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ABSTRACT 

Urinary tract infections (UTIs) caused by antimicrobial-resistant bacteria, especially ESBL-producing 

Escherichia coli can be life-threatening as therapeutic options available to treat infected patients are limited. 

Resistance due to ESBL-producing bacteria poses a peculiar challenge in treating infections because of its 

association with multidrug resistance. The aim of this study was thus to determine the susceptibility pattern 

and phenotypic detection of ESBL-producing E. coli from UTI patients. Two hundred and forty-six (246) E.coli 

isolates obtained from patients with suspected urinary tract infections were studied. The identity of the isolates 

was confirmed using standard biochemical tests. Antibiotic susceptibility testing was carried out using the 

Kirby-Bauer Disc Diffusion Technique. Screening for ESBL production was done using the Clinical 

Laboratory Standards Institute breakpoint. Suspected ESBL producers were subjected to confirmation using 

the Double Disc Synergy Test. Standard Discs of Augmentin (AMC 30µG Oxoid England), Ceftazidime (CAZ 

30µG, Oxoid England) and Cefotaxime (CTX 30µG, Oxoid England) were used for the screening and 

confirmation. Multidrug-resistant E.coli were found to be 65.4%. Screening for ESBL production showed 

67.1% suspected ESBLs producing E.coli. The Double Disc Synergy Test showed 22.4% confirmed ESBLs 

producing E.coli. Antimicrobial sensitivity of the ESBLs producing organisms showed 100% resistance to 

augmentin, ceftriaxone, ceftazidime, ciprofloxacin and cefotaxime while resistance to gentamicin was 91.1%, 

chloramphenicol 89.2%, nitrofurantoin 78.4%, and cotrimoxazole 94.6%. A 100% sensitivity to imipenem was 

also observed. ESBL-producing E.coli are present in Kano metropolis and are resistant to commonly prescribed 

antibiotics. We, therefore, suggest screening and confirmation for ESBL, to prevent treatment failure.  

 

Keywords: UTI, Escherichia coli, Extended-spectrum beta-lactamase, 3rd Generation Cephalosporins,  
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INTRODUCTION 

Urinary tract infections (UTIs) are one of the most common 

infectious diseases worldwide with about 250 million people 

being diagnosed with UTIs each year (Ronald et al., 2001). 

The causative agents in UTIs are majorly Gram-negative 

pathogens, primarily Enterobacteriaceae with Escherichia 

coli being the most predominant, followed by Klebsiella 

pneumonia and Proteus mirabilis (Tenney et al., 2018). 

Several studies demonstrate how the use of antibiotics 

influences both the development and emergence of resistant 

microorganisms. Uropathogenic E. coli has shown increasing 

antimicrobial resistance to most antibiotics, particularly 

cephalosporins due to the production of enzymes known as 

Extended spectrum β- lactamases (Miranda et al., 2004; Al 

janaby et al., 2017; Khalid et al., 2017).  

ESBLs are β-lactamases which can hydrolyze oxyimino-

cephalosporins and are inhibited by beta-lactamase inhibitors 

(Bust et al., 1995). The overuse and misuse of antibiotics have 

led to an increase in the incidence of ESBL-producing E. coli 

globally (Chauhan et al., 2015). In many parts of the world, 

10%-40% of strains of E. coli and K. pneumoniae express 

ESBLs (Rupp and Fey, 2003). In Nigeria, prevalence rates 

range from 5% to 44.3% as shown by (Olonitola et al., 2007; 

Olowe and Aboderin, 2010; Yushau et al., 2010; Akujobi and 

Ewuru, 2010; Ogefere et al., 2015; Mohammed et al., 2016). 

With the change in the aetiology of UTI and the antibiotic 

resistance pattern of uropathogens over the past years, we are 

left with limited therapeutic options to treat Urinary Tract 

Infections. 

Therefore, this study was carried out to determine the 

frequency, and resistance pattern of ESBL-producing E.coli 

from suspected cases of UTIs in Kano metropolis using 

phenotypic techniques. The current study will be extremely 

helpful for the empirical treatment and prudent management 

of UTI patients. Additionally, it will support the relevant 

authorities in enhanced antibiotic prescribing strategy 

planning.  

 

MATERIALS AND METHODS 

Sample collection and analysis 

The study was conducted on 246 isolated uropathogenic 

E.coli collected from Aminu Kano Teaching Hospital, 

Murtala Muhammad Specialist Hospital and Muhammad 

Abdullahi Wase Teaching Hospital from patients with 

suspected UTIs between January and July 2017 following 

approval from the Aminu Kano Teaching Hospital Ethical 

Committee and Kano State Ministry of Health. 

Urine microscopy was carried out using a drop of 

uncentrifuged urine to determine significant pyuria. The 

samples were inoculated on Cysteine Lactose Electrolyte 

Deficient Agar and incubated at 370C for 18-24 hours. 

Discrete colonies were picked, and Gram staining was carried 

out. All isolates were identified at the species level using 

standard biochemical tests (Cheesebrough, 2000).  

 

Antibiotic susceptibility testing 

This was carried out using the Kirby-Bauer-CLSI modified 

Disc Agar Diffusion technique (DAD). One millilitre (1.0 ml) 
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of a standardized overnight culture of each isolate (containing 

106 CFU/ml) was used to flood the surface of Mueller Hinton 

Agar (MHA) plates and excess drained off and dried while the 

Petri dish lid was in place. The standard antibiotic discs were 

then aseptically placed at reasonable equidistance on the 

inoculated MHA plates and allowed to stand for 1 h. The 

plates (prepared in duplicates for each isolate) were then 

incubated at 37°C for 18 hours. The diameter of the zones of 

inhibition produced by each antibiotic disc was measured and 

recorded (CLSI, 2010) 

The following oxoid antibiotic discs were used; 

Amoxicillin/Clavulanic acid (20/10µg), Ceftriaxone CRO 

(30µg), Cefotaxime CTX (30µg) Ceftazidime CAZ (30µg), 

Ciprofloxacin CIP (10µg), Chloramphenicol C (30µg), 

Gentamicin CN (10µg), Cotrimoxazole STX (1.25/23.75µg), 

Imipenem (10µg), Nitrofurantoin (300µg). 

 

Extended Spectrum Beta Lactamase Screening Test 

Screening for ESBL production by disc diffusion test 

Resistance to cefotaxime ceftriaxone and ceftazidime was 

detected by disc diffusion test as recommended by (CLSI, 

2016). From the pure cultures of bacteria grown overnight on 

MacConkey agar, a suspension matching 0.5 McFarland 

standard (1.5 x 108CFU/ml) was made in nutrient broth. Using 

sterile cotton swab, the bacteria was spread on Mueller Hinton 

agar to obtain a lawn culture. After allowing the plate to dry, 

the antibiotic discs were placed on the surface and the plates 

incubated at 37oC for 18-24 hours. Following growth, the 

diameter of the zone of inhibition around the discs were 

measured and recorded. The disc potency and zone diameters 

for inferring resistance were as follows; cefotaxime (30µg) 

≤27mm, ceftriaxone (30 µg) ≤25 mm, ceftazidime (30 µg). 

Resistance to at least one of the antibiotics will be considered 

positive in the screening test for possible ESBL production 

(CLSI, 2016) 

 

Confirmation of ESBL production by Double Disc 

Synergy Test (DDST) 

Double Disc Synergy Test was carried out using 3 antibiotics, 

namely amoxicillin-clavulanic acid (20/10µg), cefotaxime 

(30µg) and ceftazidime (30µg). The discs were placed 25mm 

(centre to centre of the discs) from amoxicillin-clavulanic acid 

on Mueller Hinton Agar. Enhancement of the zone of 

inhibition towards the clavulanate disc after 24 hours of 

incubation at 37°C was considered indicative of a potential 

ESBL producer (NCCLS, 2000)  

 

Statistical analysis 

The Chi-square test was used to compare differences for 

categorical data by using SPSS statistics 128 (version 17) 

program (IBM Corporation, NY, USA). A P-value of < 0.05 

was considered indicative of statistical significance 

 

RESULTS AND DISCUSSION 

A total of one thousand five hundred (1500) suspected urine 

samples were collected from three hospitals in Kano 

metropolis; Aminu Kano Teaching Hospital (AKTH), 

Muhammad Abdullahi Wase Teaching Hospital (MAWSH), 

Murtala Muhammad Specialist Hospital (MMSH). Out of the 

1500 samples, 500 were obtained each from AKTH, MMSH 

and MAWSH.  

Table 1 shows the distribution of samples across the hospitals 

based on gender. There is a significant difference between 

genders at the different sampling sites (p value= 0.0178) with 

the female population having a higher rate of suspected UTIs.

 

Table 1: Distribution of samples across the hospitals based on gender 

 Sampling site 

Gender AKTH MMSH MAWSH Total 

Male 106 (21.2%) 153 (30.6%) 127 (25.4%) 386 

Female 394 (78.8%) 347 (69.4%) 373 (74.6%) 1114 

Subtotal 500 500 500 1500 

P<0.05     

 

From the 1500 samples collected, 621 samples showed 

growth of organisms. A total of 246 E.coli isolates where 

obtained from the different sampling sites. Murtala 

Muhammad Specialist Hospital had the highest number of E. 

coli isolates 127(51.6%). Table 2 below shows the 

distribution of E.coli isolates across the sampling sites. 

 

Table 2: Distribution of E.coli isolates  across the sampling sites 

 Sampling site 

 AKTH (%) MMSH (%) MAWTH (%) Total  

Organism      

E. coli 71(29.9%) 127(51.6%) 48(19.5%) 246  

 

Based on the CLSI breakpoint for screening ESBL production 

using ceftriaxone, ceftazidime and cefotaxime, Table 3 below 

shows the distribution on the isolates as suspected ESBLs and 

non-ESBLs with 67.1% of E. coli being suspected ESBL 

producers. 

 

Table 3: Distribution of Suspected ESBLs producing E.coli based on CLSI breakpoint 

Isolates  Number of isolates (%) 

Suspected ESBLs producers 165 (67.1) 

Non ESBLs producers 81 (32.9) 

Total 246 

  

Table 4 shows percentage distribution of confirmed ESBL producers using the Double Disc Synergy Test. ESBL production 

was confirmed in 22.4% of E. coli isolates. 
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Table 4: Distribution of Confirmed ESBLs and Non-ESBLs E. coli using Double Disc Synergy Test 

Isolates  Number of isolates (%) 

Confirmed ESBLs producers 37 (22.4) 

Non ESBLs producers 128(77.6) 

Total 165 

 

The percentage distribution of confirmed ESBLs across the three hospitals is shown in Table 5 with AKTH having the highest 

percentage of ESBLs producing E. coli isolates 

 

Table 5: Percentage distribution of ESBLs across the different hospitals 

Organism  
Sampling site 

AKTH (%) MMSH (%) MAWTH (%) Total  

E. coli 30 (81.1%) 0 (0%) 7 (18.9%) 37  

 

The antimicrobial susceptibility pattern of the ESBLs-

producing E. coli is shown in Table 6 with 100% of the 

isolates being resistant to ceftazidime, cefotaxime, augmentin 

and ceftriaxone. All the isolates were sensitive to imipenem. 

Resistance to gentamicin, chloramphenicol, nitrofurantoin, 

ciprofloxacin and cotrimoxazole was 91.9%, 89.2%, 78.4%, 

97.3% and 94.6% respectively. 

 

Table 6: Antimicrobial Susceptibility Pattern of ESBLs producing E. coli (n=37) 

                                                                                             Organism 

 E.coli 

Antibiotic Sensitive (%)          Resistant (%) 

Gentamicin (10µg) 3(8.1)                       34(91.9) 

Ceftazidime (30µg) 0 (0)                         37 (100) 

Chloramphenicol(30µg) 4 (10.8)                   33(89.2) 

Cefotaxime(30µg) 0 (0)                        37(100) 

Nitrofurantoin(300µg) 12 (32.4)                 29(78.4) 

Ciprofloxacin (5µg) 1 (2.7)                     36(97.3) 

Augmentin (30µg) 0(0)                         37(100) 

Imipenem (10µg) 37 (100)                   0 (0) 

Ceftriaxone(30µg) 0 (0)                        37(100) 

Cotrimoxazole(1.25/23.75µg) 2 (5.4)                     35(94.6) 

 

Discussion 

In this study, a total of 1500 urine samples were collected 

from 3 hospitals in Kano metropolis, 386 from males and 

1114 from females, out of which 621 showed bacterial 

growth. There was a significant difference between samples 

collected from males and females. This finding correlates 

with other reports which showed that females are more prone 

to UTIs than males (Griebling 2007; Randrianirina et al., 

2007; Fauci et al., 2008; El Mahmood, 2009; Habte et al., 

2009; Yismaw et al., 2012; Ahmad 2012; Anejo-okopi et al., 

2015). The higher frequency in females has been attributed to 

the shorter female urethra and its proximity to the 

gastrointestinal outlet hence making it easier for enteric flora 

to colonize the area (Salvatore et al., 2011). Other 

contributing factors may include the use of contraceptives, 

childbirth and menopause. 

E. coli dominated the uropathogens seen in this study; similar 

results have been reported (Ehinmidu 2003; El Mahmood 

2009; Mansour et al., 2009; Pondei et al., 2012; Iregbu and 

Nwajiobi-Princewill 2013 Alanazi et al., 2018) and Adabara 

et al.,2020).  

In this study, the distribution of confirmed ESBLs producing 

E.coli was 22.4% as opposed to the suspected number of 

67.1%. A similar drop in the number of suspected and 

confirmed ESBLs production has been reported by Yushau et 

al (2010) which could be due to the production of multiple β 

lactamases leading to an interference with the results (Yushau 

et al., 2010). A higher occurrence was reported by Yushau et 

al (2010) where E. coli was reported to be 42.6% In another 

study in Pakistan, 56.9% of isolates of E. coli were ESBL 

positive (Ullah et al., 2009) and in a study in India, nearly 

40% of urinary isolates of E. coli were ESBL positive 

(Babypadmini and Appalaraju, 2004). Mekki et al (2010) 

reported ESBL producing E.coli was 53% from the patients 

suffering from Urinary Tract Infections. Ejaz et al (2011) 

reported ESBL-producing E. coli to be 57.4% in Pakistan. The 

differences in the results could be due to different numbers of 

samples, recent antibiotic usage and hospitalization  

Distribution of ESBLs across the hospitals showed that 

AKTH had the highest occurrence of ESBLs producing E. coli 

at 81.1%. The spread of an ESBL variant can be facilitated by 

a referral system where the presence of a single ESBL variant 

in a different centre may be imported by a patient on referral 

to another centre (Nordmann et al., 2009). This situation 

could hold for AKTH because it is a tertiary referral centre 

receiving patients from different parts of northwestern 

Nigeria. 

In this study, ESBL-producing isolates were highly resistant 

to antibiotics (both β lactams and non β lactams). This 

suggests cross-resistance induced by the ESBL enzymes to 

the isolates against non β lactam antibiotics. This suggests 

cross-resistance induced by the ESBL enzymes to the isolates 

against non β lactam antibiotics such as gentamicin, 

nitrofurantoin, cotrimoxazole and ciprofloxacin (Bonnet, 

2004). Imipenem was the only antibiotic that showed activity 

against 100% of the ESBLs producing E.coli, followed by 

nitrofurantoin which had activity against 32.4% of the 

isolates. A similar activity has been reported by Chaturvedi et 

al., (2020). 
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CONCLUSION 

This study has shown a higher occurrence of UTIs in females 

than males with Escherichia coli being the most frequently 

isolated organism. A high resistance among E. coli isolates 

from UTIs to commonly prescribed antibiotics in Kano 

metropolis has been shown. AKTH had the highest number of 

ESBL-positive isolates. Imipenem has excellent performance 

against ESBL positive isolates and is therefore recommended 

as a treatment of choice for confirmed ESBL producers. 

Furthermore, a high rate of resistance has been developed in 

uropathogens with empiric antibiotic treatment, including 

cotrimoxazole, fluoroquinolones, amoxyclav and broad 

spectrum cephalosporins. Therefore, proper screening is 

needed for ESBLs detection in laboratories. It is of utmost 

importance that antibiogram report must mention clearly 

whether the isolate is a doubtful or a confirmed ESBL 

producer. The report should also state that irrespective of their 

in vitro susceptibility, production of ESBL can render β- 

lactam antibiotics therapeutically ineffective. Efficient 

infection control measures like barrier precautions and hand 

washing should be made mandatory to lessen the 

pervasiveness of antimicrobial-resistant pathogens, including 

ESBL producing E. coli.  

 

REFERENCES 

Adabara N.U, Bakinde N.D, Enejiyon S.O, Salami T and 

Iorzua D (2020). Detection of Extended Spectrum Beta-

Lactamase Producing Escherichia coli from Urinary Tract 

Infection in General Hospital, Minna Tanzania Journal of 

Science 46(3): 613-619, 2020 , 

https://dx.doi.org/10.4314/tjs.v46i3.3 

 

Ahmad, S. (2012). Pattern of urinary tract infection in 

Kashmir and antimicrobial susceptibility. Bangladesh 

Medical Research Council Bulletin, 38(3), 79-83. 

10.3329/bmrcb.v38i3.14330 

 

Akujobi C.N. & Ezeanya C.C. (2013). Emergence of 

Carbapenem resistance among Extended Spectrum Beta-

lactamase isolates of Escherichia coli from clinical specimens 

in a tertiary hospital, Nigeria (2013). International Journal of 

Microbiology Research. 5(2), 366-69. 

http://dx.doi.org/10.9735/0975-5276.5.2.367-370 

 

Alanazi MQ, Alqahtani FY and Aleanizy FS 2018 An 

evaluation of E. coli in urinary tract infection in Emergency 

Department at KAMC in Riyadh, Saudi Arabia: retrospective 

study. Ann. Clin. Microbiol. Antimicrob. 17(1): 3. 

https://doi.org/10.1186/s12941-018-0255-z 

 

Aljanaby, A. A. J., and Alhasani, A. H. A. (2016). Virulence 

factors and antibiotic susceptibility patterns of multidrug 

resistance Klebsiella pneumoniae isolated from different 

clinical infections. African Journal of Microbiology 

Research, 10(22), 829-843. 

http://dx.doi.org/10.5897/AJMR2016.8051 

 

Anejo-Okopi, A.J, Okwori A.E.J, Eze M.I, Onaji A.I,Ali, M, 

Adekwu A,Ejiji I.S (2015) prevalence and antibiotic 

resistance pattern of urinary tract bacterial infections among 

symptomatic patients attending university of maiduguri 

teaching hospital, north east Nigeria European Journal of 

Advanced Research in Biological and Life Sciences.3(3), 31-

41 

 

Babypadmini, S. and Appalaraju, B. (2004). Extended 

spectrum-lactamases in urinary isolates of Escherichia coli 

and Klebsiella pneumoniae-prevalence and susceptibility 

pattern in a tertiary care hospital. Indian Journal of Medical 

Microbiology, 22(3), 172. https://doi.org/10.1016/S0255-

0857(21)02830-9 

 

Bonnet, R.  (2004). Growing group of extended-spectrum 

beta-lactamases:  the CTX-M enzymes. Antimicrobial Agents 

and Chemotherapy, 48(1), 1-14. 

https://doi.org/10.1128/aac.48.1.1-14.2004 

 

Bush K, Jacoby GA, Medeiros AA. A functional 

classification scheme for βlactamases and its correlation with 

molecular structure. Antimicrob Agents Chemother. 

1995;39:1211-33 https://doi.org/10.1128/aac.39.6.1211 

 

Chaturvedi A, Sisodia R ,Sharma N, Chaturvedi A, Rathore 

M, Sharma R (2020). Phenotypic detection and antibiotic 

susceptibility pattern of ESBL producing Escherichia coli 

from UTI patients at a tertiary care hospital in Jaipur JMSCR 

08(12)253-262. https://dx.doi.org/10.18535/jmscr/v8i12.44 

 

Chauhan S, Mahawal BS, Ramola DC (2015). Extended-

spectrum β-lactamases in urinary isolates of Escherichia coli 

prevalence and susceptibility pattern at a tertiary care 

hospital. Int J Res Med Sci.  Jul;3(7):1622-6. 

https://doi.org/10.18203/2320-6012.ijrms20150240 

 

Cheesbrough, M. (2000). Microbiological test: District 

Laboratory Practice in Tropical Countries. In: Cremer, A. and 

Evan, G. (eds). Cambridge University Press, UK. Pp: 1-226 

 

CLSI (2016) Clinical and Laboratory Standards Institute. 

Performance standard for antimicrobial susceptibility testing. 

22nd informational supplement ;32:M100- S22. 

 

Ehinmidu, J.O. (2003). Antibiotics susceptibility patterns of 

urine bacterial isolates in Zaria, Nigeria. Journal of Tropical 

Pharmaceutical Research 2(1), 223-228. 

https://doi.org/10.4314/tjpr.v2i2.14603 

 

Ejaz, H., Zafa, A., Mahmood, S. and Javed, M. M. (2011). 

Urinary tract infections caused by extended spectrum β-

lactamase (ESBL) producing Escherichia coli and Klebsiella 

pneumoniae. African Journal of Biotechnology, 10(73), 

16661-16666. https://doi.org/10.5897/AJB11.2449 

 

El-Mahmood, A.M., Atimi, A.T., Tirmidhi,  B. and 

Mohammed,  A.(2009) Antimicrobial  susceptibility  of  some  

quinolone  antibiotics against  some  urinary  tract  pathogens  

in  a  tertiary  hospital, Yola, Adamawa State, Nigeria. Journal 

of Clinical Medicine and Research 1(1), 26-34. 

https://doi.org/10.5897/JCMR.9000007 

 

Fauci, A. S., Brunwald, E., Kasper, D. L., Longo, D. L., 

Hauser, S. L., Jameson, J. L. and Loscallo, J. (2008). Disorder 

of the urinary and kidney tract. Harrison’s: Principles of 

Internal Medicine, 17, 18. 

 

Griebling, T.L. (2007) Urinary Tract Infection in Women. In: 

Litwin MS, Saigal CS, editors.  Urologic Disease in America.  

Washington, DC:  NIH  Publication: pp. 587–619. 

 

Habte, T. M., Dube, S., Ismail, N. and Hoosen, A. A. (2009). 

Hospital and community isolates of uropathogens at a tertiary 

hospital in South Africa. South African Medical 

Journal, 99(8). 

 

https://dx.doi.org/10.4314/tjs.v46i3.3
https://doi.org/10.3329/bmrcb.v38i3.14330
https://dx.doi.org/10.18535/jmscr/v8i12.44


PHENOTYPIC DETECTION AND ANTIMIC…     Mohammed et al., FJS 

FUDMA Journal of Sciences (FJS) Vol. 8 No. 2, April, 2024, pp 101 - 105 105 

 ©2024 This is an Open Access article distributed under the terms of the Creative Commons Attribution 4.0 
International license viewed via https://creativecommons.org/licenses/by/4.0/ which  permits  unrestricted  use,  
distribution,  and  reproduction  in  any  medium, provided the original work is cited appropriately.  

Iregbu, K. C. and Nwajiobi-Princewill, P. I. (2013). Urinary 

tract infections in a tertiary hospital in Abuja, Nigeria. African 

Journal of Clinical and Experimental Microbiology, 14(3), 

169-173. https://doi.org/10.4314/ajcem.v14i3.9 

 

Khalid, H.M., Yousif, S.Y. and Jubrael, J.M.S. (2017). 

Bacteriological and Molecular characterization of extended 

spectrum beta lactamases in clinical isolates of Klebsiella 

pneumoniae isolated from Kurdistan region, Iraq. Science 

Journal of University of Zakho, 1(1), 158-163 

 

Mansour A, Mahdinezhad M and Pourdangchi Z 2009 Study 

of bacteria isolated from urinary tract infections and 

determination of their susceptibility to antibiotics. 

Jundishapur J. Microbiol. 2(3): 118-123. 

 

Mekki, A. H., Hassan, A. N. and Elsayed, D. E. M. (2010). 

Extended spectrum beta lactamases among multi drug 

resistant Escherichia coli and Klebsiella species causing 

urinary tract infections in Khartoum. African Journal of 

Bacteriology Research, 2(3), 18-21 

https://doi.org/10.5001%2Fomj.2013.30 

 

Miranda S, Davide M, Peter J. Evolution of multi-resistance 

plasmids in Australia clinical isolates of Escherichia coli. 

Microbiology. 2004;150:1539-46 

https://doi.org/10.1099/mic.0.26773-0 

 

Mohammed, Y., Gadzama, G. B., Zailani, S. B., and 

Aboderin, A. O. (2016). Characterization of extended-

spectrum beta-lactamase from Escherichia coli and Klebsiella 

species from North Eastern Nigeria. Journal of clinical and 

diagnostic research: JCDR, 10(2), DC07. 

https://doi.org/10.7860%2FJCDR%2F2016%2F16330.7254 

 

National Committee for Clinical Laboratory Standards. 

Performance standards for antimicrobial disk susceptibility 

test, 7th edition. approved standards, NCCLS Document M2-

A7,Vol. 20(1): Wayne PA, 2000. Dis. 1988;10: 867- 78 

 

Nordmann, P., Cuzon, G and Naas, T. (2009). The real threat 

of Klebsiella pneumoniae carbapenemase-producing bacteria. 

Lancet Infectious Diseases, 9(4), 228-236. 

https://doi.org/10.1016/s1473-3099(09)70054-4 

 

Ogefere, H. O., Aigbiremwen, P. A., and Omoregie, R. 

(2015). Extended-spectrum beta-lactamase (ESBL)–

producing Gram-negative isolates from urine and wound 

specimens in a tertiary health facility in southern 

Nigeria. Tropical Journal of Pharmaceutical 

Research, 14(6), 1089-1094. 

https://doi.org/10.4314/tjpr.v14i6.22 

 

Olonitola, O. S., Olayinka, A. T., Inabo, H. I., and Shaibo, A. 

M. (2007). Production of extended spectrum beta-lactamases 

of urinary isolates of Escherichia coli and Klebsiella 

pneumoniae in Ahmadu Bello University Teaching Hospital, 

Zaria, Nigeria. International Journal of Biological and 

Chemical Sciences, 1(2), 181-185. 

https://doi.org/10.4314/ijbcs.v1i2.39689 

 

Olowe, O. A., and Aboderin, B. W. (2010). Detection of 

extended spectrum β-lactamase producing strains of 

(Escherichia coli) and (Klebsiella sp.) in a tertiary health 

centre in Ogun State. International Journal of Tropical 

Medicine, 5(3), 62-64. 

http://dx.doi.org/10.3923/ijtmed.2010.62.64 

 

Pondei, K., Oladapo, O. and Kunle-Olowu, O. E. (2012). 

Anti-microbial susceptibility pattern of micro-organisms 

associated with urinary tract infections in a tertiary health 

institution in the Niger Delta Region of Nigeria. African 

Journal of Microbiology Research, 6(23), 4976-4982. 

http://dx.doi.org/10.5897/AJMR12.086 

 

Randrianirina, F., Soares, J.L., Carod, J.F., Ratsima, E., 

Thonnier, V., Combe, P., Grosjean, P., Talarmin, A. J. (2007) 

Antimicrobial resistance among uropathogens that  cause  

community  acquired  urinary  tract infections  in  

Antananarivo,  Madagascar. Antimicrobial Chemotherapy 

59(2), 309-12. https://doi.org/10.1093/jac/dkl466 

 

Ronald AR, Nicolle LE, Stamm E. Urinary tract infection in 

adults: research priorities and strategies. Int J Antimicrob 

Agents. 2001;17:343-8 https://doi.org/10.1016/s0924-

8579(01)00303-x 

 

Rupp, M. E., and Fey, P. D. (2003). Extended spectrum β-

lactamase (ESBL)-producing 

Enterobacteriaceae. Drugs, 63(4), 353-365. 

https://doi.org/10.2165/00003495-200363040-00002 

 

Salvatore, S., Cattoni, E., Siesto, G., Serati, M., Sorice, P., 

Torella, M. (2011) Urinary tract infections in women. 

European journal of obstetrics, gynecology, and reproductive 

biology. 156(2), 131–6. 

https://doi.org/10.1016/j.ejogrb.2011.01.028 

 

Tenney, J., Hudson, N., Alnifaidy, H., Li, J. T. C. and Fung, 

K. H. (2018). Risk factors for acquiring multidrug-resistant 

organisms in urinary tract infections: a systematic literature 

review. Saudi Pharmaceutical Journal, 26(5), 678-684. 

https://doi.org/10.1016/j.jsps.2018.02.023 

 

Ullah, F., Malik, S.A and Ahmed, J (2009). Antibiotic 

susceptibility pattern and ESBLs prevalence in nosocomial 

Escherichia coli from urinary tract infections in Pakistan. 

African Journal of Biotechnology 8(16), 3921-3926 

 

Yismaw, G., Asrat, D., Woldeamanuel, Y., andUnakal, C. G. 

(2012). Urinary Tract Infection:Bacterial etiologies, drug 

resistance profile and associated risk factors in diabetic 

patients attending Gondar University Hospital, Gondar, 

Ethiopia. European Journal of Experimental Biology, 2(4), 

889-898. 

 

Yusha’u, M., Aliyu, H.  M., Kumurya, A.S.  and Suleiman, K. 

(2010) Prevalence of extended-spectrum β-lactamases 

(ESBLs) among Enterobacteriaceae in Murtala Mohammed 

Specialist Hospital, Kano, Nigeria. Bayero Journal of Pure 

and Applied sciences, 3(1): 169- 172. 

https://doi.org/10.4314/bajopas.v3i1.58756 

 

 

 

 

 

  

https://creativecommons.org/licenses/by/4.0/

