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The development of resistance mechanism in Gram-Negative bacteria is growing all over 

the world affecting developing countries the most. Extended Spectrum Beta-lactamase 

(ESBLs) production is one of the widespread mechanisms of resistance associated with 

irrational or excessive use of extended spectrum cephalosporins. 

The ground objective of this study was to investigate the prescribing pattern of broad 

spectrum antibiotics in hospital setup and the prevalence of ESBL production in Gram-

Negative clinical isolates collected from an outpatient source by both phenotypic and 

genotypic detection. The study also focused on the treatment options available to treat 

resistant clinical isolates of Escherichia coli, Klebsiella pneumoniae, Pseudomonas 

aeruginosa and Proteus mirabilis. 

Total 685 in-patient data were collected over a period of three months for the prescribing 

patterns of extended spectrum antibiotics used alone or in combination. The data were 

analyzed for the utilization of extended spectrum antibiotics in various wards either 

empiric or prophylactic use of broad spectrum cephalosporins. For the prevalence of 

ESBL production, 1005 clinical isolates of E. coli, K. pneumoniae, P. aeruginosa and P. 

mirabilis were collected from an out-patient source. Antimicrobial susceptibility and 

resistance patterns were determined by Kirby-Bauer disc diffusion method under the 

recommended guidelines of Clinical Laboratory Standard Institute (CLSI). Phenotypic 

detection of ESBL was performed on 352 clinical isolates using the double disc synergy 

test between amoxicillin/clavulanic acid (10µg) and ceftazidime or cefotaxime (30µg) 

disc. Multidrug resistance among ESBL positive isolates was also determined. Pearson’s 

or Fisher’s exact Chi-square test was used to analyze statistical association between 

ESBLs and Non ESBLs at 0.05 level of significance. Furthermore, polymerase chain 

reaction was used for the identification of TEM, SHV and CTX-M gene in ESBL positive 

clinical isolates. 

The prescribing pattern in hospital setup revealed that 75% of the overall antibiotics were 

prescribed for prophylactic treatments, whereas, among all prescribed antibiotics the 

frequency of broad spectrum cephalosporins alone or in combination was found to be the 

highest. Out of 1005 gram-negative clinical isolates, prevalence was found to be E. coli 

680 (67.66 %), K. pneumoniae 248 (24.67%), P. mirabilis 3 (0.3 %) and P. aeruginosa 
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74 (7.36%). Out of 352 clinical isolates, 96 (27.27%) were ESBL positive, female 

preponderance was found in 62 (67%), whereas 32 (33%) were males. E. coli was the 

most prevalent ESBL producers 79 (82%), followed by K. pneumoniae 16 (17%) and P. 

mirabilis 1 (1%).  

The urinary tract infections were the most commonly recovered infections i.e., 72 (75%), 

and among them 63 and 9 were E. coli and K. pneumoniae respectively. Age groups of 

16-30 and 46-60 years were most affected with ESBL producing uropathogenic E. coli 

with a high prevalence in females. A high rate of resistance was observed against broad 

spectrum cephalosporins, fluoroquinolones, amoxicillin/clavulanic acid, 

sulfamethoxazole/trimethoprim and ampicillin. Whereas, amikacin, imipenem, 

tazobactam/piperacillin and fosfomycin were found effective antibiotic choices. The rate 

of multidrug-resistance was found to be 95%, 62.5% and 100% in ESBL producing E. 

coli, K. pneumoniae and P. mirabilis respectively. Statistical evaluation between ESBLs 

and Non ESBLs revealed significant association in E. coli (p 0.0004) and K. pneumoniae 

(p 0.032). 

Genotype identification revealed the presence of TEM, SHV and CTX-M genes in 

82.14% (69/84) of the isolates. CTX-M was the most prevalent gene found in 59.5% 

(50/84) of the isolates, followed by TEM 41.6% (35/84) and SHV 13% (11/84). CTX-M 

was dominant among uropathogenic E. coli related to community acquired urinary tract 

infections. 

The study concluded an increased prevalence rate of ESBLs in E. coli, most of them 

recovered from urinary tract infections. The study also found an increased rate of 

multidrug-resistance among Gram-Negative clinical isolates. These incidences can be 

reduced by the restricted use of broad spectrum cephalosporins. The spread of ESBL 

producing uropathogenic E. coli can be controlled by implementing ESBL screening 

along with limiting the use of empiric therapy. Nevertheless, hygienic practices must be 

employed to reduce the incidence of community onset urinary tract infections. 
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 خالصہ
شرح  ساری دنیا میں بڑھ رہی ہے اور ترقی پذیر ممالک اس سے زیادہ گرام منفی بیکٹیریا میں مزاحمت کی 

متاثر ہو رہے ہیں. ان میں سے اھم مزاحمتی نظام  وسیع  سپیکٹرم بیٹا لیکٹمیزخامرہ کی  پیداوار ہے جو کہ 

وسیع اسپیکٹرم سیفیلوسپورن ادویات کے غیر معقول یا ضرورت سے زیادہ استعمال کے ساتھ منسلک بڑے 

                                                                          .احمت کے طریقہ کار میں سے ایک ہےے پر مزپیمان

               

مونیہ، سیوڈومونا س ہ ایسکیریشیا کوالئ، کلیبسیال نموجودہ مطالعہ کا مقصد گرام منفی بیکٹیریا جیسے ک

ی طبی آسولیٹس میں پیداواری وسیع اسپیکٹرم بیٹا لیکٹمیز خامرہ کی شکل ایروجینوسا اور پروٹیس میرابلس کے

ہسپتال سیٹ اپ میں وسیع  کوریج  سیفیلوسپورن کے  نسخہ جاتی طرز  ساتھ  ساتھ کہ نوع پتہ لگانے جنیاتیاور 

دستیاب   کی تحقیقات کرنا  تھا. مطالعہ سے مزید یہ جانچ کی گئ کے مزاحمتی طبی آسولیٹس کے عالج کے لئے 

 موجودہ اختیارات کونسے ہیں .

مدت میں  جمع کیا گیا اور  اکیلے یا  کی  ماہ تینیٹا کو  ل میں داخل مریضوں کے ڈسو پچیاسی ہسپتا چھکل 

مجموعہ میں دی گئ وسیع عمل اینٹی بایوٹک کے  نسخوں  کے نمونوں کو جانچا گیا . وسیع اسپیکٹرم بیٹا 

ے لئے ایک ہزار اور  پانچ طبی آاسولیٹس جوکہ باہر  کے مریضوں ذریعہ سے لیکٹمیز خامرہ کی پیداوار  ک

( کی CLSIجمع کئے گئے. ان طبی آسولیٹس میں مزاحمتی طرز کو کلینکل لیبارٹری سٹینڈرڈ انسٹی ٹیوٹ )

بائرڈسک ڈفیوژن کے طریقہ کار سے معلوم کیا گیا تھا. توسیعی سپیکٹرم -سفارشات کی ہدایات کے تحت کربی

( اور سیفٹزیڈیم یا 10μgیٹا لیکٹمیز خامرہ  کی شکلی جانچ کا پتہ لگانے کے لئے اموکسیسلین/کلیولینک ایسڈ )ب

ڈسک کے درمیان ڈبل ڈسک مطابقت ٹیسٹ کا استعمال کرتے ہوئے  تین سو باون طبی  (30μg) سیفوکزآم

ادویات کے درمیان مزاحمتی مطابقت  آاسولیٹس میں کارکردگی کا مظاہرہ کیا گیا تھا. خامرہ کے مثبت نتائج کو

کی سطح پر خامرہ پیداواری آئسولیٹس / غیر  0.05کے مطابق قرار دیا گیا. پیئرسن  یا فشر کائ مربع ٹیسٹ کو 

وم  کیا گیا تھا. مزید برآں، خامرہ پیداواری آئسولیٹس  کے درمیان تجزیہ شماریاتی ایسوسی ایشن کے زریعے معل

جین کی شناخت  CTX-Mاور  TEM ،SHVسے خامرہ  مثبت طبی آاسولیٹس میں میریز چین ردعمل  پولی

 کی گئ.

ہسپتال کے سیٹ اپ میں لکھے گئے نسخوں کے طرز میں تمام مشروع اینٹی بایوٹک  میں سے وسیع  اسپیکٹرم 

ایوٹک سیفیلوسپورن   یا تو اکیلے یا مجموعہ میں سے زیادہ پائے گئے، جبکہ مجموعی طور پر مشروع اینٹی ب

گرام منفی طبی آاسولیٹس میں سے ای کوالئ  1005فیصد تجرباتی یا روگنرودھی استعمال کیا گیا.جبکہ  75کا 

 74 ( اور پی. ایروجنوسہ٪0.3) 3ابلس (، پی. مر٪24.67) 248مونیہ  پائے گئے، ک. ن( 67.66٪) 680

 62 شرح تناسب میں عورتوں  گیا. مثبت پایا مرہ( میں خا٪27.27) 96طبی آاسولیٹس میں سے  352 .(7.36٪)

پیداوار کے ساته ( رہا. ای کوالئ میں خامرہ سب سے زیادہ مقبول  ٪33) 32میں  مردوںفیصد( رہا، جبکہ  67)

 ( رہی .٪1) 1 فیصد( اور پی. مرابلس میں 17) 16مونیہ کی (، ک. ن82٪) 79
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 75میں) 72ر پہ ان انفیکشن کی شرح   پیشاب کی نالی کے انفیکشن  سب سے زیادہ عام رہے اور مجموعی طو

سال کی  60-46اور  30-16مونیہ تھے. بالترتیب ای کوالئ اورک.ن   9ر او 63فیصد( رہی، اور ان میں سے

 عمر کی خواتین میں وسیع اسپیکڑرم بیٹا لیکٹمیزخامرہ کی پیداوارای کوالئ سے متاثرہ پیشاب کے انفیکشن میں

ی بایوٹک ادویات سے مزاحمت کی اعلی شرح وسیع  اسپیکٹرم سیفیلوسپورن ، سب سے ذیادہ نمایاں رہی. اینٹ

فلوروقینولون، اموکسیسلین/کلیولینک ایسڈ، سلفومیتھوازول/ٹرائمیتھوپرم اور ایمپیسلین  کے خالف رہی. جبکہ 

. کثیر ادویاتی امیکیسن،امیپینم،پائپراسیلن/ ٹیزوبیکٹم اور فوسفومائسین  مؤثر اینٹی بائیوٹک انتخاب پائے گئے

فیصد  62.5فیصد،  95مونیہ اور پی. مرابلس میں خامرہ پیداواری ای کوآلی، ک. ن مزاحمت کی شرح بالترتیب

آ ئسولیٹس کے درمیان شماریاتی تشخیص میں  یداواری / غیر خامرہ پیداواری فیصد پائی گئی. خامرہ پ 100اور 

 ( میں اہم ایسوسی ایشن کا انکشاف ہوا.p=0.032 ک. نیومونیہ)  ( اورP =0.0004ای کوآلی )

 (69/84) 82.14جین  کی شرح فیصد آئسولیٹس میں  CTX-Mاور  TEM ،SHVجنیاتی شناخت  کے انکشاف 

سب سے زیادہ مقبول جین پائی گئی  CTX-Mفیصد کوئی بھی جین موجود نہیں تھی.   17.85(  15/84جبکہ ) 

   SHVاور  (35/84) فیصد TEM 41.6 جبکہ اس کے بعد ( رہی،(50/84 59.5اور اسکی شرح فیصد 

کے انفیکشن   میں  متاثرہ پیشابکی نمایاں موجودگی ای کوآلی سے  CTX-Mفیصد تھی.  کی 13 (11/84)

 پائی گئی.

مطالعہ  سے یہ نتیجہ اخذ کیا گیا کہ وسیع اسپیکڑرم بیٹا لیکٹمیزخامرہ کے اضافہ کے واقعات کو وسیع  استعمال 

رن کے محدود استعمال کے ذریعے کم کیا جا سکتا ہے. تاہم مزاحمتی خامرہ کی  ای کوآلی سے سیفیلوسپو

متاثرہ پیشاب کے انفیکشن میں پھیالئو کی روک تھام کے لئے تجرباتی تھراپی کے محدود استعمال کے ساتھ 

حت کے مطابق ے. حفظان صساتھ مزاحمتی خامرہ کی جانچ  کے عمل کے ذریعے بھی کنٹرول کیا جا سکتا ہ

ے واقعات میں کمی الئی جاسکتی پیرا ہو کہ کمیونٹی کے زریعے لگنے والے پیشاب کے انفیکشن ک طرز عمل

.ہے
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All over the world, infections associated with bacteria has increased morbidity and 

mortality rate with limited therapeutic options. Treatment options of such infections 

caused by resistant bacteria continue to challenge prescribers. A growing problem is 

related to resistance among Gram-Negative bacteria related infections in both hospital 

and community setups (Giske et al., 2008; Rice, 2008; Spellberg et al., 2008). 

Antibiotic resistant bacteria are difficult and sometimes impossible to treat are now 

increased and caused health crises globally, the risk is more alarming when infections 

associated with multidrug-resistance (Blair et al., 2015). The resistance mechanism 

associated with Gram-Negative bacteria is difficult to manage because of both enzymatic 

and non-enzymatic mechanism that inactivate antibiotics (Alekshun and Levy, 2007). 

In developing countries, the resistance risks are increased because of irrational use of 

antibiotics in community and health care facilities. The empiric and prophylactic use of 

antibiotics in hospitals also contributed in development of resistance mechanism, more 

specifically use of broad spectrum antibiotics. Other contributing factors in resistance 

mechanism are poverty and malnutrition (Müller and Krawinkel, 2005), self-medication 

and use of  antibiotics without any prescription (Morgan et al., 2011), lack of education 

and unhygienic practices are also major contributions in development of bacterial 

resistance mechanism. 

1.1 Antimicrobial Resistance 
The resistance of bacteria against antimicrobial agents is increased with limited available 

antibiotic choices for complete eradication of infections. The key factor associated with 

antibiotics resistance is the use of antibiotics around the world. In human medicines, 

antibiotics are the most commonly prescribed drugs and mostly prescribed antibiotics i.e., 

up to 50% are not needed or used empirically and not effective for treatment of most of 

infections (Health and Services, 2013). The inappropriate use of antibiotics in clinical 

setups and hospitals must be restricted to control the widespread bacterial resistance; a 

predominant reason of antibiotic resistance in bacteria is due to the misuse of antibiotics 

particularly by the physicians (Spellberg et al., 2008). Additionally, resistance rates 

strongly effected by both patients and physicians, because selection and spread of 
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resistant organisms is mainly originated on practices of individual hospitals and 

communities locally (O'Brien, 2002). 

1.1.1 Increasing use of antibiotics and resistance in developing countries  

In developing countries, rate of infectious diseases is high as compared to developed 

countries and patients are unable to obtain or afford expensive antibiotics for resistant 

infections. The widespread of resistant pathogens have many reasons including 

inappropriate hygiene, unreliable or contaminated water for intake, civil conflicts, and 

increasing numbers of immunocompromised infections among peoples (Laxminarayan, 

2006; Okeke et al., 2005). Additionally, other reason related with increase in resistance is 

higher income resources, hence utilization of antibiotic and hospitalization resulted in 

high prevalence of hospital infections (Laxminarayan et al., 2013). 

1.1.2 Prescribing practices of antibiotics in developing countries 

In certain developing countries up to 90% of antibiotics are used without any prescription 

(Morgan et al., 2011). Whereas in hospitals most of antibiotic utilization is empiric and 

not all the time, prescribed antibiotics are appropriate, although prescribed by physician 

(Laxminarayan and Heymann, 2012). In infectious diseases, for appropriate prescribing 

of antibiotics, diagnostic tools must be employed with reliable testing methods are 

unavailable to some extent in developing countries (Berkley et al., 2001). As practiced in 

many third world countries, before expensive testing, patients are preferred to use 

antibiotics first (Laxminarayan and Heymann, 2012). Irrational prescribing practices of 

antibiotics must be controlled and proper diagnostics must be employed. In severe 

infections morbidity and mortality can be decreased with minimization of time to 

effective treatment (Kang et al., 2003) and selling of antibiotics through pharmacies 

(Apisarnthanarak et al., 2008). 

1.2 Resistance Mechanisms  
In Gram-negative bacteria resistance mechanisms are of four types including  

• Limiting the uptake of a drug 

• Modifying a drug target 

• Inactivating a drug  
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• Active drug efflux 

Limiting uptake, drug inactivation, and drug efflux are types of mechanisms in intrinsic 

resistance whereas acquired resistance are drug target modification, drug inactivation, 

and drug efflux (Blair et al., 2014; Mahon et al., 2014). Antimicrobial resistance resulted 

through both enzymes and non-enzymatic mechanism and enzymes involved in 

inactivation of antibiotics (Alekshun and Levy, 2007). Both mechanisms expressed 

intrinsically in chromosomal genes or acquired by a subset of strains as a consequence of 

mutations of chromosomal gene or horizontal transfer of mobile genetic elements (Ruppé 

et al., 2015). 

1.2.1 Direct enzymatic modification of antibiotics 

Many of bacteria produced resistance by direct modification of antibiotics resulted in 

inactivation of antibiotics by either hydrolysis or transfer of a chemical group. In 

antibiotics, enzyme catalyzed modification is a major mechanism of antibiotic resistance 

whereas, addition of chemical group by bacterial enzyme resulted in resistance by 

preventing binding of antibiotics to target proteins (Blair et al., 2014). 

1.3 Beta Lactamases 
Beta-lactamases is a group of enzymes that hydrolyzes β-lactams ring containing 

antibiotics, introduced in 1940 as penicillinase (Abraham and Chain, 1988), beta-lactams 

are important class of antibiotics that inhibit peptidoglycan synthesis by covalent binding 

to the ser active-site of penicillin-binding proteins. There are also subclasses of β-

lactamases that can degrade different β-lactam antibiotics, such as penicillins, 

cephalosporins, amoxicillin/clavulanic combination, carbapenems and monobactams 

(Livermore, 2008; Nordmann et al., 2011; Voulgari et al., 2013; Woodford et al., 2011). 

1.4 Extended Spectrum Beta Lactamases 

1.4.1 Evolution 

Expansion of antibiotic classes for improvement of antibacterial activity. Resulted in 

emergence of hydrolytic enzymes that diminished activity of antibiotics (Blair et al., 

2015).  The extended-spectrum cephalosporins was introduced in 1980s to treat β-

lactamase associated bacterial resistance (Paterson and Bonomo, 2005). Latterly in 1983 

first report on plasmid-encoded β-lactamase was published (Knothe et al., 1983), these 
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extended-spectrum β-lactamases (ESBLs) has emerged that had activity to hydrolyze 

third generation cephalosporin (oxyimino-cephalosporins) (Johnson and Woodford, 

2013).  

1.4.2 Definition 

Two general types of classification are available, first classification is Ambler molecular 

and the second one is Bush-Jacoby-Medieros functional classification (Ambler et al., 

1991; Bush et al., 1995; Rasmussen and Bush, 1997) to define ESBLs and according to 

them ESBLs is a subclass of β-lactamases. In Bush-Jacoby-Medeiros scheme, ESBLs are 

2be β-lactamases designation derived from group 2b β-lactamases (for example, TEM-1, 

TEM-2, and SHV-1) extended spectrum activity denoted with e. In Ambler classification, 

the ESBLs are of molecular class A. They can hydrolyze antibiotics such as penicillins, 

monobactams, narrow-spectrum and extended spectrum cephalosporins. The hydrolysis 

rates of ESBLs for ceftazidime, cefotaxime, or aztreonam (aminothiazoleoxime β-

lactamantibiotics) at least 10% that for benzylpenicillin. Clavulanic acid  actively 

inhibites ESBLs (Bush et al., 1995) 

1.4.3 Types of ESBLs 

In Enterobacteriaceae, a critical issue of resistance is related with plasmid-borne beta-

lactamases (Ruppé et al., 2015). Derivatives of TEM or SHV enzymes are most common 

ESBLs (Bush et al., 1995; Jacoby and Medeiros, 1991), in 1988 TEM and SHV variants 

of  ESBLs were described (Sirot et al., 1988) and frequently found in E coli, K 

pneumoniae, Proteus spp., Providencia spp., and other genera of Enterobacteriaceae 

(Bradford, 2001). In 1990s major outbreaks from hospitals with spread of SHV and TEM 

were reported due to healthcare-associated strains of K. pneumoniae, Enterobacter sp. 

and E. coli (Mammeri et al., 2001; Quale et al., 2002; Wiener et al., 1999). All around 

the world, endemic of TEM and SHV type ESBL are still reported; however, more 

frequent reports from another variant of ESBL CTX-M, described in late 80s and early 

90s (Barthélémy et al., 1992; Bauernfeind et al., 1996; Matsumoto et al., 1988). 

1.4.3.1 Temoneira (TEM) 

Initially TEM were not considered as ESBLs derivatives. In 1965, TEM was first 

reported from Athens, Greece, the name TEM was designated because of patient 
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Temoneira from isolate of E coli (Datta and Kontomichalou, 1965). TEM-1 and TEM-2 

have ability to hydrolyze ampicillin as compared to carbenicillin, oxacillin, or 

cephalothin, and not effective against extended-spectrum cephalosporins, clavulanic acid 

inhibits the activity of both. TEM-13 similarly effective as TEM-1 and TEM-2 (Jacoby 

and Medeiros, 1991). Latterly in 1987 TEM-type ESBL was reported from France, 

isolated from K pneumoniae with an enhanced activity against cefotaxime, and even 

before that in 1984 as novel β-lactamase (Brun-Buisson et al., 1987; Sirot et al., 1988). 

This new TEM enzyme termed as TEM-3, with a difference of two amino acid 

substitutions from TEM-2 (Sougakoff et al., 1988). TEM-3 was not the first TEM-type 

ESBL, in 1982 plasmid encoded ceftazidime resistant gene was identified from Klebsiella 

oxytoca, reported from Liverpool, England, named TEM-12 now. This strain isolated 

from a neonatal unit used ceftazidime to treat K oxytoca producing TEM-1(Du Bois et 

al., 1995). The ESBLs emergence resulted in response to the excessive use of third 

generation cephalosporins (Paterson and Bonomo, 2005). More than 100 TEM 

derivatives were identified and these TEM-type enzymes have negligible activity to 

hydrolyze the third generation cephalosporins and were not considered ESBLs. However, 

few mutants of TEM-type ESBL were recovered with hydrolyzing activity against third-

generation cephalosporins, referred as complex mutants of gene TEM (CMT-1 to -4) 

(Fiett et al., 2000; Neuwirth et al., 2001; PoirelMammeri et al., 2004; Sirot et al., 1997).  

1.4.3.2 Sulfhydryl Variable (SHV) 

The name SHV designated due to sulfhydryl variable, SHV-1 discovered as a unique β-

lactamase responded inhibition of p-chloromercuribenzoate, a sulfhydryl group reagent, 

resulting in hydrolysis of cephaloridine but no effect on benzylpenicillin, and found in 

Klebsiella spp, E. coli, Proteus mirabilis and other Enterbacteriaceae spp collected from 

a wide geographic range (Matthew et al., 1979). SHV are less frequent than TEM in E 

coli (Livermore, 1995; Sanders and Sanders, 1992), whereas more frequent in K. 

pneumoniae (Tzouvelekis and Bonomo, 1999). An isolate of Klebsiella ozaena was 

studied in Germany (1983) and possessed β-lactamase with activity to hydrolyze 

cefotaxime and less effective to ceftazidime (Knothe et al., 1983). These types of SHV 

that exhibits ESBLs are more frequent in clinical isolates (Jacoby, 1997). The first SHV-

type ESBLs designated as SHV-2 differ from SHV-1, when Sequenced, showed a 
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replacement of glycine at position 238 by serine and this mutation is alone exhibits for 

ESBLs activity. SHV-2 was recovered from organisms in various regions, during 15 

years of the enzyme discovery (Paterson et al., 2003), relating the use of third generation 

cephalosporins as responsible. In most of Enterobacteriaceae, SHV-type ESBLs have 

been detected and studies reported outbreaks of Pseudomonas aeruginosa and 

Acinetobacter spp (Huang et al., 2004; PoirelLebessi et al., 2004) 

1.4.3.3 Cefotaxime (CTX-M) 

The name CTX-M is designated due to hydrolytic activity of enzyme against cefotaxime, 

in 1983 first report was published on CTX-M (Knothe et al., 1983). These enzymes are 

sensitive to β-lactamase inhibitors such as clavulanic acid and tazobactam (Bradford, 

2001; Tzouvelekis et al., 2000). The CTX-M enzymes spread all over the world and 

dominating in both hospitals and community settings (Cantón and Coque, 2006). 

In 1986 a study reported from japan discovered CTX-M from a strain of E. coli isolated 

from the fecal material of one of laboratory dog which was tested for pharmacokinetics of 

β-lactam antibiotics (Matsumoto et al., 1988). Latterly in Germany, a non-TEM and non-

SHV-ESBL was reported in a clinical E. coli strain with activity of hydrolyzing 

cefotaxime, named CTX-M-1 (Bauernfeind et al., 1990). From Argentina in 1990, 

cefotaxime-resistant Salmonella strain was isolated, designated CTX-M-2 (Bauernfeind 

et al., 1996). A variant of CTX-M-1 was reported in 1996 from Poland, named CTX-M-3 

isolated in different pathogens related to family Enterobacteriaceae (Gniadkowski et al., 

1998). In Europe CTX-Ms are common not in hospital setups, also in community because 

of E. coli (Livermore et al., 2007). A report published from England with increased 

incidence of CTX-M in E. coli and Klebsiella spp (Potz et al., 2006), in Asia high 

prevalence of ESBLs, related CTX-M from China, Korea, Japan and India have been 

reported (Hawkey, 2008), first report on CTX-M from United States (Lewis et al., 2007). 

Recently from Pakistan a study was published on CTX-M group I and III (Abrar et al., 

2017)  

More than 190 variants of CTX-M have been reported from all over the world 

(www.lahey.org/studeis), the classification is according to similarities of amino acid 

http://www.lahey.org/studeis
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sequences (Bonnet et al., 2000) in five families: CTX-M-1, CTX-M-2, CTX-M-8, CTX-

M-9 and CTX-M-25. 

1.5 Global Epidemiology 
Majority of Gram-negative bacteria have expressed ESBL, however most of strains 

related to family Enterobacteriaceae (Bush, 1996; Livermore, 1995). In Non-

Enterobacteriaceae, rare cases of ESBL production and among them Pseudomonas 

aeruginosa is most important (Nordmann and Guibert, 1998). ESBL production was 

majorly found in Klebsiella pneumoniae and Escherichia coli highly identified in hospital 

setups (Bush, 1996; Livermore, 1995; Sirot et al., 1992) 

In Europe, first detection of ESBL producing isolates were reported from Germany 

(Knothe et al., 1983) and England (Du Bois et al., 1995). From North America first 

ESBLs was reported in 1988 (Jacoby et al., 1988),  in the United States, studies have 

shown isolates associated with ESBL production which were recovered from medical 

centers (Moland et al., 2002), whereas from South and Central America in 1988 and 

1989, from Chile and Argentina studies were reported on ESBL producing K. 

pneumoniae (Casellas and Goldberg, 1989).  

In South Africa several reports were published on infections with ESBL-producing 

Klebsiella (Cotton et al., 2000; Moland et al., 2003; Pillay et al., 1998) and 36.1% of 

Klebsiella pneumoniae were ESBL positive from single hospital during 1998-1999 (Bell 

et al., 2002). ESBLs have been reported from various North African countries (AitMhand 

et al., 2002; Barguellil et al., 1995; Redjeb et al., 1990; Redjeb et al., 1988). Resistance 

to extended spectrum cephalosporins in Klebsiella infections were reported from Nigeria 

and Kenya (Akindele and Rotilu, 1996; Musoke and Revathi, 2000). Few reports 

published from Israel (Peled et al., 2002) and Saudi Arabia (El-Karsh et al., 1995). From 

Australia gentamicin-resistant Klebsiella spp. reported during 1986 and 1988 (Mulgrave 

and Franklin, 1990). 

In 1988, from China K. pneumoniae were reported (Jacoby et al., 1988). From Beijing 

reports were showed  E. coli and K. pneumoniae associated with ESBL production 

collected from blood cultures in teaching hospital (Du et al., 2002). Another reported 
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study showed K. pneumoniae  and E. coli which were positive with ESBL production, 

collected between 1998 and 1999 (Bell et al., 2002). Prevalence of ESBL production was 

found  in 34% of E. coli isolates and 38.3% of K. pneumoniae collected from Zhejiang 

Province (Yu et al., 2002). Only 5% of Klebsiella pneumoniae were associated with 

ESBL production in Japan (Mathai et al., 2002). 

In Pakistan, high prevalence of ESBL producing isolates were reported in several studies 

(Ahmed N et al., 2016; Jabeen et al., 2005; Shah et al., 2002; Ullah et al., 2009).  

1.6 ESBL Associated Community Acquired Infections 
Recently, a wide variety of reports have been published on ESBL-producing pathogens 

related to community onset infections, more specifically urinary tract infections 

associated with E. coli  (Alyamani et al., 2017; Belmont-Monroy et al., 2017; Djuikoue 

et al., 2017; Jean et al., 2017) and several updates on blood stream infections associated 

with E. coli and K. pneumoniae (Djuikoue et al., 2017; Noguchi et al., 2017; Quan et al., 

2017; Zahar et al., 2017).  Previously several reports have been published that studied 

community onset infections related to ESBL-producing E. coli (Akram et al., 2007; 

Colodner et al., 2004; Laupland et al., 2008; Meier et al., 2011; Rodríguez-Baño et al., 

2008; Rodríguez-Baño et al., 2004; Søraas et al., 2013; Woodford et al., 2004). These 

reports revealed high prevalence of E. coli associated urinary tract infections from Spain, 

Turkey, India, Switzerland, Norway, the United Kingdom and Canada. Some bacteremia 

associated with urinary tract infections. The increased rate of resistance was observed 

against trimethoprim-sulfamethoxazole, ciprofloxacin, gentamicin, and ceftriaxone, used 

as first line antimicrobial choices to treat UTIs. Rodriguez-Bano reported, several factors 

of risk associated with ESBL related E. coli infections in non-hospitalized patients of 

diabetes mellitus, previously used quinolone, recurrent episodes of UTIs, previous 

exposure of hospital admissions and older age (Rodríguez-Baño et al., 2004). 

Other risks included females gender (Meier et al., 2011; Rodríguez-Baño et al., 2008), 

previous use of extended spectrum cephalosporins, quinolones and penicillin (Colodner 

et al., 2004). Another study reported from Canada showed greater risk of incidence in 

women and age greater than 65 years (Pitout et al., 2004). The increase incidence of 

ESBL associated community-acquired infections have many reasons but mainly related to 
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use of fluoroquinolones (Park et al., 2017), spread through contacts with health care 

facilities (Kim et al., 2017), hospital stay and empiric use of antibiotics (Nieminen et al., 

2017) 

1.7 Phenotypic Detection Methods of ESBL 
After first outbreak of resistance to third generation cephalosporin, specific phenotypic 

tests have therefore been under development since 1980’s to detect ESBL production. 

The phenotypic expression was based on the use of a third generation cephalosporin 

either cefotaxime or ceftazidime and a β-lactamase inhibitor, usually clavulanic acid, and 

observed synergy in the presence of clavulanic acid with third generation cephalosporin 

(Drieux et al., 2008).  

1.7.1 Double disc synergy test (DDST) 

The first test developed for the detection of ESBL in Enterobacteriaceae (Jarlier et al., 

1988) and was used in epidemiological studies in France for the spread of ESBL in 

Enterobacteriaceae (Legrand et al., 1989). The test determined the synergy between 30 

µg disc of cefotaxime, ceftazidime or ceftriaxone with amoxicillin/clavulanic acid disc 

containing 10 µg clavulanic acid, initially 30 mm apart but later suggested 15-20 mm 

distance can significantly improve the sensitivity of test (Thomson and Sanders, 1992; 

Tzelepi et al., 2000). The studies revelaed, DDST was found 94.4% sensitive for ESBL 

detection in E coli and K pneumoniae (Wiegand et al., 2007). 

1.7.2 ESBL E-tests 

This test is used to determine the synergy between cephalosporins and clavulanic acid, a 

two-sided strip containing gradients of cephalosporins either alone at one end and in 

combination to another side. The positive ESBL test is considered in two ways either 

when the MIC value of the cephalosporins is reduced, with clavulanic acid by MIC ratio 

≥8 (Cormican et al., 1996) or when there is either, a inhibition zone bellowed to lowest 

concentration of cephalosporins and clavulanic acid gradients or an inhibition ellipse 

formed at the tapering end (Drieux et al., 2008). Etest is a delicate detection method, a 

study reported inhibited ellipse in 30% cases were not interpreted correctly in laboratories 

(Leverstein-van Hall et al., 2002). 
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1.7.3 Combined disc method 

The ESBL detection is based on increased zone of inhibition i.e., ≥5 mm of disc 

containing cephalosporin and clavulanic acid in comparison with alone cephalosporin 

disc (Carter et al., 2000; Thomson and Sanders, 1992). This method is convenient and 

reported 96 % and 100% sensitive respectively (Linscott and Brown, 2005). 

1.7.4 Automated method 

The VITEK 2 ESBL test (bioMe´rieux, Marcy l’Etoile, France) and the Phoenix ESBL 

test (Becton Dickinson, Sparks, MD, USA) are based on the simultaneous assessment of 

the antibacterial activity of cephalosporin alone or in combination of clavulanic acid 

(Drieux et al., 2008). 

1.8 Molecular Identification of ESBLs 
Molecular detection is used for the identification of ESBLs by polymerase chain reaction 

(PCR). The polymerase chain reaction involves various cycles consist of heating the 

sample for three basic steps first one is denaturing, second is annealing of the primers, 

and lastly elongation of the primers. All above processes was performed by using a 

thermos-resistant DNA polymerase (Saiki et al., 1988). This detection is based on 

amplification, in amplification each repeated cycle developed doubled DNA target 

molecule, but the efficiency of the process is rarely 100% efficient due to the presence of 

inhibitors, DNA polymerase may become inadequate in last cycles of amplification. 

1.9 Multidrug-Resistance and ESBLs 
The development of resistance is a natural phenomenon exhibited by bacteria. In 

literature, several definitions are available to describe the term Multidrug-resistance in 

Gram-negative organisms (Cohen et al., 2008; Falagas et al., 2006; Hidron et al., 2008; 

MacGowan, 2008; Paterson, 2006). The definition of multidrug-resistance in Gram-

negative bacteria is “resistance among three or more antibiotic classes” (Andrade et al., 

2003; Falagas et al., 2006; Gould, 2008; Kallen et al., 2010; O'fallon et al., 2009; 

Paterson and Doi, 2007). Another method defined MDR bacteria, is resistance to any one 

main antibiotic (Hidron et al., 2008; Siegel et al., 2007). A well-defined antibiotics 

classes used to determine MDR among various organism was given by Magiorakos et al., 

MDR definition is “the isolate is resistant to at least one antimicrobial agent in ≥3 
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antimicrobial categories” (Magiorakos et al., 2012). ESBLs associated MDR has 

increased worldwide, most commonly found in members of Enterobacteriaceae, ESBLs 

have the capacity to inactivate many broad spectrum β-lactam drugs (Karam et al., 2016). 

In ESBL-producing organisms, a risk of MDR has established with consumption of third 

generation cephalosporins, other beta-lactams and fluoroquinolones (Falagas and 

Karageorgopoulos, 2009; Kaier et al., 2009; Rodriguez‐Bano et al., 2008).  

1.9.1Treatment choices 

Carbapenems are suggested as drugs of choice for ESBL-producing bacterial infections 

(Jacoby and Munoz-Price, 2005; Paterson and Bonomo, 2005), as first-line therapy in 

Bacteremia, Hospital-acquired pneumonia, Intra-abdominal infection and Meningitis 

(Paterson and Bonomo, 2005). This treatment choice for ESBLs associated infection is 

recommended with increased incidence of resistance against fluoroquinolones and 

aminoglycosides, the mechanism of resistance in above mentioned antibiotic classes are 

often carried on the same large plasmids that contain the genetic elements responsible for 

ESBL production (Karam et al., 2016). 

The combination of β-Lactam/β-lactamase inhibitors has shown activity against ESBLs 

associated infections, and suggested as suitable alternate treatment option in comparison 

with carbapenems for ESBL-producing E coli associated bloodstream infections 

(Rodríguez-Baño et al., 2012). The organisms with  multiple ESBLs (Baraniak et al., 

2002; Bradford et al., 1994; Chanawong et al., 2002) resulted in combination of β-

lactam/β-lactamase inhibitors, lesser active in comparison of carbapenems for treatment 

of ESBL associated bacteremia (Tamma et al., 2015). However, suggested combination 

of β-lactam/β-lactamase inhibitors are appropriate instead of carbapenems for ESBLs 

associated UTIs with or without bacteremia and non UTIs associated with isolates 

susceptible in low minimum inhibitory concentration (Harris et al., 2015). Newer β-

lactamase inhibitors (e.g., avibactam or relebactam) and their combinations (e.g., 

ceftolozane/tazobactam) are introduced to treat ESBL-producing bacteria in 

intraabdominal infections (Solomkin et al., 2015) and UTIs (Wagenlehner et al., 2015). 
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The resistance mechanism associated with ESBLs has reported from all over the world 

since first outbreak published in 1983 (Knothe et al., 1983). This section focuses some 

recent published researches of ESBL producing clinical isolates. 

Miranda-Romeo et al., investigated thirty-seven ESBL-producing E. coli isolates during 

2011-2014 for the molecular characterization collected from both hospital and 

community setups in Mexico. The CTX-M-15 gene was dominant and found in 97% of 

tested isolates followed by SHV-12 found in 13.5%, and 5.5% with TLA-1 gene. Study 

concluded that ESBL-Producing E. coli has disseminated in northwest Mexico (Miranda-

Romero et al., 2017). 

Miao et al., investigated antimicrobial susceptibility and genotypic characterization of 

320 E. coli isolates collected from outpatients source and found 201 of isolates carried 

ESBL genes (62.8%), and all isolates were detected with CTX-M, CTX-M 14 was most 

dominant (57.7%), followed by CTX-M 55 (23.4%) and CTX-M 15 (15.4%). High rate 

of resistance was observed against derivatives of penicillin, fluoroquinolones, inhibitors 

of folate pathway, and third-generation cephalosporins, and carbapenem was most 

effective treatment.  (Miao et al., 2017). 

In Sri Lanka, Fernando investigated UTIs associated with ESBL producing isolates and 

found E. coli as dominating organism over Klebsiella, suggested most ESBL-UTIs to be 

community acquired. In developing countries 4.9% prevalence of meropenem resistance 

is alarming as compared to other countries and carbapenem resistance is likely to add a 

significant burden to health budget (Fernando et al., 2017). 

Abrar et al., investigated during 2013–2015 in Pakistan 638 E. coli and 338 Klebsiella 

pneumoniae, both pathogens were isolated from hospitalized and non-hospitalized 

patients.  The ESBLs detected by double disc synergy test, by combined disc and E-test, 

furthermore PCR was used for group CTX-M I and CTX-M III, sequence of the genotype 

was also identified. High resistance was found against third generation cephalosporins, 

aztreonam and cefuroxime. Carbapenems were found susceptible, other effective 

antibiotics were Pieracillin/Sulbactam, Amikacin and Piperacillin/Tazobactam. In all 

tested methods for ESBL detection results were 64%, 76.4%, 74% respectively. CTX-M 
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15 was predominant in E. coli and K. pneumoniae isolates and majority were positive for 

bla CTX-M-I comparative to bla CTX-M-III (Abrar et al., 2017) 

Kazemian et al., studied fifty E. coli isolates and found imipenem as the most effective 

treatment and minimum effect was related to gentamicin. 62% (31/50) were ESBL-

producing detected by phenotypic method. The distribution of TEM and SHV genes were 

64.5% (20/31) and 19.3% (6/31) respectively (Kazemian et al., 2016). 

Rahman et al., studied ESBL production in 355 samples uropathogens by disc synergy 

diffusion test and gene identification of TEM-1 and CTX-M-1. The antibiotic 

susceptibilities were also determined. They found 23.56% (n=157) were ESBLs positive 

E. coli. On further molecular investigation 59.45% and 40.54% of the isolates were 

positive with CTX-M and TEM respectively. An increased rate of resistance was found 

against commonly prescribed antibiotics while imipenem was most effective antibiotic 

(Rahman et al., 2016)  

Tellevik et al., investigated the prevalence of ESBLs production in isolates of 

Enterobacteriaceae recovered from fecal material collected from children of Tanzania 

and reported 34.3% (207/603) positive with ESBL, whereas significant association was 

observed with prevalence of ESBL among children in hospitals (50.4%), as compared to 

cases in community (11.6%; P < 0.001; OR = 7.75; 95% CI: 4.99–12.03). The rate of 

Multidrug-resistance was 94% among isolates of E. coli and K. pneumoniae. 

Carbapenems were most effective antibiotics. A 94.7% of the isolates were detected with 

CTX-M-15. Additionally CMY-2, a AmpC beta-lactamase was first time detected in 

Tanzania (Tellevik et al., 2016). 

Gerhold et al., studied molecular characteristics of E. coli associated with ESBL 

production in Germany. All tested isolates were collected during six months in year 2014. 

A total of 160 isolates were tested for sequence typing and CTX-M identification and out 

of them 95.6% isolates were positive with CTX-M. Among Cefotaxime variants CTX-M-

1 was more prevalent (44.4%) followed by CTX-M-15 (34.4%), CTX-M-14 (9.4%) and 

CTX-M-27 (5.0%) respectively (Gerhold et al., 2016). 
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Yasmin et al., studied ESBLs production in 300 clinical samples collected from tertiary 

care hospital of Enterobacteriaceae family and Pseudomonas spp. Furthermore, PCR was 

used for TEM, SHV and CTX-M, CTX-M-3, CTX-M-14 genes. In a total of 300 tested 

isolates, ESBL production was found in 71.3%. In 107 randomly selected isolates TEM, 

SHV and CTX-M genes was detected in 83.2% (89/107). CTX-M was found in 56.2% 

(50/89), whereas 78.0% (39/50) and 80.0% (40/50) were CTX-M-3 and CTX-M- 14 

respectively (Yasmin et al., 2016) 

Linsenmeyer et al., studied oral empiric treatment options of ESBL producing 

uropathogens. A total of 204 multidrug-resistant isolates were tested and 19.9% of 

isolates were resistant with Fosfomycin. Only 4% of urpathogenic E. coli were showed 

resistance against Fosfomycin whereas, a much higher rate of resistance i.e., 46% was 

found in Klebsiella spp (Linsenmeyer et al., 2016). 

Ali et al., investigated (n=250) uroapthgenic E. coli for multidrug-resistance and ESBL 

expression. The results were revealed increased prevalence of UPEC among females and 

ESBLs was positive in 40% of the isolates. most of them were showed multidrug-

resistance with increased rate of resistance against fluoroquinolones (Ali et al., 2016). 

In another study by Bartoloni et al., reported phenotypic identification and molecular 

characterization of ESBLs in UTIs (n=213) and found trimethoprim–sulfamethoxazole, 

tetracycline, nalidixic acid, amoxicillin–clavulanic acid, ciprofloxacin, and gentamicin 

were found less effective. ESBLs was produced in 11.6% of E. coli and K. pneumoniae. 

Effective antimicrobial choices were carbapenems, nitrofurantoin, amikacin, and 

fosfomycin. The dominant gene was CTX-M-15 among all ESBLs gene (Bartoloni et al., 

2016). 

Mansouri and Abbasi studied Multidrug resistance and production of ESBL in isolates of 

Enterobacteriaceae. Observed MDR in 500 isolates and 53.8% of isolates were ESBLs 

producers. E. coli and K. pneumoniae were common pathogens in both outpatients and 

inpatients samples. The most frequently resistant antibiotics were trimethoprim/ 

sulfamethoxazole, amoxicillin, and tetracycline. Whereas imipenem and ceftizoxime 

were effective with 99.8% and 83% susceptibility rate (Mansouri and Abbasi, 2015). 
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Zhao et al., investigated one hundred and twenty uropathogenic E. coli positive with 

ESBLs which were collected from patients with long-span hospitalization. All isolates 

showed resistance against Ampicillin and cephalosporins, whereas 82.5% rate of 

resistance against Piperacillin, 81.2% against Ciprofloxacin and 72.5% against 

Trimethoprim-Sulfamethoxazole. The Susceptibility rate against Imipenem, 

Piperacillin/tazobactam, Cefoperazone/sulbactam, Amikacin and Cefepime were 98.4, 

96.7, 91.7%, 90.8% and 75.8% respectively. CTX-M was predominant ESBL gene 

(42.5%, 51/120) (Zhao et al., 2015). 

Zongo et al., studied 259 Gram negative bacilli for ESBLs production by using the 

double disk synergy test and furthermore ESBLs genes were identified in 171 ESBLs 

positive isolates. Urine samples associated with E. coli were 50%. Among ESBL 

producers, CTX-M was most prevalent gene (65.49%), 25.73% were TEM positive and 

SHV was identified in 18.71% (Zongo et al., 2015). 

Riaz et al., investigated prevalence of ESBLs in E. coli and K. pneumoniae, 39.3% 

(n=662) and 26.1% (n=153) were ESBLs positive respectively. On molecular detection, 

in E. coli the most frequent gene i.e., 19.2 % were OXA positive and 92.5 % 

for Klebsiella spp positive with SHV. The TEM/OXA were dominant genotype 

combination found in 44.2 % of E. coli (Riaz and Bashir, 2015). 

Shaikh et al., studied risk factors related with ESBLs production in E. coli and K. 

pneumoniae, a total of 346 isolates were included in study and 48.27% (n=167) were 

ESBL producers, out of them 93 and 74 were E. coli and K. pneumoniae respectively. 

Previous usage of antibiotics and length of stay in hospital was found significant risk 

factors and carbapenems were found as drug of choice (Shaikh et al., 2015) 

Kateregga et al., investigated 245 clinical isolates and found 47% belonged to 

Enterobacteriaceae, Of these E. coli were dominant isolates (53.9%) followed by K. 

pneumoniae (28.7%). Phenotype detection revealed 62% were ESBL producers and most 

of isolates were recovered from urine followed by pus, 72.7% of K. pneumoniae were 

ESBL positive. statistically non-significant association was found between ESBL/Non 

ESBL and age or gender (Kateregga et al., 2015) 
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José Medina-Polo studied two hundred and nineteen ESBL producing isolates in a 

tertiary care hospital (Madrid) and found elderly age, previous history of diabetes 

mellitus, catheterization, previous hospitalization and antibiotic treatment as risk factors. 

E. coli were the most frequent isolates and UTIs are common source of infection. 

Antimicrobial susceptibility tested and an increased resistance was resulted against 

fluoroquinolones, whereas 100% susceptibility against carbapenems (Medina-Polo et al., 

2014). 

Valenza et al., studied German community and determined the presence of ESBL-

producing E. coli. Out of 3344 participants 211 (6.3%) were detected with intestinal 

colonization without differences in various ages. The 95.2% were detected with CTX-M, 

46% were CTX-M-15 and 24.2% were CTX-M-1 (Valenza et al., 2014). 

Fan et al., studied hospitalized children with community-onset UTI during a period of 5 

years, associated with ESBLs-producing E. coli (n=104) with non-ESBLs-producing E. 

coli (n=208) were identified. The ESBLs production in E. coli associated UTIs was 

increased from 0.59% to 0.96% in 2002 and 2006 respectively. Ciprofloxacin resistance 

was increased during 5 years’ period. The spread of UTIs with ESBL producing E. coli 

can be reduced by hygienic practices and antibiotic stewardship (Fan et al., 2014). 

Chen et al., studied sixty-six ESBLs-producing isolates collected from six different 

community hospitals. CTX-M enzymes was found in 80% (n=53) of ESBLs-producing 

isolates, whereas 68% of them were E. coli  and CTX-M-15 positive and 73% 

of Klebsiella isolates were positive with cefotaxime gene (Chen et al., 2014). 

Xia et al., investigated 1,168 ESBL producing E. coli isolates, out of them 487 (41.7%) 

infections were associated with community onset. CTX-M gene was detected in 96.2% of 

isolates. Among them 40.7% and 48.7% were CTX-M-1 group and CTX-M-9 

respectively, and 10.6% of isolates were positive with both groups, 24.8% were 

accounted for CTX-M-55 and 18.2% were CTX-M-15 were the major genotypes in CTX-

M-1 group while 46.8% CTX-M-14 was predominant in CTX-M-9 group (Xia et al., 

2014). 
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Al-Agamy et al., studied a total (n=152) isolates of E. coli recovered from a hospital 

setting in Riyadh and found 31 isolates were ESBL positive by phenotypic detection 

method. The CTX-M15 and CTX-M27 were detected, among them 96.77% were CTX-M 

15 and CTX-M27 was found in only one strain(Al-Agamy et al., 2014). 

Reuland et al., determined prevalence of ESBLs production in Enterobacteriaceae 

isolated from community setting in the Netherland and found 10.1% of ESBL positive 

samples, predominant organism is E. coli. CTX-M-15 was most frequent ESBLs gene 

and 12% co-resistant with gentamicin, ciprofloxacin and cotrimoxazole. In low prevalent 

countries resistance is expanded because of  CTX-M ESBLs, particularly CTX-M 15 

(Reuland et al., 2013). 

Habeeb et al., examined (n=173) E. coli, out of them 82 were ESBL producers and 

further investigated for genotype. Study resulted that in E. coli prevalence of ESBLs has 

augmented in last five years i.e., from 33.7% (in year 2005) to 60.0% (in year 2009-10). 

Rate of resistance against broad spectrum antibiotics was more than 85%. In year 2005 

imipenem and fosfomycin were completely susceptible antibiotics, but in 2009-10 it was 

ranged from 3-15%. The CTX-M gene in year 2005 and 2009-10 was 3.5% and 42.5%, 

TEM was 10.7% and 48.1%, both CTX-M and TEM were 3.5% and 29.6% respectively 

(Habeeb et al., 2013). 

Helldal et al., studied the identification of E. coli producing ESBLs in south-western 

region of Sweden has been markedly increased during 2004–2008 with a greater increase 

in uropathogens in hospital settings (0.2–2.5%) as compared to community (0.2–1.6%). 

CTX-M gene is predominant ESBLs, in early phase of study they found phylogroup 

CTX-M-1 in uropathogenic E. coli associated with ESBLs (n=41) and in the end phase 

(n=221), a significant (p <0.02) shift from the CTX-M-9 to CTX-M-1 phylogroup 

(Helldal et al., 2013). 

Ahmed et al., investigated CTX-M, SHV, and TEM genes in E. coli and Klebsiella spp 

isolated from urine specimens in Sudanese patients, in Khartoum state. Two hundred and 

eighteen Gram negative uropathogens were collected and analyzed. Out of 218 isolates 

130 (59.6%) were ESBL positive, CTX-M, SHV and TEM genes were present in 68 

(52.3%). The frequency of E. coli and Klebsiella spp, positive with CTX-M was 35 and 
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13 respectively. TEM and SHV were 27 and 3 in E. coli, where as in Klebsiella spp 11 

and 12 respectively. Among uropathogens the CTX-M gene was prevalent followed by 

TEM while the least one was SHV gene (Ahmed OB et al., 2013). 

Aldeyab et al., investigated the relationship between antibiotic use in hospitals and 

community with ESBLs incidence. Over 5 years of analysis the results were suggested 

that a positive relationship was found between incidences of ESBLs with the use of 

fluoroquinolones in hospitals. Among fluoroquinolones, ciprofloxacin restriction policy 

was implemented which resulted in increased susceptibility rates of ciprofloxacin, 

statistically significant reduction in incidence of ESBLs was resulted with restricted use 

of ciprofloxacin (Aldeyab et al., 2012). 

Azap et al., in 2009 studied risk factors associated with ESBL positive community 

acquired infections caused by E. coli, a total 510 cases were included and ESBL was 

found in 6.3% and 17.4% were uncomplicated and complicated UTIs. Risk factors 

associated with ESBLs were more than 3 episodes of UTIs, use of beta-lactam antibiotics 

and prostatic diseases. CTX-M 15 gene was found in 90.2% (46/51) of ESBL positive 

uropathogenic E. coli (Azap et al., 2010) 

Ullah et al., investigated 116 clinical isolates of uropathogenic E. coli collected from in-

patients’ source. Of these 66 (56.9%) were ESBL producers and 83% were multidrug-

resistant, whereas carbapenems were effective antibiotics (Ullah et al., 2009) 
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Purpose of the study 
In developing countries, rate of resistance in Gram-Negative bacteria is increasing day by 

day and one of the resistance mechanism is associated with extended spectrum β-

lactamases. The empiric and prophylactic use of extended spectrum cephalosporins has 

developed the incidence of extended spectrum beta lactamase (ESBL) associated 

infections. 

The objectives of this study were as follows 

1. To investigate the prescribing patterns of broad spectrum antibiotics in various 

wards of tertiary care hospital setup and to determine the utilization of 

cephalosporins as prophylactic treatment. 

2. To determine the prevalence of ESBL production in Gram-Negative bacteria 

including E. coli, K. pneumoniae, P. aeruginosa and P. mirabilis isolated from 

outpatients of Karachi city. 

3. To determine the antimicrobial resistance and susceptibility patterns for the 

effective antibiotic choices. 

4. To investigate the prevalence of multidrug-resistance.  

5. To identify gene responsible for resistance mechanism and community acquired 

infections among ESBL positive clinical isolates.  

 

 

 

 

 



 

 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

3. MATERIALS AND METHODS 
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For Phenotype Testing: 

• Muller-Hinton Agar (MHA) CM 0337B OXOID, UK 

• Nutrient broth CM 0001B OXOID, UK 

• Brain Heart Infusion broth (BHI) CM 1135, UK 

• Glycerol Merck, Germany 

• Distilled water freshly prepared from laboratory, Department of Pharmaceutics, 

Faculty of Pharmacy and Pharmaceutical Sciences, University of Karachi. 

 

For Genotyping Testing: 

 
• DNA Extraction kit (from Bacteria) (MOLEQULE-ON), New Zealand 

• Absolute Master Mix (MOLEQULE-ON), New Zealand 

• DNA Loading dye (MOLEQULE-ON), New Zealand 

• VisualaNA DNA staining dye (MOLEQULE-ON), New Zealand 

• Agarose E (MOLEQULE-ON), New Zealand 

• 1 Kbp DNA marker (Thermo Fisher Scientific), USA 

• 100 bp DNA marker (Thermo Fisher Scientific), USA 

• TBE buffer (5x) Sigma-Aldrich, Germany 

• Ethidium bromide (Thermo Fisher Scientific), USA  

• Primers (5 OD) (MOLEQULE-ON), New Zealand 

• PCR water (Merck), Germany 

• 0.2 ml PCR tubes (Thermo Fisher Scientific), USA 

• Micro pipettes tip 10, 50, 100 and 1000 µl (Thermo Fisher Scientific), USA 

• Micro pipettes (Thermo Fisher Scientific), USA  

• Cryogenic Vials 1.8 ml (NEST), China 

Glass ware:  

• Petri dishes 90 mm 

• Beakers 50, 100, 250 ml (Pyrex), Germany 

• Conical flask (Pyrex), Germany 

• Graduated cylinder (Pyrex), Germany 
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• Pipets (Pyrex), Germany  

Miscellaneous materials: 

• Glass rod 

• Foil sheet 

• Cotton 

• Brown sheet 

• Thread 

• Paper tape 

• Permanent marker  

• Cryo vials rack 

• Ice box 

• Micropipette racks 

• Butter paper 

• Spatula stainless steel 

Equipments: 

• Hot plate (Elite), China 

• Weighing balance (Sartorius), Germany 

• Autoclave (Daihan, Labtech), Korea 

• Incubator (Binder), Germany 

• Thermocycler (Bio-Rad Icycler), USA  

• Laminar hood (Cleatech), USA 

• Vortex mixture (Labnet 120 V), USA 

• Centrifuge machine (Hettich Universal 320), Germany 

• Gel electrophoresis (Vari-Gel, Denvillie Scientific, INC.), USA 

• UV transilluminator (BigGlow), USA 

Antibiotic disc (s):  

• Ampicillin 10 µg AMP (OXOID), UK 

• Imipenem 10 µg IPM (OXOID), UK 

• Tazobactam/Piperacillin 110 µg PTZ (OXOID), UK 

• Amoxicillin/Clavulanic Acid 20/10 µg AMC (OXOID), UK 
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• Gentamicin 10 µg GEN (OXOID), UK 

• Amikacin 30 µg AK (OXOID), UK 

• Tobramycin 10 µg TOB (OXOID), UK  

• Doxycycline 30 µg DOX (OXOID), UK 

• Ofloxacin 5 µg OFL (OXOID), UK  

• Ciprofloxacin 5 µg CIP (OXOID), UK 

• Enoxacin 10 µg ENX (OXOID), UK 

• Nalidixic Acid 30 µg NA (OXOID), UK 

• Cefuroxime 30 µg CXM (OXOID), UK 

• Cefotaxime 30 µg CTX (OXOID), UK 

• Cefixime 5 µg CFM (OXOID), UK  

• Ceftriaxone 30 µg CRO (OXOID), UK 

• Ceftazidime 30 µg CAZ (OXOID), UK 

• Fosfomycin 200 µg FOS (OXOID), UK 

• Trimethoprim/Sulfamethoxazole 23.75/1.25 µg SXT (OXOID), UK 

 

 

 

 

 

 

 

 

 

 



 
  

23 
 

3.1 Study Layout 
The study was a cross sectional study from Karachi Pakistan that has investigated clinical 

isolates of Escherichia coli, Klebsiella pneumoniae, Pseudomonas aeruginosa and 

Proteus mirabilis collected from outpatients of various clinical laboratories. Extended 

spectrum beta lactamase (ESBL) production was determined among clinical isolates 

along with antimicrobial susceptibility patterns. Furthermore, ESBL genes were 

identified by polymerase chain reaction in ESBL positive isolates. The study also 

investigated prescribing pattern of antibiotics in a tertiary care hospital setting for 

empiric/prophylactic use of broad spectrum antibiotics that could lead to incidence of 

bacterial resistance against antibiotics.  

3.2 Prescribing Pattern of Antibiotics 
A cross-sectional observational study was conducted over of a period of three months in a 

tertiary care hospital for prescribing of antibiotics in hospitalized patients. Total 685 

patients were studied from various wards such as pediatrics, emergency room, 

gynecology/obstetrics, urology, orthopedics, cardiac and out-patient dispensing (OPD) to 

study evaluate the utilization of antibiotics in various wards, availability of culture 

sensitivity and empiric use of antibiotics. The collected data was analyzed per gender, 

age groups, specimen, culture sensitivity, isolated Gram-Negative microorganism and 

prescribed antibiotics alone or in combinations. The analysis was mainly focused on 

prophylactic or empiric use of broad spectrum cephalosporins alone or in combination 

with other antibiotics. 

3.3 Collection of Isolates 
One thousand and five non-duplicate clinical isolates from different specimens of urine, 

pus, high vaginal swab (HVS), stool, sputum, throat swab, ascitic fluid, cystic fluid and 

semen were collected over one-year period from January to December 2015 with primary 

demographic information of gender and age.  

3.3.1 Preservation of clinical isolates 

Each isolate was preserved in cryogenic vials (2ml) containing nutrient broth and 20% 

glycerol solution medium, kept in freezer at -20ºC.  
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3.3.2 Agar plate preparation 

Mueller-Hinton agar medium was prepared by dissolving 38 g of agar in 1 L of distilled 

water and heated until boiled, cooled down at 60ºC and autoclaved at 121ºC for 15 

minutes. After sterilization 25 ml of medium poured in 90 mm petri dish, when solidified 

refrigerate.  

3.3.3 Antimicrobial Susceptibility by Kirby Bauer disc diffusion method 

In sterilized environment, each isolate was tested for the antimicrobial susceptibility by 

agar disc diffusion method on Mueller–Hinton (MH) agar. The bacterial suspension was 

prepared by inoculation of bacterial colony in previously sterilized nutrient broth and 

standardized using 0.5 McFarland standard. A 0.5 McFarland standard was used for 

inoculation on agar plates and antibiotic disc were placed by sterilized forceps, after 24 

hours’ incubation period at 37 ˚C, inhibited zone diameters were measured. The 

antibiotics tested were Amikacin (AK), Gentamicin (GEN), Tobramycin (TOB), 

Ampicillin (AMP), Amoxicillin/Clavulanic acid (AMC), Imipenem (IPM), 

Tazobactam/Piperacillin (PTZ), Cefuroxime (CXM), Cefixime (CFM), Cefotaxime 

(CTX), Ceftazidime (CAZ), Ceftriaxone (CRO), Fosfomycin (FOS), Ofloxacin (OFL), 

Ciprofloxacin (CIP), Enoxacin (ENX), Nalidixic Acid (NA), Doxycycline (DOX), 

Trimethoprim/Sulfamethoxazole (SXT). The results were interpreted by comparing the 

measured inhibited zone diameters  recommended in CLSI guidelines for disc diffusion 

test (Wayne, 2014). 

3.3.3.1 Validation of Antimicrobial Susceptibility Testing (AST) 

The following considerations are pre-requisite for AST by disc diffusion method under 

recommendation of CLSI guidelines (Wayne, 2014). 

• Bacterial suspension standardized with 0.5 McFarland 

• Muller Hinton Agar 

• Thickness of MHA in plate was kept 4mm 

• Lawn streaking 

• 15-20 mm distance a part between two antibiotic discs 

• 18-24 hours’ incubation time 

• 35-37ºC incubating temperature 
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3.3.4 Inclusion Criteria for detection of ESBL in Clinical isolates 

Out of 1005 clinical isolates, 352 non-repeated were selected after initial screening of 

ESBL, for phenotypic confirmation test. Inclusion criteria for ESBL initial screening in 

study isolates were, determination of zones of inhibition by disc diffusion method 

including ceftazidime ≤22 mm, cefotaxime ≤27mm and ceftriaxone ≤25mm for E. coli, 

K. pneumonia and P aeruginosa; for P. mirabilis ceftazidime≤22 mm and cefotaxime 

≤27 mm. 

3.3.5 Double disc synergy test for identification of ESBL 

The presence of ESBL was performed by using antibiotic discs of Cefotaxime (30 µg), 

Ceftazidime (30 µg) and Amoxicillin/Clavulanic acid (20/10 µg). In the middle, 

amoxicillin/clavulanic acid were placed and the other two were placed 30 mm apart from 

middle, and were incubated for 24 hours. Enhanced zone of inhibition of cephalosporin 

discs(s) towards amoxicillin/clavulanic indicated synergy with clavulanic acid and ESBL 

presence (Jarlier et al., 1988). For positive and negative controls of ESBL producers, 

Klebsiella pneumoniae (ATCC 700603) and Escherichia coli (ATCC 25922) were used.  

3.3.6 Identification of multidrug resistance 

Multidrug resistance (MDR) was determined based on categories and drugs used to 

determine susceptibility among the E coli, K. pneumoniae and P. mirabilis from 

Enterobacteriaceae. Isolates which are non-susceptible to ≥1 antibiotic from ≥3 

antibiotic class considered as MDR (Magiorakos et al., 2012). The categories included: 

aminoglycosides (Gentamicin, Tobramycin and Amikacin); anti-pseudomonal 

penicillin/β-lactamase inhibitor (piperacillin/tazobactam); carbapenem (imipenem); non-

extended spectrum cephalosporins (cefuroxime); extended spectrum cephalosporin 

(ceftriaxone, ceftazidime, cefotaxime); fluoroquinolone (ciprofloxacin); folate pathway 

inhibitors (sulfamethoxazole/trimethoprim); penicillins (ampicillin); penicillins +β-

lactamase inhibitors (Amoxicillin-clavulanic acid); phosphonic acid (fosfomycin); 

tetracyclines (doxycycline). 11 out of 16 recommended antimicrobial classes for 

Enterobacteriaceae Non MDR were those resistant in <3 antimicrobial classes and 

considered as sensitive, intermediate resistant isolates were considered as resistant 

isolates. 
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3.3.7 Statistics 

Pearson’s or Fischer’s exact Chi-Square test was used for various study factors for 

determination of association between ESBL and non-ESBL producers, p value <0.05 was 

considered as significant. The odds ratio (OR) with 95% confidence interval (CI) and 

relative risk (RR) were determined. Factors were age (<50 years), gender (female), 

microorganism (E. coli and K. pneumoniae) and specimen (UTIs). ESBL associated 

antibiotic resistance for Amikacin, Imipenem, Fosfomycin, Cephalosporin and 

fluoroquinolones were also determined. ESBL producing uropathogens were further 

analyzed for association with gender, MDR, age groups and antimicrobial 

susceptibilities. Statistical analysis was performed by using SPSS (version 20). 

3.4 Molecular Detection of ESBL in Clinical Isolates 

3.4.1 Sub culture of preserved isolates 

Each preserved isolate was thawed and vortexed then sub cultured isolates in 2.5 ml of 

BHI broth by transfer 20 µl of isolate previously stored in broth and glycerol solution at 

37 °C for 18 to 24 hours. 

3.4.2 DNA Extraction 

A 100 µl of the freshly cultured broth was transferred in Eppendorf tubes and centrifuged 

at 8000 rpm for 5 minutes. The supernatant was discarded and pallet was kept in 

Eppendorf. Latterly 400 µl of digestion solution and 3 µl of proteinase k solution was 

added in Eppendorf contained the pallet and incubated at 55 °C for 5 minutes. The 

Eppendorf centrifuged at 10000 rpm for 2 minutes, added 260 µl of ethanol and mix well 

and then transferred to the collection tube and again centrifuged for 2 min at 10000 rpm. 

The liquid was discarded and 500 µl wash solution was added and again centrifuged for 2 

min at 10000 rpm. The procedure was repeated with wash solution. Finally spin column 

was placed in clean Eppendorf tube and 30 to 50 µl elution buffer was added, Eppendorf 

were centrifuged at 10000 rpm for 2 minutes. The aliquot eluted in Eppendorf tubes was 

kept and stored in freezer at -20 °C.  

3.4.3 Polymerase Chain Reaction 

For each gene identification, separate sets of reaction mixtures were prepared. The 

requirements of thermocycler temperature were different for each gene. A reaction 
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mixture was prepared for PCR by using master mix, forward and reverse primer and PCR 

water. Forward and reverse primers were reconstituted by using PCR water and vortex 

and then diluted with ratio of 1:10 by using PCR water, vortexed. For 50 µl reaction take 

previously autoclaved 0.2 ml PCR tubes and labelled them with sample code for 

identification. The composition of reaction mixture was prepared with 25 µl of master 

mix, 2.5 µl of each forward and reverse primer and 18 µl PCR water, finally transfer 2 µl 

of DNA and placed it in thermocycler. 

3.4.4 For TEM 

For the detection of TEM gene thermocycler sets as denaturation 5 min at 94°C (hot start 

with lid temperature at 95°C to retain all ingredients in bottom of tubes) 30 cycles of 

94°C for 45 Seconds, 55 °C for 45 Seconds, 72°C for 1 minute, final elongation at 72°C 

for 5 minutes and last 4 °C for infinite to stop all reactions. 

3.4.5 For CTX-M 

For CTX-M thermocycler protocol was set as 95 ºC denaturation for 5 min and 30 cycles 

of 95 ºC for 45 s, 57 ºC for 45 s, 72 ºC for 1 min, final elongation at 72 ºC for 10 min and 

last 4 °C for infinite to stop all reactions. 

3.4.6 For SHV 

Protocol was set as 95 ºC denaturation for 5 min and 30 cycles of, 95 ºC for 1 min, 61 ºC 

for 1 min, 72 ºC for 1 min, final elongation at 72 ºC for 10 min and last 4 °C for infinite 

to stop all reactions. 

 

Table 1 Primers sequences used for ESBLs gene 
 

Primer Primer sequence 5ˊ͢   3ˊ 

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 
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3.4.7 Gel Electrophoresis  

A TBE buffer was prepared with a ratio of 1:5 and make up volume with distilled water 

and mixed well by using magnetic stirrer on 60º C until cleared. 1% agarose gel solution 

was prepared in TBE buffer using 0.8 gm and add 80 ml of TBE buffer heat until cleared 

and allowed to cooled at 60°C, then 3 µl of ethidium bromide dye was added and mixed 

well. Pour the solution in the gel cast assembly and allowed to solidify. The gel was 

casted in 10 to 15 minutes then comb was removed from the assembly created grooves or 

well in gel. Carefully placed the solidified gel in electrophoresis tub filled with TBE 

buffer, the grooves region was placed towards negative electrode. 12 µl of respective 

sample was transferred in each well and in one well 6 µl of previously vortexed DNA 

marker was transferred. For bla-TEM 1 kbp/100 bp DNA marker was used and 100 bp 

DNA marker was used for bla-SHV and bla-CTX-M. When all samples were loaded, the 

electrodes were attached from the gel box and voltage were adjusted between 80-100 

volts. The circuit was on with current supply so power supply could pass through the gel 

electrophoresis assembly. The power supply was stopped after 25-30 minutes and 

removed the electrodes from assembly. Carefully gel was removed from assembly and 

placed over UV transilluminator to observed bands, the samples considered positive were 

shown bands which were compared with DNA ladder produced by DNA markers. 

 

 

 

 

 

 

Figure 1: Gel casting assembly 
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Figure 2 a & b: Sample loading 

 

 

 

 

 

 

 

Figure 3: Gel electrophoresis process 
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4.1 Prescribing Pattern of Antibiotics 
A cross-sectional study was conducted in a tertiary care hospital setup to evaluate the 

prescribing patterns of antibiotics in hospitalized patients, availability of culture 

sensitivity, symptomatic treatment for patients and use of antibiotics in various wards. 

Total 685 hospitalized patient’s data were collected over a period of three months from 

July-September 2015. 

4.1.1 In patients Demographics 

Out of 685 patients 319 (46.5%) were male and 366 (53.5%) were females. Mean age 

was 28.30±23.29 years, whereas minimum and maximum ages of patients were 1 month 

and 90 years respectively. In various age groups of <1, 1-15, 16-30, 31-45, 46-60, 61-75 

and >75 years, number of patients were 105, 145, 166, 114, 69, 80 and 6, whereas male 

patients were 53, 101, 53, 26, 36, 45, 5 and females were 52, 44, 113, 88, 33, 35 and 1 

respectively (Table 2).  

    Table 2: Gender distribution of patients in different age groups 

Age groups in years No. of Patient n (%) Male n (%) Female n (%) 

< 1  105 (15.3) 53 (50.5) 52 (49.5) 

1-15  145 (21) 101 (70) 44 (39) 

16-30  166 (24) 53 (32) 113 (68) 

31-45  114 (16.6) 26 (23) 88 (77) 

46-60  69 (10) 36 (52) 33 (48) 

61-75  80 (11.6) 45 (56) 35 (44) 

>75  6 (0.87) 5 (83) 1 (17) 

 

Total 7 wards were included in the study for prescribing patterns of antibiotics which 

were Pediatrics, Emergency, Gynecology/Obstetric, Urology, Orthopedics, Cardiac and 

OPD. The Table 3 illustrated patients of different age groups in each studied ward and 

Figure 4 depicted total patients, gender and number of patients in different wards among 

various age groups. 
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   Table 3: Number of patients of various age groups in wards  

Age groups 

in years (n) Pediatrics Emergency 

Gynecology/ 

Obstetric Urology Orthopedics Cardiac OPD 

< 1 (105) 104 (99) 1 (1) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 

1-15 (145) 92 (63.4) 7 (4.8) 0 (0) 5 (3.4) 41 (28.3) 0 (0) 0 (0) 

16-30 (166) 1 (0.6) 21 (12.7) 77 (46.4) 22 (13.3) 44 (26.5) 0 (0) 1(0.6) 

31-45 (114) 0 (0) 14 (12.3) 62 (54.4) 11 (9.6) 25 (21.9) 1 (0.9) 1 (0.9) 

46-60 (69) 0 (0) 7 (10.1) 6 (8.7) 38 (55.1) 6 (8.7) 11 (15.9) 1 (1.4) 

61-75 (80) 0 (0) 11 (13.8) 2 (2.5) 58 (72.5) 4 (5) 5 (6.2) 0 (0) 

>75 (6) 0 (0) 2 (33.3) 0 (0) 4 (66.7) 0 (0) 0 (0) 0 (0) 

Total 197 63 147 138 120 17 3 

 

 

Figure 4: Gender, ward and number of patients in various age groups 

In various wards number of patients were 197, 63, 147, 138, 120, 17 and 3 respectively. 

Table 4 showed male patients were 117, 23, 0, 94, 75, 6 and 1 whereas number of female 

patients were 80, 37, 147, 44, 45, 11 and 2 respectively. Total 173 (25.3%) out of 685 

patients were tested for culture sensitivity test, in respective wards the number of cases 

with culture sensitivity were 69, 2, 12, 61, 26, 3 and 0 respectively. The Table 4 also 

showed the specimen collected for culture sensitivity of patients in each ward. 
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Table 4: Gender and culture sensitivity test of patients in various wards 

N (%) Pediatrics Emergency 

Gynecology/ 

Obstetric Urology Orthopedics Cardiac OPD 

Patient 197 (28.8) 63 (9.2) 147 (21.5) 138 (20.1) 120 (17.5) 17 (2.1) 3 (0.4) 

Male 117 (36.7) 23 (8.2) 0 (0) 94 (49.5) 75 (23.5) 6 (1.9) 1 (0.3) 

Female 80 (21.9) 37 (10.1) 147 (40.2) 44 (12) 45 (12.3) 11 (3) 2 (0.5) 

Culture test 69 (35) 2 (3.2) 12 (8.2) 61 (44.2) 26 (21.7) 3 (17.6) 0 (0) 

 

Table 5: Specimen collected for culture sensitivity test 

Specimen n 

(%) Pediatrics Emergency 

Gynecology/ 

Obstetric Urology Orthopedics Cardiac OPD 

Blood 49 (24.9) 0 (0) 3 (2) 11 (8) 14 (11.7) 2 (11.8) 0 (0) 

Urine 6 (3) 2 (3.2) 3 (2.1) 36 (26.1) 2 (1.7) 1 (5.9) 0 (0) 

Pus 2 (1) 0(0) 3 (2.1) 11 (8) 9 (7.5) 0 (0) 0 (0) 

HVS 0 (0) 0(0) 2 (1.4) 3 (2.2) 0 (0) 0 (0) 0 (0) 

CSF 2 (1) 0(0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 

Sputum 5 (2.5) 0(0) 0 (0) 0 (0) 0 (0) 0 (0) 0 (0) 

Swab 5 (2.5) 0(0) 1 (0.7) 0 (0) 1 (0.8) 0 (0) 0 (0) 

Not tested  128 (65) 61 (96.8) 135 (91.8) 77 (55.8) 94 (78.3) 14 (82.4) 3 (100) 

 

4.1.2 Culture sensitivity test 

Culture sensitivity was not tested in 128 (65%), 61 (96.8 %), 135 (91.8%), 77 (55.8%), 

94 (78.3%), 14 (82.4%) and 3 (100%) of patients in wards respectively. E. coli was the 

most dominant, isolated 39 (19.8%) in Pediatrics, 5 (3.4%) in gynecology/Obstetric, 41 

(29.7%) in urology, 13 (10.8%) in orthopedics and 3 (17.6%) in cardiac ward. Whereas 

P. aeruginosa were found 1 (0.5%) in pediatrics, 4 (2.7%) in gynecology/Obstetric, 4 

(2.9%) in urology, 6 (5%) in orthopedics and Klebsiella spp were 10 (5.1%), 1 (0.7%), 2 

(1.4%), 3 (2.5%) respectively listed in Table 6. 

Table 6: Gram-Negative pathogens isolated in various wards 

Pathogen 

isolated (%) Pediatrics Emergency 

Gynecology/ 

Obstetric Urology Orthopedics Cardiac OPD 

E coli 39 (19.8) 0 (0) 5 (3.4) 41 (29.7) 13 (10.8) 3 (17.6) 0 (0) 

P aeruginosa 1 (0.5) 0 (0) 4 (2.7) 4 (2.9) 6 (5) 0 (0) 0 (0) 

Klebsiella spp 10 (5.1) 0 (0) 1 (0.7) 2 (1.4) 3 (2.5) 0 (0) 0 (0) 

No growth 8 (4) 2 (3.1) 0 (0) 4 (2.9) 0 (0) 0 (0) 0 (0) 

Others 11 (5.5) 0 (0) 2 (1.4) 14 (10) 4 (3.3) 0 (0) 0 (0) 
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4.1.3 Prescribed antibiotics 

Antibiotics were not prescribed in 18 patients, Table 7 showed antibiotics prescribed in 

patients of various wards. Figure 5 depicted the prescribing trends in all studied patients 

indicating cephalosporin was highly prescribed antibiotics followed by quinolones either 

alone or in combinations. Other antibiotics and combination were included less frequent 

antibiotics and/or combinations. 

Table 7: Antibiotics prescribed in various wards 

Antibiotics used Pediatrics Emergency 

Gynecology/ 

Obstetric Urology Orthopedics Cardiac OPD 

Penicillin 10 (5.1) 5 (7.9) 32 (21.8) 17 (12.3) 25 (20.8) 1 (5.9) 0 (0) 

Cephalosporin 109 (55.3) 31 (49.2) 45 (30.6) 40 (29) 24 (20) 4 (23.5) 2 (66.7) 

Quinolones 0 (0) 15 (23.8) 4 (2.7) 37 (26.8) 17 (14.2) 0 (0) 0 (0) 

Aminoglycoside 0 (0) 0 (0) 1 (0.7) 2 (1.4) 2 (1.7) 0 (0) 0 (0) 

Pen+ Ceph 16 (8.1) 1 (1.6) 4 (2.7) 4 (2.9) 7 (5.8) 0 (0) 0 (0) 

Pen+ Quinol 0 (0) 0 (0) 2 (1.4) 1 (0.7) 27 (22.5) 0 (0) 0 (0) 

Pen+ Aminogly 6 (3) 0 (0) 0 (0) 2 (1.4) 1 (0.8) 0 (0) 0 (0) 

Ceph + Quinol 0 (0) 0 (0) 1 (0.7) 11 (8) 4 (3.3) 0 (0) 0 (0) 

Ceph+Aminogly 18 (9.1) 1 (1.6) 3 (2) 3 (2.2) 1 (0.8) 0 (0) 0 (0) 

Ceph+ Glycopep 23 (11.7) 1 (1.6) 6 (4.12)  2 (1.4) 5 (4.2) 0 (0) 0 (0) 

Carbapenem 0 (0) 0 (0) 1 (0.7) 0 (0) 0 (0) 0 (0) 0 (0) 

Other antibiotic 10 (5.07) 8 (12.7) 38 (25.8) 15 (10.9) 4 (3.3) 3 (17.6) 1 (33.3) 

No antibiotics 3 (1.5) 1 (1.6) 2 (1.4) 3 (2.2) 0 (0) 9 (53) 0 (0) 

 

No antibiotic

Penicillin

Cephalosporin 

QuinolonesAminoglycoside
Penicillin+ 

Cephalosporin

Penicillin+ 
Quinolones

Penicillin+ 
Aminoglycosides

Cephalosporin + 
Quinolones

Cephalosporin+Ami
noglycoside

Cephalosporin+Glyc
opeptides

Carbapenem

Penicillin+ 
Antiparastic

Aminoglycoside + 
Quinolones

Other 
antibiotics/combina

tion

Figure 5: Prescribed antibiotics in studied patients 



 
  

34 
 

4.2 Demographics and Specimen Distribution Among Gram-

Negative Clinical Isolates 
Total numbers of clinical isolates randomly collected for the present study were 1005 

outpatient specimens (Table 8).  The patients whose samples were included had a median 

age was 42±24.45 years (age range, 03 days to 95 years). The specimens were comprised 

on male 34.1% (343) and female 65.9% (662) samples. It was non-repetitive community 

acquired clinical isolates of E. coli 680 (67.66 %), K. pneumoniae 248 (24.67%), P. 

mirabilis 3 (0.3 %) and P. aeruginosa 74 (7.36%) and identified by standard 

microbiological technique, in the department of Pharmaceutics, Faculty of Pharmacy, 

University of Karachi in 2015. 

Table 8: Distribution of study isolates and their percentages per clinical sources 

 

Specimen No. of 

isolates  

E. coli K. pneumoniae P. aeruginosa P. mirabilis 

Urine 709 546(77) 137(19.32) 26(3.66) - 

Pus 130 49(37.69) 42(32.30) 39(30) - 

HVS* 45 31(68.88) 14(31.11) - - 

Stool 45 31(68.88) 14(31.11) - - 

Sputum 40 - 34(85) 6(15) - 

Throat Swab 15 6(40) 3(20) 3(20) 3(20) 

Ascitic Fluid 15 14(93.33) 1(6.66) - - 

Cystic Fluid 3 3(100) - - - 

Semen 3 - 3(100) - - 

*HVS: high vaginal swab      

 

Figure 6: Gender distribution in Gram-Negative isolates (%) 
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4.2.1 Antimicrobial susceptibility and resistance profiles of tested 

pathogens 

The percentage of antimicrobial susceptibility of 1005 clinical isolates were listed in 

Table 9. Furthermore, Table 10,11,12,13 and figures 7,8,9,10 depicted antimicrobial 

susceptibilities and resistance of E. coli, K. pneumoniae, P. aeruginosa and P. mirabilis 

respectively. The results were interpreted under recommended guidelines of CLSI, 

susceptible and resistance isolates were listed as per measured zone of inhibitions. 

 

Table 9:  Antimicrobial susceptibility percentage among tested pathogens 

 

Antibiotics 

tested E. coli K. pneumoniae P. aeruginosa P. mirabilis 

AK 95.37 87.2 80.76 66.66 

GEN 61.76 52.32 46.15 100 

TOB 61.76 52.32 46.15 100 

AMP 2.1 2.32 - 0 

AMC 49.57 43.02 - 33.33 

IPM 92.85 90.69 76.92 100 

PTZ 91.17 86.04 92.3 100 

CXM 30.67 40.69 - 100 

CFM 31.93 46.51 - 100 

CTX 39.91 59.3 - 100 

CRO 40.33 60.46 - 100 

CAZ 30.88 45.16 62 66.66 

FOS 94.53 81.39 - 100 

NA 2.94 1.16 - 33.33 

OFL 33.19 58.13 26.92 100 

ENX 26.05 54.65 - 66.66 

CIP 32.35 58.13 26.92 100 

DOX 1.68 1.16 - 0 

SXT 27.73 53.48 - 100 
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Figure 7: Antimicrobial Susceptibility and Resistance in Escherichia coli 

 

Table 10: Antimicrobial suceptibility and resistance pattern of E. coli 

 

Antibiotics 

tested 

Susceptibility patterns of E. coli (n=680) 

Sensitive n (%) Resistant n (%) Intermediate n (%) 

AK 649 (95) 17 (3) 14 (2) 

GEN 420 (62) 226 (33) 34 (5) 

TOB 420 (62) 229 (34) 31 (4) 

AMP 14 (2) 666 (98) 0 (0) 

AMC 337 (50) 214 (31) 129 (19) 

IPM 631 (93) 31 (5) 17 (2) 

PTZ 620 (91) 43 (6) 17 (3) 

CXM 209 (31) 454 (67) 17 (2) 

CFM 217 (32) 440 (65) 17 (2) 

CTX 271 (40) 354 (52) 54 (8) 

CRO 274 (40) 357 (53) 49 (7) 

CAZ 210 (31) 356 (52) 114 (17) 

FOS 643 (95) 23 (3) 14 (2) 

NA 20 (3) 660 (97) 0 (0) 

OFL 226 (33) 429 (63) 26 (4) 

ENX 177 (26) 474 (68) 29 (2) 

CIP 220 (32) 434 (64) 26 (4) 

DOX 11 (1.6) 666 (98) 3 (0.4) 

SXT 189 (28) 491 (72) 0 (0) 
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Figure 8: Antimicrobial Susceptibility and Resistance in Klebsiella pneumoniae  

 

Table 11: Antimicrobial susceptibility and resistance in K. pneumoniae  

 

Antibiotics 

tested 

Susceptibility patterns of K. pneumoniae (n=248) 

Sensitive n (%) Resistant n (%) Intermediate n (%) 

GEN 130 (52) 89 (36) 29 (12) 

TOB 130 (52) 89 (36) 29 (12) 

AMP 6 (2) 242 (98) 0 (0) 

AMC 107 (43) 107 (43) 35 (14) 

IPM 225 (91) 12 (4.8) 12 (4.8) 

PTZ 213 (86) 23 (9) 12 (5) 

CXM 101 (41) 127 (51) 20 (8) 

CFM 115 (46) 124 (50) 9 (4) 

CTX 147 (59) 87 (35) 14 (6) 

CRO 150 (60) 87 (35) 12 (5) 

CAZ 112 (45) 90 (36) 46 (19) 

FOS 202 (82) 23 (9) 23 (9) 

NA 3 (1) 245 (99) 0 (0) 

OFL 144 (58) 101 (41) 3 (1) 

ENX 136 (55) 110 (44) 3 (1) 

CIP 144 (58) 110 (44) 3 (1) 

DOX 3 (1) 242 (98) 3 (1) 

SXT 133 (54) 110 (44) 6 (2) 
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Figure 9: Antimicrobial Susceptibility and Resistance in Pseudomonas aeruginosa 

 

 

Table 12: Antimicrobial susceptibility and resistance in P. aeruginosa 

 

Antibiotics 

tested 

Susceptibility patterns of P. aeruginosa (n=74) 

Sensitive n (%) Resistant n (%) Intermediate n (%) 

AK 60 (81) 11 (15) 3 (4) 

GEN 34 (46) 26 (35) 14 (19) 

TOB 34 (46) 27 (35) 14 (19) 

IPM 57 (77) 17 (23) 0 (0) 

PTZ 68 (91) 7 (9) 0 (0) 

CAZ 46 (62) 28 (38) 0 (0) 

OFL 0 (0) 74 (100) 0 (0) 

CIP 20 (27) 51 (69) 3 (4) 
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Figure 10: Antimicrobial Susceptibility and Resistance in Proteus mirabilis 

 

Table 13: Antimicrobial susceptibility and resistance in P. mirabilis 

 

Antibiotics 

tested 

Susceptibility patterns of P. mirabilis (n=3) 

Sensitive n (%) Resistant n (%) Intermediate n (%) 

AK 2 (67) 1 (33) 0 (0) 

GEN 3 (100) 0 (0) 0 (0) 

TOB 3 (100) 0 (0) 0 (0) 

AMP 0 (0) 2 (67) 1 (33) 

AMC 1 (33) 2 (67) 0 (0) 

IPM 3 (100) 0 (0) 0 (0) 

PTZ 3 (100) 0 (0) 0 (0) 

CXM 3 (100) 0 (0) 0 (0) 

CFM 3 (100) 0 (0) 0 (0) 

CTX 3 (100) 0 (0) 0 (0) 

CRO 3 (100) 0 (0) 0 (0) 

CAZ 2 (67) 1 (33) 0 (0) 

FOS 3 (100) 0 (0) 0 (0) 

NA 1 (33) 2 (67) 0 (0) 

OFL 3 (100) 0 (0) 0 (0) 

ENX 2 (67) 1 (33) 0 (0) 

CIP 3 (100) 0 (0) 0 (00 

DOX 0 (0) 3 (100) 0 (0) 

SXT 3 (100) 0 (0) 0 (00 
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4.3 ESBL Producing Isolates 

4.3.1 Clinical isolates for ESBL identification 

After initial screening 352 isolates were included for phenotype identification of ESBL 

production by double disc synergy test. Included 238 isolates of E. coli, 113 isolates of K. 

pneumoniae and 1 isolate of P. mirabilis. 

4.3.2 ESBL Producing Isolates and Demographics 

Out of 352 isolates, 96 were ESBL positive (27.2%), 62 (67%) were from females and 32 

(33%) from males. E. coli was the most prevalent microorganism, 79 were ESBL positive 

(82.29 %), K. pneumoniae and P. mirabilis were 16 (17%) and 1 (1%), respectively. 

Among total 96 ESBL producing isolates, 72 (75%) were isolated from urine specimen. 

Table 14 depicts the distribution of ESBL producing microorganism from various 

specimen collected. Figure 11 showed ESBL producing isolate with synergistic effect of 

cefotaxime or ceftazidime with amoxicillin/clavulanic acid. Statistical significant results 

were found with E. coli and K. pneumoniae related infections (OR 2.83, 95% CI 1.585 - 

5.072, RR 2.22, p 0.0004 and OR 0.52, 95% CI 0.285 – 0.952, RR 0.609, p 0.032) 

respectively. Other factors such as gender, age and specimen were non-significant p>0.05 

with ESBL production (Table 18). 

Figure 11:  Double disc synergy test for detection of ESBL 

CTX 30 µg disc 

 

AMC 10/20 µg disc 

 
CAZ 30 µg disc 
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 Table 14: Specimen distribution of ESBL-producing Isolates  

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 

4.3.3 ESBL production in different age groups 

The age groups were defined as < 1, 1-15, 16-30, 31-45, 46-60, 61-75 and > 75 years, 

Figure 12 showed ESBL positive isolates in various age groups were found to be 3, 11, 

27, 14, 23, 11 and 7 respectively. Age groups of 16-30 and 46-60 years were observed 

with increased incidence of ESBL production. 

Figure 12: ESBL production in various age groups 

4.3.4 Gender distribution and ESBL positive isolates in age groups 

Figure 11 depicted female preponderance was found in all age groups except <1 and 1-15 

years. Frequency of males were 2, 7, 5, 3, 8, 5 and 2 in respective age groups, whereas 

females were found to be 1, 4, 22, 11, 15, 6 and 5 respectively. E. coli was found to be 
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most prevalent in all age groups, observed frequency of ESBL producing E. coli were 

2,10, 22, 11, 20, 10 and 4 respectively. In each age group K. pneumoniae associated with 

ESBL production were 0, 1, 5, 3, 3, 1 and 3, ESBL positive P. mirabilis was found only 

in age group <1 year (Figure 14) 

Figure 13: Gender distribution of ESBL producing isolates in age groups 

 

Figure 14: ESBL producing isolates in different age groups 
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Figure 15: Gender Distribution in ESBL producing isolates (n=352) 

 

 

Figure 16: Distribution of ESBL producing isolates (n=352) 

 

 

Figure 17: ESBL and Non ESBL producing clinical isolates (n=352) 
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4.3.5 Antimicrobial Susceptibility of ESBL producing isolates 

All ESBL producing isolates were sensitive to PTZ i.e., 100% susceptibility was found in 

E. coli, K. pneumoniae and P. mirabilis. The % susceptibility of E. coli in IMP, AK, FOS 

were 96%, 95% and 97.5%, whereas in K. pneumoniae it was found to be 93.8%, 81.2%, 

81.2% respectively (Table 15,16,17). In antibiotics amoxicillin/clavulanic acid resistance 

was found significantly associated with ESBL production (OR 0.45, 95% CI 0.2794 -

0.726, RR 0.67, p 0.001) while other antibiotics were found to be non-significant. 

Table 15: Antimicrobial susceptibility of ESBL producing E. coli 

Antibiotics tested 

Susceptibility patterns of ESBL producing E. coli (n=79) 

Sensitive n (%) Resistant n (%) Intermediate n (%) 

AK 75 (95) 2(2.5) 2 (2.5) 

GEN 54 (68.4) 23 (29.1) 2 (2.5) 

TOB 53 (67.1) 24 (30.4) 2 (2.5) 

AMP 2 (2.5) 77 (97.5) 0 (0) 

AMC 47 (59.5) 15 (19) 17 (21.5) 

IPM 76 (96.2) 3 (3.8) 0 (0) 

PTZ 79 (100) 0 (0) 0 (0) 

CXM 28 (35.4) 49 (62) 2 (2.5) 

CFM 27 (34.2) 47 (59.5) 5 (6.3) 

CTX 35 (44.3) 33 (41.8) 11 (13.9) 

CRO 36 (45.6) 33 (41.8) 10 (12.7) 

CAZ 41 (51.9) 37 (46.8) 1 (1.3) 

FOS 77 (97.5) 2 (2.5) 0 (0) 

NA 8 (10.1) 69 (87.3) 2 (2.5) 

OFL 31 (39.2) 44 (55.7) 4 (5.1) 

ENX 33 (41.8) 42 (53.2) 4 (5.1) 

CIP 30 (38) 45 (57) 4 (5.1) 

DOX 1 (1.3) 77 (97.5) 1 (1.3) 

SXT 23 (29.1) 56 (70.9) 0 (0) 
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Table 16: Antimicrobial susceptibility of ESBL producing K. pneumoniae 

Antibiotics tested 

Susceptibility patterns of ESBL producing K. pneumoniae 

(n=16) 

Sensitive n (%) Resistant n (%) Intermediate n (%) 

AK 13 (81.2) 1 (6.2) 2 (12.5) 

GEN 7 (43.8) 5 (31.2) 4 (25) 

TOB 7 (43.8) 5 (31.2) 4 (25) 

AMP 1 (6.2) 15 (93.8) 0 (0) 

AMC 9 (56.2) 4 (25) 3 (18.8) 

IPM 15 (93.8) 1 (6.2) 0 (0) 

PTZ 16 (100) 0 (0) 0 (0) 

CXM 9 (56.2) 6 (37.5) 1 (6.2) 

CFM 8 (50) 7 (43.8) 1 (6.2) 

CTX 10 (62.5) 3 (18.8) 3 (18.8) 

CRO 11 (68.8) 4 (25) 1 (6.2) 

CAZ 6 (37.5) 8 (50) 2 (12.5) 

FOS 13 (81.2) 1 (6.2) 2 (12.5) 

NA 5 (31.2) 9 (56.2) 2 (12.5) 

OFL 9 (56.2) 7 (43.8) 0 (0) 

ENX 9 (56.2) 7 (43.8) 0 (0) 

CIP 9 (56.2) 7 (43.8) 0 (0) 

DOX 1 (6.2) 15 (93.8) 0 (0) 

SXT 7 (43.8) 9 (56.2) 0 (0) 
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Table 17: Antimicrobial susceptibility of ESBL producing P. mirabilis 

Antibiotics tested 

Susceptibility patterns of ESBL producing P. mirabilis 

(n=1) 

Sensitive n (%) Resistant n (%) Intermediate n (%) 

AK 1 (100) 0(0) 0(0) 

GEN 1 (100) 0(0) 0(0) 

TOB 1 (100) 0(0) 0(0) 

AMP 0 (0) 1 (100) 0 (0) 

AMC 0 (0) 0 (0) 1 (100) 

IPM 1 (100) 0 (0) 0 (0) 

PTZ 1 (100) 0 (0) 0 (0) 

CXM 1 (100) 0 (0) 0 (0) 

CFM 1 (100) 0 (0) 0 (0) 

CTX 1 (100) 0 (0) 0 (0) 

CRO 1 (100) 0 (0) 0 (0) 

CAZ 1 (100) 0 (0) 0 (0) 

FOS 1 (100) 0 (0) 0 (0) 

NA 0 (0) 1 (100) 0 (0) 

OFL 1 (100) 0 (0) 0 (0) 

ENX 1 (100) 0 (0) 0 (0) 

CIP 1 (100) 0 (0) 0 (0) 

DOX 0 (0) 1 (100) 0 (0) 

SXT 1 (100) 0 (0) 0 (0) 

 

4.3.6 Multidrug Resistance in ESBL producing clinical isolates 

Microorganisms resistant to at least one antibiotic in three antibiotic classes considered as 

multi drug resistant (Magiorakos et al., 2012) 90% were multidrug-resistant while only 

10 % were non-MDR i.e. having resistance against less than 3 antibiotic classes. In E. 

coli, K. pneumoniae and P. mirabilis, non-MDR were 5%, 37.5 and 0%, respectively, and 

MDR were 95%, 62.5% and 100%, respectively. 
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Figure 18: Representation of MDR in ESBL producing isolates (n=96) 

Isolate is susceptible to all agent (s) listed in category 

Isolate is non-susceptible to some, but not all agent (s) listed in category;  

Isolate is non-susceptible to all agent (s) listed in category 

1: Aminoglycosides (Amikacin, Tobramycin, Gentamicin); 2: Carbapenem (Imipenem); 3: anti-

pseudomonal penicillin/β-lactamase inhibitor (Piperacillin/tazobactam); 4: Non-extended spectrum 

cephalosporins (Cefuroxime); 5: Extended spectrum cephalosporin (Ceftriaxone, Ceftazidime, 

Cefotaxime); 6: Fluoroquinolone (ciprofloxacin); 7: Folate pathway inhibitors 

(Sulfamethoxazole/trimethoprim); 8: Penicillin (ampicillin); 9: Penicillin +β-lactamase inhibitors 

(Amoxicillin-clavulanic acid); 10: Phosphonic acid (Fosfomycin); 11: Tetracyclines (Doxycycline) 

Criteria for defining MDR, XDR and PDR in Enterobacteriaceae and Pseudomonas Aeruginosa MDR: non-susceptible to ≥1 agent in 

≥3 antimicrobial categories. XDR: non-susceptible to ≥1 agent in all but ≤2 categories. PDR: non-susceptible to all antimicrobial 

agents listed. 
http://www.ecdc.europa.eu/en/activities/diseaseprogrammes/ARHAI/Pages/public_consultation_clinical_microbiology_infection_artic

le.aspx 
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Figure 19: Distribution of multidrug-resistance in ESBL producing isolates 

 

Table 18: Association between ESBL production in UTI, Gender, age, E coli, K 

pneumoniae and antimicrobial resistance 

Factors 

ESBL 

 n=96 (%) 

Non ESBL 

n=256 (%) Odds ratio (CI 95 %) p value RR 

UTI 72 (75) 180 (70) 1.26 (0.720 -2.240) 0.754 1.06 

Female 64 (67) 169 (66) 1.03 (0.626 -1.692) 0.908 1.02 

<50 years 56 (58) 139 (54) 1.17 (0.733 -1.894) 0.496 1.12 

E. coli 79 (82) 159 (62) 2.83 (1.585 - 5.072) 0.0004* 2.22 

K. pneumoniae 16 (17) 71 (28) 0.52 (0.285 - 0.952) 0.032* 0.609 

I and R clinical isolates 

AK 7 (7) 18 (7) 1.04 (0.42- 2.574) 0.9325 1.03 

IMP 4 (4)  20 (8) 0.51 (0.171- 1.512) 0.2345 0.53 

FOS 9 (9) 35 (13) 0.65 (0.301- 1.416) 0.2805 0.68 

CTX 50 (52) 143(56) 0.85 (0.536-1.3747) 0.526 0.93 

CRO 48 (50) 139(54) 0.84 (0.5263-1.3462) 0.471 0.92 

OFL 56 (58) 160(62) 1.19 (0.7380-1.9204)  0.478 0.93 

CIP 39 (40) 95 (37) 1.15 (0.717-1.8735) 0.5453 1.09 

AMC 40 (42) 157 (61) 0.45 (0.2794-0.726) 0.0011* 0.67 

CI= Confidence Interval; RR=Relative Risk; *P<0.05= Significant value; N=352; I: 

Intermediate resistant and R: Resistant 
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4.3.7 ESBL positive uropathogens 

ESBL production was found in 72 (29%) out of (n=247) tested uropathogens. ESBL 

producing E. coli were 63 (33.5%) out of (n=188) isolated E. coli and 9 (15.25%) from 

(n=59) isolates of K pneumoniae, whereas 51 (71 %) cases were found in females and 21 

(29%) were in males. The number of ESBL positive uropathogen among various age 

groups were 1 (20%), 8 (25.8%), 18 (34.6%), 10 (35.7), 19 (30%), 11 (26%), 5 (20%), 

respectively. A non-significant association was found between gender, MDR and 

different age groups with ESBL production (Table 19 and 20). 

Table 19: Statistical association of ESBL production in uropathogens, gender and 

MDR 

Characteristics 

ESBL 

n=72 

Non ESBL 

n=175 p value 

Male 21 49 
0.853 

Female 51 126 

MDR 69 172 0.255 

E. coli 63 125 
0.007 

K. pneumoniae 9 50 

                   N=247 
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Figure 20: ESBL positive uropathogens in different Age groups 

 

Table 20: Association between ESBL and Non ESBL uropathogens in different age 

groups 

 

Age groups in years (n) ESBL Non ESBL p value 

<1 (5) 1 4 1 

1-15 (33) 8 25 0.661 

16-30 (52) 18 34 0.329 

31-45 (27) 10 17 0.417 

46-60 (63) 19 44 0.838 

61-75 (42) 11 31 0.643 

> 75 (25) 5 20 0.288 

                   N=247 

4.3.7.1 Antimicrobial susceptibilities of ESBL producing uropathogens 

The susceptibilities patterns are listed in Table 15, the results revealed high resistance 

were found in E. coli against fluoroquinolones, cephalosporins and 

sulphametoxazole/trimethoprim in comparison with K. pneumoniae. Statistical evaluation 

revealed a significant association was found between ESBL producing uropathogens with 

susceptibility profile of enoxacin, ciprofloxacin and amoxicillin/clavulanic acid (Table 

22). 
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Table 21: Antimicrobial susceptibility of ESBL producing uropathogens 

Antibiotics 

tested 

E. coli (n=63) K. pneumoniae (n=9) 

Sensitive n (%) 

Intermediate 

resistance and 

Resistance n (%) 

Sensitive n (%) 

Intermediate 

resistance and 

Resistance n (%) 

AK 60 (95) 3 (5) 9 (100) 0 (0) 

GEN 43 (68) 20 (32) 6 (67) 3 (33) 

TOB 42 (67) 21 (33) 6 (67) 3 (33) 

AMP 3 (5) 60 (95) 0 (0) 9 (100) 

AMC 39 (62) 24 (38)        6 (67) 3 (33) 

IPM 60 (95) 3 (5) 9(100) 0 (0) 

PTZ 63 (100) 0 (0) 9 (100) 0 (0) 

CXM 26 (41) 37 (59) 6 (67) 3 (33) 

CFM 25 (40) 38 (60) 6 (67) 3 (33) 

CTX 30 (48) 33 (52) 7 (78) 2 (22) 

CRO 30 (48) 33 (52) 7 (78) 2 (22) 

FOS 61 (97) 2 (3) 8 (89) 1 (11) 

OFL 29 (46) 34 (54)        6 (67) 3 (33) 

CIP 29 (46) 34 (54) 6 (67) 3 (33) 

ENX 28 (44) 35 (66) 6 (67) 3 (33) 

DOX 0 (0) 63 (100) 1 (11) 8 (89) 

SXT 21 (33) 42 (67) 5 (56) 4 (44) 
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Table 22: Association of ESBL/Non ESBL uropathogens with Antimicrobial 

Susceptibility 

Antibiotics 

ESBL 

 n=72 (%) 

Non ESBL  

n=175 (%) p value 

AK R 3(4.2) 11(6.3) 0.513 

AK S 69(95.8) 164(93.7)   

FOS R 3(4) 17(10) 0.146 

FOS S 69(96) 158(90)  
OFL R 37(51) 113(64.5) 0.054 

OFL S 35(49) 62(35.5)  
CIP R 37(51) 114(65) 0.044* 

CIP S 35(49) 61(35)  

GEN R 23(31.9) 79(45.1) 0.056 

GEN S 49(68.1) 96(54.9)  
TOB R 24(33.3) 79(45.1) 0.087 

TOB S 48(66.7) 96(54.9)  
IMP R 3(4.2) 18(10.3) 0.117 

IMP S 69(95.8) 157(89.7)  

ENX S 34 (47.2) 58 (33.1) 0.038* 

ENX R 38 (52.8) 117 (66.9)  

SXT S 26 (36.1) 58 (33.1) 0.655 

SXT R 46 (63.9) 117 (66.9)  

AMC S 45 (62.5) 71 (40.6) 0.002* 

AMC R 27 (37.5) 104 (59.4)  

                    *p-value <0.05; S: Sensitive; R: Intermediate resistant and Resistant; N=247 
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4.4 Genotyping of ESBL Producing Isolates 
A total 84 ESBL positive isolates were tested for gene identification including TEM, 

SHV and CTX-M and listed in (Table 23) 15 ESBL positive isolates resulted none of the 

gene, whereas TEM was present in 35 isolates, SHV in 11 isolates and CTX-M was 

detected in 50 isolates. Only 2 isolates of E coli were detected with all three genes (See 

Table 23). The prevalence of all identified genes was showed in Figure 21 indicated 

CTX-M and TEM were found in 16 isolates, CTX-M and SHV were detected in 2 

isolates, TEM and SHV both were positive in 4 isolates. The positive TEM, SHV and 

CTX-M 1% agarose gel electrophoresis were shown in Figure 22 (a & b), 23 (a-d) and 24 

(a & b) respectively. 

Table 23: Identified ESBL genes in clinical isolates  

S. No Gender Organisms Specimen bla TEM bla SHV bla CTX-M 

1 Female E. coli Urine   + 

2 Female E. coli Urine +  + 

3 Male E. coli Urine    

4 Female E. coli Urine +   

5 Female E. coli Urine    

6 Male E. coli Urine    

7 Female E. coli Urine   + 

8 Female E. coli Urine   + 

9 Female E. coli Urine   + 

10 Male E. coli Urine +  + 

11 Female E. coli Urine   + 

12 Male E. coli Urine   + 

13 Female E. coli Urine   + 

14 Male K. pneumoniae Sputum  +  

15 Female E. coli Urine +  + 

16 Female E. coli Urine   + 

17 Female E. coli Urine +   

18 Female E. coli Pus    

19 Female E. coli Urine +  + 

20 Female E. coli Urine +   

21 Female E. coli Urine   + 

22 Male E. coli Urine +   

23 Male E. coli Urine    
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S. No Gender Organisms Specimen bla TEM bla SHV bla CTX-M 

24 Male E. coli Urine   + 

25 Female E. coli Urine + + + 

26 Female E. coli Urine + + + 

27 Male E. coli Urine + +  

28 Male K. pneumoniae Urine  +  

29 Female E. coli HVS +  + 

30 Female E. coli Urine +   

31 Male E. coli Pus + +  

32 Female K. pneumoniae Urine +   

33 Male E. coli Urine +  + 

34 Male E. coli Urine +   

35 Female E. coli Urine +  + 

36 Female E. coli Pus +   

37 Female E. coli Urine +  + 

38 Female K. pneumoniae Urine  +  

39 Female E. coli HVS + +  

40 Female E. coli HVS   + 

41 Female E. coli Urine    

42 Female P. mirabilis Throat Swab +   

43 Female K. pneumoniae Urine    

44 Female E. coli Urine +  + 

45 Female E. coli Pus    

46 Female E. coli Urine +   

47 Female K. pneumoniae Urine + +  

48 Female E. coli Urine   + 

49 Female E. coli Urine +  + 

50 Female E. coli Urine    

51 Female E. coli Urine +  + 

52 Female K. pneumoniae Pus  + + 

53 Male E. coli Pus +  + 

54 Male E. coli Urine +   

55 Female E. coli Urine   + 

56 Female K. pneumoniae Sputum   + 

57 Male E. coli Urine   + 

58 Male E. coli Urine   + 

59 Female E. coli Urine +  + 

60 Female K. pneumoniae Urine  + + 

61 Male E. coli Stool    
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S. No Gender Organisms Specimen bla TEM bla SHV bla CTX-M 

62 Female K. pneumoniae Sputum +  + 

63 Female E. coli Urine   + 

64 Female E. coli Urine    

65 Male E. coli Urine   + 

66 Female E. coli Urine   + 

67 Female E. coli Urine   + 

68 Male E. coli Urine   + 

69 Male E. coli Urine   + 

70 Male E. coli Stool    

71 Male E. coli Cystic Fluid   + 

72 Female E. coli Urine   + 

73 Male E. coli Pus    

74 Male K. pneumoniae Urine +  + 

75 Female E. coli Urine   + 

76 Male E. coli Pus   + 

77 Female E. coli Urine    

78 Female E. coli Urine +  + 

79 Female E. coli Urine +   

80 Male E. coli Stool   + 

81 Female E. coli Stool    

82 Male E. coli Urine   + 

83 Female E. coli Urine +  + 

84 Female E. coli Urine     + 
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Figure 21: Distribution of SHV, TEM and CTX-M among ESBL producing clinical 

isolates 
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Figure 22 a: Illustration of TEM gene on 1% agarose gel electrophoresis using 1 kbp 

DNA ladder. Positive result in three clinical isolates of E. coli  

 

 

 

             
                                                                                                                                                                                                                                                 

 

Figure 22 b: TEM gene on 1% agarose gel electrophoresis using 100 bp DNA ladder. 

Positive result in one clinical isolate of K. pneumoniae. 
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Figure 23 a: Illustration of CTX-M gene in on 1% agarose gel electrophoresis. Positive in 

two clinical isolates of K. pneumoniae.  

                                                                                               

    

 

 
 

                                                  

Figure 23 b: Illustration of CTX-M gene on 1 % agarose gel electrophoresis using 100 bp 

DNA ladder. Positive in two isolates of K. pneumoniae. 
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Figure 23 c: Illustration of CTX-M gene on 1 % agarose gel electrophoresis using 100 bp 

DNA ladder. Positive in six clinical isolates of E. coli. 

 

 

 

 
        

                                                                           

Figure 23 d: Illustration of bla-CTX-M gene on 1% agarose gel electrophoresis using 100 

bp DNA ladder. Positive in five clinical isolates of E. coli. 
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Figure 24 a: Illustration of SHV gene on 1% agarose gel electrophoresis using 100 bp 

DNA ladder. Positive result in one clinical isolate of K. pneumoniae. 

 

 

    

        
                                                                                                                                         

  

Figure 24 b: Illustration of SHV gene on 1% agarose gel electrophoresis using 100 bp 

DNA ladder. Positive result in one clinical isolate of E. coli. 
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 Antimicrobial resistance among Gram-Negative bacteria (GNB) is disseminated 

worldwide. The infections associated with these GNB created serious consequences and 

increased morbidity and mortality rate. The development of resistance mechanism in 

GNB against antibiotics is a major healthcare concern that challenges practitioners and 

pharmaceutical industries (Spellberg et al., 2008). The challenge is greater in developing 

countries where patients are burdened with increased rate of resistant infections and 

unable to treat such infections due to unaffordability and unavailability of antibiotics 

(Laxminarayan and Heymann, 2012). 

The present study was based on two phases, first one was a descriptive, observational 

cross-sectional study conducted for prescribing patterns of broad spectrum antibiotics in 

tertiary care setup. Second phase was to determine extended spectrum beta-lactamase 

(ESBL) prevalence, antimicrobial resistance, multidrug-resistance and ESBL gene 

identification in various Gram-Negative clinical isolates of Escherichia coli, Klebsiella 

pneumoniae, Pseudomonas aeruginosa and Proteus mirabilis. 

In the present study, the pattern of utilization of antibiotics in relation to their age, 

gender, site of infection, availability of culture sensitivity results and wards were 

investigated in total of 685 patients for duration of three months. The study reported that 

366 (53.5%) female patients and 319 (46.5%) male patients were prescribed with 

antibiotics. The patients were stratified in different age groups (Table 2) that showed high 

female preponderance of prescribed antibiotics in age ranges of 16-30 and 31-45 years. 

Whereas the number of antibiotic prescriptions in male patients was highest in age groups 

of 1-15 and >75 years.  

The present study also observed that different wards have varying pattern of antibiotics 

use that was highest in Pediatrics, followed by Gynecology/obstetrics, Urology, 

Orthopedics, Emergency, Cardiac and OPD patients (Table 3). In Pediatrics ward, the 

prevalent type of infections was found to be respiratory tract infections, gastric or 

diarrheal illness and meningitis. Whereas the age of 52% (104/197) of patients in 

pediatrics ward was less than a year (Table 3). Previous studies have reported that in 

developing countries diarrheal diseases and acute respiratory tract infections were major 

cause of illness in children of less than 5 years of age (Cashat-Cruz et al., 2005; Kotloff 
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et al., 2013). Several risk factors were associated with respiratory tract infections in 

developing countries, such as poverty, restricted family income, low parental education 

level, low birth weight, malnutrition, and lack of breastfeeding (Cashat-Cruz et al., 2005). 

The burden of diarrheal disease can be reduced with adequate nutrition, sanitation and 

safe drinking water instead of antibiotics use (Thapar and Sanderson, 2004). 

Additionally, adequate nutrition can reduce the incidence of mortality associated with 

diarrhea and respiratory tract infection (Rice et al., 2000).  

The patients in Emergency (ER) were 9.19% in the present study, most of the patients 

came with diarrheal illness with enteric fever, accidents and infections. The number of 

patients prescribed with antibiotics in gynecology and obstetrics were higher in maternal 

cases with fertile age groups of 16-30 and 31-45 years. In Pakistan, females are at more 

risk of infections and hospitalization due to multiple pregnancies and surgical procedures 

during child birth, early age of menarche and young age marriages (Udry and Cliquet, 

1982). Furthermore lower rate of contraceptive utilization was found to be one of the 

cause (Hakim and Sultan, 2001). 

In current findings, male patients were dominant in urology department associated with 

prevalent illness of urinary tract infections, chronic kidney disease and abscess. 

Previously published studies revealed male gender, elderly ages (Azap et al., 2010) and 

Diabetes mellitus (Saleem and Daniel, 2011) were commons risks associated with UTIs 

in males. However, it is thus suggested that unhygienic practices and inadequate 

sanitation can controlled the increased rate of UTIs in developing countries. 

The use of diagnostic tests for infectious diseases is lower in developing countries due to 

inadequate diagnostic facilities (Berkley et al., 2001) additionally these tests are 

expensive to afford by the patients (Laxminarayan and Heymann, 2012). The present 

study revealed that culture sensitivity test was performed in 25% of patients whereas 75% 

were treated with antibiotics either empirically or prophylactically (Table 4 and 5). A 

previously published report is in alliance with the present study that 44% and 78.4% 

antibiotics were used as prophylactic and empiric treatment respectively in Turkey 

(Usluer et al., 2005), another study reported 95% antibiotics were prescribed empirically 

in lower respiratory tract infections in Egypt (Ahmed M et al., 2016). The percentage of 

culture sensitivity test in present study was found to be higher in Pediatrics, Urology and 
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Orthopedics respectively. The reason behind higher prevalence of culture sensitivity tests 

in the above stated wards was higher number of cases associated with Gram-negative 

pathogens such as E. coli, K. pneumoniae and P. aeruginosa (Table 6). Previous studies 

reported that the higher resistance rate were developed in  E. coli, K. Pneumoniae 

(Hanson et al., 2008) and P. aeruginosa (Hugbo and Olurinola, 1992). 

Hospitals are major sources of infections due to inappropriate hygiene (Weinstein, 2001), 

Furthermore in developing countries additional reasons are crowding and lack of hospital 

infection control practices (Istúriz and Carbon, 2000). An increased empiric or 

prophylactic use of antibiotics is thus found to be practiced to reduce the risks of hospital 

acquired infections. The prescribing pattern of antibiotics in present study showed higher 

rate of utilization of cephalosporins, either alone or in combination with other antibiotics 

(Table 7 and Figure 5). A study reported from Spain that found 68% and 29.7% of 

empiric and prophylactic use of third generation cephalosporins respectively (Pereira et 

al., 2004). The present work suggested that further studies must be designed in future to 

evaluate the relationship between utilization of cephalosporins and incidence of ESBL 

associated infections in Pakistan. 

The ESBLs has disseminated globally and strongly related with the use of extended 

spectrum cephalosporins or third generation cephalosporins, a study reported strong 

correlation between third generation cephalosporins use and resistance (Daoud et al., 

2014).  Another study published and found prophylactic or empiric use of cefotaxime is 

related with increased risk of incidence of ESBLs in neonatal intensive care unit (Le et 

al., 2008) and this risk of  emergence of ESBLs can be reduced with restricted use of 

third generation cephalosporins (Apisarnthanarak et al., 2006; Kim et al., 2008). 

The present study also investigated the ESBL identification in Gram-Negative clinical 

isolates for preliminary screening. Initially 1005 clinical isolates were included in the 

study. The female preponderance was high among clinical isolates tested, out of 1005 

GNB 65.87% (662/1005) cases were belonged to female gender and 34.13% (343/1005) 

observed in males. Poor diet or malnutrition was reported previously as a contributing 

risk factor of infections and severity of infectious diseases in females of developing 

countries, Additional risks were poverty, low socioeconomic status and education, 
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inadequate hygienic practices and insufficient maternal health (Müller and Krawinkel, 

2005).  

E. coli was found most prevalent GNB in this study followed by K. pneumoniae, P. 

aeruginosa, and P. mirabilis respectively (Table 8). The E. coli is the major component 

of natural microflora of lower gastrointestinal tract (Eckburg et al., 2005) and most 

frequently isolated organism from clinical specimens of extra intestinal infections, it 

utilized billions of health care dollars, millions of work days, and hundreds of 

thousands of lives are lost each year with E. coli associated infections (Russo and 

Johnson, 2003). The present work revealed that frequency of urinary tract infections 

(UTIs) were highest (Table 8) and observed strong association with E. coli i.e., 77% 

(546/709), these findings are in accordance with previous studies from Pakistan and 

observed 66% (Bashir et al., 2008) and 80% E. coli associated UTIs (Sabir et al., 

2014). Other reports from developing countries showed the burden of E. coli associated 

UTIs was higher i.e., 76% from Philippines, 70% from India (George et al., 2015) and 

67% from Turkey (Yılmaz et al., 2016).  

In present work, all tested GNB except clinical isolates of P. mirabilis were showed an 

increased rate of resistance against broad spectrum antibiotics cephalosporins and 

fluoroquinolones (Table 9-13 and Figure 7-10). Previously bacterial resistance against 

fluoroquinolones was exceeded up-to 50% in some regions of the world, mostly in Asia 

(Dalhoff, 2012). The survey report about Karachi (Pakistan) showed that the bacterial 

resistance against fluoroquinolones increased gradually in last 20 years, It was 14% in 

1997 (Sturm et al., 1997) and raised up-to 35% in 2004 (Gul et al., 2004). The reason 

strongly related with utilization of fluoroquinolones, since ciprofloxacin was highly 

prescribed antibiotic to treat UTIs associated with E. coli (Warren et al., 1999), the 

antibiotic use has increased in last two decades (Zervos et al., 2003). In E. coli, resistance 

to ciprofloxacin has increased in last 10 years (Guyomard-Rabenirina et al., 2016). 

Previously reported from Asian pacific region 51.4% resistance in E. coli and K. 

pneumoniae against ciprofloxacin (Lu et al., 2012), another study observed 81.9% 

resistance in E. coli and 51.9% in K. pneumoniae against ciprofloxacin (Fu et al., 2013). 

The previous findings supported the results of present study that indicated 67.65% of E. 
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coli and 41.87% of K. pneumoniae were resistant against ciprofloxacin (Table 9). 

Additionally in P. aeruginosa 73% resistance was found against ciprofloxacin and similar 

resistance was reported previously i.e., 75.5% (Rashid et al., 2016). 

Our findings revealed, E. coli resistance against extended spectrum cephalosporins were 

≥60%,  Similar results reported from a study that tested uropathogens and found E. coli 

resistance 58.5% and 57.5% against cefotaxime and ceftazidime respectively (Ali et al., 

2014). K. pneumoniae and P. mirabilis were more resistant against extended spectrum 

cephalosporins. Moreover P. aeruginosa was 38% resistant against ceftazidime. (Table 

9),  Ceftazidime is more effective against P. aeruginosa, as studied previously and 

reported resistance was 24% against ceftazidime (Oladipo et al., 2015). In present work, 

as per susceptibility pattern of clinical isolates imipenem was found to be most effective 

antibiotic followed by piperacillin/tazobactam, amikacin and Fosfomycin. However the 

resistance against imipenem has increased in E. coli and K. pneumoniae as compared to 

previously published study from Pakistan that indicated carbapenem resistance in E. coli 

and Klebsiella spp (1.4% and 6.1% respectively), In previous study Pseudomonas spp 

and Proteus spp resistance was 17.5% and 1.6% respectively indicated more resistance as 

compared to the present study (Ashraf and Ahmed, 2015). Fosfomycin was effective 

against E. coli and P. mirabilis, the reason strongly related with in-vitro activity of the 

drug against E. coli associated UTIs (Linsenmeyer et al., 2016). In previous studies 

Fosfomycin was found effective against UTIs associated with E. coli and P. mirabilis 

(Hirsch et al., 2015; Karlowsky et al., 2014; Sahni et al., 2013).  

The present study determined phenotype identification of ESBL in clinical isolates. For 

phenotypic identification of ESBL, 352 clinical isolates were selected after initial 

screening recommended by CLSI guidelines. Among 352 clinical isolates E. coli were 

67.6% (238/352), K. pneumoniae were 32.95% (116/352) and P. mirabilis were 0.28% 

(1/352). Out of 352 clinical isolates 27.27% (96/352) were observed ESBLs positive by 

double disc synergy test. Several studies have published previously on phenotypic 

identification of ESBL by using DDST (double disc synergy test) (Aruna and 

Mobashshera, 2012; Vaidya, 2011). Synergy between ceftazidime or cefotaxime with 

amoxicillin/clavulanic acid disc(s) were showed in Figure 11. This effect was strongly 
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related to the susceptibility of β-lactamases and resistance against extended spectrum 

cephalosporins in ESBL producing isolates (Bush et al., 1995). In previous reports, 

Double disc synergy test (DDST) was found to be 94.4% (Wiegand et al., 2007) and 98% 

(Sanders et al., 1996) sensitive for detection of ESBLs in Enterobacteriaceae. 

This study revealed out of 96 ESBL positive clinical isolates, an increased prevalence 

was found in females 67 % (64/96) and 33 % were in males (32/96), but it was 

statistically non- significant (p=0.908) with ESBL production (Table 18). Previous 

studies found ESBL preponderance in females (Kiratisin et al., 2008) but female gender 

was not at risk (p=0.089) as they are statistically insignificantly associated with gender 

and ESBL production (Kateregga et al., 2015). In another study a non-significant 

association between ESBL producing E. coli and K. pneumoniae and gender was found 

(p=0.27) (Shaikh et al., 2015). The age groups of ESBL producing isolates were further 

analyzed (Figure 12 and 13), showed prevalence of ESBL positive isolates in different 

age groups. The results revealed that age groups of 16-30 and 46-60 years were more 

effected by ESBLs associated infections and females were predominantly associated in 

these age groups. 

In present study E. coli was found to be most prevalent ESBL producing organism i.e., 

82.29% (79/96) followed by K. pneumoniae 16.66% (16/96) and P. mirabilis 1.04% 

(1/96) showed in Figure 14. Among all age groups, E. coli was dominating pathogen 

associated with ESBL production (Figure 16). Several studies have published on 

prevalence of ESBL in Enterobacteriaceae and found E. coli was dominating pathogen, a 

study reported 91% of ESBLs producing E. coli from Amsterdam (Reuland et al., 2016), 

another study conducted in Geneva and found 73.4% (Fankhauser et al., 2015), in 

Burkina Faso 67.5% (Ouedraogo et al., 2016). The present work revealed significant 

association between ESBLs production with E. coli and K. pneumoniae (p<0.05) depicted 

in Table 18, but E. coli was at more than two times risk for ESBL production, although 

some previous studies indicated the preponderance of ESBLs was found in K. 

pneumoniae and ESBL-producing K pneumoniae were 44.3% (Shaikh et al., 2015), and 

72.7% (Kateregga et al., 2015) but not found significant association between K. 

pneumoniae and ESBL production. 
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The antimicrobial susceptibility and resistance of ESBLs producing isolates were also 

investigated in our study and listed in Table 15,16 and 17. The results showed all ESBLs 

isolates were 100% susceptible with PTZ (piperacillin/tazobactam) a followed by IMP 

(imipenem), AK (amikacin) and FOS (Fosfomycin). High resistance rate was found 

against broad spectrum antibiotics cephalosporins and fluoroquinolones, previous studies 

reported 60% resistance in ESBL associated E. coli with ciprofloxacin and extended 

spectrum cephalosporin (Ali et al., 2016), which was similar to present results in terms of 

resistance i.e. 59% and 50-62% resistance to ciprofloxacin and cephalosporin, 

respectively. For ESBL associated infections, carbapenem were considered as drug of 

choice, several studies published and indicated carbapenems as effective antibiotic 

(Harada et al., 2014; Roshan et al., 2011; Tamma et al., 2015). In present study 

imipenem resistance was high in ESBL producing K. pneumoniae as compared to E. coli. 

This activity strongly related to dissemination of carbapenem resistance in K. 

pneumoniae with the production of carbapenamase (Deshpande et al., 2006). Statistical 

association between antimicrobial resistance and ESBL production was also analyzed in 

the present study by Chi-square test (Table 18) and found significant association in 

amoxicillin/clavulanic acid (p=0.0011). Amoxicillin/clavulanic acid is a β-lactamase 

antibiotic and reported as a good choice against ESBL associated urinary tract infections 

in case of fluoroquinolones resistance (Paterson and Bonomo, 2005). A study reported 29 

% resistance of Amoxicillin/Clavulanic acid in ESBLs producers (Rodríguez-Baño et al., 

2008) while in the present study 42% resistance was observed suggested limited use of 

AMC (amoxicillin/clavulanic acid) in our region against ESBL associated infections. 

As per European Centre for Disease Prevention and Control (ECDC), isolates which are 

non-susceptible to at least one antibiotic out of three or more antibiotic class are 

considered as multidrug-resistance (MDR) (Weiss, 2003). After development of ESBLs 

resistant mechanism, the use of non-β lactam containing antibiotics is increased and 

developed multidrug-resistance in ESBL producing pathogen. MDR was calculated as 

per resistance trend (Figure 19). ESBL associated MDR has increased worldwide, most 

commonly found in members of Enterobacteriaceae, ESBLs have the capacity to 

inactivate many broad spectrum β-lactam drugs (Karam et al., 2016). In ESBL-producing 

organisms a risk of MDR has established with consumption of third generation 
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cephalosporins, other beta-lactams and fluoroquinolones (Falagas and Karageorgopoulos, 

2009; Kaier et al., 2009; Rodriguez‐Bano et al., 2008). In present work, high prevalence 

of MDR was found among ESBL producing isolates (Figure 16). The percentage of MDR 

in E. coli and P. mirabilis were 95% (75/79) and 100% (1/1) respectively. Similar results 

were observed from a study reported 95.5% and 100% MDR strains of E. coli and P. 

mirabilis (Yadav et al., 2015). In K. pneumoniae lesser rate of MDR was found as 

compared to E. coli in this study i.e., 62.5%. A study reported from Iran and revealed 

increased prevalence of multidrug resistance in ESBL producing E. coli and K. 

pneumoniae (Mansouri and Abbasi, 2015). 

In present work, the results were further stratified for prevalence of uropathogens and 

found 247 out of 352 clinical isolates recovered from UTIs, 29% (72/247) were ESBLs 

positive (Table 19). Uropathogens association with the production of ESBLs has 

increased among both hospitalized patients and patients in community (Gibold et al., 

2014; Li et al., 2011) and most of E. coli associated UTIs has increased resistance to oral 

antibiotics including fluoroquinolones, trimethoprim-sulfamethoxazole, and β-lactam 

agents (Gupta and Trautner, 2012; Li et al., 2011). In present study, out of 188 E. coli 63 

(33.5%) were ESBLs positive, whereas 9 (15.25%) from 59 UTIs were associated with K 

pneumoniae. In previous study similar result was found, 33.2% ESBL production in 

uropathogenic E. coli (Neupane et al., 2016). Another study from Karachi, reported 

29.5% uropathogens of E. coli that were ESBL producers (Ahmed N et al., 2016), 

whereas various other studies from Pakistan indicated high prevalence of ESBL in E. 

coli; 40% (Ali et al., 2016) and 56.9% (Ullah et al., 2009) with more prevalence in 

females. The present study, also revealed 71% (51/72) ESBL production in uropathogens 

recovered from females, although a non-significant association was found between ESBL 

producing uropathohens with gender (Table 19). The study also revealed insignificant 

association between age groups and ESBL production among uropathogens, although an 

increased number was found in age groups of 16-30 and 46-60 years (Table 20 and 

Figure 20). Previously reports stated that the risk of UTIs is more in young females with 

sexually active age of 18-30 years (Hooton et al., 1996) and  older women with 

hormonally induced changes in vaginal flora after menopause (Raz and Stamm, 1993). 

The prevalence of ESBL producing uropathogens in this study were 34.6%, 37.5% and 
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30% in age groups of 16-30, 31-45 and 46-60 years, respectively. Somewhat similar 

results were reported previously by Ahmed and coworkers i.e. 28.3% in age range of 37-

54 years (Ahmed N et al., 2016).  

A significant association was observed in this study with ESBL production and 

antimicrobial resistance against ciprofloxacin, enoxacin and amoxicillin/clavulanic acid 

(Table 21). Therefore limiting the use of recommended first and second line choice of 

fluoroquinolones and amoxicillin/clavulanic acid combination to treat ESBLs producing 

isolates associated with urinary tract infections (Paterson and Bonomo, 2005). A study 

from Turkey revealed previous use of ciprofloxacin is at risk of increased resistance in 

uropathogens against ciprofloxacin (Arslan et al., 2005). In comparison with other oral 

antibiotic choices Fosfomycin is a better option for treatment of UTIs. A study reported 

170 (83.3%) ESBL positive uropathogens were resistant to fluoroquinolones, suggested 

fosfomycin a good oral antibiotic choice to treat UTIs with ESBLs production 

(Linsenmeyer et al., 2016), similarly our study showed Fosfomycin as a good choice for 

ESBL positive uropathogens i.e., 96% of ESBL positive uropathogens were sensitive 

against Fosfomycin. 

In present study, ESBL positive isolates were also investigated for presence of TEM, 

SHV and CTX-M genes responsible for resistance against third generation 

cephalosporins. The pattern of 84 out of 96 ESBL producing isolates were listed in Table 

23. The TEM, SHV and CTX-M genes were present in 82.14% (69/84) of isolates, where 

as in 17.85% (15/84) of isolates none of the gene was detected (Figure 21). Previous 

studies showed prevalence of TEM, SHV and CTX-M genes was reported 83.2% from 

Bangladesh, similar prevalence rate from a developing country in comparison with 

present study (Yasmin et al., 2016) and 52.3 % from Sudan (Ahmed OB et al., 2013).  

Various studies published from all over the world indicated an increased prevalence rate 

of CTX-M gene among ESBL producing clinical isolates (Blanc et al., 2014; Chen et al., 

2014; Djuikoue et al., 2017; Graham et al., 2016; Zhang et al., 2014). In our study the 

most prevalent gene was CTX-M 59.5% (50/84) followed by TEM 41.6% (35/84) and 

SHV 13% (11/84), similar trends were reported from a study published from Burkina 

Faso (Zongo et al., 2015). In a previous study published from Pakistan revealed the rapid 
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emergence of CTX-M has increased from 3.5% in year 2005 to 42.5% in 2009-10 

(Habeeb et al., 2013), this dissemination of CTX-M gene is increased in present study up 

to 17% as compared to previous report i.e., from 42.5% to 59.5%. 

The spread of ESBL associated community acquired UTIs have been reported in late 

1990’s, this emergence was due to availability of extended spectrum cephalosporins in 

markets (Pitout et al., 2005). The CTX-M gene was dominant in studied uropathogens, 

the present study investigated 64 urine samples and out of them 41 were found CTX-M 

positive (64%), an increased rate was found as compared to previous published study 

from Pakistan indicated 47% of ESBL positive uropathogens were CTX-M positive 

(Habeeb et al., 2013). A total 57 ESBL positive uropathogenic E. coli were tested, out of 

them 7 were not detected with any gene. CTX-M was most prevalent in 50 uropathogenic 

E. coli and 78% (39/50) were CTX-M positive. Several other studies were similar in 

terms of increased prevalence rate of CTX-M gene in ESBL producing uropathogenic E. 

coli 71.4% from Sudan (Ahmed OB et al., 2013), a study from Pakistan indicated 59.54% 

of uropathogenic E. coli positive with CTX-M (Rahman et al., 2016), 42.5% from China 

(Zhao et al., 2015) and 95.2% from Korea (Kim et al., 2016). This global dissemination 

of ESBL producing E. coli was emerged in community mainly as UTIs (Pitout et al., 

2005) have two main reasons first is, E. coli is a major pathogen and part of normal 

intestinal flora in humans (Tenaillon et al., 2010) and second is CTX-M production 

(Bauernfeind et al., 1996). From Pakistan previous studies reported 29.6% of E. coli 

recovered from urine and wound samples were TEM positive (Habeeb et al., 2013) and 

40.5% of E. coli recovered from UTIs (Rahman et al., 2016), another study from India 

indicated 29.4% of uropathogenic E. coli were detected TEM and 11.76% were SHV 

positive (Kargar et al., 2014). In present study, TEM and SHV genes were less frequent 

as compared to CTX-M and found in 50% (25/50) and 6% (3/50) isolates respectively. 

The prevalence of TEM has also increased in Pakistan as compared to previous published 

studies. 

In the present work, out of 7 uropathogenic K. pneumoniae 6 were positive with ESBLs 

gene. The low prevalence of CTX-M was found 33% (2/6), as compared to E. coli. 

Studies from other regions indicated community onset UTIs associated with K. 



 
  

72 
 

pneumoniae and CTX-M has increased (Doi et al., 2008; Lee et al., 2011; Peirano et al., 

2012) but the present study suggested that in our region UTIs associated with K. 

pneumoniae were not related to community onset. The spread of ESBL producing strains 

are specie dependent and can be emerged more frequently in K. pneumoniae as compared 

to E. coli due to cross-transmitted ESBL gene (Shu et al., 2010). The SHV gene was 

dominant in tested isolates of K. pneumoniae in present study i.e., 66% (4/6) followed by 

TEM, similar trends were reported from Sudan (Ahmed OB et al., 2013) and Sri Lanka 

(Tillekeratne et al., 2016). The SHV gene is more common in K. pneumoniae 

(Tzouvelekis and Bonomo, 1999), another study reported 53.3% of K. pneumoniae were 

SHV positive (Bali et al., 2010). 

In non-uropathogenic K. pneumoniae, among ESBL genes CTX-M was more significant 

after TEM and SHV (Pitout and Laupland, 2008), but in present study, CTX-M gene was 

dominating in tested specimens of pus, sputum, stool, HVS, throat swab and cystic fluid. 

Out of 20 isolates 9 were positive with CTX-M (45%), followed by TEM (7; 35%) and 

SHV (4; 20%). Among (n=4) isolates of non-uropathogenic K. pneumoniae 75% (3/4) 

positive with CTX-M, 50% (2/4) with SHV and 25% (1/4) with TEM, a study from 

Egypt reported 53.3% and 10% of K. pneumoniae suspected as nosocomial infection 

were detected with CTX-M and SHV gene respectively (Ahmed OI et al., 2013). An 

increasing trend of prevalence of CTX-M in non uropathogenic K. pneumoniae were 

suspected as community onset, conversely observed in health care associated K. 

pneumoniae infections (Bialvaei et al., 2016; Kiratisin et al., 2008). 

Female gender was dominant among CTX-M 62.5% (35/56) and TEM 46.4% (26/56) 

whereas male gender was prevalent in SHV gene 14.3% (4/28). In females CTX-M was 

most prevalent gene associated with uropathogenic E. coli i.e., 82.8% (29/35) followed 

by TEM 73% (19/26) and 28% (2/7) were detected with SHV gene, female 

preponderance was also reported i.e., 100% prevalence of CTX-M gene in ESBLs 

producing uropathogenic E. coli among Cameroonian women (Djuikoue et al., 2017). In 

our study ESBLs genes were detected in both gender among UTIs associated with E. coli 

and K. pneumoniae, conversely as a previous study that indicated more often cases of E. 

coli associated UTIs in females and respiratory tract infections associated with K. 
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pneumoniae in males (Bialvaei et al., 2016). Although SHV gene prevalence was 

different among UTIs in females associated with K. pneumoniae 42.8% (3/7) as 

compared to E. coli. 

The prevalence of both TEM and CTX-M (23.1%) was high among tested isolates as 

compared to SHV with CTX-M (2.89%) and SHV along with TEM (5.79%) illustrated in 

Figure 21 in the present study, similar trends was observed in a study published from 

India (Manoharan et al., 2011) another report from Pakistan indicated 29.6% of E. coli 

were positive with both TEM and CTX-M gene (Habeeb et al., 2013).  
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The dissemination of ESBL in E. coli, K. pneumoniae and P. mirabilis has increased in 

Pakistan with a high incidence of multidrug-resistance (MDR) and it is progressing 

towards possible extensively drug-resistance (XDR). This in turn, poses a threat of 

developing pandrug-resistance (PDR) with none of option available for the treatment of 

bacterial infections. Therefore, proper screening of ESBL detection is needed in routine 

laboratory testing. Uropathogenic E. coli associated with CTX-M gene is dominant, 

indicated community acquired UTIs are more common that can be controlled and reduced 

with hygienic practices.  Inadequate prescribing practices of third generation 

cephalosporins should be limited with detailed sensitivity and resistance testing of 

pathogens, and rationale use of other broad spectrum antibiotics must be employed.  

It was also concluded that an increased resistance has been developed in ESBL producing 

pathogens with limited antibiotic choices of Fosfomycin, Imipenem, 

Tazobactam/Piperacillin and Amikacin. 
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