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Abstract 

The treatment of bacterial illnesses is a complicated task because this micro-organism 

has the ability to develop a wide spectrum of antibiotic resistance and in different 

mechanisms. Antimicrobial drugs are typically categorized according to their pri-

mary mode of action, for example   β-lactams and glycol-peptide agents  may inter-

fere with cell wall synthesis, while macrolides and tetracycline  disturb bacterial pro-

tein synthesis, another group (fluoroquinolones and rifampin)  can inhibit  nucleic 

acid and genetic material synthesis,  while inhibition of a metabolic pathway is a 

mechanism of trimethoprim-sulfamethoxazole agents,  interference with the structure 

of     bacterial  membranes and function is a characteristics of polymyxins and dap-

tomycin. Antibiotic resistance can develop in bacteria in a variety of ways. They may 

be naturally resistant to antimicrobial treatments, or they may be resistant due to ge-

netic alterations or the transmission of a resistance allele from another species. The 

development of effluxing systems that prevent the medicine from accomplishing its 

aim intracellularly, adapting the medication's area of action, or providing a substitute 

biosynthetic activity that avoids the drug's effects could all be possible with a new 

resistant allele. By conjugation, transformation, or transduction, antimicrobial-in-

clined microorganisms can gain current genetic material from resistant bacteria, with 

transposons commonly assisting the inclusion of multiple resistance genes into the 

host's genome or plasmids. Antibacterial therapies provide selection stress, which 

allows new bacteria to emerge.  
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Introduction 

What is the state of antibiotic resistance among 

bacteria? 

 The major ways by which bacteria resist antibiot-

ics are enzymatic breakdown of antimicrobial 

agents, modifying the bacterial protein structure 

and thus disrupting antibacterial aims, or altering 

antimicrobial access to the cell by altering the mi-

crobial membrane permeability. 

Antibiotic resistance either be mediated by the 

plasmid or maintained at the chromosomal levels, 

certain types of bacteria (e.g. Mycobacterium tu-

berculosis and Streptococcus pneumoniae) are hu-

man pathogens, while others (such as E. coli) can 

infect humans and other hosts such as cattle and 

flora, horses, poultry and fauna species. Because 

animals and the environment form the first-rate 

Antimicrobial resistance (AMR) reservoirs, patho-

gens may generate antibiotic and-or increased re-

sistant tactics for pathogens as a result to the inter-

play of those ecologies which is recently became 

more critical. AMR-genes were found in soils that 

were no longer exposed to antimicrobials. The hu-

man hobby, on the other hand, is expanding and 

converting the environmental resistome. (1,2,3,4,5) 

Antimicrobial Resistance -alleles in gram-positive 

bacterium in wildlife: 

Clostridium difficile (C. difficile): It is one of the 

main causes of hospital acquired diarrhea and dif-

ficult to eradicate., however, it is also found in meat 

products and mammals of varying kinds (calves, 

ostriches, chickens, elephants). The fluoroquino-

lone resistance of this clone is linked to the sub-

stantial increase in C. difficile infections. Fluoro-

quinolones are broad-spectrum antimicrobials that 

are used to treat infections caused by bacteria in 

man and livestock. (4) 

  Quinolone-resistant determining regions (QRDR) 

in   gyrase unit’s genes, gyrA, was mutated in the 

majority of C. difficile Ripotype 027 (RT027) iso-

lates, conferring fluoroquinolone resistance. Fluo-

roquinolone resistance develops in medical C. dif-

ficile strains as a result of changes in_QRDR for the 

both _GyrA with GyrB DNA gyrase components. 

They've also played a role in the establishment of 

the multidrug-resistant RT078 strain.   

Resistance to cephalosporins is still unknown, and 

certain C. difficile   isolated from mans and animal 

with high resistance to metronidazole-drug had dis-

covered, with an unknown accurate way of the re-

sistance 



Antibiotic Resistance in Scherichia Coli                                                                                                 Abed al-kareem, et al, 2023 

2614 
Vol. 16, No. 1, Aug, 2023. 

Because of the erythromycin-ribosomal-methyl-

ases (-erm) alleles of sophisticated B.erm gene-

negative, Ribosomal methylation is the main major 

mechanism of antibiotic resistance in macrolide-

lincosamide_streptogramin B (MLSB) institution 

in C. difficile. Strains resistant to both erythromy-

cin and clindamycin, as well as those only resistant 

to erythromycin, have been discovered in C. dif-

ficile. In C. difficile separates, the tet(M) gene is the 

most common tetracycline resistance factor. (6) 

Enterococcus faecium (E. faeceium):  

 Enterococcus faecium are commensal microor-

ganisms found in the gastrointestinal tracts of 

mammals and other animals, as well as in the envi-

ronment. They are resistant to cephalosporins and 

cotrimoxazole, and have a modest level of re-

sistance to beta-lactams and aminoglycosides. (7) 

Antimicrobial resistance to macrolides, tetracy-

clines, streptogramins, and glycopeptides has also 

been identified in medical and animal enterococcus 

isolates. Antimicrobials such as linezolids, dap-

tomycins, and tigecyclin may administered to cure 

enterococcal diseases. Vancomycin-resistant enter-

ococci (VRE) have become a severe medical chal-

lenging issue to their difficult management. 

Tn1546 variations with the glycopeptide resistance 

genes van A had also   discovered among human 

and animal Enterococci. (8) 

The proper activity of a 30:70 mixture of subtype 

streptogramins (quinupristins) alongside category 

(A) streptogramins (dalfopristins) against multire-

sistant E_faecium strains was proven. Quinu-

pristins or dalfopristin-resistant E_faecium had dis-

covered in   human being    with bird specimens in 

1997, prior to its widespread medicinal use. When 

enterococci are utilized, the usage of virginamycin, 

astreptogramin approved for enhanced marketing 

in creatures   has been associated to an increase in 

streptogramin resistance. (9) 

Other antimicrobial resistant alleles found in hu-

mans and animals E_ faecium isolates include 

_aph(3') IIIA, tetracyclines (_tet(M)), and macro-

lides (_erm(B)). (9) 

Staphylococcus aureus and related species:  

Staphylococcus aureus and similar species can be 

detected in the oropharynx epithelium, and the ep-

idermis and many other body tissues, and are con-

sidered to be a typical and healthy element of the 

human flora. 

Among the most frequent gained resistance values 

in staphylococci is methicillin resistance. This re-

sistance is mostly owing to the gaining of the 

_mecA genetic factor, which encodes PBP2a, a-

lactam low affinity penicillin binding proteins 

(PBP). Linezolid, the most common antibiotic in 

the oxazolidinone class, is used as a last-resort an-

tibacterial for diseases initiated through VRE, 

MRSA, and penicillin resistance pneumococci’s. 

Various methods have been identified in staphylo-

cocci that provide linezolid resistance, includes 

factor mutations in 23S rRNA genes, in addition 

cellular proteins changes _L3, _L4, and _L22. 
(7,10,11,12,13) 

Antimicrobial Resistance -Genes in gram-nega-

tive bacteria from animals 

Acinetobacter baumannii: baumannii is a major 

nosocomial pathogens affecting immuno-compro-

mised individuals with a variety of underlying con-

ditions. In the lab, it has resistance to carbapenem 

and polymyxin. However, a newly mechanisms of 

colistins resistance facilitated through using of 

plasmids (mcr-genes) with different medications or 

may be medications resistant segregates is becom-

ing increasingly widespread. (14,15,16) 

Pseudomonas aeruginosa 

It is a cause of public and sepsis diseases, particu-

larly in immunodeficient and cystic fibrosis pa-

tients; it is inherently resistant to a variety range of 

antibiotic, such as benzylpenicillin, aminoben-

zylpenicillin, carboxypenicillin, first and second 

era cephalosporin, chloramphenicols, and tetracy-

clines. (16) 

Despite the fact that the aminoglycosides, gentami-

cin and enrofloxacin had higher resistance rates, re-

cent reviews have highlighted the rise of poly-

myxin-resistant P. aeruginosa. Despite the fact that 

no medical or ecological liens having mcr-gene had 

described, various ways of polymyxin resistance 

had fixed in P. aeruginosa, ensuring that P. aeru-

ginosa   with mcr-1 plasmid simplest owing slight 

alterations in colistin susceptibility (14,17,18,19,20,21,22). 

Enterobacteriaceae: In the 1980s, a chromosome 

encompassing a transposon encoding the strepto-

thricin-acetyltransferase enzyme facilitated by the 

emergence of streptothricin-resistant E. coli, arbi-

trated by a chromosome carried a transposons en-

coding for a streptothricins acetyltransferases (23) 

Why antimicrobial resistance in E. coli is im-

portant? 

Escherichia coli is a unique bacterium in the mi-

crobiological world since it not only causes serious 

illnesses in humans and animals, but it also contrib-

utes significantly to the autochthonous microbiota 

of various hosts. Possible transfer of virulent and/or 

resistant E. coli from animals to people via a vari-

ety of routes, including direct touch, contact with 

animal excretions, and the food chain, is a major 

source of worry. (23)  

E. coli is also a key source of resistant strains, that 

also is to keep blaming for therapeutic failure in 
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both human and veterinary. Many resistance genes 

have been discovered in E. coli isolates during the 

last few decades, with most of these resistant 

strains gained via horizontal gene. (24) In the enter-

obacterial gene pool, E. coli serves as both a donor 

and a recipient of resistance genes, allowing it to 

receive resistance genes from those other bacteria 

while simultaneously passing on its own resistance 

genes to other bacteria. Antimicrobial resistance in 

E. coli is widely recognized as a major problem in 

humans and animals on a global scale, and it should 

be treated as a serious health issue. (25) 

Antimicrobial resistance is increasing among com-

munity-acquired E. coli isolates around the world, 

and worldwide travel is becoming a greater risk for 

colonization and infection. The focus has shifted to 

determining the cost and duration of colonization 

with resistant E. coli after a worldwide journey. 

Swabs were cultured to find E. coli resistant to gen-

tamicin, ciprofloxacin, and/or third-generation 

cephalosporins. (25) 

Someone who had been infected was far more 

likely to take medicines when travel; nonetheless, 

travel remained a danger independent of antibiotic 

use. Colonization with resistant E. coli was most 

common after a trip to Asia. Despite the fact that 

more than half of those carrying antibiotic-resistant 

E. coli after travel had no detectable resistant 

strands months prior, at least a quarter of those col-

onized at six months remained inhabited, implying 

that antibiotic-resistant E. coli invasion is common 

and may persist after a global journey. Medical 

practitioners should be aware of this risk, espe-

cially when dealing with patients with gram-nega-

tive sepsis. (24,25,26) 

How the problem developed? 

Both human and veterinary practices using antimi-

crobial agents at large scale for therapeutic pur-

poses or preventive. Antimicrobial resistance genes 

can be fixed in bacteria as a result of widespread 

use of antimicrobials in animals, which can be zo-

onotic or effective in transmitting such genes to hu-

man-tailored pathogens or the human intestinal mi-

crobiota through direct contact, foods, or the sur-

roundings. (27) 

Misuse of antibiotics in food animals, as well as 

among scientists, has raised the danger of incurable 

diseases. Since of open mobility among nations, 

and also significant cattle trafficking across inter-

national borders, AMR is becoming a worldwide 

problem by way of nature. Furthermore, the onset 

of AMR is accompanied by a reduction within the 

discovery period. (27) 

Antimicrobial drugs are mostly used for human be-

ing illnesses treatment and prevention in addition 

to the animals; nevertheless, they are still used in a 

few nations to promote growth in food animals. Its 

uncontrolled use in hospitals networks, and ani-

mals is the major causes of development of re-

sistant bacteria. AMR also can transfer between an-

imals to people, perhaps direct thru the transmis-

sion of the resistant microorganism or circuitously 

through the transmission of resistant strains from 

animal’s microbes to the human’s germs. (27,28). 

Scientific explanation of the antibiotic re-

sistance in E. coli and the mechanism of re-

sistance?  And How many antibiotics are E. coli 

resistant to 

In E. coli and other gram-negative bacteria, the for-

mation of beta lactamases, which are encoded in 

chromosomes or via plasmids, is the most common 

cause of beta lactam resistance (29). Beta lactamases 

having a narrow spectrum are known as penicilli-

nase and cephalosporinases. Extended spectrum 

lactamases (ESBLs) have a significantly broader 

spectrum and can hydrolyze a wide range of lac-

tams. The majority of ESBLs are made up of the 

TEM enzymes SHV, OXA, and CTX-M). 

E. coli have been detected in livestock and meat 

across Europe, Asia, Africa, the United States, and 

Spain, most likely as a result of the late 1990s use 

of the third-generation cephalosporin ceftiofur.(29) 

Blanc et al. discovered CTX-M—14–, CMY—2–, 

SHV—2–, and TEM-52– subtypes.(30) In Denmark, 

Jensen et al. discovered the firstly ESBL-producing 

E. coli from beef in 2004.(30) The E. coli-producing 

TEM—52 was obtained from German meat im-

ported from Germany.(30) ESBL-producing E. coli 

segregates were discovered in feces sections from 

fattening hens as part of a nationwide antimicrobial 

sensitivity surveillance program in Japan; CTX-M 

and CMY-2 producing E. coli strains were among 

them.(30) 

CMY-2-encoding plasmid was noticed in E. coli 

recovered from people besides the pigs, demon-

strating that the BLA (beta-lactamase genes) CMY-

2 gene has disseminated across the community. 

The ambitions in 33 of the 48 fecal samples ana-

lyzed were used to make this determination. In 20 

samples, the volunteers have   minimally single 

family member who had   tested positive for ESBL-

-creation E. coli in the waste. (30) 

Fluoroquinolone Resistance    usually develops 

randomly as a result of point mutations in the 

Topoisomerases units Gyra-, Gyrb-, Parc-, or 

Pare-;    low levels of surfaces porines appearance; 

or   multiple Drug-Efflux pump hyper-expression. 
(30). 

Ciprofloxacin-resistant E.  coli isolated from poul-

try GIT (gastrointestinal tract), and can be 
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transmitted from vulnerable E. coli ancestors to 

people through the food system, resulting in a po-

tentially fatal illness (31). the inheritance of plasmid 

containing the (Quinolone Resistance genes (-

QNRA, -QNRS, and -QNRS gene is responsible for 

Fluoroquinolone resistance by the E. coli. (31) 

According to the Clinical and Laboratory Stand-

ards Institute (32), fluoroquinolone resistance ex-

pressed by qnr genes is reduced and can be listed 

as sensitive. qnrB was recently discovered in E. 

coli strains from pigs in Sweden and in an isolate 

of E. coli from a duck in China. qnrS was also dis-

covered in pig and poultry isolates in China (33,34). 

Considering resistance to aminoglycosides, the aac 

(3) -IV gene is the uniquely known to induce gen-

tamicin and apramycin cross-resistance. E. coli 

with apramycin resistance linked to the -aac (3) --

IV gene was   identified for the first time in 1981   

France farms animals. (35) 

In 1986, aac (3) -IV was discovered in Enterobac-

teriaceae isolated from human patients for the first 

time (35). Jensen et al. (36) discovered that apramycin 

use from the farm level increased the prevalence of 

aac (3) -IV-positive E. coli in sick pigs and healthy 

finisher pigs. The period of administration and the 

doses used had a significant impact on the inci-

dence of apramycin/gentamicin cross-resistance in 

sick weaned piglets. 

In the folic acid synthesis pathway, sulfonamides 

target dihydropteroate synthase (37). Genes (p., sul1, 

sul2, and sul3) that encode alternative drug re-

sistant versions of dihydropteroate synthase can en-

code sulfonamide resistance. Sul1 and sul2 have 

been found in E. coli isolated from animals and hu-

mans in a range of locations. (38,39). Despite the 

fact that sul3 was first detected in E. coli from a pig 

in Switzerland, it has since been identified in E. coli 

isolated both from the normal and sick humans in 

South America and Sweden. (38,39,40). 

Sulfonamides are a type of antibacterial medication 

commonly prescribed E. coli infections, and sul-

fonamide resistance may contribute to poor quality 

of care in uncomplicated urinary tract infections. 

While, studies have found links seen between ani-

mal reservoir and human disease, the role of the in-

fected animal in the establishment of antimicrobial-

resistant E. coli urinary tract infection in humans is 

unknown. Sulfonamide-resistant E. coli specimens 

was evaluated with respect to tetracycline and 

streptomycin 80 percent of the time (502/627) and 

74 percent of the time (462/627), respectively. (40) 

According to literatures, streptomycin and ampicil-

lin are the two most typically co-transferred re-

sistance phenotypes among sulfonamide-resistant 

E. coli isolates from pigs, pig carcasses, and 

people. Loss of sul2 (the most prevalent predictor 

of sulfonamide resistance) expression and sul2 ge-

netic movement could allow for permanence in the 

context of treatment choice pressure, in additional 

to founder by the use of regularly utilized drugs. (40) 

Chloramphenicol resistance was confirmed in a 

tiny percentage of E. coli, a medication approved 

for human clinical use in 1947. Within the United 

States, chloramphenicol is not always approved for 

usage in food animals. Different authors have dis-

covered the persistence of chloramphenicol re-

sistance in E. coli (40,48). 

Florfenicol, a closely comparable drug, were sup-

ported by the United States in 1996 for the treat-

ment of respiratory disorders in cattle. Nonenzy-

matic chloramphenicol tolerance is conferred via 

the flo allele, and preexisting bacteria may opt for 

emerging tolerance (46). 

Only a few of the chloramphenicol-resistant genes 

are successful in mediating florfenicol resistance. 

Chloramphenicol-resistant strains, for example, no 

longer demonstrate florfenicol resistance since 

their resistance is solely reliant on the activity of 

chloramphenicol acetyltransferases. 35.6 percent 

of 104 chloramphenicol-resistant animal E. coli 

isolates were isolated before florfenicol licensure. 

(39) 

Tetracycline resistance has been found in more 

than 90% of chloramphenicol-resistant E. coli sam-

ples. The findings also revealed an increasing tet-

racycline and sul resistance tendency in animal E. 

coli samples over time, in addition to the persis-

tence of chloramphenicol. The chloramphenicol-

resistance determinants that serve as a choice pres-

sure will be described using founder of cell re-

sistance determinants or unidentified substrate(s) 

(35,41). 

Gentamicin resistance have unusual increase level 

in human E. coli samples, with resistance rates of 

more than 40%E. coli found in 2002. Since 1980, 

gentamicin resistance has grown in animal E. coli 

isolates. The rate of gentamicin resistance in avian 

(16.6 %) and cow (16 %) isolates is hardly higher 

than in pigs (14 %). In the poultry sector, gentami-

cin is frequently used. 

When?   

From 2007 and 2016, twenty-six studies were done 

in different Iranian regions to determine the preva-

lence of cefepime-resistant E. coli. (49,50) The num-

ber of instances in the study ranged from 13 to 504. 

In 53.42 60 % of patients, cefepime_resistant_E. 

coli was discovered. The lowest and greatest sam-

ple sizes were found in Mazandaran and East Azer-

baijan, correspondingly. Out from the ten years 

studied, 2016 had the greatest incidence rate, 
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marked increase in antibiotic resistance in recent 

decades. The highest rate of occurrence was 61.95 

% in 2016, while the lowest was ?% percent in 

2007. (49) In Iran, the incidence of cefepime-re-

sistant E. coli ranged about 15.32 percent up to 100 

percent (49,51,52). Cefepime-resistant. coli is found in 

diverse places worldwide. It is anticipated to harm 

10.3% of individuals in the United States, 8.8% of 

people in European countries, 6.0% of people in 

Argentin, and 12% of people in Indian state (53,54). 

In Southeast Asian countries, cefepime_re-

sistant_E. coli is uncommon, with a frequency of 0 

in Taiwan and 13.5 percent in China (55,56). Iran 

have the maximum rate a   rate than its neighbors. 

The rate of E. coli resistant to cefepime was 12% 

in Saudi Arabia, 0% in Egypt, and 13% in Turkey 
(57,58). This gap in prevalence could be attributable 

to drug abuse or a lack of access to drugs. The un-

availability of novel antibiotics in some nations' 

treatment protocols, and a lack of appropriate mon-

itoring and assessment mechanisms. (58) 

Cefepime-resistant. coli was recognized in 1% of   

population in Brazil (59). Cefepime_resistant_E. 

coli were described as frequent in about 8.3% of 

Ghana's population and 64.5% in Bamako (60). Ira-

nian peoples owing a far higher level of cefepime 

resistance in this bacterium than the world average 

and the lot of nations. Iran's high incidence rate is 

attributable to excess antibiotic use, an absence of 

a comprehensive range of services organization to 

screen AMR, and an absence of effective rules to 

prevent and regulate antimicrobial resistance, as 

long as aforementioned causes. When our results 

are matched to other studies, it indicates that 

Cefepime-resistant E. coli is rampant in the state.(59) 

A study done in Mazandaran with a number of re-

spondents of 24 cases and a prevalence estimate of 

100% (52) had the greatest frequency. Cefepime_re-

sistant_E. coli was discovered on 15.32 % of 

cefepime_resistant_E. coli patients on a study in-

cluding 137 cases in Kerman. The overall inci-

dence percentage in Iran was found to be approxi-

mately 53%. 

Variations in medical diagnostic circumstances, in-

discriminate drug usage, and clinical interruptions 

can all be attributed for the observed disparities and 

increased incidence of cefepime resistant E. coli in 

different parts of Iran. Without the need for a doubt, 

resistant bacterial variants grow more widespread 

in specific regions before migrating across the 

country. To avoid the spread of cefepime-resistant 

E. coli in the nation, persons must be trained, rais-

ing attention must be raised, and the procedure of 

prescribing medicines and its proper use must be 

monitored.(60) 

The antimicrobial residues in food of animal 

origin and the public health importance 

Customers have voiced fears about medicine re-

mains in their meals having a negative impact on 

health. Excessive levels of animal pollutants in an-

imal tissues have a serious impact on health. The 

maximal amount of antibiotic residues allowed in 

animal tissues at the time of slaughter is referred to 

as tolerances. The tolerances are in place to make 

sure that any residual tablets are not harmful if in-

gested. The present evidence for specific health 

hazards linked with specific pharmacological in-

structions of medication, as well as the dangers re-

lated to drug residues in meat and dairy that exceed 

the set-up threshold, is discussed in this paper. (60) 

The primary focus is on the potential for adverse 

public health effects as a result of acute exposure 

to unlawful residues. Long-term consequences are 

also examined, as well as fresh research on the im-

pact of residues on gut flora. The bulk of veterinary 

medication residues in foods are so low in concen-

tration that they rarely provide a long-term or con-

tinuous health concern to consumers. The ad-

vantage of food safety at a reduced price. 

Future thoughts 

In recent years, the number of multi drug resistance 

microorganisms has raised at an astonishing speed, 

posing major health dangers. The spread of re-

sistant illnesses caused by those germs has resulted 

in death and morbidity, so finding solutions to bac-

terial resistance is critical. So, here's a few of our 

opinions on antibacterial drug conversion and bio-

film development, as well as a number of therapies, 

including generating new antibacterial generation, 

combination therapy, natural antibacterial com-

pounds, and micro particles technologies. 

Conclusion 

Antimicrobial resistance in bacterial pathogens is a 

major issue, with high rates of morbidity and mor-

tality. Gram-positive and Gram-negative bacteria 

that are multi drug resistance are hard to treat and 

may be uncurable with standard treatments. The 

current lack of effective therapies, as well as the 

failure of successful prevention measures and the 

lack of new antibiotics, all contribute to the obsta-

cles of microbial infection and associated illnesses, 

requiring the advancement of novel possible treat-

ments and new antibacterial treatments. Multi-drug 

resistance is aided by biofilms, which can make en-

vironmental management challenging. The work of 

the antibiotics resistance tracking news Taskforce 

is an important step in laying the groundwork for 

advancing the field for both clinicians and re-

searchers, and ultimately for patients. 



Antibiotic Resistance in Scherichia Coli                                                                                                 Abed al-kareem, et al, 2023 

2618 
Vol. 16, No. 1, Aug, 2023. 

 

Acknowledgements!! 

This study was supported by department of medical 

microbiology department college of medicine uni-

versity of karbala. 

References 

1. Woolhouse, M.; Ward, M.; van Bunnik, B.; Farrar, J. An-

timicrobial resistance in humans, livestock and the wider 

environment. Philos Trans. R. Soc. Lond. Ser. B Biol. 

Sci. 2015, 370, 20140083. (Google Scholar) (CrossReg 

(PubMedJ  

2. Finley, R.L.; Collignon, P.; Larsson, D.G.; McEwen, 

S.A.; Li, X.Z.: Gaze, VV.H.; Reid-Smith, R.: Timinouni, 

M.; Graham. D.W; Topp, E. The scourge of antibiotic 

resistance: The important role of the environment. Clin. 

Infect. Dis. 2013, 57(5): 704-710. (Google Scholar) 

(CrossRef) (PubMedJ. 

3. Agga, G.E.; Arthur, TM.; Durso, L.M.: Harhay, D.M.: 

Schmidt, J.W. Antimicrobial-resistant bacterial popula-

tions and antimicrobial resistance genes obtained from 

environments impacted by livestock and municipal 

waste. PLoS ONE 2015, 10: 60132586. (Google Scholar) 

(CrossRef) (PubMed) 

4. Chen, B.; Yuan, K.; Chen, X.; Yang. Y.; Zhang, T.; 

Wang. Y.; Luan, T.; Zou. S.; Li, X. Metagenomic analy-

sis revealing antibiotic resistance genes (ARGs) and their 

genetic compartments in the Tibetan environment. Envi-

ron. Sci. Technot 2016, 50, 6670-6679. (Google Scholar) 

(CrossRef) (PubMed)  

5. Allen. H.K. Antibiotic resistance gene discovery in food-

producing animals. Cum. Opin. Microbiol. 2014. 19. 25-

29. (Google Scholar) (CrossRef) (PubMed)  

6. Spigaglia, P. Recent advances in the understanding of an-

tibiotic resistance in Clostridium difficile infection. Ther. 

Adv. Infect. Dis. 2016, 3. 23-42. (Google Scholar) 

(CrossRef) (PubMed)  

7. Shen. J.; Wang, Y; Schwarz. S. Presence and dissemina-

tion of the multiresistance gene cfr in Gram-positive and 

Gram-negative bacteria. J. Antimicrob. Chemother. 

2013, 68. 1697-1706. (Google Scholar) (CrossRef) (Pik-

Med)  

8. Hammerum, A.M. Enterococci of animal origin and their 

significance for public health. Clin. Microbiol. Infect. 

2012. 18. 619-625. (Google Scholar) (CrossRef) (Pub-

Med) 

9. Garrido, A.M.; Galvez, A.; Pulido, R.P. Antimicrobial 

Resistance in Enterococci. J. Infect. Dis. Ther. 2014, 2, 

150. (Google Scholar) (CrossRef)  

10. Kluytmans. J.; van Belkum, A.; Verbrugh, H. Nasal car-

riage of Staphylococcus aureus: Epidemiology, underly-

ing mechanisms, and associated risks. Clin. Microbiol. 

Rev. 1997, 10, 505-520. (Google Scholar) (PubMed)  

11. 11-Kluytmans, J.A.; Wertheim, H.F. Nasal carriage of 

Staphylococcus aureus and prevention of nosocomial in-

fections. Infection 2005, 33, 3-8. (Google Scholar) 

(CrossRef) (PubMed)  

12. Woodford, N.; Palepou, M.F.; Johnson, A.P.; Chadwick, 

PR.; Bates, J. Methicillin-resistant Staphylococcus au-

reus and vancomycin-resistant enterococci. Lancet 1997, 

350, 738. (Google Scholar) (CrossRef) 

13. Hiramatsu, K.: Ito. T.; Tsubakishita, S.: Sasaki, T.; 

Takeuchi, F.; Morimoto, Y.; Katayama, Y.; Matsuo, M.; 

Kuwahara-Arai, K.; Hishinuma, T.; et al. Genomic Basis 

for methicillin resistance in Staphylococcus aureus. In-

fect. Chemother. 2013, 45, 117-136. (Google Scholar) 

(CrossRef) (PubMed)  

14. Jeannot. K.: Bolard, A.: Plesiat. P. Resistance to poly-

myxins in Gram-organisms. Mt. J. Antimicrob. Agents 

2017, 49, 526-535. (Google Scholar) (CrossRef) (Pub-

Med)  

15. Muller, S.: Janssen, T; Wieler, L.H. Multidrug resistant 

Acinetobacter baumannii in veterinary medicine—

Emergence of an underestimated pathogen? Bert Munch. 

Tierarztt Wochenschr. 2014, 127, 435-446. (Google 

Scholar) (PubMed  

16. Carvatheir& A.: Casquete, R.; Silva, J.; Teixeira, P Prev-

alence and antimicrobial susceptibility of Acinetobacter 

spp. isolated from meat. Int. J. Food Microbiot 2017, 

243, 58-63. (Google Scholar) (CrossRefJ (PubMed  

17. Haenni, M.; Hocquet, D.: Ponsin, C.: Cholley, P: 

Guyeux, C.: Madec, J.Y.; Bertrand, X. Population struc-

ture and antimicrobial susceptibility of Pseudomonas ae-

ruginosa from animal infections in France. BMC Vet. 

Res. 2015, 11. 9. (Google Scholar) (CrossRef) (PubMed)  

18. Rubin, J.; Walker. R.D.; Blickenstaff, K.; Bodeis-Jones, 

S.; Zhao, S. Antimicrobial resistance and genetic charac-

terization of fluoroquinolone resistance of Pseudomonas 

aeruginosa isolated from canine infections. Vet. Micro-

biol. 2008, 131, 164-172. (Google Scholar) (CrossRefJ 

(PubMed) 

19. Beier, R.C.: Foley, S.L.; Davidson, M.K.; White, D.G.; 

McDermott, P.F.; Bodeis-Jones, S.; Zhao, S.; Andrews, 

K.; Crippen, T.L.; Sheffield. C.L.: et al. Characterization 

of antibiotic and disinfectant susceptibility profiles 

among Pseudomonas aeruginosa veterinary isolates re-

covered during 1994-2003. J. AppL Microbiol. 2015, 

118, 326-342. (Google Scholar) (CrossRef) (PubMed)  

20. Scaccabarozzi, L.; Leoni, L.; Ballarini, A.; Barberio, A.; 

Locatelli, C.; Casula. A.; Bronzo, V.; Pisoni, G.; 

Jousson, 0.; Moran di, S.; et al. Pseudomonas aeruginosa 

in Dairy Goats: Genotypic and Phenotypic Comparison 

of Intramammary and Environmental Isolate. PLoS ONE 

2015, 10, e0142973. (Google Scholar) (CrossRefi (Pub-

Med)  

21. Arais, L.R.: Barbosa, A.V; Carvalho, C.A.: Cerqueira, 

A.M. Antimicrobial resistance, integron carriage, and 

gyrA and gyrB mutations in Pseudomonas aeruginosa 

isolated from dogs with otitis extema and pyoderma in 

Brazil. Vet. Dermatol. 2016, 27, 113-e31. (Google 

Scholar) (CrossRet) (PubMed)  

22. Ludwig, C.: de Jong, A.: Moyaert, H.: El Garch, F.: 

Janes, R.: Klein, U.: Morrissey, I.; Thiry J.: Youala, M. 

Antimicrobial susceptibility monitoring of dermatologi-

cal bacterial pathogens isolated from diseased dogs and 

cats across Europe (ComPath results). J. AppL Micro-

bioL 2016, 121, 1254-1267. (Google Scholar) (Cross-

Ref) (PubMed)  

23. Hummel, R.; Tschape, H.; Witte, W. Spread of plasmid-

mediated nourseothricin resistance due to antibiotic use 

in animal husbandry. J. Basic Microbiot 1986, 26, 461-

466. (Google Scholar) (CrossRef) (PubMed)  

24. Hawser SR Bouchillon SK, Hoban DJ, Badal RE, Hsueh 

PR, Paterson DL (2009) Emergence of high levels of ex-

tended-spectrum-p-lactamase-producing Gram-negative 

bacilli in the Asia-Pacific region: data from the Study for 

Monitoring Antimicrobial Resistance Trends (SMART) 

program, 2007. Antimicrob Agents Chemother 53:3280-

3284  



Antibiotic Resistance in Scherichia Coli                                                                                                 Abed al-kareem, et al, 2023 

2619 
Vol. 16, No. 1, Aug, 2023. 

25. Peirano G, Pitout JDD (2010) Molecular epidemiology 

of Escherichia coli producing CTX-M 8-lactamases: the 

worldwide emergence of clone ST131 025:H4. lnt J An-

timicrob Agents 35:316-321 

26. Laupland KB, Church DL, Vidakovich J, Mucenski M, 

Pitout JDD (2008) Community-onset extended-spectrum 

p-lactamase (ESBL) producing Escherichia coli: im-

portance of international travel. J Infect 57:441-448  

27. Butaye, P.; Argudln, M.A.; Threlfall, J. Introduction to 

antimicrobial-resistant foodborne pathogens. In Antimi-

crobial Resistance and Food Safety: Methods and Tech-

niques, 1st ed.; Chen, C.V., Van. X., Jackson, C.R., Eds.: 

Academic Press: Cambridge, MA, USA, 2015; pp. 1-18. 

ISBN 978-0-12-801214-7. (Google Scholar  

28. Woolhouse, M.; Ward, M.; van Bunnik, B.; Farrar, J. An-

timicrobial resistance in humans. livestock and the wider 

environment. Philos Trans. R. Soc. Lond. Ser. B Biol. 

Sci. 2015, 370, 20140083. (Google Scholar) (CrossRef 

(PubMed) 

 

29. Erb A, Stürmer T, Marre R, Brenner H. Prevalence of 

antibiotic resistance in Escherichia coli: overview of ge-

ographical, temporal, and methodological variations. Eur 

J Clin Microbiol Infect Dis. 2007;26:83–90 

10.1007/s10096-006-0248-2 (PubMed) (CrossRef) 

(Google Scholar) 

30. Guilfoile P. 2006. Antibiotic resistant bacteria. North-

borough (MA): Chelsea House Publishers; 2006. 

(Google Scholar) 

31. Kunin CM, Atuk N. Excretion of cephaloridine and 

cephalothin in patients with renal impairment. N Engl J 

Med. 1966;274:654–6 

10.1056/NEJM196603242741205 (PubMed) (CrossRef) 

(Google Scholar) 

32. Bryskier A. Historical review of antibacterial chemother-

apy. In: Bryskier A, editor. Antimicrobial agents: anti-

bacterials and antifungals. Washington (DC): American 

Society for Microbiology Press; 2005. p. 1–11. (Google 

Scholar) 

33. Sen PK. Estimates of the regression coefficient based on 

Kendall’s tau. J Am Stat Assoc. 1968;63:1379–89 

10.2307/2285891 (CrossRef) (Google Scholar) 

34. Salmi T, Määttä A, Anttila P, Ruoho-Airola T, Amnell 

T. Detecting trends of annual values of atmospheric pol-

lutants by the Mann–Kendall test and Sen’s slope esti-

mates: the Excel template application Helsinki: 

MAKESENS. Helsinki: Finnish Meteorological Insti-

tute; 2002 (Google Scholar) 

35. Kozak GK, Pearl DL, Parkman J, Reid-Smith RJ, Deck-

ert A, Boerlin P. Distribution of sulfonamide resistance 

genes in Escherichia coli and Salmonella isolates from 

swine and chickens at abattoirs in Ontario and Québec, 

Canada. Appl Environ Microbiol. 2009;75:5999–6001 

10.1128/AEM.02844-08 (PMC free article) (PubMed) 

(CrossRef) (Google Scholar) 

36. Zhao S, White DG, McDermott PF, Friedman S, English 

L, Ayers S, et al. Identification and expression of 

cephamycinase bla (CMY) genes in Escherichia coli and 

Salmonella isolates from food animals and ground meat. 

Antimicrob Agents Chemother. 2001;45:3647–50 

10.1128/AAC.45.12.3647-3650.2001 (PMC free article) 

(PubMed) (CrossRef) (Google Scolar) 

37. Wu S, Dalsgaard A, Hammerum AM, Porsbo LJ, Jensen 

LB. Prevalence and characterization of plasmids carry-

ing sulfonamide resistance genes among Escherichia coli 

from pigs, pig carcasses and human. Acta Vet Scand. 

2010;52:47 10.1186/1751-0147-52-47 (PMC free arti-

cle) (PubMed) (CrossRef) (Google Scholar) 

38. Enne VI, Bennett PM, Livermore DM, Hall LM. En-

hancement of host fitness by the sul2-coding plasmid 

p9123 in the absence of selective pressure. J Antimicrob 

Chemother. 2004;53:958–63 10.1093/jac/dkh217 (Pub-

Med) (CrossRef) (Google Scholar) 

39. Schroeder CM, Zhao C, DebRoy C, Torcolini J, Zhao S, 

White DG, et al. Antimicrobial resistance of Escherichia 

coli O157 isolated from humans, cattle, swine, and food. 

Appl Environ Microbiol. 2002;68:576–81 

10.1128/AEM.68.2.576-581.2002 (PMC free article) 

(PubMed) (CrossRef) (Google Scholar) 

40. Bischoff KM, White DG, Hume ME, Poole TL, Nisbet 

DJ. The chloramphenicol resistance gene cmlA is dis-

seminated on transferable plasmids that confer multiple-

drug resistance in swine Escherichia coli. FEMS Micro-

biol Lett. 2005;243:285–91 

10.1016/j.femsle.2004.12.017 (PubMed) (CrossRef) 

(Google Scholar) 

41. Harada K, Asai T, Kojima A, Ishihara K, Takahashi T. 

Role of coresistance in the development of resistance to 

chloramphenicol in Escherichia coli isolated from sick 

cattle and pigs. Am J Vet Res. 2006;67:230–5 

10.2460/ajvr.67.2.230 (PubMed) (CrossRef) (Google 

Scholar) 

42. Schwarz S, Kehrenberg C, Doublet B, Cloeckaert A. Mo-

lecular basis of bacterial resistance to chloramphenicol 

and florfenicol. FEMS Microbiol Rev. 2004;28:519–42 

10.1016/j.femsre.2004.04.001 (PubMed) (CrossRef) 

(Google Scholar 

43. White DG, Hudson C, Maurer JJ, Ayers S, Zhao S, Lee 

MD, et al. Characterization of chloramphenicol and 

florfenicol resistance in Escherichia coli associated with 

bovine diarrhea. J Clin Microbiol. 2000;38:4593–8 

(PMC free article) (PubMed) (Google Scholar) 

44. Yates CM, Pearce MC, Woolhouse ME, Amyes SG. 

High frequency transfer and horizontal spread of apra-

mycin resistance in calf faecal Escherichia coli. J Anti-

microb Chemother. 2004;54:534–7 10.1093/jac/dkh353 

(PubMed) (CrossRef) (Google Scholar) 

45. Kronvall G. Antimicrobial resistance 1979–2009 at Ka-

rolinska Hospital, Sweden: normalized resistance inter-

pretation during a 30-year follow-up on Staphylococcus 

aureus and Escherichia coli resistance development. AP-

MIS. 2010;118:621–39 10.1111/j.1600-

0463.2010.02660.x (PubMed) (CrossRef) (Google 

Scholar) 

46. Sodha SV, Lynch M, Wannemuehler K, Leeper M, Ma-

lavet M, Schaffzin J, et al. Multistate outbreak of Esche-

richia coli O157:H7 infections associated with a national 

fast-food chain, 2006: a study incorporating epidemio-

logical and food source traceback results. Epidemiol In-

fect. 2011;139:309–16 10.1017/S0950268810000920 

(PubMed) (CrossRef) (Google Scholar) 

47. Blaettler L, Mertz D, Frei R, Elzi L, Widmer AF, Batte-

gay M, et al. Secular trend and risk factors for antimicro-

bial resistance in Escherichia coli isolates in Switzerland 

1997–2007. Infection. 2009;37:534–9 10.1007/s15010-

009-8457-0 (PubMed) (CrossRef) (Google Scholar) 

48. US Food and Drug Administration. National antimicro-

bial resistance monitoring system –enteric bacteria 

(NARMS): 2008 executive report. Rockville (MD); 

2010. (cited 2012 Feb 13). 

https://www.ncbi.nlm.nih.gov/pubmed/17235554
https://dx.doi.org/10.1007%2Fs10096-006-0248-2
https://scholar.google.com/scholar_lookup?journal=Eur+J+Clin+Microbiol+Infect+Dis&title=Prevalence+of+antibiotic+resistance+in+Escherichia+coli:+overview+of+geographical,+temporal,+and+methodological+variations.&volume=26&publication_year=2007&pages=83-90&pmid=17235554&doi=10.1007/s10096-006-0248-2&
https://scholar.google.com/scholar?q=Guilfoile++P+.++2006++Antibiotic+resistant+bacteria.+Northborough+(MA):+Chelsea+House+Publishers;+2006.+
https://www.ncbi.nlm.nih.gov/pubmed/17926378
https://dx.doi.org/10.1056%2FNEJM196603242741205
https://scholar.google.com/scholar_lookup?journal=N+Engl+J+Med&title=Excretion+of+cephaloridine+and+cephalothin+in+patients+with+renal+impairment.&volume=274&publication_year=1966&pages=654-6&pmid=17926378&doi=10.1056/NEJM196603242741205&
https://scholar.google.com/scholar?q=Bryskier++A+.+Historical+review+of+antibacterial+chemotherapy.+In:+Bryskier+A,+editor.+Antimicrobial+agents:+antibacterials+and+antifungals.+Washington+(DC):+American+Society+for+Microbiology+Press;++2005++p.+1%E2%80%9311.+
https://scholar.google.com/scholar?q=Bryskier++A+.+Historical+review+of+antibacterial+chemotherapy.+In:+Bryskier+A,+editor.+Antimicrobial+agents:+antibacterials+and+antifungals.+Washington+(DC):+American+Society+for+Microbiology+Press;++2005++p.+1%E2%80%9311.+
https://dx.doi.org/10.2307%2F2285891
https://scholar.google.com/scholar_lookup?journal=J+Am+Stat+Assoc&title=Estimates+of+the+regression+coefficient+based+on+Kendall%E2%80%99s+tau.&volume=63&publication_year=1968&pages=1379-89&doi=10.2307/2285891&
https://scholar.google.com/scholar?q=Salmi++T+,++M%C3%A4%C3%A4tt%C3%A4++A+,++Anttila++P+,++Ruoho-Airola++T+,++Amnell++T+.+Detecting+trends+of+annual+values+of+atmospheric+pollutants+by+the+Mann%E2%80%93Kendall+test+and+Sen%E2%80%99s+slope+estimates:+the+Excel+template+application+Helsinki:+MAKESENS.+Helsinki:+Finnish+Meteorological+Institute;++2002+
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2747857/?report=reader
https://www.ncbi.nlm.nih.gov/pubmed/19633109
https://dx.doi.org/10.1128%2FAEM.02844-08
https://scholar.google.com/scholar_lookup?journal=Appl+Environ+Microbiol&title=Distribution+of+sulfonamide+resistance+genes+in+Escherichia+coli+and+Salmonella+isolates+from+swine+and+chickens+at+abattoirs+in+Ontario+and+Qu%C3%A9bec,+Canada.&volume=75&publication_year=2009&pages=5999-6001&pmid=19633109&doi=10.1128/AEM.02844-08&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC90890/?report=reader
https://www.ncbi.nlm.nih.gov/pubmed/11709361
https://dx.doi.org/10.1128%2FAAC.45.12.3647-3650.2001
https://scholar.google.com/scholar_lookup?journal=Antimicrob+Agents+Chemother&title=Identification+and+expression+of+cephamycinase+bla+(CMY)+genes+in+Escherichia+coli+and+Salmonella+isolates+from+food+animals+and+ground+meat.&volume=45&publication_year=2001&pages=3647-50&pmid=11709361&doi=10.1128/AAC.45.12.3647-3650.2001&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2922292/?report=reader
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC2922292/?report=reader
https://www.ncbi.nlm.nih.gov/pubmed/20670455
https://dx.doi.org/10.1186%2F1751-0147-52-47
https://scholar.google.com/scholar_lookup?journal=Acta+Vet+Scand&title=Prevalence+and+characterization+of+plasmids+carrying+sulfonamide+resistance+genes+among+Escherichia+coli+from+pigs,+pig+carcasses+and+human.&volume=52&publication_year=2010&pages=47&pmid=20670455&doi=10.1186/1751-0147-52-47&
https://www.ncbi.nlm.nih.gov/pubmed/15102746
https://www.ncbi.nlm.nih.gov/pubmed/15102746
https://dx.doi.org/10.1093%2Fjac%2Fdkh217
https://scholar.google.com/scholar_lookup?journal=J+Antimicrob+Chemother&title=Enhancement+of+host+fitness+by+the+sul2-coding+plasmid+p9123+in+the+absence+of+selective+pressure.&volume=53&publication_year=2004&pages=958-63&pmid=15102746&doi=10.1093/jac/dkh217&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC126736/?report=reader
https://www.ncbi.nlm.nih.gov/pubmed/11823193
https://dx.doi.org/10.1128%2FAEM.68.2.576-581.2002
https://scholar.google.com/scholar_lookup?journal=Appl+Environ+Microbiol&title=Antimicrobial+resistance+of+Escherichia+coli+O157+isolated+from+humans,+cattle,+swine,+and+food.&volume=68&publication_year=2002&pages=576-81&pmid=11823193&doi=10.1128/AEM.68.2.576-581.2002&
https://www.ncbi.nlm.nih.gov/pubmed/15668031
https://dx.doi.org/10.1016%2Fj.femsle.2004.12.017
https://scholar.google.com/scholar_lookup?journal=FEMS+Microbiol+Lett&title=The+chloramphenicol+resistance+gene+cmlA+is+disseminated+on+transferable+plasmids+that+confer+multiple-drug+resistance+in+swine+Escherichia+coli.&volume=243&publication_year=2005&pages=285-91&pmid=15668031&doi=10.1016/j.femsle.2004.12.017&
https://www.ncbi.nlm.nih.gov/pubmed/16454626
https://dx.doi.org/10.2460%2Fajvr.67.2.230
https://scholar.google.com/scholar_lookup?journal=Am+J+Vet+Res&title=Role+of+coresistance+in+the+development+of+resistance+to+chloramphenicol+in+Escherichia+coli+isolated+from+sick+cattle+and+pigs.&volume=67&publication_year=2006&pages=230-5&pmid=16454626&doi=10.2460/ajvr.67.2.230&
https://scholar.google.com/scholar_lookup?journal=Am+J+Vet+Res&title=Role+of+coresistance+in+the+development+of+resistance+to+chloramphenicol+in+Escherichia+coli+isolated+from+sick+cattle+and+pigs.&volume=67&publication_year=2006&pages=230-5&pmid=16454626&doi=10.2460/ajvr.67.2.230&
https://www.ncbi.nlm.nih.gov/pubmed/15539072
https://dx.doi.org/10.1016%2Fj.femsre.2004.04.001
https://scholar.google.com/scholar_lookup?journal=FEMS+Microbiol+Rev&title=Molecular+basis+of+bacterial+resistance+to+chloramphenicol+and+florfenicol.&volume=28&publication_year=2004&pages=519-42&pmid=15539072&doi=10.1016/j.femsre.2004.04.001&
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC87642/?report=reader
https://www.ncbi.nlm.nih.gov/pubmed/11101601
https://scholar.google.com/scholar_lookup?journal=J+Clin+Microbiol&title=Characterization+of+chloramphenicol+and+florfenicol+resistance+in+Escherichia+coli+associated+with+bovine+diarrhea.&volume=38&publication_year=2000&pages=4593-8&pmid=11101601&
https://www.ncbi.nlm.nih.gov/pubmed/15231771
https://dx.doi.org/10.1093%2Fjac%2Fdkh353
https://scholar.google.com/scholar_lookup?journal=J+Antimicrob+Chemother&title=High+frequency+transfer+and+horizontal+spread+of+apramycin+resistance+in+calf+faecal+Escherichia+coli.&volume=54&publication_year=2004&pages=534-7&pmid=15231771&doi=10.1093/jac/dkh353&
https://www.ncbi.nlm.nih.gov/pubmed/20718714
https://dx.doi.org/10.1111%2Fj.1600-0463.2010.02660.x
https://scholar.google.com/scholar_lookup?journal=APMIS&title=Antimicrobial+resistance+1979%E2%80%932009+at+Karolinska+Hospital,+Sweden:+normalized+resistance+interpretation+during+a+30-year+follow-up+on+Staphylococcus+aureus+and+Escherichia+coli+resistance+development.&volume=118&publication_year=2010&pages=621-39&pmid=20718714&doi=10.1111/j.1600-0463.2010.02660.x&
https://scholar.google.com/scholar_lookup?journal=APMIS&title=Antimicrobial+resistance+1979%E2%80%932009+at+Karolinska+Hospital,+Sweden:+normalized+resistance+interpretation+during+a+30-year+follow-up+on+Staphylococcus+aureus+and+Escherichia+coli+resistance+development.&volume=118&publication_year=2010&pages=621-39&pmid=20718714&doi=10.1111/j.1600-0463.2010.02660.x&
https://www.ncbi.nlm.nih.gov/pubmed/20429971
https://dx.doi.org/10.1017%2FS0950268810000920
https://scholar.google.com/scholar_lookup?journal=Epidemiol+Infect&title=Multistate+outbreak+of+Escherichia+coli+O157:H7+infections+associated+with+a+national+fast-food+chain,+2006:+a+study+incorporating+epidemiological+and+food+source+traceback+results.&volume=139&publication_year=2011&pages=309-16&pmid=20429971&doi=10.1017/S0950268810000920&
https://www.ncbi.nlm.nih.gov/pubmed/20013094
https://dx.doi.org/10.1007%2Fs15010-009-8457-0
https://scholar.google.com/scholar_lookup?journal=Infection&title=Secular+trend+and+risk+factors+for+antimicrobial+resistance+in+Escherichia+coli+isolates+in+Switzerland+1997%E2%80%932007.&volume=37&publication_year=2009&pages=534-9&pmid=20013094&doi=10.1007/s15010-009-8457-0&


Antibiotic Resistance in Scherichia Coli                                                                                                 Abed al-kareem, et al, 2023 

2620 
Vol. 16, No. 1, Aug, 2023. 

49. Najafi N, Alikhani A, Babamahmoudi F, et al. Increased 

cefepime MIC for enterobacteriacae clinical isolates. 

Caspian J Intern Med,  4(2):654–7. (2013) 

50. Farajnia S, Alikhani MY, Ghotaslou R, et al. Causative 

agents  and antimicrobial susceptibilities of urinary tract 

infections in the northwest  of Iran. Int J Infect Dis, 

13(2):140–4. (2009) 

51. Adib N, Ghanbarpour R, Solatzadeh H, et al.  Antibiotic  

resistance profile and virulence genes of uropathogenic 

Escherichia coli isolates in relation to phylogeny. Trop 

Biomed, 31(1):17–25. (2014) 

52. Alikhani A, Babamahmoodi F, Foroutan Alizadegan L, 

et al.  Minimal inhibitoryا concentration of microorgan-

isms causing surgical site  infection in referral hospitals 

in North of Iran, 2011–2012. Caspian J Intern (2015) 

Med, 6(1):34–9 

53. Park YS, Adams-Haduch JM, Shutt KA, et al. Clinical 

and  Microbiologic Characteristics of Cephalosporin-Re-

sistant Escherichia coli in Three Centers in the United 

States. Antimicrob Agents Chemother,  56(4):1870–6 

(2012) 

54. Shakya P, Barrett P, Diwan V, et al. Antibiotic resistance  

among Escherichia coli isolates from stool samples of 

children aged 3 to 14  years from Ujjain, India. BMC In-

fect Dis, 13:477 (2013) 

55. Yang C-M, Lin M-F, Lin C-H, et al. Characterization of  

antimicrobial resistance patterns and integrons in human 

fecal Escherichia  coli in Taiwan. Jpn J Infect Dis, 

62(3):177–81.(2009) 

56. Chen Y, Chen X, Zheng S, et al. Serotypes, genotypes 

and  antimicrobial resistance patterns of human diarrhoe-

agenic Escherichia coli isolates circulating in southeast-

ern China. Clin Microbiol Infect, 20(1):52–8(2014) 

57. Yasir M, Ajlan AM, Shakil S, et al. Molecular character-

ization, antimicrobial resistance and clinico-bioinformat-

ics approaches to address the problem of extended-spec-

trum β-lactamaseproducing Escherichia coli in western 

Saudi Arabia. Sci Rep, 8(1):14847. (2018) 

58. Bayram Y, Parlak M, Aypak C, et al. Three-year review 

of bacteriological profile and antibiogram of burn wound 

isolates in Van, Turkey. Int J Med Sci, 10(1):19–23. 

(2013) 

59. Miotto M, Ossai SA, Meredith JE, et al. (Genotypic and 

phenotypic characterization of Escherichia coli isolated 

from mollusks in Brazil and the United States. Microbi-

ologyopen, e738 (2018) 

60. Hackman HK, Brown CA, Twum-Danso K.  Antibiotic 

Resistance Profile of CTX-M-type Extended-Spectrum 

Beta-Lactamases in Escherichia coli and Klebsiella 

pneumoniae in Accra, Ghana. J Nat Sci Res, 4(12): 24–

30. (2014)

 


