (Talbot, 2013). None the less, in Gram negative 

β-lactams resistance is mainly due to the hydrolytic action of β-lactamases, these 

enzymes inactivate beta-lactam antibiotics by hydrolyzing the peptide bond of 

the four-membered beta-lactam ring the encoded genes of these enzymes called 

bla gens  which are carried either on the chromosome or plasmid(Al-Jubori et 

al., 2012).                                                                                                                  

      These antibiotics make up approximately 50% of all prescribed 

antimicrobials and are categorized on the basis of the 𝛽-lactam ring in their 

chemical structure into four major groups; penicillins, cephalosporins, 

carbapenams, and monobactams (Rahman et al., 2018).………………….. ……  

1.7.2. Aminoglycoside Antibiotics Group                                                    

      It is an important group of antibiotics and  used to treat the infections caused 

by Gram positive  and Gram negative bacteria such as gentamicin, amikacin, 
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tobramycin, streptomycin, kanamycin , these antibiotic are similar in chemical, 

toxic and pharmacological properties(Dagil et al., 2013). These antibiotics have 

Bactericidal effectively (Wang et al., 2012). Where they  inhibit protein 

synthesis  through irreversibly binding to ribosomal Subunit 30S , thus stopping 

the peptide chain elongation phase and then cell death (Brook et al., 2007). In 

most Gram negative bacteria the resistance to these antibiotic attributed to 

produce protein encoded enzyme from mutant plasmid which inhibit the 

building of the protein by irreversibly associating with the (30S) ribosomal unit, 

thus stopping the phase of the peptide chain elongation and then the death of the 

cell (Wassef et al., 2010; Cirit et al., 2019).  

     Additionally, the resistance to amikacin and other aminoclaysides also 

depends on the lack of permeability of the antibiotic due to the change in 

permeability of the membrane which weakens the active transport in the cell 

(Carroll et al., 2016). These antibiotics have harmful  side effects  when used in 

long-term treatment, where they influence on the eighth nerve and lead to 

deafness (Ototoxicity), as well as  toxicity (Quiros et al., 2010).                                                           

1.7.3. Quinolones Antibiotics Group 

      Quinolones and fluoroquinolones inhibit nucleic acid synthesis by binding 

to DNA gyrase and DNA topoisomerase IV. These enzymes are responsible for 

relaxing and supercoiling the DNA within a cell, binding with these enzymes 

can interfere with the DNA replication process (Džidić et al., 2008). 

fluoroquinolones,  which can be inhibited by target alteration of target enzyme  

(Blair et al., 2015). That occurs through acquisition of mutations, in one or more 

genes, that encode the targets of these antibiotics and change it (Paterson, 2006; 

Redgrave et al., 2014). Also resistance attributed to accumulation of these 

antibiotics (Paterson, 2006)  

      This group of antibiotics is divided due to structure and efficacy  against 

microbes to four generations antibiotic nalidixic acid is one of the first 
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generation quinolons (Hall et al., 2011). Other generations called  

fluoroquinolones  including  the second generation such as ciprofloxacin, third 

generation like Levofloxacin and fourth generation such as trovafloxacin 

(Oliphant .et al., 2002).   

1.7.4.Trimethoprim Antibiotic  

      Trimethoprim is an antibiotic that inhibits the synthesis of bacterial DNA. 

(Tortora et al., 2016). Where it works to inhibits the enzyme Dihydrofolate 

reductase (DHFR) through interferes with folic acid metabolism (Murray et al., 

2013). This antibiotic is used in the treatment of urinary tract infection, 

especially the complex infections (Davey et al., 2015; Carroll et al., 2016). The 

resistance to this antibiotic by modification of target enzyme (DHFR) which 

encoded by DRF genes that are either located on the plasmid or chromosome 

(Kumar et al., 2012). 

1.7.5. Nitrofurantoin Antibiotic 

      This antibiotic is used in the treatment of urinary and intestinal infection, 

affecting the process of protein building through the damage caused directly by 

the DNA (Brooks et al., 2007). It is effective against Gram negative and Gram 

positive bactreia, also it is more effective at PH (5.5) (Katzung, 2001). The 

using of  nitrofurantoin has increased  exponentially since recent guidelines 

respositioned it as first line therapy for uncomplicated lower urinary tract 

infection (UTI), where when  given short term for lower UTI, it has good 

clinical and microbiological efficacy and their toxicity is mild. (Huttner et al., 

2015).  
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1.8. β-lactamases enzyme  

      They are enzymes that give the bacteria resistance to β-lactam antibiotics 

group, genes encoding β-lactamase enzymes which can be found either 

chromosomally or on mobile genetic elements such as plasmids, (Drawz and 

Bonomo, 2010).   

      They are a broad group of enzymes which have been classified using two 

schemes - (a) Ambler molecular classification and (b) Bush-Jacoby-Medieros 

functional classification. In the Ambler classification system, β-lactamases are 

grouped according to protein sequence similarity. There are four classes (A-D) 

in the Ambler scheme where class A, C and D are serine β-lactamases and class 

B are metallo β-lactamases (Paterson and Bonomo, 2005).  

     Conversely, functional similarities (substrate and inhibitor profile) of the 

enzymes are the basis of Bush-Jacoby-Medieros classification (Bush and 

Jacoby, 2010). This classification scheme is of more relevance to physicians or 

microbiologists in diagnostic laboratory because it considers β-lactamase 

inhibitor and β-lactam substrates that are clinically relevant (Dhillon and Clark., 

2012). The emerging  β-lactamase enzymes in Enterobacteriaceae which are 

increasingly problematic are Extended-spectrum β-lactamases (ESBLs), 

plasmid-mediated AmpC β-lactamases and carbapenemases (Pitout, 2012b).  
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Table (1-1): Various classification schemes and representatives of Beta-

lactamase  enzymes  (Bush and Jacoby, 2010; Rahman et a., 2018). 

 

Ambler 
(molecular)     Bush and Jacoby          Substrate/                           Inhibition profile                             Member  
Class                  group(2009)                  target                      Clavulanic acid      Tazobactam                example               
 
 
 
 
 
            
 
 

A 
 
 

     2a                                pencillins                              Yes                    No                               Pc-1 
 
     2b                              Pencillins,some  
                                    of the1st-generation                    Yes                    No                     TEM-1,TEM-2 

        cephalosporin                                                                                   SHV-1 
                                                                                          

     2be                          Extended spectrum                                                                        TEM-3,SHV-2 
                                       Cephalosporin,                        Yes                    No                          CTX-M-15,                               

       monobactam                                                                              PET-1, VEB-1 
 
     2br                                 Pencillins                              No                   No                           TEM-30, 
                                                                                                                                                 SHV-10 

     2ber                         Extended spectrum 
       Cephalosporin,                         No                   No                           TEM-50 
        Monobactam 
             

     2c                                  Carbenicillin                         Yes                   No                             PSE-1, 
                                                                                                                                                  CARB-3 

     2ce                                Carbenicillin                         Yes                   No                             RTG-4 
         Cefepime 
                                         

     2e                             Extended spectrum                    Yes                   No                             CepA          
         beta-lactams 
                            

     2f                                                                            Changeable          No                        KPC-2,IMI-1 
              SME-1 
 

         
B 

 

     3a                                  Carbapenems                         No                   Yes                            IMP-1, 
                VIM-1CcrA  
              IND-1,NDM-1              
 

     3b                                  Carbapenemes                        No                 Yes                       CphA, Sfh-1 
 

 
C 

 
 

                                                                                                                                           AmpC, P99,  
     1                                    Cephalosporins                       No                 No                     ACT-1,CMY-2,  

            FOX-1,MIR-1 
 
     1e                                   Cephalosporins                       No                  No                       GCI,GMI-37 
 

 
D 

 
 

     2d                                   Cloxacillion                      Changeable          No                           OXA-1, 
                                                                                                                                                  OXA-10 

     2de                            Extended spectrum               Changeable           No                           OXA-11,  
           Cephalosporin                                                                                OXA-15 
 

     2df                                Carbapenemes                   Changeable           No                           OXA-23,           
                                                                                                                                                   OXA-48 
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1.8.1. Extended Spectrum β-lactamases(ESBLs) 

      The designation ESBLs were used to define β-lactamases with a broad 

spectrum of hydrolysis, resulting from the occurrence of amino acid 

substitutions in the structure of the enzymes (Livermore, 2008). ESBLs belong 

to class A according to Ambler’s classification, and group 2be functional group 

of Bush’s classification (Bush and Jacoby, 2010). 

      They are a predominant cause of β-lactam antibiotics resistance in Gram-

negative bacilli (GNB) (Ruppe et al., 2015). These enzymes confer resistance to 

an important class of drugs such as penicillin, amoxicillin, third generation 

cephalosporin  (Kuenzli,  2016). In addition to their resistant to monobactam 

(azetronam) (Ghafourian et al., 2014). Also these enzyme can hydrolyze  fourth 

generation  cephalosporins  and compromise the efficacy of all β-lactams, 

except   cephamycins  and  carbapenems,  in the  worldwide  these group of 

enzymes are found widely and causes a severe infections on human health which 

leads to various diseases (Saravanan et al., 2018).  

      The incidences of infections  which are caused by ESBLs producing GNB 

are increasing in prevalence worldwide, both in the healthcare as well as 

community settings, posing significant therapeutic challenges (Kassakian and 

Mermel, 2014). These enzymes are diverse, complex and rapidly developing 

ESBLs producing strains can increase morbidity and mortality rates, in part as a 

result of linked resistance to  other antibiotic families, which restrict therapeutic 

options and raises healthcare costs (Inwezerua et al., 2014; Shaikh et al., 2015). 

      The prevalence of these enzyme  increasing day by day in nearly every 

center of different countries and necessary steps to prevent the spread and 

emergence of resistance should be taken (Kumar et al., 2014). 

   

https://www.sciencedirect.com/topics/immunology-and-microbiology/hydrolysis
https://www.sciencedirect.com/topics/medicine-and-dentistry/cephalosporin-derivative
https://www.sciencedirect.com/topics/medicine-and-dentistry/cephamycin-derivative
https://www.sciencedirect.com/topics/medicine-and-dentistry/carbapenem-derivative
https://www.sciencedirect.com/topics/medicine-and-dentistry/infection
https://www.sciencedirect.com/topics/immunology-and-microbiology/human
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      ESBLs are break down the amide bond, which present in the beta-lactam 

antibiotic ring making them ineffective molecules (Al-Jubori et al., 2012). So, 

the rate of multiple drug-resistant strain was highly in ESBLs-producing E. coli 

than in non ESBLs-producing E. coli (Alyamani et al., 2017).  

      ESBLs encoding genes are located on chromosome, plasmids or transposons 

that can transfer easily between two or more bacteria such as E. coli, K. 

pneumoniae, Enterobacter cloacae and others. (Moghaddam et al., 2014; 

Niumsup et al., 2018). Bellow some genes that encoding for ESBLs:  

 

1.8.1.1. CTX-M Type ESBLs  

      Although a bit recently discovered, they are the most increasingly reported 

types of enzymes associated with resistance, they are  plasmid based encoded 

cefotaximases , constitute the fast growing family of ESBLs (Zhao and Hu, 

2013). Where Cefotaximases  are enzyme  rapidly growing cluster that have 

disseminated geographically, they are transferred to species other 

than Enterobacteriaceae and might be responsible for the presence of blaCTX-M, 

genes  are mostly encoded by transferable plasmids (Jamali et al ., 2017) .  The 

CTX-M enzymes have been recognized as the most prevalent among 

Enterobacteriaceae ESBLs producers (Day et al., 2016;  Zeynudin et al., 2018).           

These this enzymes were reported  at first time in E. coli species in 1990 (Smet 

et al., 2010). Since these enzymes are most encoded on plasmid so they are 

more easily horizontally transmissible, and they hydrolyze β-lactam antibiotics 

that resulting in resistance to penicillins, cephalosporins, and aztreonam 

(Reinthaler et al., 2010).  

      CTX-Ms are named after their extended activity against cefotaxime 

compared to ceftazidime and the origin of its first isolation (Munich, Germany)  

(Birbrair, and Frenette, 2016). The CTX-M type enzymes belong to a group of 

class A ESBLs according Ambler classification that in general exhibit much 
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higher levels of activity against cefotaxime and ceftriaxone than ceftazidime 

(Ghafourian et al., 2014; Shaikh et al., 2015).  

      Among other ESBLs, CTX-M enzymes have been proven to be the most 

efficacious in terms of promiscuity and its predominance abundance in diverse 

epidemiological settings, where they have largely replaced and outnumbered 

other ESBLs types such as TEM (D’Andrea et al, 2013). The presence of CTX-

M type ESBLs is often associated with co-resistance phenotypes in particular to 

fluoroquinolones and aminoglycosides, in addition to tetracycline, and 

trimethoprim/sulfamethoxazole co-resistance, which is commonly observed 

among TEM and SHV type ESBLs (Lahlaoui et al., 2014). Thus far, 172 

variants of CTX-M were identified worldwide (http://www.lahey.org.2018). 

1.8.1.2. TEM Type ESBLs 

     TEM are mostly encoded by Gram-negative bacteria, almost 90% of the 

resistance against ampicillin in Gram-negative bacteria are due to blaTEM 

encoded genes (Livermore, 1995).  The TEM-type ESBLs are often plasmid 

mediated derived from mutations in the classic TEM (TEM-1 and TEM 2) genes 

by single or multiple amino acid substitution around the active site. E. coli, 

isolated from a patient named Temoneira (hence, named TEM) in Athens, 

Greece, harboring resistance encoded by blaTEM-1gene was the first ever report in 

1965 (Steward et al., 2000). TEM-1 is able to hydrolyze penicillin and 1st-

generation cephalosporin such as cephaloridine, TEM-2 derived from the 

original TEM-1 enzymes as a result of single or multiple amino acid sequence 

mutations  (Zhao and Hu, 2013).  

      These enzymes become the most commonly encountered β-lactamase among 

gram negative bacteria (Sharma et al.,  2010). The most disseminated TEM-type 

ESBLs among Enterobacteriaceae in Europe in the clinical setting are TEM-24, 

TEM-4 and TEM-52, while in isolates from animals TEM-52, TEM-106 and 

TEM-116 are the most common (Coque et al., 2008). These enzymes composed 

http://www.lahey.org.2018/
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of more than 223 variants according to the database of the Lahey Clinic 

(http://www.lahey.org 2018). 

1.8.1.3. SHV Type ESBLs  

      SHV types of enzymes are mostly found in Klebsiella species (especially K. 

pneumoniae) most often encoded on plasmid, nevertheless, a number of species 

have been shown to carry blaSHV-1 gene within the chromosome (Zhao and Hu, 

2013). SHV indicates sulfhydryl variable (Randall et al., 2010). Extended-

spectrum SHV β-lactamases belong to functional group 2be, while very recently 

they were assigned to subclass A1 of serine β-lactamases, clustering with TEM 

and CTX-M enzymes among other clinically relevant β-lactamases(Bush, 2013; 

Philippon et al., 2016). The hydrolytic spectrum of SHV-type ESBLs includes 

activity against oxyimino-β- lactams such as cefotaxime, ceftazidime, 

ceftriaxone and aztreonam (Bush and Jacoby, 2010). 

      SHV-type ESBLs are point mutants of both narrow-spectrum β-lactamases 

SHV-1 or SHV-11 that had origin in the Klebsiella. pneumoniae chromosome 

(Poirel et al., 2012). SHV-2 was the 1st SHV-ESBL type detected in Klebsiella 

ozaenae isolated from Germany, in 1983, this enzyme originated from point 

mutation in SHV-1 which resulted in substitution of glycine by serine at the 238 

positions and extension of its hydrolytic substrate profile to include cefotaxime 

and to a minor degree ceftazidime (Perilli et al., 2011).  

      Since these enzymes are ordinarily encoded by self-transmissible plasmids  

therefore that frequently carry resistance genes to other drug classes and have 

become widespread through the world in several Enterobacteriaceae, this 

confirm their clinical significance (Liakopoulos et al ., 2016).  The family of 

these enzymes comprises 193 variants according to the internet site of the Lahey 

Clinic (http://www.lahey.org 2018). 
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1.8.1.4. OXA Type ESBLs      

      OXA-type ESBLs are mainly reported in Pseudomonas aeruginosa, and all 

the β-lactamase variants so far discussed belong to molecular class A,  except 

OXA-type β-lactamases which belonging to molecular class D and functional 

group 2d, due to their oxacillin hydrolyzing capabilities  (Koroska et al., 2017; 

Rahman et al., 2018).   

      The OXA- β-lactamases are so named because of their oxacillin hydrolyzing 

abilities, these β-lactamases are characterized by their ability to hydrolyze 

cloxacillin and oxacillin 50% more than benzyl penicillin, they predominantly 

occur in Pseudomonas spp, but have been detected in many other gram negative 

bacteria (Cuzon et al., 2008).  

      Oxacillinases (OXA) with carbapenemase activity categorized as class D 

enzymes according to Ambler classification , have been extensively reported 

throughout the world (Nordmann et al., 2011).  Also,  there are poorly inhibited 

by clavulanic acid (Bhattacharjee et al., 2007). Altogether, OXA type 𝛽-

lactamases is explosively increasing based on the amino acid sequence 

variations and so far 498 variants have been reported and arranged in the 

database (http://www.lahey.org 2018).  

1.8.2. AmpC β-lactamases 

     The AmpC β-lactamases comprise other important group of beta-lactamases 

from E. coli which exhibit a hydrolytic profile similar to the ESBLs, whereas 

having an additionally hydrolytic activity toward cephamycins like cefoxitin and 

cefotetan, the inhibition of AmpCs is usually caused by cloxacillin and boronic 

acid, but not by the common b-lactamase inhibitors by clavulanic acid and 

tazobactam (Helmy and Wasfi, 2014).  

      This group of enzymes is class C based on Ambler classification, and group 1 

according to the Bush-Jacoby-Medieros system (Jacoby, 2009). AmpC β-
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lactamase was first detected enzyme from E. coli which were resistant to 

penicillin while plasmid-mediated AmpC (pAmpC) genes were reported from 

Enterobacter cloacae in 1980s (Philippon et al., 2002). There are some 

examples of AmpC β-lactamases such as; CMY, ACT, FOX and DHA types 

which derived from chromosomally encoded AmpC cephalosporinases of 

bacteria such as Enterobacter. spp., Citrobacter freundii, Morganella morganii, 

Aeromonas spp and Hafnia alvei (Rubin and Pitout, 2014). The Lahey database 

is a curated list of β-lactamase genes, a total 136 variants of CMY have been 

described (http://www.lahey.org, 2017).  

 

1.8.3. Carbapenemases 

      Carbapenemases are a group of enzymes which are capable of hydrolyzing 

all classes of β-lactam drugs including carbapenems which are considered to be 

the last alternative for effective treatment of life threatening infections  (Poirel et 

al., 2016 ).  There are three classes of Carbapenemases (A, B, D) which  are the 

most widespread and  clinically significant representatives of each class namely 

Klebsiella pneumoniae carbapenemases (KPC, class A); metallo-b-lactamases 

(MBLs, class B) and oxacillin- hydrolyzing metallo-b-lactamases (OXA, class 

D) they have frequently been reported in different E. coli strains (Beyrouthy et 

al., 2013). In spite of  this, it is also worthy to note that in most instances the 

production of KPC and OXA carbapenemases as well as MBLs of the IMP and 

VIM type has been associated with strains of K. pneumoniae and Acinitobacter 

baumannii (Bartolini et al., 2014). 

 

 

 

 

 

http://www.lahey.org/


 

 

 

 

 

 



Chapter Two                                                                       Materials and Methods 

 

62 
 

2. Materials and Methods…. 

2.1. Materials;; 

2.1.1. Equipments and Instruments 

      The equipments and instruments used in the present study are listed below: 

Table (2-1): Equipments and instruments with their manufacturers 

Equipments and instruments     
            

Company/Country of origin  

Autoclavable  tube AFCO/Jordan 

Autoclave Hirayama/Japan 

Biosafety cabinet Human Lab / Korea 

Burner Amel / Turkey 

Cooling Centrifuge Eppendorf/Germany 

Densitometer Biomerieux/Farance 

Digital camera Sony/Japan 

Disposable petri dish Al-Hani company/Lebenon 

Distillator Lab Teach/Korea 

Electrophoresis apparatus Bioneer/Korea 

Eppendrof tubes BDH/UK 

Flask (500ml,1000ml) Lab glass/Japan 

  Frezon AUCMA/China 

Gel Documentation System Biometra/ Germany 

Incubator Binder/Germany 

Light Microscope Olympus/Japan 

Micropipettes (0.5-10), (5-50), (100-

1000) 

Watson/Japan 

Microwave Shonic/China 

Petri dishs Plastilab/ Lebanon 
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Refrigetor Concord/Lebanon 

Sensitive electronic balance Denver instrument/ Germany 

Slide Super star/ India 

Standard wire loop John Bolten/England 

Sterilized cotton swabs AFCO / Jordan 

Thermal cycler apparatus Bioneer/Korea 

Tips Sterellin Ltd./UK 

U.V- Transilluminator ELETTROFOR/ Italy 

Vitek 2 compact system Biomerieux/ France 

Vortex CYAN/Belgium 

Water bath Memmert/Germany 

 

 

2.1.2 Chemical and Reagents 

      The chemical and. reagents used in the present study are listed below: 

Table (2-2): Chemical  and reagents .and their manufacturers 

Materials 
 

Manufacturers/Country of Origin 

50X TBE (Tris- Boric acid- 
EDTA) 

Biobasic/Canada 

Absolute ethanol 
 

Scharlau /Spin 

Agarose gel 
 

Promega /USA 

DNA ladder (100- 2000bp) 
 

Bioneer /South Korea 

Ethidium bromide 
 

Promega /USA 

Free nuclease water 
 

Bioneer/ South Korea 
 

Glycerol 
 

Sigma / USA 
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Kovacs reagent 
 

Himedia /India 

Loading Dye 
 

Biobasic /Canada 

Methyl red 
 

BDH/UK 

Sodium chloride (NaCl) 
 

BDH/UK 

α- naphthol (C10H8O) 
 

BDH/UK 

 

  

2.1.3. Culture Media  

      The media which are used in  the present study to isolate and identify E. coli 

are listed below: 

  
Table (2-3):Media and their manufactures 
 

Media Manufactures/ Country of Origin 

Blood agar Himedia/India 

Brain heart  infusion agar Oxoid /UK 

Brain heart  infusion broth Himedia/India 

Chrome agar Liofilchem/Italy 

Eosin Methylene  Blue(EMB) Himedia/India 

Kligler agar Himedia/India 

MacConkey agar Himedia/India 

Methyl red-Vogous proskaur broth Oxoid/UK 

Mueller-Hinton agar Himedia/India 

Peptone water Himedia/India 

Simmons citrate agar Mast-diagnostic/UK 
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2.1.4 .Types of Antibiotics Discs and their Concentrations 

      The antibiotics disc used for detection susceptibility pattern to E. coli in  the 

present study are listed in table (2-4) below: 

Table (2-4): The Antibiotics discs used in  the present study 

NO  Name of Antibiotic Symbol Concentration 
(μg) 

1 Ampicillin AM 10  

2 Piperacillin     PIP  100  

3 Oxacillin OX 1  

4 Amoxicillin/clavulanic acid AMC 20/10  

5 Cefoxitin FX 30  

6 Ceftazidime CAZ 30  

7 Cefotaxime CTX 30  

8 Cefpodoxime CPD 10  

9 Ceftriaxone CRO 30  

10 Cefepime CEF 30  

11 Aztreonam AZT 30  

12 Imipenem IPM 10  

13 Amikacin AK 30  

14 Gentamicin CN 10  

15 Norfolxacin NOR 10  

16 Ciprofloxacin CIP 5  

17 Nitrofurantin 
 

FU 300  

18 Triomethoprim/ 
Sulfamethoxazole 

STX (1.25/23.75) 
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2.1.5. The Kits  

      The kits used in the present study are listed in table (2-5) and their 

components in appendices (1) and (2).  

Table.(2-5): Types of kits used in the present study and their Manufacturers 

Name of Kit Purpose Manufacturers /Origin 
 

AccuPower® PCR 
PreMix 

 

For amplified primer 
by PCR 

 

Bioneer ∕.South.Korea 

AccuPrep® Plasmid  
Mini extraction kit 

Extraction bacterial  
DNA Plasmid 

 

Bioneer ∕ South Korea 
 

Api 20E Identification of 
Enterobacteraceae 

Family 
 

BioMerieux (France) 
 

Gram' stain 
 

Differentiation of 
Microorganisms 

 

SyrBio (Syria) 

Presto™ Mini g DNA 

Bacteria 

 
 

Extraction bacterial 
genomic DNA 

 

Geneaid ∕ Taiwan 

Vitek 2- GN Kit Identification of 
Gram-Negative 

bacteria 

BioMerieux (France) 
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2.1.6. Primers used in present study 

     The specific primers for blaCTX-M, blaSHV, blaOXA and blaTEM genes which  

have been chosen in table (2-6) were prepared by the company of Bioneer/ 

South Korea. 

Table (2-6): Primers sequences used for genes amplification 

Name Primers sequences (5ʹ-3ʹ) Size 
bp 

References 

 
blaTEM F ACTGCGGCCAACTTACTTCTG 

374 
(Kaye et al., 
2004) 
 R CGGGAGGGCTTACCATCTG 

 
blaCTX-M 

 

F CGCTTTGCGATGTGCAG 
550 

( Paterson at 
el., 2003; 
Hujer at el., 
2006) R ACCGCGATATCGTTGGT 

 
blaOXA 
 

F ATATCTCTACTGTTGCATCTCC 
619 

 
(Karami et 
al.,  2008) 
 R AAACCCTTCAAACCATCC 

 
blaSHV 
 

F GGGTTATTCTTATTTGTCGC 
615 

(Feizabadi et 
al., 2010) 

R TTAGCGTTGCCAGTGCTC 
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2.2.Methods 

The general steps for this research are shown below in figure(2-1) 

 

 
 

 

 

 

 

 

 

 

  

 

 

 

 

 

 

 

 

Figure (2-1):The most important steps in current the study. 

 

 

 

 

 

Routinely culture on Blood ,   

MacConkey, EMB,Chrome agar 

Preliminary identification 

Gram stain Biochemical test     
 (IMViC, Kliglar,    

  Catalase, Oxidase 
  test) 

Confirmatory identification 

API 20E 

Antimicrobial sensitivity test using 
Disk diffusion on Mueller Hinton 

agar 

Suspected ESBLs producers 

Confirmatory test (DDST) 

Molecular study)PCR for) 

(blaTEM, blaOXA, blaCTX-M, blaSHV) 

genes 

Vitek2 
System 

Sample collection from clinical cases in Maysan Province 

 (Urine, Blood, wound, Seminal fluid)  
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2.2.1. Sterilization Methods  

2.2.1.1.  Sterilization by Autoclaving 

      The cultural media were sterilized by autoclaving at 121C˚ for 15 minutes 

under  pressure 15 psi. 

2.2.1.2.  Sterilization by Dry Heat 

       The glassware was sterilized by oven at 180 C˚ for 2 hours. 

 

2.2.2.  Preparation of Reagents and Solutions  

The following reagents were used in the present study, and prepared as 

described by (MacFaddin, 2000). 

2.2.2.1. Catalase Reagent (3%)  

      The catalase reagent which is hydrogen peroxide (3%) was prepared from 

the stock solution, in a black bottle and used for detection of the ability of the 

bacteria to produce catalase enzyme. 

2.2.2.2. Oxidase Reagent  

      This reagent was prepared, freshly in a black bottle via dissolving. 0.1gm of 

material( Tetramethyl p-phenyl diamine- dihydrochloride), in 10 ml of (D.W). 

2.2.2.3. Methyl Red Reagent 

       The reagents were prepared through dissolving 0.1 gm of methyl red in 300 

ml of 96% ethanol, and then completed to 500 ml with distilled water (D.W). 

This reagent was used as indicator in methyl red test. 

2.2.2.4. Voges-Proskauer Reagents  

were prepared as follows: 

Reagent A: 5gm of α-naphthol were dissolved  in 100ml of 96% ethanol. 

Reagent B: 40gm of  KOH were dissolved in 100ml D.W. 

This reagent was used as indicator in Voges-Proskauer test. 
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2.2.2.5. Normal saline (0.85%) 

      This solution was prepared by dissolving 0.85 gm of sodium chloride in 90 

ml of distilled water, and then the volume was completed up to 100 ml by 

distilled water. 

2.2.2.6.Tri Borate EDTA (TBE ) buffer  

      Preparation of 1X TBE buffer: The 1X TBE buffer was prepared from 50X 

TBE buffer (as stock solution) by adding 20 ml of this stock solution to 980 ml 

of distilled water (Sambrook and Rusell, 2001). 

2. 2.3. Preparation of culture media 

      All the culture media listed in table (3-3) were prepared according to the 

instructions of the manufacturer.  

 
2.2.4. Isolation of E. coli 

2.2.4.1. Samples collection  

      Two hundred and ninety one (291) samples were collected from different 

clinical cases  since the beginning of October 2018 till the end of December  

2018 from Al-Sader Teaching, Birth and Child and Al-Zhrawai Hospitals of 

Maysan  Province. 

2.2.4.2. Culturing of Samples 

      Selected samples (urine, blood, wound swab and seminal fluid). About 5 ml 

from the middle of the urine stream in sterile containers were labeled and 

directly transported to laboratory and cultivated on blood and MacConkey agar 

and incubated overnight at 37 Cº under aerobic conditions. While blood sample 

were collected , about 5 ml of blood were inoculated in brain heart infusion 

broth and  incubated  overnight at 37 Cº under aerobic conditions, in next day 

one drop has been taken by syringe and put it on blood and MacConkey agar 

and incubated overnight at 37 Cº under aerobic conditions and we repeated that 
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for a week, whereas sample of wound and seminal fluid were cultured on blood 

and MacConkey agar directly.  All suspected bacterial isolates were streaked on 

Eosin Methylene Blue (EMB) and chrome agar.  

 

2.2.5. Diagnosis of E. coli  

2.2.5.1. Conventional Tests 

The growing colonies of E. coli isolates were initially identified depending on: 

2.2.5.1.1. Morphological Characteristics  

     The morphological characteristics of the growing colonies of E. coli include 

size, color, shape, edge and height of the colonies on  enrichment, selective and 

differential media (Blood agar, MacConkey agar, (EMB) and Chrome agar 

(Goldman and Lorrence, 2009).  

  

 2.2.5.1.2. Gram Staining 

     Gram stain solutions were prepared and used according to the method 

recommended by Bailey and Scott (2002).  

 

2.2.5.1.3. Biochemical Tests 

      The following biochemical tests were described according to MacFaddin 

(2000). 

2.2.5.1.3.1. Indole Test 

      The peptone water was prepared according to the instructions of the 

manufacturer in autoclaveable test tubes then sterilized by autoclaving. The test 

tubes were inoculated with fresh colony and incubated at 37 Cº for 24hours; 

after that one drop of Kovac’s reagent was added for each tube. The formations 

of red ring in less than 1 minute indicate a positive result. 
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2.2.5.1.3.2. Methyl Red Test  

      Methyl red-Voges Proskauer broth was inoculated with a fresh bacterial 

culture and incubated at 37°C for 24 hrs. when, a few drops of methyl red 

solution were added and mixed. The result was read immediately, positive test 

was bright red. 

2.2.5.1.3.3.Voges-Proskauer Test  

      Methyl red-Voges-Proskauer broth was prepared according to the 

instructions of manufacture and after that inoculated with a fresh bacterial 

culture and incubated at 37°C for 24 hrs. Ten drop of 40% KOH solution and 

more 10 drop of 5% solution of α-naphthol to each tube. A positive reaction was 

indicated by the development of cherry red color in 2 or 5 minutes.  

2.2.5.1.3.4. Citrate Utilization Test  

      Simmon’s citrate agar was prepared according to the instructions of 

manufacture and poured into test tubes (5 ml into each tube) then sterilized by 

autoclaving. The test tubes were let in a slant position to harden, and inoculated 

with fresh colony then incubated at 37Cº for 24-48 hours. Changing  the color of 

agar from green  to blue color indicates a positive result. 

2.2.5.1.3.5. Kliglers Iron Agar Test  

      Using a straight inoculation needle an inoculums was stabbed into bottom of 

tube and streaked over surface of the agar slant and then incubated at 37Cº for 

24h .  

2.2.5.1.3.6. Catalase Test  

      A single isolated colony was transferred from the cultured petri dish by a 

sterile loop and placed on a glass slide then 1-2 drops of 3% H2O2 were mixed 

with the colony on the slide. The appearance of gas bubbles indicates a positive 

test. 
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2.2.5.1.3.7. Oxidase Test  

      A piece of filter paper was placed in a Petri dish and 3 drops of a freshly 

prepared oxidase reagent were added. By sterile loop, a colony was removed 

from a cultured plate and smeared on the filter paper. The oxidase positive 

organisms give blue color within 5-10 seconds; in oxidase negative organisms, 

color does not change. 

 

2.2.5.2. Confirmatory Diagnosis 

2.2.5.2.1. Analytical profile index for Enterobacteriaceae test API 

20E Test 

    This test has been  used clinically for the rapid recognition of the bacterial 

isolates. This test, strip contains 20 small tubes with upper orifice (Cupule) and 

lower orifice (tube) which contain dried material represent the biochemical test, 

color changes happened in the tubes either during incubation or after addition of 

the reagents. These colors reveal the presence or absence of chemical active and 

thus, a positive or negative result; The instructions for use are: 

1. Preparation the strip: To fashioning humid condition, 5 ml of D.W was 

added to the strip container. 

2. Preparation bacterial suspension: Transferred pure single colonies from 

culture with suspected E. coli Isolates was transferred by a loop into a 

buffer suspension medium (NaCl 0.85 suspension) and mixed well to form 

a suspension . 

3. Inoculation of strip: The tube of each strip has been filled with a bacterial 

suspension by a sterile tubes that include CIT, VP and GEL must be filled 

the capule of them. Pasture pipette except some 

4. To formation anaerobic condition in some tube the upper part of tubes 

LDC, ADH, ODC, H2S and URE were covered with a sterile mineral oil. 

5. The strip container was closed and incubated at 37ºC for 18-24 hrs . 
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6. Reading the result: 

      After incubation, the reagents were added as: a drop of Kova's reagent into 

IND tube and a drop of TDA reagent into TDA tube reading the result 

immediately, also drop of VP1 reagent then drop of VP2 directly into VP tube 

and waited for 10 minutes then reading the result. Then after that, all results 

were recorded into numerical profile and compared with the company index. 

Each strip was divided into seven parts and each part has three tests numbered as 

1, 2 and 4 and each positive test has been given a specific number, but the 

negative test has been given the number zero. Final output there are seven 

numbers which compare with the index to give the genus and species of the 

bacterial isolates. (Blazevic et al., 1979).  

 

2.2.5.2.2. VITEK 2 Diagnostic System 

      The Vitek 2 system was used in this present study in order to confirm the 

diagnosis E. coli isolates. Where  in this system, a bacterial suspension is 

required from the  suspected E. coli, and this suspension is placed in the 

inoculated tube. This suspension is transferred to the card, which is incubated in 

thermally controlled conditions, the color changes in the card, which are 

produced by the metabolic activity of the bacteria, are measured in interrupted 

form (every 15 minutes)  by light intensity,  after that the information's were  

analyzed, stored and printed automatically (Pincus , 2006).  

The steps are described in more detail  as follows: 

I- Preparation of bacterial suspension 

      A sterile swab was used to transfer a sufficient number of bacterial colonies 

of a pure culture and suspended in 3 ml of sterile saline in a clear plastic test 

tube. The turbidity is adjusted by  density check measurement at the range (0.5-

0.7). 
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II- Inoculation of identification card 

      An identification card was inoculated with bacterial suspension using an 

integrated vacuum apparatus. A test tube containing the bacterial suspension 

was placed into a special rack (cassette) and the identification card was placed in 

the neighboring slot, while inserting the transfer tube into the corresponding 

suspension tube. The cassette can accommodate up to 10 tests or up to 15 tests.  

The filled cassette was placed either manually or transported automatically into 

a vacuum chamber station. After the vacuum was applied and air was re-

introduced into the station, the bacterial suspension was forced through the 

transfer tube into micro-channels that filled all the test wells. 

III- Card sealing and incubation 

     An inoculated card was passed by a mechanism ,which cuts off the transfer 

tube and seals the card prior to loading into the carousel incubator. The carousel 

incubator can accommodate up to 30 or up to 60 cards. All card types were 

incubated on-line at 35.5 + 1.0 ºC. Each card is transferred from the carousel 

incubator once every 15 minutes, transported to the optical system for reaction 

readings, and then returned to the incubator until the next reading time. Data 

were collected at 15 minute intervals during the entire incubation period. 

 

2.2.6. Methods of preservation  

      The bacterial isolates were .preserved on brain heart. infusion agar slant .at 

temperature 4 ºC , the bacterial isolates were maintained every month .during 

the study by culturing. on new culture media. For long. preservation, brain heart 

infusion. broth supplemented with 15%. glycerol had been used to .frozen at 

temperature(-20 ºC) for long .term (several months. or year) (MacFaddin, 2000). 
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2.2.7.Testing for Antibiotic Susceptibility 

      All E. coli isolates were subjected to antibiotic susceptibility depended on 

disc diffusion method as described by Bauer et al.(1966). The selection of 

antibiotic disc was done according to the guidelines recommended by the 

Clinical and Laboratory Standard (CLSI, 2017). Three or Five pure isolated 

colonies from fresh culture bacteria has been suspended in 5 ml of brain heart  

broth and incubated at 37C˚, for 24hr, the density of the suspension produces  

from growth culture was adjusted depending on density check measurement by 

adding sterile normal saline. Inoculated Mueller-Hinton agar plates by dipping a 

sterile swab into the inoculums. The swab was streaking over the surface of the 

medium several times with the plate was rotated through an angle of 60°,to 

ensure diffusion after each application finally, also the swab was pressed around 

the edge of. 

      Antibiotic discs , as shown in table (2- 4) was placed to each plate by a pair 

of sterile forceps. approximately 15 mm far of the edge of the plate. Each disc 

gently pressed down to ensure even attached with the medium. The plates were 

put in incubator at 37°C. After 18 or 24 hours incubation, the diameter present in 

each zone (including the diameter of the disc) were measured and recorded in 

mm. The results then  were interpreted according to CLSI (2017). 

 

2.2.8. Phenotypic Detection of ESBLs producing E. coli 

2.2.8.1. Screen Test (primary test)     

      ESBLs production by β-lactam resistant isolates was initially screened by 

using diffusion disks of cefotaxime (30 μɡ), ceftazidime (30 μɡ), ceftriaxone (30 

μɡ), aztreonam (30 μɡ) and cefopodoxime (10 μɡ), placed on inoculated plates 

containing Muller-Hinton agar according to the CLSI recommendations (CLSI, 

2017). After 18 hrs incubation at 37C˚, the diameters of the inhibition zones 

around the antibiotics were measured by caliper. The isolates which showed 
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inhibition zones < 27 mm for cefotaxime, <22mm for ceftazidime, <25 mm for 

ceftriaxone, < 27 mm for aztreonam and <17mm for cefopodoxime  were 

suspected for ESBL production. 

2.2.8.2. Double Disk Synergy Test (DDST) (confirmatory method) 

      This method was carried out as modified by Bedenić et al. (2010) as follows: 

This test was done by placing a disc of augmentin (20μg amoxicillin + 10μg 

clavulanic acid) on to Mueller–Hinton agar on which test inoculum was spread 

and discs were placed around augmentin, containing 30 μg for cefotaxime, 30 μɡ 

for ceftazidime, 30μɡ for ceftriaxone, and 30 μɡ for azetreonam with keeping 

the distance(15-20) mm (edge to edge) from a disk of augmentin (30 μg). After 

that the petri dish was incubated for 16-20 hours at 35C˚(±)2C˚. Any 

enhancement of the zone of inhibition between a β-lactam disk and augmentin 

disk was indication  of E. coli  ESBL producer.  

2.2.9. Molecular study 

      Polymerase Chain Reaction (PCR) assay was performed for  detection of E. 

coli ESBLs gene markers (blaTEM, blaCTX-M, blaOXA and blaSHV). This method 

was carried out as in the following steps: 

 

2.2.9.1.Genomic DNA extraction 

      Genomic DNA was extracted from E. coli by using Genomic DNA Mini 

Bacteria Kit according to company's instructions; the bacterial culture has been 

inoculated in 10 ml of medium brain heart infusion  broth and incubated at 37ºC 

at 24 hours in the incubator as follows: 

Step 1: Cell Harvesting( pre-lysis) 

 Fresh culture ( 1ml) was Added to a 1.5ml. tube microcentrifuge. 

 Culture was Centrifuged for 1 minute at 13,000 rpm. then discard the 

supernatant. 



Chapter Two                                                                       Materials and Methods 

 

36 
 

 Added 180μl of GT buffer by micropipette, then re-suspend the cell pellet 

by vortex. 

 Added 20μl of proteinase K (make sure distilled water added) and 

incubate at 60C˚ for 10 minutes, during incubation  the tubes were 

inverted every 3.minutes. 

Step 2: Lysis Step  

 Added 200μl of GB buffer to the sample and mix by vortex for 10 

seconds. 

  The tubes were incubated at 60C˚ for  at less 10 minutes to ensure the 

sample lysate is clear, during incubation the tubes were inverted every 3 

minutes. At this time the Elution buffer was  pre-heated (200μl per 

sample) to 70C˚ (for step DNA Elution). 

Step 3: DNA Binding 

 Added 200μl of absolute ethanol to the sample lysate and mix 

immediately by shaking vigorously. 

 GD column  were placed in a 2 ml collection tube.  

 Mixture (including any insoluble precipitate) was transfer to GD 

column then centrifuge at 13,000 rpm for 2 minutes. 

 The 2m1 collection tubes containing the flow-through were discard .  

 The GD column were placed in a new 2ml collection tube. 

Step 4: Washing Step 

 Added 400μl of  W1 Buffer  to the GD column and then centrifuge at 

13,000 rpm for 30 seconds then discard the flow-through, place the GD 

column back in the 2ml collection tube. 

 Added 600μl  of Wash buffer (make sure ethanol was added) to the GD 

column, centrifuge at 13,000 rpm for 30 second then discard the flow-

through, place the GD column back in 2ml collection tube . 

 The columns matrix  were centrifuge at 13,000 rpm for 3 minutes to dry.  
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 The dried GD column were transferred to a clean 1.5 micro centrifuge 

tube. 

Step 5:Elution 

 pre-heated Elution Buffer was added  into center of the column matrix. 

 We waited for at least 3 minutes to allow Elution buffer to be completely 

absorbed.  

 The tubes were placed in Centrifuge  at 13,000 rpm for 30 seconds to 

elute the purified DNA. 

  At last, the DNA was Stored at 2-8°C. 

 

2.2.9.2. Plasmid  DNA Extraction 

1. cultured E .coli (1-5ml)  were harvesting by centrifugation for 5 min at 

3,000 rpm and the media completely were removed by pipetting. 

2. Added 250 μl  of Buffer (1) to the collected cells and completely 

responded by vortex or pipetting. 

3. Added 250 μl of Buffer (2) and mixed by inverting the tube 3-4 times, 

gently. 

4. Added 350 μl  of Buffer (3) and immediately mixed by inverting the tube 

3-4 times gently. 

5. Tube centrifuged for 10 min at 4°C, 13,000 rpm in a   micro-centrifuge. 

6. The cleared lysate was transferred to the DNA binding column tube and     

centrifuge for 1min at 13,000 rpm. 

7. The flow-through were poured off and re-assembled the DNA binding 

filter column with the 2.0 ml collection tube. 

8. Added 500 μl of Buffer (D) and  wait for 5 min, then the tubes were  

centrifuged for  1 min at 13,000 rpm 

9. Added 700 μl of Buffer (4) to the DNA binding column tube and 

centrifuge for 1min.at 13,000 rpm. 
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10.  The columns were dried by additional centrifugation for 1min.at 13,000 

rpm. 

11.  The DNA binding filter columns  were transferred to the new 1.5 ml 

micro-centrifuge tube . 

12.  Added 50-100 μl  of Buffer (5) to the binding filter column, and wait for 

at least 1min.for elution. 

13.   The plasmid DNA were eluted by centrifugation for 1min.at 13,000 rpm. 

2.2.9.3. Detection of DNA content by Agarose Gel Electrophoresis 

      The DNA extraction have been carried out, agarose gel was prepared 

according to Sambrook and Russell (2006). Agarose gel electrophoresis was 

adopted to confirm the presence and integrity of extracted DNA of E. coli 

isolates according to the gel electrophoresis protocol which included the 

following steps: 

1- One hundred of 1X TBE buffer were taken in a Flask 

2- Agarose powder (1) gm was added to 100 ml of 1X TBE buffer. 

3- The solution was heated to boiling by using a water bath until all gel 

particles  were dissolved. 

4- Three microliters of ethidium bromide (0.5 μg/ml) were added to the  

agarose solution, and then the agarose was stirred in order to get mixed. 

5- The solution was left to cool down at 50-60C˚. 

6- After sealing both edges of the gel tray with a cellophane tape and fixing 

the comb in 1 cm away from one edge, the agarose solution was poured 

into the gel tray.  

7- The agarose was allowed to solidify at room temperature for 30 minutes. 

The   fixed comb was carefully removed and the gel tray was placed in the 

gel tank. The tank was filled with 1X TBE buffer, until the buffer reached 

3-5 mm over the surface of the gel. 
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8- DNA sample was transferred 5μl from it to Eppendrof tube, 2μl of loading 

dye were  added to tube and mixing well ,then the mixture was loaded in 

to the  wells in agarose gel. Electric current was allowed at 65 volt for 

1hour. Finally, the bands were visualized on a UV transiluminator at wave 

length 350 nm . 

2.2.9.4. Preparation of primers solution 

      The oligonucleotide primers were suspended by dissolving the lyophilized 

product after spinning down briefly with De-ionized water depending on 

manufacturer’s instruction as stock suspension. Working primer tube was 

diluted with De-ionized water, the final picomoles depended on the procedure of 

each primer. 

2.2.9.5. Master Mix  

     The components of the master mix were prepared by the company of  

Bioneer, South Korea. 

2.2.9.6.  Polymerase Chain Reaction protocol 

      The protocol used  according to Bioneer  manufacturer’s instructions. All 

PCR components were assembled in PCR tube and mixed by cooling 

microcentrifuge at (850 rpm) for 10 sec.  

-  The steps were conducted are as following: 

1- Template DNA and primers  were dissolved  before usage. 

2- Template DNA and primers were added into the AccuPower®. Taq  premix   

tubes as in table (2-7) for getting 20ml reaction volume. 
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Table (2-7): The volume of mixture of PCR 

PCR Master mix Volume (µl) 

De-ionized water 6  

Master mix 5  

Forward primer 2  

Reverse primer 2  

DNA template 5  

Final volume 20  

 

3- The lyophilized blue pellet was completely dissolved and spin down either by 

using centrifuge 15 sec, vortex or by pipette up and down several times. 

4- The Eppendorf  PCR tubes were placed in the thermocycler and the right PCR 

cycling program parameter conditions were showed in table (2-8) and (2-9).             

Table (2-8): PCR Program of blaOXA, blaCTX-M and  blaSHV genes: 

PCR step Temperature 
(Cº) 

Time(min) Repeat 

Initial Denaturation 94 5 1 

Denaturation 94 1 

34 cycle Annealing 55 1 

Extension 72 1 

Final Extension 72 5 1 

Hold 4  - 
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Table (2-9): PCR  Program of blaTEM gene:  

PCR step Temperature 
(Cº) 

Time Repeat 

Initial Denaturation 95 5min 1 

Denaturation 94 30s 

30 cycle Annealing 62 30s 

Extension 72 30s 

Final Extension 72 10min 1 

Hold 4  - 

 

 

2.2.9.7. Agarose Gel Electrophoresis 

     TBE 1X buffer was added to the electrophoresis tank, tray with agarose 

which had previously attended was immersed in electrophoresis tank. Each well 

is loaded with 5µl of  DNA sample. Then standard molecular weight of DNA 

ladder (5µl) is loaded in a first well. Electrophoreses run at 65 volt for 1hr, the 

gel was visualized by and then photographed by using a gel Documentation  

system (Mishra et al., 2010).             
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3. Results and Discussion 
 

3.1. Samples collection and isolation 

      A total of 291 samples were collected during the period from October 2018 

to the end of December 2018, and cultured according to the standard laboratory 

technique, the  number of positive growth was 235 samples which included 138 

samples from urine, 28 samples of seminal fluid, 30 samples of wound swabs 

and 39  were blood samples. 105 (44.7%)  E. coli were recovered from all type 

of positive growth as showed in table (3-1).  

      These results were  strongly similar to the study  of  Al-Dulaimi et al. (2015) 

where their result was 44.8% in Babylon city, also corresponded with  a study 

reported in India by Singh et al. (2016) and Andrew et al. (2017) in Southwest-

ern Uganda  where identified  E. coli was 44% for both. While the results were 

more than those obtained in the study conducted by Al-Jelehawy (2016) in Di-

wania  city  which that 22.27% and higher than  other study reported in India by 

Akila et al. ( 2017), and in Ethiopia by Gashe et al. (2018) where the results  

were 21.96% and 25.4% respectively, also in a study reported in Babylon done 

by Al-Hasnawy et al. (2018) that was 15%. The results of  the present study 

were less than that of a studies conducted by Dagi et al. (2015) in Turkia and 

Bora et al. (2014) in India where the results were 70% and 73.6% respectively. 

      Navidinia et al. (2014) and Sáez-lópez et al. (2018) concluded that  E. coli  

which  caused most  extraintestinal  infections was commensal strain in original, 

but become pathogen by adaptation stratagems or gained of virulence factors. 

Moreover, there is Physiological study which conducted by Murthy (2006)  who 

noted  that E. coli have the ability to adapt themselves to their different envi-

ronments. 
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Table(3-1): Number and percentage of E. coli from positive growth of different   

clinical cases.  

 

Positive culture 
 

 

Number of isolate (%) 
 

E. coli 105 44.7 

Other causes 130 55.3 

Total positive culture 235 100 

 

 

      Data in current study showed that the high rate of E. coli isolated from urine 

91(65.9%), followed by seminal fluid, wound swab and  blood as indicated in 

the table (3-2) which show 21.4%, 13.3%, 10.3% respectively. 

 

Table(3-2): Number and percentage of E. coli of isolates according to 

        source of infection.    

Samples 
type 

Infection 
type 

No. 
Samples  

 No. 
Positive 
growth 

No.  
E. coli 
isolates 

 E. coli 
Percentage(%) 

Urine 

 

Urinary tract 
infection 

159 138 91 65.9 

Seminal 
fluid 

Genitourinary 
tract infection 

39 28 6 21.4 

Wound 
swab 

Wound 
 infection 

41 30 4 13.3 

Blood 

 

Septicemia 52 39 4 10.3 

 

Total - 291 235 105 44.7 
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      A similar conclusion was reached by Omololu-Aso et al. (2017) who con-

cluded that  E. coli was the most gram negative abacteria found in clinical labor-

atories samples including the majority of urinary, wound, blood and peritoneal 

samples. Also similar pattern of  results concluded by Lhwak and Abbas (2018) 

in Babelyon city  where the results was 63.3% and with  study reported in other  

country for researchers  Ouedraogo  et al. (2016) who reported in their study on 

urinary tract infections, E. coli was the most frequent isolate (67.5%) among all 

the identified bacteria. Also, compatible with the result of a study reported by 

Sohail et al. (2015) who studied urinary tract infection and they found that the 

most predominant isolated bacteria was E. coli (62%). While these result was 

contrary to the findings of Saleh and Hussein (2019) in Thi-Qar city which re-

ported that 30% of  E. coli  recorded from Immunosuppression Patients, also 

went beyond previous reports conducted in Al-Najaf province by Majeed and 

Aljanaby (2019) where  E. coli presented 38.9% of identified bacteria isolated 

from patients. 

      The leading causes to the highest rate of isolation from urinary tract infec-

tion might attributed to the possession of E. coli to pilli (adhesins) which help 

for attachment to the uroepithelial cells and prevent bacteria from urinary lav-

age, allowing for multiplication and tissue invasion  resulting in invasive infec-

tion and UTIs (Amiri et al., 2009). Moreover,  Abraham (2011) considered in 

his study that E. coli is responsible for two types of urinary tract infection which 

are a symptomatic and symptomatic infection, and they are consider major etio-

logical agent for this infection. Contamination also may be cause  this infection. 

       As shown in Table (3-2) which  mentioned the percentage of E. coli in sem-

inal fluid was 21.4% that conform with study reported by Moretti et al. (2009)  

where the result was 20.3% from sperm culture also they concluded in their 

study that sperm bacterial contamination is quite frequent and could contribute 

to the decay of the sperm quality of infertile men. While in a study conducted by 

Anago et al. (2015) the result was 1.2%, whereas, Vilvanathan et al. (2016) was 
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deduced that prevalence of E. coli in seminal fluid was 10%. Solomon and Hen-

kal ( 2017) were considered  that E. coli  is the most common nonsexually 

transmitted urogenital tract microbes, these pathogens cause epididymitis, epi-

didymo-orchitis, or prostatitis and contribute to increased seminal leukocyte 

concentrations. Nonetheless Villegas et al. (2017)  mentioned that the most E. 

coli isolated from semen is uropathogenic (UPEC) and can damage sperm in dif-

ferent ways. Also it has an important role in causing male infertility associated 

with genital tract infections, the main mechanism postulated for male infertility 

by E. coli is the profound damage to different sperm processes and function, ei-

ther by direct contact and/or through secreted toxins. 

      In  the current study, the result of  wound swab was 13.3%. It was cognate to 

the percentage of study conducted by  Nasser (2017)  in Baghdad city which was 

7.5%, while another  study performed  in Nepal by Nepal et al. (2017) was 

2.9%, whilst a study implemented by Roy et al. (2017)  in Bangladesh  indicated 

that the percentage of isolated E. coli  was 23.7% where they considered  in their  

study  that  E. coli is the second most  common isolate in wound infection.   

      Insan et al. (2013) defined wound  as a breach in the skin and the exposure 

of subcutaneous tissue following loss of the skin integrity which provides a 

moist, warm and nutritive environment that is conductive to microbial coloniza-

tion and proliferation. Additionally, Kumburu et al. (2017) and Janssen  et al. 

(2018) noted that the wound infections are an emerging medical problem world-

wide, the economic burden and morbidity and mortality rates are huge. 

      In  the present study  the percentage of E. coli in blood cultures was  10.3% 

which  was directly in line with the result reported by Kumburu et al. (2017) 

where the result was 9.1% in  Northern Tanzania, also corresponded with a 

study conducted in Iraq by Aljanaby et al. (2017) that  was 14%, while other 

studies conducted by  Nasser (2017) and Nepal et al. (2017) the results were 5%  

and 2.2% respectively.  
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      Lamy  et al. ( 2016) noted that blood stream infections (BSIs) are  a major 

cause of death in  the developing  countries and the detection of microorganisms 

is essential in managing patients, despite major progress has been made to im-

prove identification of microorganisms, Blood culture (BC) remains the gold 

standard and the first line tool for detecting BSIs. ESBLs producing strains of E. 

coli are a significant cause of BSIs in hospitalized and non-hospitalized patients 

that was recorded by Tumbarello et al. (2008) who mentioned in their previouly 

study that delaying effective antimicrobial therapy in BSIs caused by ESBL 

producers significantly increases mortality . 

      The differences in the ratio of identified  bacteria are may be due to the level 

of health in different communities, also may be due to the heterogeneity in the 

laboratory methodsgused to isolate and diagnose bacterialkpathogens in the dif-

ferent countries and regions of the developing countries. This may also be at-

tributed to differences in patient environments taking into consideration the hos-

pital environment in addition to antibiotics usedmin treatment indiscriminate 

lead to heterogeneity and spread of bacterial species. 

3.2. Diagnosis of E. coli 

3.2.1. Conventional diagnosis 

3.2.1.1. Morphological and Microscopic characteristics 

      Diagnosis of E. coli was completed by using documented methods that men-

tioned in section (2.2.5.1) by the examining the morphological characterization 

of the growing colonies of E. coli on different culture media Include( enrich-

ment , selective and differential media). The samples were cultured on Mac-

Conky agar, a blood agar, EMB and Chrome agar as shown in figure (3-1). The 

colonies of  E. coli under study was characterized by; its small, smooth and dry, 

fermented lactose sugar. Pink color on MacConky agar;  the morphological 

characteristics of E. coli isolates of present study was similar to that in a study 

conducted by Barcella et al. (2016) and Al-Zubaidy (2016) who showed growth 
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of circular, pink color, lactose fermenting colonies of E. coli on the MacConkey 

agar media. 

      While E. coli  appeared as Gray  color colonies and some  of them showed 

their ability to hemolysis on Blood agar  that was compatible with  researchers 

Saleh and Hussein (2019). On EMB the colonies appeared  green, these results 

were  in line with previous studies obtained by Al-Zubaidy (2016) in Baghdad 

and Zandi et al. (2017)  in Iran which exhibited that the E. coli displayed green 

with metallic sheen colonies on eosin methylene blue (EMB) agar.      

        On Chromogenic medium, the colonies of identified  E. coli were light pink 

color where this medium used for the enumeration and identification of micro-

organisms from clinical specimens and food, special formula allows also con-

firming directly the indole tests,  this media contain peptone, yeast extract,  tryp-

tone, sodium chloride, chromogenic mixture, and agar in addition to final pH 

was (7.2 ± 0.2).  Where Peptone, tryptone and yeast extract are a source of ami-

no acids and vitamins, Sodium chloride maintains the osmotic balance of the 

environment, Chromogenic mixture allows identification of microorganisms 

based on colony color and morphology. These results were matched with Ver-

haegen et al. (2015)  and Al-Shweely (2018) where E. coli form pink colonies.  
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Figure (3-1):  Morphological  characteristic of E. coli on different culture Media (A): E. coli 

colony on Chrome agar, (B): E. coli on EMB agar, (C): E. coli on MacConkey agar and (D):  

E. coli colony on blood agar. 

 

      The result of Gram staining demonstrated that  E. coli was observed as pink 

colored, nonspore , cocco bacilli and vary in length as shown in Figure (3-4). 

The findings were directly in line with previous studies conducted by Akter et 

al. (2016) who reported that E. coli was a Gram negative bacteria with rod 

shaped appearance that arranged in single or in pair and pink color colonies. 
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Figure (3- 2): Gram staining of  E. coli isolated under the light  microscope using oil 

immersion lenses (100X).                                                                                        

                                                             

.2.1.2. Biochemical Tests3 

      The biochemical tests were  performed on suspected E. coli that recovered  

from  different clinical cases , the results of  the current study found that  105 E. 

coli  were lactose fermenter. Furthermore, E. coli was Indole and methyl red 

tests positive whereas  negative for both voges-proskauer , and citrate utilization 

tests. On kligler agar E. coli  revealed A/A reaction with gas production and 

were non  H2S producer. Also, it is negative for oxidase and positive for cata-

lase tests as shown table (3-3). Moreover, the findings of biochemical tests were 

consistent with the findings of Ali et al. (2017) in Diyala and Saleh and Hussein 

(2019) in Thi-Qar city. 
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     Table (3-3): Results of biochemical tests for isolated  E. coli 

 

 

3.2.2. Confirmatory  identification of E. coli 

      For further  confirmation,  E. coli isolates  were subjected to API 20E and 

Vitek 2  system as showed in section (2.2.5.2). These tests are considered as 

confirmatory tests to decrease the time required for the bacterial diagnosis by 

conventional biochemical test.  

3.2.2.1. Analytic Profile Index 20 Enterobacteriaceae (API 20E) 

      To confirm the preliminary identification of E. coli, the (API 20E) system 

was implemented to got this objective . Sixty three (60%) of  isolates were  iden-

tified  by  this system  as  previously mentioned in section (2.2.5.2.1) and  

shown in  Appendix (5) and Figure (3-3)  where  the  Api20E strip is shown after 

it is inoculated with a bacterial suspension and incubated for 24hrs in 37C˚, 

which strongly support the conventional tests and this concordance with study 

conducted by Yousef et al. (2013) and Al-Zubaidy (2016) who referred to the 

use of the API 20E test as a diagnostic golden biochemical tool for identification 

Biochemical test 
 

Result Percentage  of E. coli 

Indole 
 

+ 
100% 

Methyl red 
 

+ 
100% 

Voges-Proskauer 
 

- 
100% 

Citrate Utilization 
 

- 
100% 

Kligler agar 
 

A/A with gas, no H2S 
100% 

Catalaes 
 

+ 
100% 

Oxidase 
 

- 
100% 
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of E coli isolated from different clinical samples. While  the results were 82.7% 

in study conducted by Al-Oebady (2017). 

      The major advantage of the API 20E system is that it is more convenient and 

easier to identify Gram-negative bacteria than the conventional tests (Blazevic et 

al., 1979). The API 20E is one of the original miniaturized systems; still in wide 

spread use for the identification of members of the Enterobacteriaceae since the 

1970s, this system is based on 21 different biochemical tests such as the produc-

tion of indole, citrate utilization, voges-proskauer reaction, carbohydrate fer-

mentation and other tests (Schmidt and Relman, 1994).  Abulreesh (2014) con-

cluded in his study  that  API 20E was found to produce more accurate identifi-

cation with isolates of clinical but not environmental origin. 

 

 

 
 

Figures (3-3): The strip of  Api-20E system : (+)The test positive; (-)The test negative. 
 
 
3.2.2.2. Vitek 2 System 

      Forty two (40%) of suspected  E. coli were confirmed by Vitek2-automated 

system. The results strongly  support the other  conventional   results. Appendix 

(6) shows the result of Vitek 2 system  for one of the studied samples.  

      The Gram negative card was based on established biochemical methods and 

newly developed substrates measuring carbon source utilization, enzymatic ac-
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tivities, and resistance (Chang et al., 2002). There were 47 biochemical tests and 

one negative- control well. Final identification results were available in approx-

imately 10 hrs. or less.  

      In the present study all results were excellent which concluded that the 

VTEK2 Gram-negative identification method is an acceptable automated meth-

od for the rapid identification of Gram-negative bacteria as mentioned by Al-

Humam (2016). Current results coincides with  the study of  Ali (2017) who  

showed the  ability of  VITEK2 systems to identify more than 150 Gram-

negative bacilli. While  our result study was higher than the results achieved by  

Guran et al. (2017 ). 

3.3. Antibiotic Susceptibility 

       The antimicrobial susceptibility test for completely identified (105) E. coli 

isolates. The  results  demonstrated that E. coli varied in their resistance and sen-

sitivity for screened 18 antibiotics  belong to the following groups: (penicillins, 

cephems,  monobactam,  carbapenems, β- lactamase inhibitor,  aminoglycosides, 

Fluoroquinolones,  Nitrofurantoins and  folate pathway inhibitors) which used as 

a traditional treatment for the infections  caused by this bacteria as in the table 

(3-4) and figure (3-4) 

     Antimicrobial resistance has become .a major medical and public health. 

trouble in hospitals and also. in the community (Nugent. et al . 2010).  Further-

more,  .Jena  et al. (2017) confirmed that  knowledge of resistance pattern can 

help physicians  to select  suitable  empirical antibiotic regimens, so that antibi-

otics  showing high-resistance  pattern  can be avoided.  
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Table (3-4): Results of  Antibiotics susceptibility test for E. coli  isolated from 

different clinical cases(n=105) . 

 

No Antibiotic Sensitive 

No.(100%) 

Intermediate 

No.(100%) 

Resistance 

No.(100%) 

1 Ampicillin 2 (1.9) - 103 (98.1) 

2 Piperacillin 4 (3.8) - 101 (96.2) 

3 Oxacillin 5 (4.8) 2 (1.9) 98 (93.3) 

4 Amoxicillin/ Clavulanic 

acid 

8 (7.6) 2 (1.9) 95 (90.5) 

5 Cefoxitin 8 (7.6) 6 (5.7) 91 (86.7) 

6 Ceftazidime 7 (6.7) - 98 (93.3) 

7 Ceftriaxone 11 (10.5) 2 (1.9) 92 (87.6) 

8 Cefotaxime 6 (5.7) - 99 (94.3) 

9 Cefpodoxime 4 (3.8) 3 (2.9) 98 (93.3) 

10 Cefepime 8 (7.6) - 97 (92.4) 

11 Aztreonam 11 (10.5) 8 (7.6) 86 (81.9) 

12 Imipenem 105 (100) - - 

13 Amikacin 95 (90.5) 4 (3.8) 6 (5.7) 

14 Gentamicin 46 (43.8) 3 (2.9) 56 (53.3) 

15 Norfloxacin 56 (53.3) - 49 (46.7) 

16 Ciprofloxacin 69 (65.7) - 36 (34.3) 

17 Nitrofurantions 65 (61.9) 3 (2.9) 37 (35.2) 

18 Triomethoprim 

/Sulfamethazole 

33 (31.4) - 72 (68.6) 
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Figure(3-4): Disk diffusion method show resistance of  E. coli (42) to the screened antibiot-

ics: CN(Gentamycin), FX(Cefoxitin), NOR(Norfloxacin), AK(Amikacin), FEP(Cefepime), 

CIP(Ciprofloxacin). 

      Data in the current study showed high strongly resistance to Ampicillin  

reached to 98.1%  which  greatly  similar  to local  studies in Al- Najaf  reported 

by Al-Hilali (2015) and in Al-Diwaniya by Al-Jelehawy (2016) where the re-

sults were 99% and 95.91% respectively. Another local study in Tikrit conduct-

ed by Alsamarai et al. (2016) showed that all isolates are completely (100%) re-

sistant. Also, another study in Saudi  Arabia  conducted by Yasir et al. (2018)  

where similar pattern of results were obtained that was 99.5%.  

       Moreover, E. coli showed  high resistance to piperacillin which was 96.2% 

that in agreement with  local studies for Al-Hilali (2015) in Al-Najaf  and Ali et 

al. (2017) in Diyala where the results were 95.2% and  93.3% respectively, also 

in concordance with a study reported by Cebeci et al. (2019) where .the .result 

.was 98% for E. coli isolated from clinical samples in some  European country. 
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      The data in table (3-4) show the resistance to  oxacillin  was 93.3%. This re-

sult was broadly in line with a study for Al-Hassnawy et al. (2018) in Babylon 

where all isolates are fully resistance (100%) to oxacillin.  

      The resistance to amoxicillin/clavulanic was 90.5% which was highly simi-

lar to the findings in different places obtained by Jena et al. (2017) where  the 

result was 90.9%, which also agreed with many local studies as  Aljanaby et al. 

(2017) and Al-Hasnawy et al. (2018) where the resistance was 92% and 86% re-

spectively, whereas in the study for Ali et al. (2017) in Diyala, the result was 

73.3%.  

      The most reliable interpretation for the resistance of E. coli against ampicil-

lin and amoxicillin/clavulanic acid, may be due to predominate gene resistance  

among E. coli isolated in this study and ability E. coli to have Beta-lactmase. 

Sasaki et al. (2010) found that 85.1% of the isolates had the ability to produce 

beta-lactam enzymes. These enzyme such as ESβLs which analyzes the beta-

lactam ring (Skurnik et al. 2005). The reason of  high resistance to penicillins  

for identified E. coli in the current study isolates was may be due to the high 

production of TEM Extended Spectrum β-lactamase, be genetically localized on 

the chromosome and  the plasmid. 

      Data in the current study revealed  that high resistance to monobactam group 

which represented by  antibiotic aztreonam where the resistance percentage was 

81.9%. This to some extent  in concordance with the results achieved by Al-

Hassnawy et al. (2018) that  was 92%, while the resistance  to this antibiotic in a 

study of Azekhueme et al. (2015) was 41.1%.  

      The Present study showed that 86.7%  of  E. coli isolates were cefoxitin re-

sistant which coincidently with a study of Hassan et al. (2018) in Saudi Arabia 

where the result was 90%. The frequency of cefoxitin resistance in our study 

was higher than previous studies recorded in Al-Diwaniya city and Al-Najaf im-

plemented by Al-Jelehawy (2016) and Alfatlawi et al. (2019) in Al-Najaf  where 

the result was 34.69% and 59% respectively.  
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      Reduced susceptibility to cefoxitin in the E. coli may be an indicator of 

AmpC activity, but cefoxitin resistance may also be mediated by alterations to 

outer membrane permeability (Tan et al., 2009). 

        Data in the current study exhibited high resistance to third-generation ceph-

alosporins. These findings were consistent with the study of Al-Hassnawy  

(2018)  in Babylon  who  concluded that  there  are a high resistance of bacterial 

isolates to most antibiotic especially to β –lactam antibiotics.  

      As shown in table (3-4) resistance to cefotaxime was 94.3%  which  is simi-

lar to the study in Babylon  conducted by Al-Hasnawy (2018) where all isolates 

of E. coli fully (100%) resistant to cefotaxime, and also the current  study re-

semble that of  Aljanaby and Alfaham. (2017) where  the result  was 92%. 

      The resistance ratio to ceftazidime was 93.3%. Similar conclusion was 

reached by Aljanaby and Alfaham (2017)  who obtained  the ratio of resistance  

(96%), while  these results went  beyond previous report conducted by Gashe 

(2018) in Ethiopia which showed that the result of resistance to this antibiotic 

was 65%. Furthermore, the study conducted by Azekhueme et al. (2015) who 

found that resistance to cefotaxime and ceftazidime was 41.7% for both. 

       In  the current study the  resistance  to ceftriaxone was  87.6%. This result  

is in agreement with local studies implemented by Aljanaby and Alfaham (2017) 

and  Al-Hassnawy et al. (2018)  where the ratio was 90% and 87.5% respective-

ly. Moreover, the result  of resistance to third generation group was closely re-

lated to the  result of study in Nepal conducted by  Nepal et al. (2017) which  

was 84.8% to ceftriaxone, while incompatible with a study conducted by Polse 

et al. (2016) that was 52% in Zakho. 

      Resistance to antibiotic cefpodoxime was 93.3% which was on the same line 

of study reported by Singh et al. (2016) in India  and  in Uganda by Andrew et 

al. (2017)  where the results were 88.6% and 96.4%, but incompatible with 

study of Azekhueme et al. (2015) in which the ratio of  resistance was 39.6%.    
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      The results in the present study exhibited that 92.4% of  resistance to fourth 

generation of cephalosporins (cefepime) that  somewhat convergence with  re-

sult  of Mawlood et al. (2018) that  was 79.2% in Erbil city while these results 

were contrary to  the findings of  Singh et al. (2016) which result of resistance to 

this antibiotic was 36.9%.   

      In this study, resistance to cephalosporins coincides with a study in Nepal 

conducted by Wagle et al. (2018) who concluded that  E. coli were the most 

common pathogen isolated and were highly resistant to common antibiotics for 

oral use such as cephalosporins. In addition to Moghnieh et al. (2018)  who de-

duced that E. coli and  Klebsiella  spp  have high resistance to third-generation 

cephalosporins is common in all countries, with  prevalence reaching more  than 

50% in Syria and Egypt.  

      The present study reported  high resistance rates to most antibiotics specially 

Beta-lactam that may be due to uncontrolled consumption, consequence of easy 

access to inefficient and cheap antibiotics, also caused mainly by mutations in 

the common group of class A β-lactamases, which consisting of TEM, SHV and 

CTX-M β-lactamases that has extended hydrolytic spectrum activity on cepha-

losprins. Furthermore, Walther-Rasmussen and Hoiby (2004)  concluded in their 

studies that high rate resistance to ceftazidime and cefotaxime may be related 

with production of enzymes named cefotaximases (CTX-M), where these CTX-

Ms showed a much higher degree of activity towards cefotaxime than to 

ceftazidime . 

      Also the high resistance  against Beta-lactam antibiotic in  the present study  

may be due to the high prevalence of TEM and CTX-M enzymes in  E. coli iso-

lated in this study that corresponded to a study achieved by  Haghighatpana et 

al. (2016) on  the other hand, Ruppe et al. (2015) deduced in  their study that 

the dramatic increase in the rates of resistance to third-generation cephalospor-

ins  in Enterobacteriaceae mainly results from the spread of plasmid-borne 

ESBLs, especially those belonging to the CTX-M family.  So, European 

https://www.sciencedirect.com/topics/immunology-and-microbiology/escherichia-coli
https://www.sciencedirect.com/topics/immunology-and-microbiology/klebsiella
https://www.sciencedirect.com/topics/medicine-and-dentistry/cephalosporin-derivative
https://www.sciencedirect.com/topics/medicine-and-dentistry/prevalence
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.Center for Disease prevention and. Control (2014)  considered  the inclusion; 

ceftazidime  and cefotaxime where these antibiotic can .help detect theses en-

zyme CTX-M whereas  cefpodoxime  alone. can be used to detect other such as 

TEM type 

      In the present  study, we used two antibiotics from flouroquinolones family 

belong  to the second generation. The result of  their resistance was 46.7% to 

norfloxacin and 34.3% to ciprofloxacin. Two studies in India performed by 

Singh et al. (2016) and  Shanthi and Madhumathy (2018) they found that the  

resistance  to norfloxacin were 81.9% and 72.71% respectively. 

     The result of ciprofloxacin was in agreement with studies  for Hamdoon 

(2011) who found the resistant to this antibiotic was 33.4% and corresponded 

with a study for Nanakali and Ahmad (2015) that was 32.8% .While this result 

was in compatible with local study  reported by  Hussein (2018) in Thi-Qar 

province where the result was 70% and inverse with other study in different 

countries as Yasir et al. (2018) in Saudi  Arabia  who explained that the percent-

age of E. coli  which resist to ciprofloxacin was 68.2%.  

      Shanthi and Madhumathy (2018) concluded in their study that high drug 

concentration in the urine can be obtained when fluoroquinolones are used spe-

cifically to treat urinary tract infection so these antibiotics are particularly used 

to treatment UTI. The effectiveness of these antibiotics starts by inactivate the 

DNA gyrase, the accumulation of double-stranded bands in the bacterial cell ge-

nome, which im pedes the basic movements of DNA and RNA polymerase 

along the DNA template. In addition to Yadav et al. (2015)  who observed that 

ESBL producers are often resistant to other antibiotics in addition to β-lactam, 

such as fluoroquinolones.  

        Resistance to gentamicin was 53.3% a similar pattern of findings were  

reached by Anago et al. (2015) and  Aljanaby and Alfaham (2017) who found  

the results were 54.8% and 46% respectively, whereas in a study conducted in 

Northest  Ethiopia by Kibret and Abera (2011) who considered gentamicin was 
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appropriate for empirical treatment of E. coli  isolated from different clinical in 

the study area.  The present study went beyond a previous report of  Azekhueme 

et al. (2015) showing that resistance to gentamicin was 22.9%. The high re-

sistance to this antibiotic in our current study and its difference from the recent 

local studies and previous studies may be attributed to the different region and 

environmental conditions as well as the lack of awareness in most patients and 

taking medicines without consulting the doctor. 

     The majority of E. coli (90.5%) were sensitive  to amikacin.  These findings 

were in accordance with findings reported by Singh et al. (2016) where the re-

sults was 88.4% while other studies implemented by Al-Hasnawy et al. (2018) 

and Cebeci et al. (2019) the result was 73% for both. Most studies have investi-

gated the effectiveness of amikacin against E. coli isolates, which may be due to 

the low use of this type of antibiotic compared to other types  due to its Toxicity. 

      The present study reported that resistance of E. coli to trime-

thoprim/sulfamethoxazole was 68.6%,  overall these findings were in accord-

ance with findings reported by Yasir et al. (2018) in Saudi Arabia  where the re-

sult of resistance was 66.4% but it was less than a study for Anago et al. (2015) 

that was 86.9% and more than a local study for Alfatlawi et al. (2019) where the 

rate of resistance  was 7%. 

      In the  present study 35.2% of E. coli  were resistant to nitrofurantion,  this 

result was more than a study for Al-Jelehawy  (2016) whose findings was  

12.24%, which was also higher than a study by Yasir et al. (2018) in Saudi 

Arabia where the results were 6%, whilst this result was  less than a study con-

ducted by  Aljanaby and Alfaham (2017)  whose result was 80%. 

      Tulara (2018) explained in his study on ESBLs producing E. coli  in India 

that  nitrofurantoin  was actively against ESBLs  E. coli  and showed that this 

antibiotic is important for the treatment  of many types of infections, including 

complicated infections in urinary tract and other sites in the body. Also Munoz-

Davila (2014) highlighted on this antibiotic and observed that  his safety through 
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using  have made it the antimicrobial of choice in the prophylaxis and treatment 

of lower UTI in adults for many years.  Moreover Klesiewicz et al. (2018) men-

tioned that nitrofurantion derivatives displayed higher antimicrobial activity than 

other antimicrobial agents regardless of bacteria species or resistance mecha-

nism.  

      Moreover, Haghighatpanah et al. (2016) was observed that E. coli is an im-

portant cause of  noscomial infections  worldwide, where their antimicrobial re-

sistance leads to treatment failure  of  hospital infections  which caused 

by  ESBLs E. coli,  so  ESBLs  is considered one of the major causes of antibi-

otic  resistance  in these bacteria. 

       The most effective β-lactam antibiotics was imipenem where 100% of E. 

coli were sensitive to it, this agree with study for Alfatlawi et al. (2019)  in 

Najaf  province and  Kumar et al. (2014)  in India where all E. coli fully (100%) 

sensitive to imipenem, another study for Anago et al.  (2015) in Cotonou city 

revealed that 96.4%  of E. coli   where sensitive to imipenem.                                       

       A Similar conclusion was reached by Shaikh et al. (2015)  who noted that 

carbapenems are widely regarded as the drugs of choice for the treatment of se-

vere infections caused by ESBL-producing Enterobacteriaceae. Moreover, in  a 

recent study for Cebeci et al. (2019)  who considered the antibiotic imipenem 

and meropenem must be preferred drugs for infection  of E. coli  which isolated 

from clinical samples.  Also, in a study for Reimer (2019)  who observed that  

treatment choices for these ESBLs are limited, and the most effective antibiotics 

against ESBL-producing Enterobacteriaceae infections are carbapenems. 

      In  the current study, all isolates were multidrug resistance (MDR) because 

that were resistant to at least three classes of antibiotic, this correlated  with  the 

study of  Magiorakos et al. (2012) who concluded that  E. coli considered as an 

MDR if it was resistant to at least three classes  of  antibiotic.  In a large number 

of previous studies, MDR strains have a high percentage of E. colicisolated from 

clinical specimens such as a study for Al-Hilli (2010)  who revealed that all E. 
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coli isolate obtained from Merjan Teaching Hospital in Hilla were considered as 

MDR. So, the appearance of MDR isolates of E. coli has caused many problems 

in the treatment of E. coli (Ahmadikiya  et al., 2017).  

      The careless antibiotics usage, without antibiotic sensitivity testing, is the 

most important factor promoting the emergence of MDR, which causes selection 

and dissemination of antibiotic resistant pathogens in clinical medicine. Fur-

thermore, easily available of drugs in our province which taken from pharmacy 

without doctor prescription and  instruction, lack of health education in some in-

dividuals  and the availability of antibiotics is relatively cheap,  and high preva-

lence of ESBLs  might be lead to increase of MDR strains, such as what ob-

served by Thiong,o (2014) which concluded that multi-drug resistance among 

Gram negative bacteria is on the increase due to acquisition and expression of  

ESBLs. 

3.4.  Phenotypic Detection of ESβLs 

      The ESβLs enzymes was screened in all identified E. coli (n=105) using the 

Screening Test  according to CLSI (2017). The results revealed that 87 82.9% 

were  positive for screening ESβLs test as showed in table (3-5). These findings 

were consistent  with Kamel et al. (2013)  who recorded 83.3% of E. coli  were 

positive for this test. Also, these results were in accordance with that obtained 

by Al-Hasnawy et al. (2018) where the  results was 100% while these results 

contrary to the findings of Mohammed et al. (2016) in which the result was 

33.5%.  The high incidence of ESBL-producinga isolates obtained in this study 

was probably due to the consumption of large amount of third-generation cepha-

losporins, trend of self-medication, and the extensive prophylactic misuse of an-

timicrobials by Iraqi patients and physicians. 
        All isolates that  were positive for the screen test were subjected to a con-

firmatory test (DDST) where was done according to Bedenić et al. (2010)  

which was explained in section (2.2.8.2), the results  appeared that 19 (21.8%) 
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of isolates were ESβLs producers as in figure (3-5). The enhancement or extend-

ing.of the inhibition zone.around the test antibiotic disk increased .towards the 

(AMC) disc called .ghost-zone, this refer to the inhibition of ESβLs. This in-

crease of the inhibition zone occurs because the clavulanic acid .present in the 

amoxicillin-clavulanic acid .disk inactivates the ESβLs produced by .the tested 

microorganisms (Chaudhary., 2004).  These  results were  very close to the find-

ings of  Mohammed et al. (2016)  in North Eastern Nigeria that was 23.8%. Also 

Ashrafian et al. (2013) found that  26.5% of  E. coli were ESBL positive in their 

study conducted in Iran, while the results of a local study implemented  by Ali et 

al. (2017) in Diyala where  Phenotypic  confirmatory tests  showed that 10%, 

While Zandi et al. (2017)  showed that 30%  of  E. coli isolated from patients 

hospitalized  in Yazd  using combination disk test were ESBLs producers. 

Therefore  the differences among the results of  studies may be attributed to the 

different tests used and type strains of E. coli.   

     

Table(3-5): The frequence of ESBLs producing E. coli isolates by phenotypic  

tests.                                                                                                                   

No.(%) Confirmatory test 

No.(87) 

No.(%) 

 

Screen test 

No.(105) 

19 (21.8%) Positive 87 (82.9%) Positive 

68 (78.2%) Negative 18 (17.1%) 

 

Negative 
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Figure (3-5): The  Double Disk of Synergy Test of E. coli (n= 48) show the  effect of 

clavulanic acid as inhibitor for the producing of ESBLs and enhancing the zone of inhibition 

between AT(Aztreonam), CTX (Cefotaxime), CRO (Ceftriaxone), CAZ (Ceftazidime) and 

AMC (Amoxicillin + Clavulanic acid).    ……………………………………………………    

                                                                                       

 

AmpC -ESBL who found )2010. (et alKao  study implemented by  a nI        

they  and Enterobacteriaceae combinations were identified  in clinical isolates of 

the accurate detection of inder h might beisolates  thesesuch as  concluded

screening and confirmatory tests according to the phenotypes by s ESBL

                  .recommendations of the Clinical and Laboratory Standards Institute 

      Infections caused by ESBLs producing organisms have led to bad results; 

reduced rates of clinical and microbial response, longer hospital stays and great-

er hospital expenses (Tschudiu-sutter et al., 2010).  Also, Karanika et al. (2016) 

noted that  the prevalence rate of ESBL producer  in healthy people is significant 

worldwide, this should be taken into consideration in infection control and anti-

biotic administrative decisions. In addition to a study of Lota and Latorre (2014) 

were concluded to the prevalence of ESBL E. coli-producers ranged from 4%-

20.9%  in the Philippines from (1999-2013). Moreover, Zandi et al. (2017) con-

cluded in their study that frequency of ESBLs and its variants may vary in dif-

ferent geographical settings, as reports indicate their spread in some certain 

communities and no significant relationship was found between frequency of 

Key hole 
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ESBLs and age or gender. Additionally to  Livermore (2012) who observed that 

the prevalence of ESBLs genes differs among patient groups .  

 

3.5. Detection of .ESBLs genes by PCR technique 

      Molecular  Detection of .ESBLs genes (blaTEM,  blaSHV, blaCTX-M and  blaOXA 

genes) among the clinical. isolates of E. coli  on chromosome and plasmid was. 

done by a monoplex PCR as shown in table (3-6).  

Table (3-6): Prevalence of blaTEM,  blaSHV, blaCTX-M and  blaOXA genes in E. coli 

(no=105).                                                                                                          

Percentage(%) Total isolate(n=105) Gene 

100 Chromosome (105)  

blaCTX-M 100 Plasmid (105) 

100 Chromosome (105)  

blaTEM 100 Plasmid (105) 

100 Chromosome (105)  

blaOXA  99.05 Plasmid (104) 

45.7 Chromosome (48)   

blaSHV 41 Plasmid (43) 

 

3.5.1. Molecular Detection of ESBL Chromosome  Encoded Genes   

3.5.1.1. blaCTX-M  gene 

      Data of  the current study showed that blaCTX-M  gene with 550bp product size 

was 100% carried on chromosome of subjected E. coli as in figure (3-6). This 

result is very close to the study in different places for  Kiratisin et al. (2007)  in 

Thailand which reported the highest prevalence of blaCTX-M gene among several 

bla genes in all isolates which was 99.6% and Yasir et al. (2018) in Saudi Ara-
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bia where the result was 95.3%.  Also, like to some degree with local  studies 

such as Al-Jelehawy (2016) and Alfatlawi et al. (2019)  which  reported that ma-

jority of CTX-M  ESBL producers were E. coli, their results were 91.83% and  

86.3% respectively and another local previous study such as Hawkey (2008) re-

ported that all ESBL producing E. coli isolates in his study harbored blaCTX-M 

gene on chromosome. Yongjung et al. (2009) noticed that CTX-M was predom-

inantly the most common type of ESBL in E. coli compared with SHV and TEM 

enzymes. Furthermore, Feizabadi et al. (2010) mentioned in their study that 

CTX-M was considered as a common type of ESBLs that detected at Asia, Eu-

rope, North and South America among multidrug-resistant in E. coli. Also these 

result were farther than the  study of  Ali (2018) who found 73.3% of E. coli car-

ried this gene while the  results  of  the present  study were incompatible with 

other studies in different places such as of AlBarraq et al. (2017) whose  result  

was 10%.  

      The main reason for the prevalence of CTX-M β-lactamases in Mysan Prov-

ince may be due to the wide use of certain third generation cephalosporins 

which led to high resistant in our study. A similar conclusion was reached in our 

study, there are high resistance against these antibiotic by identified E. coli. Ad-

ditionally Pitout (2010) pointed in his study that E. coli producing  CTX-M  en-

zyme (especially CTX-M-15) have emerged worldwide as important causes of 

community-onest UTIs and BSIs. 

 

 

 



Chapter Three                                                                Results and Discussion  

 

55 
 

 
Figure (3-6): Agarose gel electrophoresis of  PCR chromosome encoded blaCTX-M gene, am-

plicon (550bp), where  L: ladder (100bp) , Lane(2-19) positive results, C: Control (only pri-

mer+ Master Mix),  the gel stained by ethidium bromide (0.5 μg/ml) and (65) volts for one 

hour.     

 

3.5.1.2. blaTEM gene 

      The blaTEM gene which was their product size 374bp was 100% carried on 

chromosome of isolates as in figure (3-7). This result was strongly similar with  

the local study of Al-Jelehawy (2016) who clarified that  100%  of  E. coli  iso-

lated  from  different  clinical cases in Najaf and Diwania cities  which were car-

ried this gene. The present study also in compatible with  another local study  of 

Alfatlawi et al. (2019)  which recorded that 82.0%  of E. coli carried this gene. 

      These results were somewhat like other studies in different  places imple-

mented by Yasir et al. (2018) where the results were 83.9% and pongpech et al. 

(2008)  who found that blaTEM gene was present in 78% of the confirmed E. coli   

which were ESBLs producers in Thailand.  Besides, there is a previous study 

conducted by Bradford (2001) who  reported that up to 90% of E. coli was am-

picillin resistance that due to the production of  TEM enzyme,. because this en-

zyme has the ability to hydrolyze penicillins and early cephalosporins.   

      Conversely, our findings don’t agree with studies of  Mawlood et al. (2018) 

who  found  that out of 21 E. coli isolate 6 (28.5%) were able to yield amplifica-

tion products with TEM-PCR specific primers  in study conducted in Erbil city,  

AL-Asady (2009) reported that out of 5 E. coli isolates only 1 (20%) was pos-

550
bp 
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sess blaTEM. genes , and AL-Muhannak  (2010) in Najaf showed that 5 (25%) of 

E. coli carried blaTEM gene. 

     In a previous study originated from a variety of geographically locations,  

conducted by Tomanicek et al. (2010) they were  concluded that the use of local 

antibiotics and practices may  play an active  role in encouraging the selection of 

point  mutations in the genes blaTEM.  

 

 
Figure (3-7): Agarose gel electrophoresis of PCR chromosome encoded  blaTEM gene, am-

plicon (374bp), where  L: ladder (100bp) , Lane(1-19) positive results ,the gel stained by eth-

idium bromide (0.5 μg/ml) and 65 volts for one hour.     

 

3.5.1.3. blaOXA gene 

      Our study showed that  high percentage of  blaOXA gene  which was their 

product  size  619bp on chromosome was detected in 100% in E. coli as in fig-

ure (3-8). A similar conclusion was reached by Alsamarai et al. (2018) 

where  the blaOXA  gene was detected in all tested E. coli, and compatible with 

local studies in Diwania achieved by Al-Jelehawy (2016) in which  the result 

was 91.3%, whereas the present study  went beyond  the study performed by  

Alfatlawi et al. (2019) in Al-Najaf where the results was  77.2%. 

 

374 
bp 
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Figure (3-8): Agarose gel electrophoresis of PCR chromosome encoded blaOXA gene, am-

plicon (619bp), where  L: ladder (100bp) , Lane(1-19) positive results ,the gel stained by eth-

idium bromide (0.5 μg/ml) and 65 volts for one hour.   

 

      The results of the current  study .were more than previous  local study in Al-

Najaf performed by AL-Muhannak (2010) who revealed that the blaOXA gene 

was detected in 5 (25%) of E. coli isolates, However, AL-Hilli (2010) found that 

all E. coli isolates from Merjan teaching hospital in Hilla city were negative in 

OXA-PCR.  

      Leylabadlo et al. (2015) found in their study that the diversity of car-

bapenemase enzymes depend on the country may be influenced by historical and 

cultural relationships and may also be due tohwars and moving troops. Cross 

border transfer of patients, medical tourism, travelers and refugees might also 

play a significant role. Therefore, the guidelines and appropriate infection con-

trol measures are important to prevent such infections among patients. 

 

3.5.1.4. blaSHV gene.……………           

      The  present study showed that prevalence ratio of blaSHV gene which their 

product 615 bp was 45.7% as in figure (3-9) which  conform  with a study in 

Iran for patients with urinary tract infection conducted by Seyedjavadi et al. 

(2016) in which the result was 45% and similar to  a comparative  study  con-

ducted by Al-Mayahie (2013)  in Wasit for ESBLs production E. coli isolated 

from .pregnant and non-pregnant women where the result was.44.7% in  non- 

pregnancy women versus to 4.3% in pregnant, and very close to  study of  Rezai 

619bp 
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et al. (2015) that  was 44% of  E. coli among uropathogens of  pediatrics in 

north of Iran. Also another local study aimed to evaluate the occurrence of 

blaSHV gene implemented by  Alfatlawi et al. (2019) in Najaf  where recorded 

that the prevalence of blaSHV gene that was  36.6%.                                                                                            

      The opposite of that, there are many local and international studies 

demonstrated a notable decline in the frequency of the  blaSHV gene such as a 

Also   .(2015) where the result was 0%..et alDagi  .(2015) and Hilali-Al study for

lates carried this of iso (2017) found that 5.56% .et al Akilastudy of   a in India

gene.  while another study in Saudi Arabia for AlBarraq et al..(2017) reported  

that the blaSHV gene was detected in 5 (7.1%) of isolates. Local  studies  for 

(2018) who obtained the results that  .et alHasnawy -Almany  researcher like 

 Lhwak   ,furthermorefrom different clinical samples carried this gene,  %6.6was 

and Abbas (2018) found  in their studies that the frequency of blaSHV gene was 

15.8% of the E. coli isolated from urinary tract infection of pregnancy women in 

Thi-Qar Province.                                                                       ………………… 

 

Figure (3-9): Agarose gel electrophoresis of PCR Chromosome encoded blaSHV gene am-

plicon (615bp), where  L: ladder (100bp), Lane (92, 90, 75, 84, 83, 81, 79, 78, 76) Positive 

results, Lane(45,73,72,71,70, 69, 68, 82, 80) Negative results,  C:control (only primer+ Mas-

ter Mix), the gel stained by ethidium bromide (0.5 μg/ml) and 65 volts for one hour. 
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3.5.2. Molecular detection of Plasmid encoded  ESBL genes    

      The  present  study also focused on detecting isolates with possible plasmid-

encoded  ESBLs  from 105 E. coli clinical isolates.  

3.6.2.1. blaCTX-M gene  

      In  the current study, the result revealed that (100%) of E. coli  carried 

blaCTX-M gene on plasmid as shown in figure (3-10).  These findings were  

strongly similar to a study for Kamel et al. (2013) in Egypt and Lohani et al. 

(2019)  in Nepal where the results were 100% for both, and also very close to 

the results achieved by Moghaddam et al. (2012) in Mashhad who concluded  

that  high prevalence of CTX-M  mediated plasmid where the result was 94.6%  

and  like to some degree with studies of Haghighatpanah et al. (2016) who  

found that 86.7% of E. coli carried blaCTX-M gene on plasmid. By surveying the 

literature, we recorded the increased prevalence of blaCTX-M  among  ESBLs  pro-

ducers in Norway was 90% conducted by Tofteland et al. (2007) and in a Swe-

dish 92% by  implemented by Fang et al. (2008).  

      Furthermore, Bush and Jacoby (2010)   pointed  that at the beginning of the 

21st century, a new family of plasmid-mediated ESBLs called CTX-M, which 

preferentially hydrolyze cefotaxime, became predominant in European coun-

tries, and started to spread in southeast Asia including the Philippines. Also it 

has been reported about  a study  conducted  in hospitals in the Philippines 

which  done by Lucena et al. (2012) discovered the predominance of CTX-M 

type ESBL among clinical isolates. 

    Hopkins et al. (2006) concluded that wide spread appearance of this type 

of ESBLs genes could be attributed to either diversity of molecular platforms 

associated with it as not only plasmids but, also location of blaCTX-M gene near or 

within transposons.  In addition to what was mentioned by Govinden et al. 

(2007) that the selective pressure exerted mainly by ceftriaxone and/or cefotax-

ime could be a reason behind wide spread of this type of genes. On the other 
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hand, the elevated rate of CTX-M β-lactamases in E. coli isolates suggested that 

the horizontal transfer of blaCTX-M genes, mediated by plasmid and/ or mobile 

genetic element, contributes to ease with which these enzymes are spreading in 

E. coli isolates and the dissemination of CTX-M enzymes. 

 

 
Figure (3-10): Agarose gel electrophoresis of PCR plasmid encoded blaCTX-M gene, amplicon 

(550bp), where L: ladder (100bp), Lane(1-18) positive results, C: Control(only pri-

mer+Master Mix), the gel stained by ethidium bromide (0.5 μg/ml) and 65 volts for one hour. 

 

3.5.2.2. blaTEM gene  

     .The present  study exhibited 100% of  E.coli isolates had blaTEM gene on 

plasmid as shown in figure (3-11), this  rate went beyond with a study conducted 

by Azargun et al. (2018) where the findings were 75.6% of E. coli isolating 

from patients with UTIs which is also more than another study in Sweden 

achieved by Fang et al. (2008) where the frequency of blaTEM gene was 63% 

among E. coli isolates, while these results were contrary to the findings of 

Kamel et al. (2013) in Egypt, Haghighatpanah et al. (2016) in Iran  and Lohani 

et al. (2019)  in Nepal where the ratio reached to 50%, 32.5% and 34.6% respec-

tively. The ratio of this gene in a study implemented by iMoghaddam et al. 

(2012) for patients with UTIs was 56.8%. 

      TEM-type ESBLs are the first plasmid-mediated β-lactamase that is often 

found in general of Enterobacteriaceae (Mulvey et al., 2004). However, Lartigue 

550bp 
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et al. (2007) noted that the transfer of blaTEM gene on mobile plasmid led to 

spread rapidly to members of the same species or organisms of different genera. 

      Additionally, Bonnet, (2004) explained that TEM is a broad spectrum β-

lactamase that is always combined with CTX-M in the same plasmid and the 

combinations of these genes are frequently seen in the ESBL producing strains, 

this conclusion may be one cause of prevalence TEM enzyme in our survey. 

 

 
Figure (3-11): Agarose gel electrophoresis of PCR plasmid encoded blaTEM gene amplicon 

(374bp), where  L: ladder (100bp) , Lane(1-19) positive results, the gel stained by ethidium 

bromide (0.5 μg/ml) and 65 volts for one hour.          

,……………………………………………………………………         

3.5.2.3. blaOXA gene  

      In this study, (99.05%) of E. coli were reported to carry this gene on plasmid 

as shown in figure (3-12). This finding was broadly in line with that obtained by 

Bertini et al. (2010) who noticed that  most of the groups of OXA-type -

lactamases have been identified on plasmids. While the result of  present study 

was more than the results of studies  performed by Carrer et al. (2010) in Tur-

key, Rimrang et al. (2012) in Pakistan and Nasser (2017) in Baghdad where 

their results were 5.5%, 19.2% and 10% respectively, also our results went be-

yond a previous report of Abdulla et al. (2016) in Babylon  who showed that 

25% of E. coli encoded for this gene isolating from patients with UTIs. 

     Haciseyitoglu et al. (2017) observed  that Iraq and its neighboring countries 

have a geographical significance to recognition of carbapenemase producing 

microorganisms and a high level of  MDR  Enterobacteriaceae were recorded. 

bp 374 
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On the other hand,  Baran and Aksu (2016) mentioned  that there are recently 

epidemiological information has emphasized that the commonest rate of OXA-

48 variations are quickly expanding and that OXA-48 is at present turning into 

the widespread carbapenemase class in Enterobacteriaceae in numerous coun-

tries in the world. Moreover, Carrer et al. (2010) in their study concluded that 

besides class B (VIM and IMP) and class A (KPC) carbapenemases, the class D 

carbapenemase OXA-48 type might contribute significantly to carbapenems re-

sistance in Enterobacteriaceae. Furthermore, Pulss et al. (2017)  clarified in their 

study that plasmid-mediated resistance to carbapenems and colistin in Entero-

bacteriaceae represents an emerging public health threat. Therefore, caution 

should be taken with E. coli in the study area for the presence of this gene at that 

high rate, and  quick recognition and of carbapenemes resistance in these bacte-

ria for proper choice of antibiotics and avoidance multidrug-resistant pathogens. 

 

 
Figure (3-12): Agarose gel electrophoresis of PCR plasmid encoded blaOXA gene amplicon 

(619bp), where  L: ladder (100bp) , Lane(1-18) positive results, C:control (only primer+ Mas-

ter Mix), the gel stained by ethidium bromide (0.5 μg/ml) and 65 volts for one hour. 

 

3.5.2.4. blaSHV gene 

       The data of this study showed that the rate of blaSHV  gene encoded on plas-

mid was 41% as shown in Figure (3-13). This somewhat  in concordance with 

studies for researchers from other countries  Kamel et al. (2013), Azergun et al . 

(2018) and Lohani et al. (2019) where the percentage were 37.5%, 33.3% and 

619 

bp 
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30.8% consecutively. These findings were different from a study for Fang et al. 

(2008)  that was 6% and disagreed with a study performed by Moghaddam et al. 

(2012)  where the result was 13.6%. 

      Schmitt et al. (2007) pointed to that different group of β- lactamase gene 

which  are found either on chromosome DNA or plasmid, where the presence of 

the gene on plasmid further facilitated its transfer to different species of bacteria. 

This gene is responsible for plasmid mediated ampicillin resistance in bacteria 

which harbors it (Bradford, 2001). Additionally, Rimrang et al. (2012) noted 

that ESBL plasmid encoded genes were easily transferred through horizontal 

gene transfer mechanism therefore, the best results were obtained from PCR and 

DNA sequencing,  where if somehow multiplex PCR of ESBL will applied in 

local diagnostic labs this helps in early detection and phenotypic antibiotic ther-

apy against this infection. 

 

 

Figure (3-13): Agarose gel electrophoresis of PCR plasmid encoded blaSHV gene amplicon 

(615bp), where L: ladder (100bp), Lane (102, 89, 88, 87, 86, 85, 95, 94) positive results, Lane 

(101, 100, 99, 98, 97, 96) Negative results, C:control (only primer+ Master Mix), the gel 

stained by ethidiume bromide (0.5 μg/ml) and 65 volts for one hour. 
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 Conclusions 

1- There was a relationship between phenotypic screening test and 

genotypic detection of genes responsible for antibacterial resistance in 

E. coli. 

2- E. coli became highly resistant to antibiotics especially to the third 

generation cephalosporins. 

3- All identified E. coli have multidrug resistant might be due to the 

mobile genetic elements, these organisms represent a serious 

therapeutics challenge in patients especially in health care units.                                 

4- Imipenem is the important antibiotic to treat these bacteria which are 

isolated from different clinical cases, followed by Amikacin.                                 

5- High prevalence of ESBLs which represented of blaCTX-M, blaOXA, blaTEM 

genes irrespective of the encoding origin.  

6- The reduced rate of results concerning with confirmatory ESBLs test 

might be due to AmpC overexpression or might be mediated by 

alteration to membrane permeability. 
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 Recommendations   

1- Using phenotypic and genotypic methods to identify the presence of an 

ESBL should be carried out routinely in all hospitals laboratories in our 

province. 

2- Avoiding the use of third generation cephalosporins against pathogenic 

bacteria that appear resistant to these antibiotics (i.e. ESBL-producers) 

and it is important to determine the most effective antibiotic for treating 

infections caused by ESBL-producing isolates in patients. 

3- Study prevalence of ESBLs in other types of Enterobacteraceae .  

4- Advise to conducted a sequencing studies to identification and  

determination the  different variants of ESBLs gene. 
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Appendix(1): The component of kits that used in the present     

study 

1. The component of MaximeTM PCR PreMix       

1- Taq DNA polymerase. 

2- dNTPs (dATP, dCTP, dGTP, dTTP). 

3- Tris-HCl pH 9.0, KCl, MgCl2. 

4- Stabilizer and Tracking dye. 

2. The component of AccuPrep® Plasmid  Mini extraction kit 

1- Buffer (1) 60 ml  

2- Buffer (2) 60 ml 

3- Buffer (3) 80 ml 

4- Buffer (D) 75 ml 

5- Buffer (4) 32 ml 

6- Buffer (5) 24 ml 

7- RNase A powder 

8- DNA binding column 200  

3. The components of API System 

1- Incubation Box 

2- Mineral oil dropper 

3- Chemical reagents 

a- James reagent 

b- Voges- Proskauer reagent 

This reagent consisted of two solutions (α- naphthol and 40% KOH) 

c- Ferric chloride (TDA) 

4- Saline suspension medium (NaCl 0.85% suspension) 
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Appendix (2): The component of kits that used in the present  

              study                                      

2.1.5.4. The components of Gram' stain Kit 

1- Crystal Violet stain. 

2- Decolourizer (acetone 30 ml with alcohol 70 ml). 

3- Iodine stain. 

4- Safranin stain. 

2.1.5.5. The component of Genomic DNA Extraction and Purification kit 

1- GT buffer 30 ml. 

2- GB buffer 40 ml. 

3- W1 buffer 45 ml. 

4- Wash buffer 25 ml +100 ml Ethanol. 

5- Elution buffer 30 ml. 

6- GD column. 

7- Collection tube 2ml. 

In addition to Proteinase K, Absolute ethanol and RNase A. 

The kit contents were stored at 22-25ºC. 

2.1.5.6. The component of Vitek 2- GN Kit 

1- cassette identification of Gram negative. 

2- Saline suspension medium (NaCl 0.45% suspension). 
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Appendix (3): The  phenotypic test  of E. coli 

 

Confirmatory test Screen test No 

Ve- Ve+ 1 

Ve- Ve+ 2 

Ve- Ve- 3 

Ve- Ve- 4 

Ve- +Ve 5 

Ve- +Ve 6 

Ve- Ve- 7 

Ve- +Ve 8 

Ve- +Ve 9 

Ve- -Ve 10 

Ve+ Ve+ 11 

Ve- Ve+ 12 

Ve- Ve- 13 

Ve+ Ve+ 14 

Ve+ Ve+ 15 

Ve- Ve- 16 

Ve- Ve+ 17 

Ve+ Ve+ 18 

Ve- Ve- 19 

Ve- Ve+ 20 

Ve- Ve+ 21 

Ve+ Ve+ 22 

Ve- Ve- 23 

Ve- Ve+ 24 

Ve+ Ve+ 25 

Ve- Ve- 26 

Ve+ Ve+ 27 

Ve- Ve+ 28 

Ve+ Ve+ 29 

Ve+ Ve+ 30 

Ve- Ve+ 31 

Ve- Ve+ 32 

Ve- Ve- 33 

Ve- Ve+ 34 

Ve- Ve+ 35 

Ve- Ve+ 36 

Ve- Ve- 37 

Ve- Ve- 38 

Ve- Ve+ 39 

Ve- Ve- 40 

Ve- Ve- 41 
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Ve+ Ve+ 42 

Ve+ Ve+ 43 

Ve- Ve+ 44 

Ve+ Ve+ 45 

Ve- Ve+ 46 

Ve- Ve- 47 

Ve+ Ve+ 48 

Ve- Ve+ 49 

Ve- Ve+ 50 

Ve- Ve+ 51 

Ve+ Ve+ 52 

Ve- Ve+ 53 

Ve- Ve+ 54 

Ve- Ve+ 55 

Ve- Ve+ 56 

Ve- Ve+ 57 

Ve- Ve+ 58 

Ve+ Ve+ 59 

Ve- Ve+ 60 

Ve- Ve+ 61 

Ve- Ve+ 62 

Ve- +Ve 63 

Ve- Ve+ 64 

Ve- Ve+ 65 

Ve- Ve+ 66 

Ve- Ve+ 67 

Ve- Ve+ 68 

Ve- Ve+ 69 

Ve+ Ve+ 70 

Ve- Ve- 71 

Ve- Ve+ 72 

Ve- Ve+ 73 

Ve+ Ve+ 74 

Ve- Ve- 75 

Ve- Ve+ 76 

Ve- Ve+ 77 

Ve- Ve+ 78 

Ve+ Ve+ 79 

Ve- Ve+ 80 

Ve- Ve+ 81 

Ve- Ve+ 82 

Ve- Ve+ 83 

Ve- Ve+ 84 

Ve- Ve+ 85 

Ve- Ve+ 86 

Ve- Ve+ 87 

Ve- Ve+ 88 

Ve+ Ve+ 89 
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Ve- Ve+ 90 

Ve- Ve+ 91 

Ve- +Ve 92 

Ve- Ve+ 93 

Ve- Ve+ 94 

Ve- Ve+ 95 

Ve- Ve+ 96 

Ve- Ve+ 97 

Ve- Ve+ 98 

Ve- Ve- 99 

Ve- Ve+ 100 

Ve- Ve+ 101 

Ve- Ve+ 102 

Ve- Ve+ 103 

Ve- Ve+ 104      

Ve- Ve+ 105 
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Appendix (4): The results of  molecular tests of ESBLs of E. 
coli   isolated from clinical cases 

 

 

SHV OXA TEM CTX-M No of 
E.coli 
isolate 

 

Type of 
isolate     

Plasmid Chrom-
osome 

Plasmid Chrom-
osome 

Plasmid Chrom-
osome 

Plasmid Chrom-
osome 

Ve- Ve- Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 1 Seminal 
fluid 

Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 2 Blood 

Ve- Ve- Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 3 Urine 

Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 4 Blood 

Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 5 Urine 

Ve- Ve- Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 6 Urine 

Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 7 Urine 

Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 8 Urine 

Ve- Ve- Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 9 Urine 

Ve- Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 10 Blood 

Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 11 Urine 

Ve- Ve- Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 12 Urine 

Ve- Ve- Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 13 Urine 

Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 14 Urine 

Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 15 Urine 

Ve- Ve- Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 16 Urine 

Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 17 Wound 
swab 

Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 18 Wound 
swab 

Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 19 Blood 

Ve- Ve- Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 20 Urine 

Ve- Ve- Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 21 Urine 

Ve- Ve- Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 22 Urine 

Ve- Ve- Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 23 Urine 

Ve- Ve- Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 24 Urine 

Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 25 Urine 

Ve+ Ve- Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 26 Urine 

Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 27 Urine 

Ve- Ve- Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 28 Urine 

Ve- Ve- Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 29 Urine 

Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 30 Urine 

Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 31 Urine 

Ve- Ve- Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 32 Urine 

Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 33 Urine 

Ve- Ve- Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 34 Urine 
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Ve- Ve- Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 35 Urine 

Ve- Ve- Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 36 Urine 

Ve- Ve- Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 37 Urine 

Ve- Ve- Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 38 Urine 

Ve- Ve- Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 39 Urine 

Ve- Ve- Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 40 Urine 

Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 41 Urine 

Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 42 Urine 

Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 43 Urine 

Ve- Ve- Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 44 Urine 

Ve- Ve- Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 45 Urine 

Ve- Ve- Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 46 Urine 

Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 47 Urine 

Ve- Ve- Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 48 Urine 

Ve- Ve- Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 49 Urine 

Ve- Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 50 Urine 

Ve- Ve- Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 51 Urine 

Ve- Ve- Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 52 Urine 

Ve- Ve- Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 53 Urine 

Ve- Ve- Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 54 Urine 

Ve- Ve- Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 55 Urine 

Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 56 Urine 

Ve- Ve- Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 57 Urine 

Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 58 Urine 

Ve- Ve- Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 59 Urine 

Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 60 Urine 

Ve- Ve- Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 61 Urine 

Ve- Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 62 Urine 

Ve- Ve- Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 63 Urine 

Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 64 Urine 

Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 65 Urine 

Ve- Ve- Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 66 Urine 

Ve- Ve- Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 67 Urine 

Ve- Ve- Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 68 Urine 

Ve- Ve- Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 69 Urine 

Ve- Ve- Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 70 Urine 

Ve- Ve- Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 71 Urine 

Ve- Ve- Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 72 Urine 

Ve- Ve- Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 73 Urine 

Ve- Ve- Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 74 Urine 

Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 75 Urine 

Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 76 Urine 

Ve- Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 77 Seminal 
fluid 

Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 78 Urine 

Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 79 Urine 

Ve- Ve- Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 80 Blood 

Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 81 Blood 
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Ve- Ve- Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 82 Urine 

Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 83 Seminal 
fluid 

Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 84 Seminal 
fluid 

Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 85 Urine 

Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 86 Urine 

Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 87 Urine 

Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 88 Urine 

Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 89 Urine 

Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 90 Urine 

Ve- Ve- Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 91  Urine 

Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 92 Urine 

Ve- Ve- Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 93 Urine 

Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 94 Blood 

Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 95 Urine 

Ve- Ve- Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 96 Urine 

Ve- Ve- Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 97 Urine 

Ve- Ve- Ve- Ve+ Ve+ Ve+ Ve+ Ve+ 98 Urine 

Ve- Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 99 Urine 

Ve- Ve- Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 100 Urine 

Ve- Ve- Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 101 Wound 
swab 

Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 102 Urine 

Ve- Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 103 Wound 
swab 

Ve- Ve- Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 104 Urine 

Ve- Ve- Ve+ Ve+ Ve+ Ve+ Ve+ Ve+ 105 Urine 
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Appendix (5):  Results of API 20 E for E. coli:      

Result Material 

 

Test NO 

+ Ortho-nitrophenyle galactoside ONPG 1 
+ Arginine ADH 2 

+ Lycine LDC 3 
+ Ornithine ODC 4 
- Sodium citrate CIT 5 

- Sodium thiosulfate H2S 6 
- Urea URE 7 
- Tryptophane TDA 8 
+ Tryptophane IND 9 

- Sodium pyruvate VP 10 
- Gelatine GEL 11 
+ Glucose GLU 12 

+ Mannitol MAN 13 
- Inositol INO 14 
+ Sorbitol SOR 15 

+ Rhaminose RHA 16 
- Sucrose SAC 17 
- Milibiose MEL 18 

- Amygdalin AMY 19 
+ Arabinose ARA 20 
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Appendix(6): Examination report by VITEK2 device to one 
sample under study 
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 الخلاصة

ٔاسؼت انطٛف بٕاسطت انطشق انًظٓشٚت  اَخشبس اَضًٚبث انبٛخب لاكخبوٚذ اخشٚج ْزِ انذساست نخحذ

 فتانًؼضٔنت يٍ حبلاث سشٚشٚت يخخه Escherichia coliٔاندضٚئٛت  نبكخشٚب الاشٛشٚشٛب انقٕنَٕٛت 

 خزث ْزِ انؼُٛبث يٍ انًسخشفٛبث انشئٛسٛت نًحبفظت يٛسبٌأ إر ادساس, دو, سبئم يُٕ٘, يسحبث خشٔذ()

 خًغيسخشفٗ انضْشأ٘ اندشاحٙ ٔيسخشفٗ انطفم ٔانٕلادة(  ٔاسخًش  ,ٙ) يسخشفٗ انظذس انخؼهًٛ

 .(8102) شٓش كبٌَٕ الأل  َٓبٚت  انؼُٛبث يٍ بذاٚت شٓش  حششٍٚ الأل انٗ

كَٕكٙ انظهب( بيخخهفت صسػج ْزِ انؼُٛبث ػهٗ أسبط )انذو ٔانً تيٍ حبلاث سشٚشٚ تػُٛ 890 خًؼج

 انكشٔو آكبس ٔالإٚسٍٛيثم ٔسظ  أخشٖ اخخٛبسٚتنك صسع انؼُٛبث ػهٗ أسبط ر ذكؼضل أنٙ حٛث حى بؼ

 APIسخخذو أٔ ٕحٕٛٚتبؼذْب اخشٚج انفحٕطبث انًدٓشٚت ٔانًظٓشٚت ٔالاخخببساث انكًٛ ,الاصسق يثٛهٍٛ

ٓزِ انًضبداث ن خؤكٛذ انخشخٛض انُٓبئٙ نهؼُٛبث. أيب فحض حسبسٛت ن Vitek System)) َظبو انفبٚخكٔ

, حى اسخخذاو اخخببس انغشبهت  ٔاخخببس  كػلأة ػهٗ رن .أَخشبس الاقشاصطشٚقت  ببسخخذاوانبكخشٚب  فقذ حى 

الاشٛشٚشٛب انقٕنَٕٛت انًُخدت لاَضًٚبث انبٛخب لاكخبو ٔاسؼت  ( نخحذٚذDDSTحآصس الاقشاص انًضدٔج )

 انطٛف.

 31 سبئم يُٕ٘, 82ػُٛت ادساس, 032ػُٛت يٕصػت بٍٛ  832 ظٓش فٙانُخبئح اٌ انضسع انًٕخب  بُٛج

يُٓب ػهٗ آَب اشٛشٚشٛب قٕنَٕٛت. ٔكبَج   ػضنت 012ػُٛت دو. حٛث حى حشخٛض  39, يسحبث خشٔذ

أيب َخٛدت فحض انخآصس  (%82.9)87َخٛدت انؼُٛبث انًُخدت لأَضًٚبث انبٛخبلاكخبو نفحض انغشبهت ْٙ 

 . (%21.8) 19كبَج

  حسبست نًضبد %011 اٌ انؼُٛبث كبَج نهًضبداث انحٕٛٚت انحسبسٛتٔأٔضحج َخبئح فحض 

imipenem ّٛٔٚه amikacin  أيب يضبداث%91.2بُسبت ,ampicillin, pipracillin, 

augmentin, oxacillin 96.2 , %98.1انبكخشٚب حٛث كبَج انُخبئح ػهٗ  فكبَج الأقم حؤثٛشا% 

 ,Cefotaximeػهٗ انخٕانٙ, بًُٛب كبَج َسبت انًقبٔيت نهسٛفبنٕسبٕسُٚبث  ,93.3% ,90.5%

ceftazidime, cefpodoxime ,ceftriaxone, cefipeme ,cefoxitin  ْٙ, 94.3% 

انًضبداث الاخشٖ اظٓشث  ٔػهٗ انخٕانٙ. بًُٛب  , 92.4% , 87.6% , 93.3% ,893.3%..%2

 %34.3 ,%35.2 ,%46.7 ,%53.3 ,%68.6 ,%81.9دسخبث يخفبٔحت يٍ انًقبٔيت ْٔٙ 

 ,aztreonam, trimethoprim/sulphamethoxazole, gentamycin, norfloxacinنم

nitrofuranition and ciprofloxacin ٙػهٗ انخٕان. 

نهفحض اندضٚئٙ نخحذٚذ بؼض اندُٛبث انخٙ حشفش نًقبٔيت انًضبداث  انًؼضٔنت ؼضلاثان كمخضؼج 

حٛث أثبخج   ,TEM, CTX-M, OXA, SHV انبلاصيٛذ يثم انحٛبحٛت انًحًٕنت ػهٗ انكشٔيٕسٕو ٔ
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% ايب خٍٛ 011يحًٕنت ػهٗ انكشٔيٕسٕو بُسٛت   blaTEM, blaCTX-M, blaOXA انذساست اٌ خُٛبث 

blaSHV %  ّأيب ػهٗ انبلاصيٛذ كبَج َسبت  ٔخٕد خُٛبث72.8كبَج َسبخ .  blaTEM, blaCTX-M 

 . %70يحًٕل ػهٗ انبلاصيٛذ بُسبت  blaSHV, بًُٛب كبٌ خٍٛ blaOXA % ْٙ99.12 % َٔسبت011

أٌ ُْبنك أَخشبس ٔاسغ نًقبٔيت انًضبداث انحٕٛٚت ٔخظٕطب نًضبداث أظٓشث انذساست انحبنٛت 

أضبفت انٗ أَضًٚبث انبٛخبلاكخبيٛض ٔاسؼت انطٛف انخٙ أكذحٓب فحٕطبث انغشبهت,   انبٛخبلاكخبو انخٙ حخٕسطٓب

رنك انذساست اندضٚئٛت بُٛج يسخٕٚبث ػبنٛت يٍ خُٛبث انًقبٔيت نهًضبداث انحٕٛٚت ٔاسؼت انطٛف يخًثهت 

 بغض انُظش ػٍ أطم حشفٛشْب. blaCTX-M, blaOXA, blaTEMدُٛبث ب
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