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Escherichia coli are commonly rod-shaped Gram-negative 

bacteria with a range from spherical, elongated and 

�lamentous having rounded ends. They were �rst 

discovered by Theodor Escherich in an infant stool in 1885 

[1]. They lack spore formation and their motility exist 

through the action of �agella. These bacteria are naturally 

facultative anaerobic but also exist as aerobic in fresh 

water and due to fecal nature are considered to be part of 

warm-blooded animals, especially humans in their 

digestive system. This helps to determine coliform index 

due to their exposure in fresh water which could be used as 

an indicator of human or animal excreta contamination [2]. 

Many E. coli groups are non-pathogenic while some groups 

are pathogenic. The E. coli O157:H7 strain is re�ected to be 

very critical and pathogenic as vast literature exist about 

their pathogenicity [3]. Escherichia coli was �rst named as 

Bacterium coli till 1919, and then later on Castellani and 

Chalmers de�ned Escherichia as genus and introduced 

other types of the species E.coli  [4].There are at least six 

main diarrheagenic pathovars of E.coli  and two other 

pathovars are linked with neonatal meningitis and urinary 

tract infections and each type associated with some form 

of initial attachment to the host cell with following adverse 

effects, which could be through direct action or in the form 

I N T R O D U C T I O N

DOI: https://doi.org/10.54393/pbmj.v5i4.360 
AKbar U et al.,

Phenotypic Detection of Antibiotic Resistance and Production of Extended-
Spectrum Beta-Lactamases in E. coli isolated from Urinary Tract Infected 
patients at Hayatabad Medical Complex

¹ Institute of Biotechnology & Microbiology Bacha Khan University Charsadda, Kp Pakistan

² SR Medicine & Allied, Swat Medical college Swat, kp Pakistan

³ Department of Agriculture Bacha Khan University Charsadda, Kp Pakistan

⁴ Department of Biology Edwardes College Peshawar, Kp Pakistan

This study aimed at the isolation of antibiotic resistance and ESBL producing E. coli from urinary 

tract infection patients visiting HMC hospital Peshawar. Method: A total of 200 samples were 

collected and cultured on selective media for bacterial isolation. Two hundred isolates were 

subjected to different morphological and biochemical tests for the isolation and identi�cation 

of E. coli. A total of 121 E. coli isolations were recovered. These E. coli isolates were subjected to 

antibiotic sensitivity testing. Eight antibiotics (Meropenem, Tazocin, Cipro�oxacin, 

Fosfomycin, Cefotaxime, Augmentin, Ceftazidime, Cefepime) were used for this purpose. 

Result: The isolates showed high resistance to these antibiotics such as meropenem having 

percent resistance of 1.85 while sensitivity is 98.14%, Tazocin showed percent resistance of 

9.25 and sensitivity is 85.18%, Cipro�oxacin showed resistance of 87.96 percent, sensitivity is 

12.03%, Fosfomycin showed resistance of 3.70 percent and sensitivity is 95.37%, Cefotaxime, 

Augmentin, Ceftazidime, Cefepime showed resistance of 100 percent. The isolates were then 

investigated for the existence of ESBL enzymes production through double disc diffusion test. 

Among the 121 isolates, 108 were positive for ESBL enzymes production. Conclusion: Current 

�ndings highlight the high prevalence of multi drug resistant and ESBL positive isolates of E. coli 

in clinical samples. Proper management and control measures are needed to control the spread 

of these highly pathogenic E. coli isolates to ensure public health safety. 
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of some toxin [5]. Each speci�c type is responsible for 

causing disease like diarrhea with different clinical 

symptoms and mechanisms. The watery diarrhea 

accompanied with abdominal cramps is mostly caused by 

enterotoxigenic E. coli. Blood, pus and mucus are generally 

absent from the diarrhea, and vomiting and fever are rarely 

evident. ETEC induce illness by the production of two types 

of enterotoxins, a heat-labile and stable toxin, which both 

affect electrolyte transport resulting in excessive �uid 

loss. This illness varies, from mild to life-threatening. 

Children under age of 5 are more prone to these infections 

caused by ETEC and is a potential source of their death in 

developing countries. Traveler's diarrhea infects adults and 

older children as they are asymptomatic carriers of ETEC 

which manifests as with nausea, vomiting and abdominal 

pains and with loose stools. low quality drinking water and 

antibodies to ETEC are statistically linked with each other 

in children between 7 to 10 years [6]. EPEC, are found in 

water and these, like ETEC, can cause traveler's diarrhea. In 

addition, EPEC are responsible for causing infant diarrhea 

under age of 2 years old children in the developing world, 

where it is estimated they are responsible for 5–10% of 

pediatric diarrheal cases. Signi�cantly, mortality rates can 

be high, and in several outbreaks have exceeded 

30%.Evidence suggests that transmission typically occurs 

directly between people and waterborne outbreaks have 

not been documented, although in one study by Regua et al 

suggest that EPEC infected children admitted to hospital 

with diarrhea in Rio de Janeiro, were related to limited 

water supply [7]. 
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identi�cation of the isolated colonies of the pure culture 

including the: Catalase test, Oxidase test, Indole test, 

Triple sugar iron test, Urease test, Motility test, Citrate test

MacConkey Agar:A differential and selective medium 

prepared for isolation and differentiation enterics 

constructed on their capability to lactose fermentation for 

fermentable carbohydrates.The media was prepared by 

adding 50 gram of agar in 1 liter of distilled water and heated 

to dissolved it completely.  The media was autoclaved for 15 

minutes at 121 °C and 15ibs and then cooled to 50 °C before 

pouring it into sterile plate.

The study was conducted at microbiology laboratory, 

Hayatabad Medical Complex (HMC), Peshawar. UTI samples 

were collected using urine samples from 200 patients. 

After the collection of UTI samples, the required E. coli and 

the ESBL producing E. coli bacteria were isolated using the 

following steps. 

Media and Plates preparation: CLED (Cystine-Lactose-

Electrolyte-De�cient Agar) Agar and MacConkey Agar 

media were prepared. The medium was sterilized through 

autoclave at required temperature 121°C and time 20min 

and then were poured 20 ml media in each petri plate. Each 

sample was inoculated using a sterile swab on CLED Agar 

and MacConkey Agar media plates. These plates were 

covered with aluminum foil and were kept for 24 hours at 

37°C in aerobic conditions. After every 4 hours the plates 

were checked for any formation of colonies. Standard 

m i c r o b i o l o g i c a l  t e c h n i q u e s  we r e  u s e d  fo r  t h e 

identi�cation of isolates, which were consisted of the 

study of colonial morphology and staining reactions 

Clinical Laboratory Standards Institute (CLSI) (2012). 

Standard biochemical  tests were per formed for 

Table1: Protocol for MacConkey Agar media preparation

MacConkey agar was used for the separation of enteric 

gram-negative bacteria. It was used in the distinction of 

fermenting lactose from non-fermenting lactose gram-

negative bacteria. It was used for the isolation of intestinal 

pathogens and coliforms in biological specimens, water, 

and dairy products. MacConkey agar was generally used 

medium for additional bacterial cultures, such as 

cerebrospinal �uid and pus in UTI's patients.

Property of CLED Agar: The CLED ager consist of different 

vitamins, amino acids, nitrogen, and minerals for basic 

growth due to enzymatic digest of gelatin, Casein, and beef 

extract. For the growth of cysteine dependent dwarf 

coliform L-cystine support. For energy source lactose is 

fermentable carbohydrate. Color changes (green to yellow) 

and lowering of PH is due to lactose fermentable 

organisms. Bromothymol blue presence re�ect the color 

changes capacity.     

The CLED media was prepared as follows:

Table 2: Protocol for CLED media preparation

The CLED media is using for the detection of urinary 

bacterial pathogen. Which help and support the growth of 

microorganism speci�cally gram positive and negative 
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bacteria. It was also used for isolation of urinary pathogen 

which provide different colonial morphology. It also 

provides clearly differentiation of contaminants, 

microorganisms and pathogens in urine. The CLED media 

was prepared by adding 36 g of premix media in 1 L distilled 

water. The mixture was boiled for one minute   in order to 

dissolve it completely. The media was autoclave for 15 

minutes at 121 °C and 15ibs. Before pouring it into plate the 

prepared media were cool to 50 °C and then pour into the 

plates. 

Gram Staining and its Microscopy: After Appling primary 

strain (crystal violet Gram-positive bacteria) to a heated 

seamer of bacterial cultural and let it incubate for one 

minute. To remove unbound crystal violet seamer slide was 

gently washed for approximately 5 seconds. For �xing the 

crystal violet to the bacterial cell wall gram iodine was 

added for one minute. Then with tap water slowly and gently 

washed the slide. Ad acetone or alcohol as decolorizer for 

three seconds. Then immediately wash it with distilled 

water. For counter straining need safranin to add and let 

them rest for 45 seconds. Repeat the step, wash the slide 

with distilled water gently. Dry it with bibulous paper. Now it 

ready to examine under light microscope.   

Biochemical Tests: For identi�cation of bacterial species 

by distinguishing them on the origin of biochemical 

activities Biochemical tests are implied. The change in fat 

and protein metabolism, carbohydrate uptake, compound 

consumption ability, enzyme invention, resistance to 

inhibitory substances etc. are some in�uences that help in 

bacterial identi�cation and documentation. Some 

biochemical tests are given below:

Oxidase Test: In �rst step the plastic ampoule holds in 

between two �ngers while protecting face from hazardous. 

Apply pressure against the ampoule until it breaks. The �rst 

involved in Oxidase test is in 1% solution of Kovasc oxidase 

reagent a small    piece of �lter paper should be soaked and 

then it let free for dry. From a fresh bacterial plate (18-24 

hours) culture pick a well isolated colony in loop. And rub 

against the treated �lter paper. In third step detect/ notice 

for color changes. Within �ve to ten seconds if color 

change from dark to purple so it indicates the concern 

organism is oxidase positive. If the color changes from dark 

to purple with in sixty to ninety seconds it indicates delayed 

oxidase positive. For oxidase negative criteria when the 

color does not change at all. Or it takes more than two 

minutes. 

Indole test: The tryptophane broth was inoculated with a 

pure culture and incubated for 24-48 hours at 35 °C. Five 

drops of Kovac's reagent were added directly to the tube for 

observing indole production. After adding the reagent, the 

formation of pink to red color within seconds, is the 

indication of positive test while yellow or slightly cloudy 
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layer of the regent showing negative result.

Citrate Test: In bacterial culture agar was inoculated in test 

tube having citrate medium. For one day at temperature of 

37 oC culture was incubated. As no growth detected in 

citrate medium with no color change represent E. coli 

negative. If the reaction is positive the color change from 

green to blue will be possible.

Catalase Test: To identify the E. coli the literature also 

suggests catalase test. The catalase test was performed in 

agar slant tube instead of conventional slide-based 

method. The bacteria were inoculated on agar slant tube 

and incubated for 24 h at 35 °C. Then Hydrogen peroxide 

was added into the tube and the formation of bubbles 

within a minute is the indication of positive catalase test.

Triple sugar iron test:  Triple Sugar Iron test is a 

microbiological test produce hydrogen sul�de due to 

fermenting sugars having pH-sensitive constituents' 

phenol red, 1% sucrose, 1% lactose, 0.1% glucose, sodium 

thiosulfate and ferrous ammonium sulfate or ferrous 

sulfate for the determination of fermentation glucose, 

sucrose, and lactose. Based on differential hydrogen 

sul�de production and carbohydrate fermentation 

patterns indicated by color change from red to yellow, gas 

production

Urease test: The urease test recognizes those bacteria 

that are capable of breakdown of urea to yield carbon 

dioxide and ammonia. It is mostly used to differentiate 

urease-positive Protease from other Enterobacteriaceae

Positive Reaction: Growth of concentrated magenta to 

bright pink color in 15 min to 24 h while the phenol red is 

used as indicator. Examples: Proteus spp, pylori 

Cryptococcus spp, Brucella spp, Corynebacterium spp, 

Yersinia spp, Helicobacter, etc.

N e g a t i v e  R e a c t i o n :   N o  c o l o r  c h a n g e .

Examples: Escherichia, Salmonella, Shigella, etc.

Negative: Escherichia coli, Weak positive: Klebsiella 

pneumoniae, Positive: Proteus vulgaris

Motility test: The motility test is recognizing to regulate 

whether an organism is non-motile or motile. This test 

helps us to distinguish between species and genera of 

bacteria. A semisolid agar medium containing 1% glucose 

with motility nitrate in a test tube can be inoculate with a 

straight wire making a single stab down, in the test tube 

center, and incubate at 37°C. Observe stab line in the test 

tube by looking up to the light to determine motility at 

intervals 6 h, 1 day and 2 days. Growth pattern of non-motile 

bacteria is clear limited to the stab line, with clear borders 

and translucent surrounding, while motile bacteria give 

hazy, rambling and scattered growths. 

Determination of Antibiotics Resistance bacteria: 

Antimicrobial resistant pattern of E. coli isolates was 

determined towards various antibiotics following Kirby-
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Bauer Method to determine the antibiotic sensitivity 

pattern by using MH agar for testing of 24 hrs old liquid 

culture of bacteria. For streaking on MH agar culture, the 

cotton swab was streaked in three directions and in 

complete circle edges for purpose of regular growth. Plates 

were allowed to dry for 5-10 minutes. In next step �xed 

concentration paper disks were placed at equal distance 

on MH agar and were placed in incubator at 36-37 o C for 24 

hrs. zone of inhibition were measured in mm around each 

disk. Cefotaxime (CTX), Augmentin (AMC), Ceftazidime 

(CAZ), Tazocin (TZP), Meropenem (MEM), Cipro�oxacin 

(CIP), Fosfomycin (FOS), Cefepime (FEP)

Phenotypic Detection of ESBLs: Phenotypic detection of 

ESBLs was performed through double disc diffusion test. 

Plate of Mueller-Hinton agar medium was inoculated with 

bacterial broth culture. A disc of amoxicillin-clavulanic acid 

[AMC] (30 µg) in the center of the disc.  Discs of ceftazidime 

[CAZ] (30 µg), CEFOTOXIME[CTX] (30 µg), CEPIFIME[FEP] 

(30 µg) and cefpodoxime (10 µg) were placed around the 

central disc with an edge-to-edge distance of about 15 mm.  

the plate was placed at 37 ◦C overnight. The next day, zones 

of inhibition were recorded and increase in zone inhibition 

around the outer discs and towards the central disc was 

taken as EBSL positive result. Statistical analysis was 

conducted to estimate percent resistance to antibiotics, 

number and distribution of phenotypically ESBL positive 

isolate, and gender wise distribution of antibiotics 

resistant isolate. Data was presented in tabulated and 

graphical form.
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In total 108 samples studied, 10 samples were showed 

resistance and 92 were sensitive to TZP and 6 samples 

showed intermediate result. The percentage of resistant 

samples were 9.25% while 85% sensitive to TZP antibiotic 

and 6% were in intermediate range as shown in the table 2.

R E S U L T S

The current study was consisted of testing of 200 urine 

samples collected from the UTI patients. The samples were 

cultured on CLED agar, and MacConkey agar in order to 

identify gram positive and gram-negative bacteria based 

on colonial morphology. Further con�rmation was carried 

out by different biochemical tests such as oxidase, 

catalyze and indole biochemical test. Antimicrobial 

susceptibility testing of the E. coli based UTI was 

performed on CLED and MacConkey agar media. A total of 

121 E. coli isolations were recovered. The isolates were then 

investigated for the existence of ESBL enzymes 

production through double disc diffusion test. Among the 

121 isolates, 108 were positive for ESBL enzymes 

production. The total number of the ESBL E. coli isolates 

were 108 comprising of 78 female and 30 males. The female 

to male ration were 73% and 27% respectivel.

Occurrence of ESBLs positive isolates of E. coli: Among 

the 121 isolates of E. coli, 108 were ESBLs positive based on 

double diffusion disc test Table 1). Among these ESBL 

positive isolates 30 were isolated from male patient and 78 

were isolated female patients.

Table1: Gender wise frequency and percentage of UTI patients

The samples were also tested for Meropenem antibiotic 

sensitivity. Among all the samples tested 02 samples were 

showed resistance and 106 were sensitive to Meropenem 

antibiotic. The percentage of Meropenem antibiotic 

resistant and sensitive were, 98% and 2% respectively as 

shown in the table 3.  

Table 2: Antibiotic susceptibility of Tazocin

In total 108 samples studied, 95 samples were resistant and 

13 were sensitive to cipro�oxacin. The percentage of 

resistant samples were 88% % while 12% sensitive to 

cipro�oxacin antibiotic as shown in the table 4.

Table 3: Antibiotic susceptibility of MEM (Meropenem)

The samples were also tested for Fosfomycin antibiotic 

sensitivity. Among all the samples tested 05 samples were 

resistant and 103 were sensitive to Fosfomycin antibiotic. 

The percentage of Fosfomycin antibiotic resistant and 

sensitive were, 5% and 95% respectively as shown in the 

table 5. Bacterial isolates with infection rate are shown in 

table 6.

Table 4: Antibiotic susceptibility of CIP (Cipro�oxacin)

Table 5: Antibiotic susceptibility of FOS (Fosfomycin)
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This study was conducted to �nd out the antimicrobial 

resistence in E.coli  realated UTI in patients who visited 

department of Microbiology, Hayatabad Medical complex 

(HMC), Peshawar. UTI is one of most frequent infection for 

which medical attention and sometime hospital admission 

are necessary. While the effective treatment and 

consideration is based on identi�cation of actual strain of 

UTI and drug that are less resistant to that particular strain. 

In previous literature it reported that UTI is one of the most 

communicable disease which affect every age of 

population from neonate to geriatric patients [8]. In world 

wide community acquird diseases UTI listed on topic of 

that category. Both in nosomal infection (hospital acquired 

diseases) and community based Currently antibiotic 

resistance is one of the most important public health 

concerns. Failure in treatment may be the cause of 

antibiotic resistance. In our study a urine sample from 

suspected patient of UTI were processed on CLED agar, 

and MacConkey agar for the identi�cation of gram positive 

and gram-negative bacteria based on colony morphology. 

Further con�rmation was carried out through biochemical 

tests that include oxidase, catalase indole tests, Catalase 

test, Triple sugar iron test, Urease test, and Motility test [9]. 

Antimicrobial resistance identi�cation was done through 

CLED and MHA media. Across the world, E. coli acts as a 

virulent pathogen and its resistance intensity is increasing 

with time. The occurrence of E. coli is not merely related to 

countries having low hygiene protocol., intercourse with 

multiple partners, urethritis infection of urethra urine �ow 

blocked, problems with urine bladder emptying, kidney 

infections pyelonephritis and stones, geriatric population, 

recurrent UTI, Diabetes, and pregnancy [10].  In Pakistan E. 

coli is one of the main causing agents of UTI as con�rmed 

by some of the main studies. In Pakistan the study 

conducted by [11] reported that E. coli is the major 

pathogen responsible for UTI [12]. Similarly, Rawalpindi 

armed force at department of microbiology reported 63% 

of incidence of E. coli related UTI [13]. A hospital-based 

study conducted in Lahore, Pakistan reported 83% of UTI 

patients were infected with E. coli. A study conducted in 

Peshawar Pakistan report 77% of the UTI who presented to 

the hospital was due to E. coli. In our study  more female 

patients 78(73%) were infected with E. coli  related UTI 

compared to the male patients 30(27%). A study conducted 

in 2018 revlead that while investigating uropathogen large 

number of female patients were infected with UTI 

D I S C U S S I O N

compared with  male [14]. A study conducted in north 

America reported high incidence of E. coli  related UTI in 

female compared to the male[15]. Similarly, the study 

conducted in Pakistan stated that 70% of the UTI patients 

were female as compared to our study the same 

percentage were of female patients. This study found UTI 

as common in both genders but the previous literature 

suggested that it is most prevelent in female.  The reason 

may be anotmy of the female urinary tract in which there is 

shorten urethera, vigina and anus are nearly located . A 

study concludes that in the last ten years antimicrobial 

resistance does not increase but there are some 

exceptional cases like cipro�oxacin and extend spectrum 

beta lactamases for which more resistance was found in E. 

coli [16]. In our study 95% patients were sensitive to 

Fosfomycin while 5% population were resistant to 

Fosfomycin. A study also revealed that in patients with 

urinary tract infection associated with E. coli were 

resistant to �uroquinolone, co-amoxiclav and co-

trimoxazole and less resistant and more prescribed 

antibiotic was Fosfomycin [17]. In our study the rate of 

resistant to cepro�oxacine was 88 % . Similar results can 

be concluded from the litrature that the effectiveness  of 

cipro�oxacin is reduced against gram negative bacteria 

that causes  UTI. A study conducted in Turkey reported that 

resistant against cipro�oxcin was 81% [18]. Although the 

study also reported 58% resistant against cipro�oxcin [19]. 

In contrast to our �nding of cipro�oxcin resitence in E.coli  

realted UTI,  a study also concluded 32% resistence and 67 

% suciptibility[20].

Table 6: Bacterial isolates with number of infection rate

C O N C L U S I O N

A high prevalence of ESBL positive E. coli was observed in 

the current study. These �ndings are alarming from the 

public health point of view.  The choice of antibiotics 

becomes limited due to the occurrence of these resistant 

bacteria. 
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