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Abstract: Urinary tract infections (UTIs) are major health issue in developing countries like Pakistan, become more 

complicated with extended spectrum β-lactamase (ESBL) expression in Escherichia coli and Klebsiella pneumoniae. 

The ground of this present study was to evaluate the incidence of cefotaxime (CTX-M) gene in Escherichia coli, 

Klebsiella pneumoniae and Proteus mirabilis. The clinical isolates from various specimens were collected for one-year 

duration from January till December 2015. After initial screening (n=352) isolates were examined for phenotypic 

expression of ESBLs by double disc synergy test. Furthermore, eight-four isolates were analyzed by polymerase chain 

reaction for identification of Cefotaxime (CTX-M), Temoneira (TEM) and Sulfhdryl variable (SHV) genes. Among 

eighty-four clinical isolates CTX-M was dominant and found positive in 50 isolates (59.5%) followed by TEM in 35 

(41.6%) and SHV in 11 (13%). In uropathogenic E. coli and K. pneumoniae, ESBLs gene was found in 50 and 6 isolates 

out of 57 and 7 respectively. Among uropathogens CTX-M was most prevalent 78% (39/50) in E. coli followed by K. 

pneumoniae. In uropathogenic E. coli, CTX-M was found dominant in females. The study concluded that ESBL related 

uropathogenic E. coli were CTX-M dominant, showed community onsets of UTIs that can be preventive and controlled 

with modified hygienic practices.  
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INTRODUCTION 
 

Extended spectrum β-lactamases (ESBLs) related 

community acquired infections has increased because of 

Cefotaxime (CTX-M) variants, a beta-lactamase of 

molecular class A (Bush et al., 1995) originated from 

environmental bacteria with highly transferrable plasmid, 

this link is related in circulation of ESBLs in the 

community (Pitout et al., 2005). In 1983, first report of 

CTX-M was published, CTX-M was suggested due to 

enzymatic activity against cefotaxime by hydrolysis 

(Knotheet al., 1983). The β-lactamase inhibitors are 

ineffective against hydrolytic activity of these enzymes 

(Bradford, 2001). The prevalence of CTX-M enzymes 

reported from all over the world in both nosocomial and 

community settings (Cantón and Coque, 2006). 
 

E. coli with CTX-M has previously reported from various 

household animals and different food related products, 

several reports indicated that stool samples from healthy 

human subjects and sewage also contained CTX-M 

producing E. coli. In most regions E. coli has already 

replaced as the predominant species of ESBLs- 

Enterobacteriaceae other than Klebsiella spp (Carattoli et 

al., 2005; Kojima et al., 2005). In Pakistan, recent studies 

indicated increased prevalence of ESBLs in E. coli (Ali et 

al., 2016; Rahman et al., 2016) 

Previously there were several published reports of true 

community-onset infection or colonization of E. coli with 

ESBLs (Colodner et al., 2004; Woodford et al., 2004; 

Rodríguez-Bano et al., 2004; Akram et al., 2007; 

Laupland et al., 2008; Rodríguez-Baño et al., 2008; Meier 

et al., 2011; Søraas et al., 2013;). These reports revealed 

urinary tract infections related with CTX-M positive E. 

coli from Spain, Turkey, India, Switzerland, Norway, the 

United Kingdom and Canada. In previous years various 

reports from Pakistan were published on prevalence of 

CTXM-ESBLs among E. coli and K. pneumoniae from 

hospital setups (Habeeb et al., 2014;Rahman et al., 2016; 

Abrar et al., 2017).  

 

This study was designed to determine CTX-M dominance 

among various Enterobacteriaceae isolates such as E. 

coli, K. pneumoniae and P. mirabilis reported from non-

hospitalized patients. 

 

MATERIALS AND METHODS 
 

Study layout 

Over a one-year period (January-December 2015), 

isolates were collected in cross-sectional manner from 

various specimens of non-hospitalized patients in 

Karachi, Pakistan. Total n=352 non-repeated clinical 

specimens (E. coli, K. pneumoniae and P. mirabilis) were 

selected for phenotypic investigation of ESBLs. The *Corresponding author: e-mail: iyadnaeem@uok.edu.pk 
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criteria of investigation for initial screening of ESBLs 

were determination of inhibitory zones i.e., 

ceftazidime≤22 mm and cefotaxime≤27mm, additionally 

ceftriaxone≤25mm (Wayne, 2014) . 
 

Phenotypic detection of ESBLs by double disc synergy 

test (DDST) 

After initial screening, phenotypic identification of 

ESBLs was determined by synergy between 

cephalosporins and amoxicillin/clavulanic acid on muller-

hinton agar. Both cephalosporins i.e., cefotaxime and 

ceftazidime were placed 30 mm apart from middle 

antibiotic disc of amoxicillin/clavulanic acid and 

incubated for 24 hours at 37ºC.The presence of ESBLs 

was confirmed with enhanced inhibited zone of 

cephalosporins towards clavulanic acid (Jarlier et al., 

1988). 
 

Genotype identification 
The CTX-M, TEM and SHV genes were analyzed using 

PCR. ESBLs positive clinical isolates were screened for 

the identification of all three genes, gene amplification 

was performed with forward and reverse primers.. The 

forward and reverse sequences of above-mentioned genes 

are listed in table 1. 
 

Sub culture of preserved isolates 

For sub-culturing, 20µl of previously preserved culture 

was transferred in to 2.5ml of BHI broth (Oxoid, UK), 

under controlled sterilized conditions and further 

incubated for 18-24 hours at 37
°
C. 

 

DNA extraction 

The extraction of DNA was performed using bacterial 

DNA Extraction kit (MOLEQULE-ON, New Zealand). 

Freshly cultured broth (100µl) was transferred in 

sterilized Eppendorf tubes (Nest, China) and centrifuged 

at speed of 8000 rpm for 5min. After centrifugation, 

discard the supernatant layer and keep the pallet in 

Eppendorf tubes. Further, 400µl of digestion solution and 

3µl of and proteinase k solution were added and incubated 

for 5min at 55°C.After incubation, the Eppendorf tubes 

were centrifuged for 2min at speed of 10000 rpm and 260 

µl of ethanol were added. Transferred the solution from 

Eppendorf tubes in to the collection tubes and again 

centrifuged for 2min at speed of 10000 rpm. Discard the 

fluid from collection tubes and 500µl wash solution was 

added and centrifuged at speed of 10000 rpm for 2min. 

Again repeatthe process with wash solution and a spin 

column was placed in clean Eppendorf tube. 30 to 50µl 

elution buffer was added and centrifuged for 2 min at 

speed of 10000 rpm. The eluted aliquot of 50µl (extracted 

DNA) was kept in freezer at -20°C.  

 

Polymerase chain reaction (PCR) 

The composition of reaction mixture was 25µl of master 

mix (Absolute Master Mix MOLEQULE-ON, New 

Zealand), 2.5µl of both forward and reverse primers 

(previously diluted individually with PCR water, 1:10 

dilution) and 18µl PCR water (Merck, Germany). 2µl of 

extracted DNA was transferred in 0.2ml PCR tubes along 

with reaction mixture. Gene amplification was carried out 

in thermocycler (Bio-Rad Icycler, USA) according to the 

temperature cycles listed in table 2. All genes were 

amplified with hot start at 95
°
C and in the end 4

°
C was 

adjusted to stop all reactions. 
 

Gel electrophoresis  

The amplified products were analyzed by gel 

electrophoresis. 1% agarose gel (MOLEQULE-ON, New 

Zealand) was prepared in Tris/borate/EDTA (TBE) buffer 

(Sigma-Aldrich, Germany), 3µl of ethidium bromide dye 

was added in the solution and solidified in gel casting 

assembly. The amplified products and 100bp DNA ladder 

were loaded on gel; electrodes were attached for 25-30 

minutes (80-100 volts). The amplified genes were 

compared with DNA ladder under UV transilluminator. 

 

RESULTS 
 

Phenotype identification of ESBLs 

After phenotypic identification of ESBLs, out of 352 

clinical isolates 96 (27.27%) were ESBL positive., 

Among ESBL positive isolates 72 were E. coli (75%), 16 

were K. pneumoniae (16.6%) and 1 was P. mirabilis 

(1.04%). The specimen distributions among ESBL-

producing isolates is depicted in table 3 .The urine 

specimens were found to be 75% and out of 72 urine 

specimens E. coli and K. pneumoniae were frequently 

recovered pathogens from i.e., 63 and 9 respectively. 
 

Genotype identification 

Out of 96 ESBL-producing clinical isolates, 84 were 

tested for ESBLs gene; fig.1 showed presence of gene in 

tested isolates. The TEM gene was amplified in 35 

isolates, whereas, SHV was found in 11 and CTX-M in 50 

isolates. None of the above ESBLs genes were detected in 

15 clinical isolates and all three genes were amplified in 2 

clinical isolates. 
 

Prevalence of CTX-M in ESBL-producing uropathogens 
Among 84 clinical isolates, 64 were uropathogens (table 

4), E. coli was dominant uropathogen in females, i.e., 

70.1% (40/57) as compared to male gender 29.8% 

(17/57). CTX-M gene was prevalent in ESBL-producing 

uropathogenic E. coli and K. pneumoniae. table 4 

indicated TEM, SHV and CTX-M gene among 

uropathogenic clinical isolates and gender. The isolates 

with none of the ESBLs gene were indicated in the results 

as No gene. 
 

DISCUSSION 
 

The present study investigated the prevalence of broad-

spectrum cephalosporin’s resistant gene of TEM, SHV 

and CTX-M among ESBL positive isolates. Total  
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Table 1: Primers sequences used for ESBLs genes (Forward and reverse primer sequences previously defined with 

product size) 
 

Primer  rimer sequence 5      Size (bp) Reference 

TEM F TCG GGG AAA TGT GCG CG 
971 (Saladin et al., 2002) 

TEM R TGC TTA ATC AGT GAG GCA CC 

SHV F GATGAACGCTTTCCCATGATG 
214 (Kim et al., 2009) 

SHV R CGCTGTTATCGCTCATGGTAA 

CTX-M F SCS ATG TGC AGY ACC AGT AA 
554 (Saladin et al., 2002) 

CTX-M R CCG CRA TAT GRT TGG TGG TG 

F: Primer forward sequence, R: Primer reverse sequence, bp: base pair 

 

Table 2: PCR-thermocycler requirements for ESBLs Genes 
 

Genes Denaturation Cycles Final elongation 

TEM 94 
°
C for 5 min 30 cycles of 94 

°
C for 45 s, 55 

°
C for 45 s, 72 

°
C for 1 min 72 

°
C for 5 min 

SHV 95 
º
C for 5 min 30 cycles of, 95 

º
C for 1 min, 61 

º
C for 1 min,72 

º
C for 1 min 72 

º
C for 10 min 

CTX-M 95 
°
C for 5 min 30 cycles of 95 

º
C for 45 s, 57 

º
C for 45 s, 72 

º
C for 1 min 72 

°
C for 10 min 

 

Table 3: Percentage distribution of ESBLs positive clinical isolates from various specimens 
 

Specimen No. of Isolates %age E. coli K. pneumoniae P. mirabilis 

Urine 72 75 63 9 - 

Pus 9 9.37 8 1 - 

Sputum 3 3.57 - 3 - 

Stool 4 4.16 4 - - 

HVS 5 5.20 3 2 - 

Throat Swab 1 1.04 - - 1 

Cystic Fluid 1 1.04 1 - - 

Semen 1 1.04 - 1 - 

Total 96 100% 72 16 1 

*HVS: high vaginal swab 

 

Table 4: Distribution of ESBLs gene in uropathogenic clinical isolates 
 

Organism ESBL-producing isolates Uropathogens Male Female No Gene TEM SHV CTX-M 

E. coli 72 57 17 40 7 25 3 39 

K. pneumoniae 11 7 2 5 1 3 4 2 

P. mirabilis 1 - - - - - - - 

Total 84 64 19 45 8 28 7 41 

 

  

Fig. 1: Distribution of CTX-M, TEM and SHV among ESBL 

producing clinical isolates (out of eight-four clinical isolates 

the number of gene identified alone or in combination with 

other gene) 

 

Fig. 2: Amplification of CTX-M gene on 1% 

agarose gel electrophoresis using 100 bp DNA 

ladder: From right in Column 1; Column 2 and 

Column 8 were amplified with product of 554 bp 

indicated positive results of CTX-M gene. 
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n=84 ESBL isolates were screened for gene amplification 

and 69 were positive with ESBLs gene i.e., 82.14% 

(69/84) with TEM, SHV and CTX-M genes, none of the 

gene was found in 17.85% (15/84) isolates (fig. 1).  

 

The high incidence of CTX-M gene was reported from all 

over the world among ESBLs (Blanc et al., 2014;Chen et 

al., 2014; Zhang et al., 2014; Graham et al., 2016; 

Djuikoue et al., 2017). Similar trend was found in present 

study and CTX-M was found to be most prevalent gene 

(59.5%) followed by TEM and SHV i.e., 41.6% and 13% 

respectively. Previously from Pakistan, a study by 

Habeebet al. (2013) revealed rapid emergence of CTX-M 

gene within five years i.e., in year 2005 it was 3.5% then 

42.5% in the year 2009-10, the present work indicated 

that the dissemination of CTX-M gene has increased up-

to 17%as compared to the previously published report in 

the year 2009-10 i.e., 42.5% 

 

In Recent years, community related ESBLs infections 

were reported frequently from different regions, 

dominantly E. coli related urinary tract infection (UTIs) 

(Alyamani et al., 2017; Belmont-Monroy et al., 2017; 

Djuikoue et al., 2017; Jean et al., 2017). Globally, this 

community dissemination of UTIs associated with ESBL 

producing E. coli (Pitoutet al., 2005) have two major 

relations, first one is due to E. coli, found in humans as 

normal intestinal flora as a major pathogen (Tenaillon et 

al., 2010) and other reason is production of CTX-M 

(Bauernfeind et al., 1996). In present study, CTX-M gene 

was dominant in uropathogens i.e., 64%.The CTX-M was 

found positive in 41 uropathogens out of 64 urine 

specimens. The current finding has an increased rate as 

compared to previous report from Pakistan that indicated 

CTX-M was positive in 47% ESBL related UTIs 

(Habeebet al., 2013). Of 64 uropathogens, 57 were E. coli 

and preponderance of CTX-M was found in 78% 

uropathogenic E. coli (table 4), whereas, 7 uropathogenic-

E. coli were not detected with any gene. The present 

findings has similar trends as previously published 

studies, indicated high prevalence rate of CTX-M in 

uropathogenic E. coli 71.4% from Sudan (Ahmed et al., 

2013), 42.5% from China (Zhao et al., 2015),95.2% from 

Korea (Kim et al., 2016) and 59.54% (Rahman et al., 

2016) from Pakistan. 

 

Previously, prevalence of TEM and SHV genes were 

studied in several reports revealed that TEM was more 

prevalent gene i.e., 29.6% (Habeeb et al., 2013) and 

40.5% (Rahman et al., 2016) in E. coli, whereas SHV 

were positive in 11.76% (Kargar et al., 2014). In present 

study similar prevalence trend was observed i.e., 50% and 

6% of uropathogenic E. coli were TEM and SHV positive 

respectively. Comparison with previous studies, the 

prevalence of TEM has increased in present findings from 

Pakistan but less frequent than CTX-M. 

In uropathogenic K. pneumonia, ESBL genes were 

positive in 6 isolates (table 4). CTX-M was not dominant 

and found in 33% (2/6). Several published studies 

indicated that community onset of K. pneumoniae related 

UTIs has increased with dominance of CTX-M gene (Doi 

et al., 2008;Lee et al., 2011; Peirano et al., 2012). In the 

present findings, low incidence was revealed in 

community related UTIs associated with K. pneumoniae 

because of low prevalence of CTX-M in Karachi, 

Pakistan. The SHV gene preponderance was high in 

uropathogenic K. pneumonia i.e., 66% followed by TEM 

50% (Table 4), similarly studies published from Sudan 

(Ahmed et al., 2013) and Sri Lanka (Tillekeratne et al., 

2016).  

 

CTX-M and TEM was dominant in female gender i.e., 

62.5% (35/56) and 46.4% (26/56) respectively, whereas 

SHV gene was dominant in male gender 14.3% (4/28). In 

females, 82.8% (29/35) were positive with CTX-M gene 

recovered from uropathogenic E. coli followed by TEM 

and SHV i.e., 73% (19/26) and 28% (2/7) respectively. 

Previously, a study indicated 100% CTX-M gene in 

women (Djuikoueet al., 2017). In present study, 

uropathogens from both genders were positive with 

ESBLs genes either uropathogenic-E. coli or K. 

pneumoniae. A previously published report revealed that 

more often cases of E. coli associated UTIs in females 

and K. pneumoniae related respiratory tract infections in 

males (Bialvaei et al., 2016). Although, present findings 

showed SHV gene dominance in females with K. 

pneumoniae associated UTIs i.e., 42.8% (3/7). 

 

CONCLUSION 
 

The study concluded that CTX-M gene was highly 

prevalent in uropathogenic E. coli, indicating community-

onset of urinary tract infections (UTIs). The incidence of 

community related UTIs can be reduced and controlled 

with better hygienic practices. Prescribing of third 

generation cephalosporins should be adequate with 

detailed culture reports. However, rationale practices must 

be employed for utilization of other broad-spectrum 

antibiotics.  

 

REFERENCES 
 

Abrar S, Vajeeha A, Ul-Ain N and Riaz S (2017). 

Distribution of CTX-M group I and group III β-

lactamases produced by Escherichia coli and klebsiella 

pneumoniae in Lahore, Pakistan. Microb. Pathog, 103: 

8-12.   

Ahmed OB, Omar AO, Asghar AH, Elhassan MM and 

Al-Munawwarah AM (2013). Prevalence of TEM, 

SHV and CTX-M genes in Escherichia coli and 

Klebsiella spp Urinary Isolates from Sudan with 

confirmed ESBL phenotype. Life Sci. J., 10(2): 191-

195.  



Sakina Fatima et al 

Pak. J. Pharm. Sci., Vol.32, No.2, March 2019, pp.541-546 545 

Akram M, Shahid M and Khan AU (2007). Etiology and 

antibiotic resistance patterns of community-acquired 

urinary tract infections in JNMC Hospital Aligarh, 

India. Ann Clin Microb Antimicrob., 6(1): 4-10. 

Ali I, Rafaque Z, Ahmed S, Malik S and Dasti JI (2016). 

Prevalence of multi-drug resistant uropathogenic 

Escherichia coli in Potohar region of Pakistan. Asian 

Pac. J. Trop. Biomed., 6(1): 60-66.  

Alyamani EJ, Khiyami AM, Booq RY, Majrashi MA, 

Bahwerth FS and Rechkina E (2017). The occurrence 

of ESBL-producing Escherichia coli carrying 

aminoglycoside resistance genes in urinary tract 

infections in Saudi Arabia. Ann. Clin. Microbiol. 

Antimicrob., 16(1): 1-13. 

Bauernfeind A, Stemplinger I, Jungwirth R, Ernst S and 

Casellas J (1996). Sequences of beta-lactamase genes 

encoding CTX-M-1 (MEN-1) and CTX-M-2 and 

relationship of their amino acid sequences with those 

of other beta-lactamases. Antimicrob Agents 

Chemother., 40(2): 509-513.  

Belmont-Monroy L, Ribas-Aparicio RM, Navarro-Ocana 

A, Manjarrez-Hernandez HA, Gavilanes-Parra S and 

Aparicio-Ozores Get al. (2017). Characterization of 

Escherichia coli causing community acquired urinary 

tract infections in Mexico City. Diagn Microbiol Infect 

Dis, 87(2): 193-195. 

Bialvaei AZ, Kafil HS, Asgharzadeh M, Aghazadeh M 

and Yousefi M (2016). CTX-M extended-spectrum β-

lactamase-producing Klebsiella spp, Salmonella spp, 

Shigella spp and Escherichia coli isolates in Iranian 

hospitals. Braz J. Microbiol., 47(3): 706-711. 

Blanc V, Leflon-Guibout V, Blanco J, Haenni M, Madec 

JY and Rafignon Get al. (2014). Prevalence of day-

care centre children (France) with faecal CTX-M-

producing Escherichia coli comprising O25b: H4 and 

O16: H5 ST131 strains. J. Antimicrob Chemother., 

69:1231-1237 

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(4): 933-951.   

Bush K, Jacoby GA and Medeiros AA (1995). A 

functional classification scheme for beta-lactamases 

and its correlation with molecular structure. Antimicrob 

agents Chemother, 39(6): 1211-1233. 

Cantón R and Coque TM (2006). The CTX-M β-

lactamase pandemic. Curr. opin Microbiol., 9(5): 466-

475. 

Carattoli A, Lovari S, Franco A, Cordaro G, Di Matteo P 

and Battisti A (2005). Extended-spectrum β-lactamases 

in Escherichia coli isolated from dogs and cats in 

Rome, Italy, from 2001 to 2003. Antimicrob Agents 

Chemother, 49(2): 833-835.  

Chen LF, Freeman JT, Nicholson B, Keiger A, Lancaster 

S and Joyce Met al. (2014). Widespread dissemination 

of CTX-M-15 genotype extended-spectrum-β-

lactamase-producing enterobacteriaceae among 

patients presenting to community hospitals in the 

southeastern United States. Antimicrob Agents 

Chemother, 58(2): 1200-1202.  

Colodner R, Rock W, Chazan B, Keller N, Guy N and 

Sakran Wet al. (2004). Risk factors for the 

development of extended-spectrum beta-lactamase-

producing bacteria in nonhospitalized patients. Eur. J. 

Clin. Microbiol. Infect Dis., 23(3): 163-167.  

Djuikoue IC, Njajou O, Kamga HG, Fokunang C, Bongoe 

A and Bruno EOet al.(2017). Prevalence of CTX-M 

beta-Lactamases in Escherichia coli from community-

acquired urinary tract infections and associated risk 

factors among women in Cameroon. J. Epidemiol. 

Res., 3(1): 51-56. 

Doi Y, Adams-Haduch JM, Endimiani A, Sidjabat HE, 

Gaddad SM and Paterson DL(2008). High prevalence 

of CTX-M-15-producing Klebsiella pneumoniae 

among inpatients and outpatients with urinary tract 

infection in Southern India. J. Antimicrob. Chemother, 

61(6): 1393-1394. 

Graham SE, Zhang L, Ali I, Cho YK, Ismail MD and 

Carlson HAet al.(2016). Prevalence of CTX-M 

extended-spectrum beta-lactamases and sequence type 

131 in Korean blood, urine and rectal Escherichia coli 

isolates.Infect Genet Evol., 41: 292-295. 

Habeeb M, Haque A, Iversen A and Giske C (2014). 

Occurrence of virulence genes, 16S rRNA methylases, 

and plasmid-mediated quinolone resistance genes in 

CTX-M-producing Escherichia coli from Pakistan. Eur 

J. Clin. Microbiol. Infect Dis., 33(3): 399-409. 

Habeeb M, Sarwar Y, Ali A, Salman M and Haque 

A(2013). Rapid emergence of ESBL producers in E. 

coli causing urinary and wound infections in Pakistan. 

Pak. J. Med. Sci., 29(2): 540-544.  

Jarlier V, Nicolas MH, Fournier G and Philippon A 

(1988). Extended broad-spectrum β-lactamases 

conferring transferable resistance to newer β-lactam 

agents in Enterobacteriaceae: Hospital prevalence and 

susceptibility patterns. Rev. Infect Dis., 10(4): 867-878.  

Jean SS, Hsueh PR, Korman T, Ellem J, George N and 

Coombs Get al. (2017). Distribution of ESBLs, AmpC 

β-lactamases and carbapenemases among 

Enterobacteriaceae isolates causing intra-abdominal 

and urinary tract infections in the Asia-Pacific region 

during 2008-14: Results from the Study for Monitoring 

Antimicrobial Resistance Trends (SMART). J. 

Antimicrob. Chemother., 72(1): 166-171.   

Kargar M, Kargar M, Jahromi MZ, Najafi A and 

Ghorbani-Dalini S (2014). Molecular detection of 

ESBLs production and antibiotic resistance patterns in 

Gram negative bacilli isolated from urinary tract 

infections.Indian J. Pathol. Microbiol., 57(2): 244-248.  

Kim J, Jeon S, Rhie H, Lee B, Park M and Lee Het 

al.(2009). Rapid Detection of Extended Spectrum β-

Lactamase (ESBL) for Enterobacteriaceae by use of a 

Multiplex PCR-based Method. Infect Chemother, 

41(3): 181-184. 



Community onset of CTX-M extended spectrum β-lactamases among uropathogenic E. coli and K. pneumoniae 

Pak. J. Pharm. Sci., Vol.32, No.2, March 2019, pp.541-546 546 

Kim S, Sung JY, Cho HH, Kwon KC and Koo SH(2016). 

Characteristics of the Molecular Epidemiology of 

CTX-M-Producing Escherichia coli Isolated from a 

Tertiary Hospital in Daejeon, Korea. J. Microbiol 

Biotechnol, 26(9): 1643-1649. 

Knothe H, Shah P, Krcmery V, Antal M and Mitsuhashi S 

(1983). Transferable resistance to cefotaxime, 

cefoxitin, cefamandole and cefuroxime in clinical 

isolates of Klebsiella pneumoniae and Serratia 

marcescens. Infection, 11(6): 315-317.  

Kojima A, Ishii Y, Ishihara K, Esaki H, Asai T, Oda Cet 

al.(2005). Extended-spectrum-β-lactamase-producing 

Escherichia coli strains isolated from farm animals 

from 1999 to 2002: Report from the Japanese 

Veterinary Antimicrobial Resistance Monitoring 

Program. Antimicrob Agents Chemother, 49(8): 3533-

3537.   

Laupland KB, Church DL, Vidakovich J, Mucenski M 

and Pitout JD (2008). Community-onset extended-

spectrum β-lactamase (ESBL) producing Escherichia 

coli: Importance of international travel. J. Infect, 57(6): 

441-448.  

Lee MY, Ko KS, Kang CI, Chung DR, Peck KR and 

Song J-H (2011). High prevalence of CTX-M-15-

producing Klebsiella pneumoniae isolates in Asian 

countries: Diverse clones and clonal dissemination. Intr 

J Antimicrob Agents, 38(2): 160-163.  

Meier S, Weber R, Zbinden R, Ruef C and Hasse 

B(2011). Extended-spectrum β-lactamase-producing 

Gram-negative pathogens in community-acquired 

urinary tract infections: An increasing challenge for 

antimicrobial therapy. Infection, 39(4): 333-340.  

Peirano G, Sang JHK, Pitondo-Silva A, Laupland KB and 

Pitout JD (2012). Molecular epidemiology of extended- 

spectrum-β-lactamase-producing Klebsiella 

pneumoniaeover a 10 year period in Calgary, Canada. 

J. Antimicrob Chemother., 67: 1114-1120.  

Pitout JD, Nordmann P, Laupland KB and Poirel L 

(2005). Emergence of Enterobacteriaceae producing 

extended-spectrum β-lactamases (ESBLs) in the 

community. J. Antimicrob Chemother., 56(1): 52-59.  

Rahman H, Naeem M, Khan I, Khan J, Haroon M, Bari F, 

et al.(2016). Molecular prevalence and antibiotics 

resistance pattern of class A bla CTX-M-1 and bla 

TEM-1 beta lactamases in uropathogenic Escherichia 

coli isolates from Pakistan. Turk J. Med Sci, 46(3): 

897-902.  

Rodriguez-Bano J, Alcala JC, Cisneros JM, Grill F, 

Oliver A and Horcajada JP et al.(2008). Community 

infections caused by extended-spectrum β-lactamase-

producing Escherichia coli. Arch Intern Med., 168(17): 

1897-1902. 

Rodríguez-Bano J, Navarro MD, Romero L, Martínez-

Martínez L, Muniain MA, Perea EJ, et al.(2004). 

Epidemiology and clinical features of infections caused 

by extended-spectrum beta-lactamase-producing 

Escherichia coli in nonhospitalized patients. J Clin 

Microbiol, 42(3): 1089-1094.  

Saladin M, Lambert T, Donay J-L, Herrmann J-L, Ould-

Hocine Z, Verdet C, et al.(2002). Diversity of CTX-M 

β-lactamases and their promoter regions from 

Enterobacteriaceae isolated in three Parisian hospitals. 

FEMS Microbiol Lett, 209(2): 161-168. 

Søraas A, Sundsfjord A, Sandven I, Brunborg C and 

Jenum PA(2013). Risk factors for community-acquired 

urinary tract infections caused by ESBL-producing 

enterobacteriaceae – a case-control study in a low 

prevalence country. PloS one, 8(7): e69581.   

Tenaillon O, Skurnik D, Picard B and Denamur E(2010). 

The population genetics of commensal Escherichia 

coli. Nat Rev Microbiol, 8(3): 207-217.  

Tillekeratne LG, Vidanagama D, Tippalagama R, 

Lewkebandara R, Joyce M and Nicholson BPet 

al.(2016). Extended-spectrum ß-lactamase-producing 

enterobacteriaceae as a common cause of urinary tract 

infections in Sri Lanka. Infect Chemother, 48(3): 160-

165.  

Clinical and Laboratory Standards Institute (CLSI) 

(2014). Performance standards for antimicrobial 

susceptibility testing: Twenty-furth informational 

supplement M100-S24. Wayne PA, USA, CLSI. 

Woodford N, Ward M, Kaufmann M, Turton J, Fagan E, 

James D, et al.(2004). Community and hospital spread 

of Escherichia coli producing CTX-M extended-

spectrum β-lactamases in the UK. J Antimicrob 

Chemother, 54(4): 735-743.  

Zhang J, Zheng B, Zhao L, Wei Z, Ji J and Li Let 

al.(2014). Nationwide high prevalence of CTX-M and 

an increase of CTX-M-55 in Escherichia coli isolated 

from patients with community-onset infections in 

Chinese county hospitals. BMC Infect Dis., 14(1): 659-

669.  

Zhao R, Shi J, Shen Y, Li Y, Han Q and Zhang Xet 

al.(2015). Phylogenetic distribution of virulence genes 

among ESBL-producing uropathogenic Escherichia 

coli isolated from long-term hospitalized patients. 

JCDR, 9(7): 1-4. 

 

 

 

 


