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Abstract: 
       A total of 04 Escherichia coli (E.coli) isolates were recovered from women 

urinary tract infections (UTIs) in Al-Hilla teaching hospital, and private clinics. 

Isolates were identified to species level with a VITEK-2 system. Among the 40 

women of UTI, 27(67.5%) had been preceded by a prior UTI and 13(32.5%) had not. 

The susceptibility to 4 antibiotics were tested using disc diffusion test, resulting in 

9(33.3%), 7(26%), 3(11.1%), 1(4%) were resistant to ampicillin, trimethoprim-

sulfamethoxazole, ciprofloxacin, and nitrofurantion, respectively with prior UTI. For 

detection extended spectrum β-lactamase (ESBL) producing E.coli, all 40 isolates 

were tested by using double-disk test method, and then confirmed by using 

combination disk test. The results showed that 10 (25%) were β-lactamase producing 

isolates.   
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Introduction: 

       The pathogens causing urinary tract infections (UTIs) are almost always 

predictable, with E.coli the primary etiologic agent among both outpatients and 

inpatients [1]. The vast majority of UTIs arise in female outpatients, many of whom 

are treated empirically by physicians if their symptoms suggest acute uncomplicated 

bacterial cystitis [2]. Uropathogenic E.coli (UPEC) strain of E.coli is the most 

common pathogen isolated from the patients with UTI, often from the patient’s own 

intestinal flora. Strain-specific virulence factors and host susceptibility give them the 

ability to colonize the urinary tract epithelia selectively, ascending through the 

urethra, bladder, possibly kidney tissue and cavities, triggering inflammatory 

reactions [3]. Guidelines recently published by the Infectious Diseases Society of 

America (IDSA) recommend trimethoprimsulfamethoxazole (SXT) as initial therapy 

for women with acute uncomplicated bacterial cystitis, but only in communities where 

the prevalence of SXT resistance is less than 10 to 20% [4]. The emergence of 

extended-spectrum β-lactamase (ESBL) producing bacteria, particularly E.coli and 

Klebsiella pneumoniae (K. pneumoniae), is now a critical concern for the 

development of therapies against bacterial infection. Since the early 1980s, the 

number of nosocomial infections by ESBL-producing, gram-negative bacteria has 

been increasing worldwide, and β-lactamase production has become a major causative 

agent for increasing resistance to antibiotics [5]. The ESBL genes are mostly plasmid 

encoded, and most ESBLs can be divided into 3 genotypes: TEM, SHV, and CTX-M 

[6]. The major ESBL producer was K. pneumoniae before 2000, and the predominant 

ESBL genotypes were TEM and SHV [7]. E. coli has now become an important 

ESBL carrier. In addition, a genotype CTX-M has become more prevalent worldwide 

compared to the TEM and SHV genotypes [8]. During the 1990s, ESBL-producing 

organisms were described mainly as members of the TEM- and SHV-β-lactamase 

families in E. coli and K. pneumoniae causing nosocomial outbreaks [9]. The 

emergence of E. coli isolates with multiple-antibiotic-resistant phenotypes, involving 
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co-resistance to four or more unrelated families of antibiotics, has been previously 

reported and is considered a serious health concern [10]. Transference of resistance 

determinants by mobile genetic elements including plasmids, transposons, and gene 

cassettes in integrons [11] and the alteration in mar locus regulation are important 

factors that can contribute to the increase in multiresistant bacteria. 

 

The aim of study: 

      Extended spectrum β-lactamases (ESBLs) have emerged as a major threat 

worldwide with limited treatment options; hence the present study was aimed to 

determine the occurrence of ESBLs in E.coli isolates from women patients with UTI. 

   

Materials and methods: 

Bacterial isolates: 
         Fourty E.coli isolates were obtained from urine samples in Al-Hilla/Iraq during 

the period from May  to  July 2014. Urine samples were collected from women 

patients Al-Hilla Marjan teaching hospital, and private clinics in Al-Hilla city. 

Clinical isolates were identified as E.coli based on their morphology, Gram-staining. 

Vitek 2 system was performed to identify species level of E.coli isolates. 

 

Antimicrobial Susceptibility Test: 

1- Disc diffusion test (DD test):  

    The antimicrobial susceptibility patterns of isolates to different antimicrobial agents 

was determined and interpreted according to [11]. Disk diffusion test was used against 

4 antibiotics, the following antimicrobial agents were obtained (from Oxoid, U.K) as 

standard reference disks as known potency for laboratory use: Ampicillin (l0mg), 

trimethoprim-sulfamethoxazol (1.25/ 23.75mg), ciprofloxacin (5mg), and 

nitrofurantion (300mg). 

 

2- Detection of ESBL: 

2-1- with disk diffusion method:  
      The methods proposed by [12] were followed, using 30mg disks of cefotaxime 

(CTX), ceftazidime (CAZ), ceftriaxone (CRO) or aztreonam (AZT) (BBL, Becton 

Dickinson, USA) at a distance of 15mm from a disk of amoxicillin/clavulanic acid 

(AMC) (20/10mg). Positive result is indicated when the inhibition zones around any 

of the cephalosporin disks are augmented in the direction of the disk containing 

clavulanic acid. 

 

2-2 Combination disk test (CDT): 
        The test was performed with Mueller-Hinton agar plates, and disks containing 30 

μg of cefotaxime or ceftazidime with and without 10 μg of clavulanic acid. The test is 

positive if zone diameters increased by ≥5 mm for either cefotaxime, ceftazidime, 

when tested in combination with clavulanic acid versus its zone when tested alone, as 

indicated by the manufacturer or CLSI [11]. 

 

Results and Discussion: 
        A total of 04 Escherichia coli (E.coli) isolates were recovered from women 

urinary tract infections (UTIs) in Al-Hilla teaching hospital, and private clinics. 

Among the 40 woman of UTI, 27(67.5%) had been preceded by a prior UTI. The 

bacterial adhesion to urinary tract mucosa is a critical virulence factor. Type P 
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fimbriae mediate adhesion through recognition of digalactoside type residues 

(Galα1→Gal1β) of  P-type antigens of blood groups. These receptors are expressed in 

epithelial cells of the urinary tract [13].  

        In the present study, resistance to ampicillin occurred in 9 (33.3%) patients with 

a prior history of UTI, and 6 (46.1%) isolates among patients without a prior history. 

The mechanism of resistance to β-lactam antibiotic is mostly due to either production 

of β-lactamases that hydrolyze β-lactam ring, or lack of penicillin receptors on cell 

wall and / or alteration in their permeability to β-lactam  antibiotics preventing the 

uptaking of them [14]. Hassan et al, 2010 [15] found that all E.coli isolates were 

resistant to ampicillin, carbenicillin and ceftazidime, most isolates of  E.coli were 

resistant to cefotaxime (78%), ceftriaxone (93%), ciprofloxacin (82%), levofloxacin 

(67%) and amoxicillin-clavulanic acid (67%). 

        Results showed that resistance to trimethoprim-sulfamethoxazol (TMP-SMZ) 

took place in 7 (26%) isolates with a prior history of UTI, and 5 (38.4%) isolates 

among patients without a prior history. Trimethoprim is a tetrahydrofolate reductase 

inhibitor that, when added to sulfamethoxazole, provides a second step block in the 

folate biosynthetic pathway. TMP-SMZ proved to be bactericidal [16]. Blocking 

folate metabolism at 2 sites decreased the emergence of resistance, nevertheless, 

resistance to TMP-SMZ has occurred because of amino acid substitutions in both 

enzymes, Plasmids (e.g., pSK41) carry the altered genes, which facilitate the spread 

of TMP-SMZ resistance. Exogenous thymidine will render TMP-SMZ inactive, 

because it bypasses the double biosynthetic blockade. Wright et al, 1999 [17] showed 

that resistance to TMP-SMX was present in 67 (15%) of 448 urinary coliform 

isolates. 

         In this study, resistance to ciprofloxacin found in 3 (11.1%) isolates with a prior 

history of UTI, and 1 (8%) isolates among those without a prior history. 

Ciprofloxacin, is bacteriocidal drug, affecting Gram positive and Gram negative 

bacteria. Generally anti Gram negative activity is more closely associated with DNA 

gyrase inhibition, whereas anti Gram positive activity is more closely associated with 

bacterial topoisomerase IV inhibition. DNAgyrase, and bacterial topoisomerase IV, 

are vital for dicating the proper topology of DNA which is important for protein 

biosynthesis, DNA  replication and DNA repair, this interference with DNA 

transcription, replication, and repair will promote its cleavage, leading to rapid 

bacterial cell death. Also resistance to ciprofloxacin is most commonly associated 

with genetic-based alterations in the topoisomerases, resulting in decreased drug 

binding. Moreover, decreased porin presence and also decreases their uptake. Active 

uptake seems not to be a significant factor in their absorption although it is believed to 

contribute to distribution and excretion, and particularly with efflux of these agents 

from bacterial cells before they reach their intercellular targets [18]. Arslan et al, 2005 

[19] showed that resistance to ciprofloxacin was present in 32 (42%) of 77 isolates 

from community-acquired urinary tract infections in Turkey. 

        During this study, resistance to nitrofurantion was 1 (4%) among patients with a 

prior history of UTI, and there was no resistance to nitrofurantoin among patients 

without a prior history. Nitrofurans are a group of compounds characterized by the 

presence of one or more nitro-groups on a nitroaromatic or nitroheterocyclic 

backbone. Examples of compounds belonging to this group include furazolidone, 

nitrofurazone and nitrofurantoin: drugs that all display antimicrobial activity and are 

used clinically to treat different types of infections. Nitrofurantoin is taken orally, 

rapidly absorbed and excreted in the urine to generate high therapeutic concentrations 
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[20]. Nitrofurantoin is prescribed for use against uncomplicated lower urinary tract 

infections (UTIs). Studies of E.coli extracts have shown that strains resistant and 

susceptible to nitrofurans differ in their ability to reduce the compounds, [21] 

suggesting that nitrofurans need to be activated by this reducing activity to show their 

antibiotic effect. Furthermore, it has been shown that there are two types of 

nitroreductase activities in E.coli: one type insensitive to oxygen (type I) and the other 

inhibited by oxygen (type II). Chemical analyses indicate that in type I nitroreduction, 

the nitro-moiety of the parent compound is reduced via a sequence of intermediates, 

including a nitroso and hydroxylamine state, to a biologically inactive end product 

where one of the intermediates is thought to be responsible for toxicity. The specific 

identity of the bio-reactive intermediate is not known, but it binds and disrupts 

bacterial DNA and protein and is believed to be hydroxylamine [22]. 

      Karlowsky et al, 2003 [23] Showed that TMP-SMX, ampicillin, nitrofurantoin, 

and ciprofloxacin, susceptibilities for urinary E.coli resistant isolates from female 

outpatients in 1998–2001 were 17.5%, 38%, 0.8%, and 2.3%, respectively. Because 

of the low levels of resistance for nitrofurantoin and ciprofloxacin in vitro, they 

suggested that nitrofurantoin and ciprofloxacin may be used as adequate alternative 

therapy for female outpatients with uncomplicated urinary tract infections when TMP-

SMX cannot be used. The activity of nitrofurantoin and ciprofloxacin against TMP-

SMX resistant E.coli may be an important consideration for patient treatment. 

       All 40 isolates were tested by using double-disk test method for detection 

extended spectrum β-lactamase (ESBL) producing E.coli. The results showed that 10 

(25%) were β-lactamase producing isolates which showed expansion of indicator 

cephalosporin inhibition zone towards amoxicillin-clavulanic acid disk. And then 

confirmed by using combination disk test that showed the same isolates (10) ≥ 5 mm 

increase in cephalosporin inhibition zone with clavulanic acid. Extended spectrum β- 

lactamases (ESBLs) are the enzymes produced by Gram-negative bacilli that have the 

ability to hydrolyze β-lactam antibiotics containing an oxyimino group (third 

generation cephalosporins and aztreonam) and are inhibited by β-lactamase inhibitors 

such as clavulanic acid, sulbactam, and tazobactam [24]. ESBLs are usually plasmid-

mediated β-lactamases, most commonly found in K.pneumoniae, E.coli and other 

Gram-negative bacilli [25]. The number of (ESBL) producing Enterobacteriaceae 

isolated from clinical material derived from either hospitalized patients or those living 

in the community has increased [26]. Studies indicated that the drug resistance rate of 

ESBLs producing E.coli was higher than that of non ESBLs producing E.coli. It was 

also reported that the rate of multiple drug-resistant strain was higher in ESBLs 

producing E.coli than in non ESBLs producing E.coli, and that multiple drugresistant 

strains occurred frequently in drug-resistant strains [27]. Hence more attention should 

be paid clinically to ESBLs producing E.coli, and antibiotics should be used rationally 

according to the results of antimicrobial susceptibility tests. Multiple drug-resistance 

may be related to the extensive use of spectrum β-lactamases. However, its 

mechanism is still uncertain [28]. Lautenbach et al, 2001  [29] demonstrated that Of 

the 33 patients with ESBL-producing E.coli, and K.pneumoniae urinary infection, 25 

(75.8%) of them had infections due to K.pneumoniae and 8 (24.2%) had infections 

due to E.coli. Villar et al, 2013 [30] found that 14 of 37 E.coli were ESBL producers 

from the pregnant women. 

 

 

 

http://cid.oxfordjournals.org/search?author1=Ebbing+Lautenbach&sortspec=date&submit=Submit


Al-Kufa University Journal for Biology / VOL.11 / NO.1 / Year: 2019                                     

                       Print ISSN: 2073-8854                Online ISSN: 2311-6544  
 

 

00 

 

 

 

References: 

1- Zhanel, G. G.; Karlowsky,  J. A. ; Harding, G. K. M.; Carrie, A.; Mazzulli, T. and Low 

D. E. The Canadian Urinary Isolate Study Group, and D. J. Hoban. (2000). A 

Canadian national surveillance study of urinary tract isolates from outpatients: 

comparison of the activities of trimethoprim-sulfamethoxazole, ampicillin, 

mecillinam, nitrofurantoin, and ciprofloxacin. Antimicrob. Age. Chem. 44:1089±92. 

2- Gupta, K. A.; Scholes, D. and Stamm W. E. (1999). Increasing prevalence of 

antimicrobial resistance among uropathogens causing acute uncomplicated cystitis in 

women. JAMA. 281:736±738. 

3- Emody, L.; Kerényi, M. and Nagy G. (2003). Virulence factors of uropathogenic 

Escherichia coli International. J. Antim. Agent. 22: S29-S33. 

4- Warren, J. W.; Abrutyn, E. ; Hebel, J. R.  ; Johnson, J. R.  ; Schaeffer, A. J.  and Stamm 

W. E. (1999). Guidelines for antimicrobial treatment of uncomplicated acute bacterial 

cystitis and acute pyelonephritis in women. Clin. Infect. Dis. 29:745±758. 

5- Pitout, J.D.; Laupland K.B. (2008) Extended-spectrum βeta-lactamase-producing 

Enterobacteriaceae: an emerging public-health concern. Lancet Infect Dis 8:159-166. 

6-  Paterson, D.L. and Bonomo, R.A. (2005). Extended-spectrum βeta-lactamases: a clinical 

update. Clin. Microbiol. Rev. 18: 657-686. 

7- Canton, R. and Coque T.M. (2006). The CTX-M βeta-lactamase pandemic. Curr. Opin. 

Microbiol. 9: 466-475. 

8- Bradford P.A. (2001). Extended-spectrum βeta-lactamases in the 21st century:  

characterization, epidemiology, and detection of this important resistance threat. Clin. 

Microbiol. Rev. 14: 933-951. 

9- Maynard, C.; Fairbrother, J. M.; Bekal, S.; Sanschagrin, F.; Levesque, R. C.;  Brousseau, 

V; Masson, L.; Larivière, S. and J. Harel. (2003). Antimicrobial resistance genes in 

enterotoxigenic E. coli O149:K91 isolates obtained over a 23-year period from pigs. 

Antimicrob. Agents Chemother. 47:3214-3221. 

10- Carattoli, A. (2001).Importance of integrons in the diffusion of resistance. Vet. Res. 

32:243-259. 

11- Clinical and Laboratory Standards Institute (CLSI). (2012). Performance standards for 

Antimicrobial susceptibility testing. Approveds tandard M100-S20. 32 (3). National 

Committee for Clinical Laboratory Standards, Wayne, PA. 

12- Jarlier, V.; Nicolas, M.H.; Fournier, G. and Philippon A. (1988). Extended broad-

spectrum βeta-lactamases conferring transferable resistance to newer βeta-lactam 

agents in Enterobacteriaceae: hospital prevalence and susceptibility patterns. Rev. 

Infect. Dis.10: 867-878. 

13- Samuelsson, P.; Hang, L.; Wullt, B.; Irjala, H. and Svanborg C. (2004). Toll-Like 

Receptor 4 Expression and Cytokine Responses in the Human Urinary Tract Mucosa. 

Infect. Immun. 72 (6) : 3179–3186.  

14- Ang, J.Y.;  Ezike, E. and Asmar B. (2004). Antibacterial resistance. Indian. J. pediatr, 

71 (3): 229-239. 

15- Hassan, R.; Barwa, R. and Shehata H. R. (2010). Antimicrobial Resistance Genes and 

Some Virulence Factors in E.coli and S.pyogenes Isolated from Mansoura University 

Hospitals. Egypt. J. Med. Microbiol. 19 (1). 

16- Drew, RH. (2007). Emerging options for treatment of invasive, multidrug-resistant 

Staphylococcus aureus infections. Pharmacotherapy, 27: 227-49. 



Al-Kufa University Journal for Biology / VOL.11 / NO.1 / Year: 2019                                     

                       Print ISSN: 2073-8854                Online ISSN: 2311-6544  
 

 

02 

 

 

17- Wright, S. W.; Wrenn, K. D.; and Haynes M. L. (1999). Trimethoprim-

Sulfamethoxazole Resistance Among Urinary Coliform Isolates. J. Gen. Intern. Med. 

14 (10): 606–609. 

18- Mitscher L.A. (2004). Bacterial topoisomerase inhibitors: Quinolone and pyridone 

antibacterial agents. Chem. Rev. 105 (2): 559-592. 

19- Arslan, H.; Azap, O. K.;  Ergonul, O. and Timurkaynak F. (2005). Risk factors for 

ciprofloxacin resistance among E. coli strains isolated from community-acquired 

urinary tract infections in Turkey. J. Antimicrob. Chemo. 56: 914–918. 

20- Conklin J.D. (1978). The pharmacokinetics of nitrofurantoin and its related 

bioavailability. Antibiot. Chemother. 25:233-52. 

21- Asnis R.E. (1957). The reduction of Furacin by cell-free extracts of Furacin-resistant 

and parent-susceptible strains of E. coli. Arch. Biochem. Biophys. 66:208-16. 

22- Peterson F.J.; Mason R.P.; Hovsepian J. and Holtzman J. L.  (1979).  Oxygen sensitive 

and insensitive nitroreduction by E. coli and rat hepatic microsomes. J. Biol. Chem. 

254: 4009-14. 

23-  Karlowsky, J.A.; Thornsberry, C.; Jones, M.E. and Sahm D.F. (2003). Susceptibility of 

Antimicrobial-Resistant Urinary E.coli Isolates to Fluoroquinolones and 

Nitrofurantoin. Clin. Infect. Dis. 36 (2):183-87. 

24- Bradford PA. (2001). Extended-spectrum β-lactamases in the 21
st
 century: 

characterization, epidemiology, and detection of this important resistance threat. Clin. 

Microbiol. Rev. 14 : 933-51. 

25- Emery, C.L. and Weymouth L.A. (1997). Detection and clinical signifi cance of 

extended spectrum β-lactamases in a tertiary care medical center. J. Clin. Microbiol. 

35: 2061-7. 

26- Canto´n, R.; Novais, A.; Valverde, A.; Machado, E.; Peixe, L.; Baquero, F. and Coque 

T.M. (2008). Prevalence and spread of extended spectrum β-lactamase producing 

Enterobacteriaceae. Europe. Clin. Microbiol. Infect. 14:144–53. 

  

27- Hussain, M.; Hasan, F.; Shah, A.A.; Hameed, A.; Jung, M.; Rayamajhi, N.; et al. 

(2011).  Prevalence of class A and AmpC β-lactamases in clinical E.coli isolates from 

Pakistan Institute of Medical Science, Islamabad, Pakistan. Jpn. J. Infect. Dis. 64: 

249–252. 

28- Pradel, N.; Bertin, Y.; Martin, C. and Livrelli V. (2008).  Molecular analysis of shiga 

toxin-producing E.coli strains isolated from hemolytic-uremic syndrome patients and 

dairy samples in France. Appl. Environ. Microbiol. 74: 2118–2128. Epub. 1. 

29- Lautenbach, E.;  Patel, J. B.;  Bilker, W. B.;  Edelstein, P. H. and Fishman N. O.  

(2001). Extended-Spectrum β-Lactamase Producing E.coli and K.pneumoniae: Risk 

Factors for Infection and Impact of Resistance on Outcomes. Clin. Infect. Dis. 32 (8): 

1162-1171. 

30- Villar, H. E.; Aubert, V. ; Baserni, M. N. and Jugo M. B. (2013). Maternal carriage of 

extended spectrum β-lactamase producing E.coli isolates in Argentina. J. Chem.   

 

http://www.ncbi.nlm.nih.gov/pubmed/?term=Wright%20SW%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Wrenn%20KD%5Bauth%5D
http://www.ncbi.nlm.nih.gov/pubmed/?term=Haynes%20ML%5Bauth%5D
http://www.jbc.org/search?author1=J+L+Holtzman&sortspec=date&submit=Submit
http://cid.oxfordjournals.org/search?author1=James+A.+Karlowsky&sortspec=date&submit=Submit
http://cid.oxfordjournals.org/search?author1=Ebbing+Lautenbach&sortspec=date&submit=Submit
http://cid.oxfordjournals.org/search?author1=Jean+Baldus+Patel&sortspec=date&submit=Submit
http://cid.oxfordjournals.org/search?author1=Warren+B.+Bilker&sortspec=date&submit=Submit
http://cid.oxfordjournals.org/search?author1=Paul+H.+Edelstein&sortspec=date&submit=Submit
http://cid.oxfordjournals.org/search?author1=Neil+O.+Fishman&sortspec=date&submit=Submit

