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coli in the northern Indian region 
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Abstract: 

Background: With the rise of bacteria that are multidrug-resistant, 

antimicrobial resistance (AMR) is an extensive public health problem. 

Escherichia coli, a common bacterial pathogen, has demonstrated 

resistance to beta-lactam antibiotics through the formation of beta-

lactamase enzymes. Understanding the genetic diversity of β-lactamase 

genes in E. coli is essential for developing effective strategies to combat 

AMR. 

Methods: In this study, we conducted a comprehensive molecular 

characterization of beta-lactamase gene variants in E. coli isolates 

collected from clinical in the northern Indian region. To find and 

categorize beta-lactamase genes, 210 E. coli isolates were submitted for 

phenotypic and genotypic investigation. Different beta-lactamase gene 

variations were detected using DNA sequencing and polymerase chain 

reaction (PCR). 

Results: Our findings revealed a diverse range of beta-lactamase gene 

variants in the E. coli isolates, including SHV, TEM, and CTX-M 

types. Importantly, we seen a greater existence of extended-spectrum 

beta-lactamase (ESBL)-making the strains of E. coli, indicating the 

growing concern of ESBL-mediated resistance in the region. 

Conclusion: This research provides valuable awareness of the 

molecular epidemiology of beta-lactamase gene variants in E. coli in 

the northern Indian part, highlighting the urgent need for targeted 

interventions to curb the spread of antimicrobial resistance. 

Understanding the genetic diversity and mechanisms of resistance is 

crucial for the development of effective antibiotic stewardship 

programs and the design of novel therapeutic approaches to combat 

AMR in this region. 
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Introduction: 

The Major public health concern globally nowadays is antibiotic 

resistance caused by enteric bacteria.[1] Numerous resistance 

mechanisms were reported in Enterobacteriaceae and non-fermentative 

gram-negative bacilli.[2-4] The enteric bacteria are primarily causative 

agents of septicemia, urinary tract, wound, and respiratory infections. 

The usage of beta-lactam antibiotics has increased which has resulted in 

an increase in Enterobacteriaceae resistance because of the formation of 

the β-lactamases which act on the beta-lactam ring of antibiotics. ESBL 

are a subset of β-lactamases generated by gram-negative bacteria, 

primarily Enterobacteriaceae and Pseudomonas aueruginosa.[5] 

Klebsiella & E.coli are the most common strains that produce 

ESBLs.[6,7] The emergence of ESBL-producing bacteria places 

restrictions on the prescribing of beta-lactam antibiotics, has led to 

numerous disease outbreaks around the world, and poses challenging 

infection control measures. The emergence of beta-lactamases E. coli is 

a serious concern in hospital settings. Only a few genes, particularly 

TEM-1, TEM-2, and SHV-1 were described during early phases of 

resistances.[8,9] More than 450 variants of /TEM, SHV, and CTX-M 

enzymes are found which are produced by ESBL harboring 

bacteria.[10] The goal of the current research had been to detect the 

ESBL isolates from various clinical isolates. There hasn't been any 

research done to use molecular cloning and sequencing analysis to find 

distinct variations of the ESBL resistance genes. The current research 

focused on detecting variants likeTEM-1,TEM-2, SHV-1,and CTX-M15. 
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Materials and Methods 

Collection of isolates and ESBL 

identification  
From January 2021 to December 2022, the research 

was conducted in the Department of Veterinary 

Microbiology, FVSc & AH., SKUAST-K, and the 

Department of Microbiology, SMSR, Sharda 

University. A total of 210 isolates of the E. coli have 

been gathered through the various sites in the Noida, 

Uttar Pradesh, and Kashmir valley regions. These 

isolates were from people who may have had E. coli 

infections. Phenotypic identification was done by 

using ESBL chromogenic agar, Double disc synergy 

test, E-test, and Disk diffusion test. Presumptive 

isolates found to be positive in phenotypic tests 

underwent genotypic detection by multiplex PCR 

amplification utilizing specific primers set. 

 

Extraction of bacterial DNA 
Utilizing a DNA extraction kit that is available 

commercially, the DNA was isolated from the 

bacterial lysate (Wizard Genomic DNA purification 

kit, Promega). This helps us to achieve the pure DNA 

without any PCR inhibitors. The DNA extracted was 

subjected to O.D check before using them as a 

template in the PCR reaction. A ratio of 260/280 in 

the range of 1.6-1.8 was appropriate to consider.  

 Detection of ESBL gene variants TEM 

group, SHV group, and CTX-M15 

Using the Go-green Master mix, all of the PCR 

experiments in this investigation were carried out in a 

25µl reaction volume (Promega). DNA taken by the 

lysate subjected to PCR amplification for the 

detection of ESBL gene variants utilizing a set of 

primers as mentioned in Table-1 The cyclic 

conditions are mentioned in Table-2

. Table-1 Details of Primer sets used in this ―study 

S.N

o 

PCR 

name  

β-

lactamase(s) 

targeted  

Sequence (50 –30)  Length  

(bases)  

Amplicon  

size (bp)  

Primer  

concentr

ation  

(pmol/m

L)  

Ref

ere

nce  

1.  

Multiplex 

I 
TEM 

 

TEM 

variants 

including 

TEM-1 and 

TEM-2 

F-

CATTTCCGTGTCGCC

CTTATTC  
22 

800 

0.4   

[11] 
R-

CGTTCATCCATAGTT

GCCTGAC 
22 

0.4 

     

2.                                                   

Multiplex 

I 

SHV 

SHV 

variants                                                    

including 

SHV-1 

F-

AGCCGCTTGAGCAA

ATTAAAC  
21 

713 

0.4  

 

[11] 
R-

ATCCCGCAGATAAA

TCACCAC 
21 

0.4 

3  

Singleplex CTX-M-15 

F-

CACACGTGGAATTTA

GGGACT  

 

21 

 

996 

0.1 

[12] 
R-

GCCGTCTAAGGCGA

TAAACA 
20 0.1‖ 

Table-2: Cyclic conditions for PCR amplification of ESBL gene variants 

“Gene Initial 

Denaturation 

Denaturation Annealing Extension Final 

Extension” 

TEM Variants 

including TEM-

1 and TEM-2 

94°C for 10 min 94°C for 40s 60°C for 40s 72°C for 1 

min 

72°C for 7 mins 

SHV variant 

including SHV-

1 

94°C for 10 min 94°C for 40s 60°C for 40s 72°C for 1 

min 

72°C for 10 

mins 

CTX-M 15 95°C for 10 min 94°C for 40s 50°C for 40s 72°C for 1 

min 

72°C for 10 

mins 
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 Electrophoresis and Documentation 

A 500 ml Erlenmeyer flask has been utilized to heat 

the necessary agarose quantity  (Sigma Aldrich, St. 

Louis, USA) with 50 ml of a 1X tris acetate EDTA 

(TAE) (appendix) buffer. This resulted in an agarose 

gel that had a weight-to-volume ratio of 1.5 percent. 

After the flask had been chilled to 60 degrees Celsius, 

ethidium bromide has been poured until the final 

concentration read 0.5 μg per ml. After allowing the 

heated agarose solution to totally set at room 

temperature for 30 mins, the solution was poured into 

a plastic holder equipped with an appropriate comb 

(with one mm wells). Following the removal of the 

comb, the gel was installed on an electrophoresis tank 

(manufactured by Amersham Pharmacia Biotech, 

UK), and the electrophoresis tank was then filled with 

1X TAE buffer. On the submerged gel, individual 

PCR samples were placed into wells of their own. In 

addition, the standard molecular weight (100 bp) 

marker that was supplied by promega was injected 

into one well. A voltage ranging from 1 to 5V/cm was 

applied across the gel till the yellow dye of the master 

mix migrated to the correct distance. After removing 

the gel, it was recorded using ultraviolet light, and 

photographs were taken using the Gel Documentation 

System (Ultra-lumInc.Imaging System, UVP, UK). 

2.5 Cloning of gene variants TEM group, SHV 

group, and CTX-M15 

The representative positive samples, one from each of 

the SHV group, CTX-M group (CTX-M15), and 2 

from the TEM group had been cloned in a pGEMT-

easy cloning vector (Promega Corporation, Madison, 

USA) and then sent out to be sequenced so that the 

identity of ESBL E. coli could be determined. To 

summarise, the PCR products have been ligated into 

the pGEMT-easy cloning vector in accordance with 

the proposed procedure provided by the manufacturer. 

In order to convert DH5α Escherichia coli cells, a heat 

shock treatment was performed in a water bath while 

the ligation combination was present. Two types of 

colonies were observed on the plates white (positive) 

and blue (negative). 5 positive (white) colonies were 

selected for every transformation, placed in Luria 

Bertani (LB) broth (Difco), and afterward placed in a 

rotary shaking incubator set to 37 ° C for one night. 

The shaking rate of the incubator was 200 revolutions 

per minute (JEIO TECH, Korea). 

Screening of Recombinant Colonies 

Both colony PCR and restriction enzyme 

analysis were used to screen the recombinant colonies 

to determine whether or not they contained the insert 

in addition to the plasmid DNA. Each pellet was 

suspended in 500 l distilled water and heated for 10 

minutes followed by rapid cooling over ice for 15 

minutes. then centrifuged at 10,000rpm for 10 min the 

supernatant had been kept in another 1.5ml micro-

centrifuge tube and has been utilized as the template 

for PCR. The PCR was carried out usingTEM-2, 

TEM-1, CTX-M 15 and SHV-1 primers as described 

previously to confirm the presence of insert. The 

amplicons were checked by agarose gel 

electrophoresis. 

 Extraction of Recombinant plasmid and 

Restriction digestion 

After utilizing QIAprep® Miniprep Kit (Qiagen, 

Hilden, Germany) to extract the plasmid DNA from 

chosen colonies, the concentration of the DNA was 

modified to be 200 ng/µl. The isolated plasmids were 

digested separately with restriction enzyme EcoRI for 

the confirmation of insert. Each of the digestion 

reactions consisted of ~5μg of plasmid (2 μl), 1μl of 

Fast Digest green buffer, 10 units of EcoRI enzyme, 

and remaining nuclease-free water to make up an 

overall volume of 10 μl. The reaction solutions has 

been  incubated in a water bath at the temp of 37°C 

for the time of 20min and then 2 μl of this plasmid 

was loaded onto 0.8% agarose gel and subsequently 

visualized under a UV gel documentation system for 

the presence of the insert. After determining the 

concentration of the isolated plasmid using 

absorbance at λ260 (using a Biophotometer made by 

Eppendroff in Germany), the sample was placed in a 

1.5 ml centrifuge tube and frozen before being 

sequenced. The plasmids were sequenced by Sanger’s 

dideoxy chain termination method [13] in Unipath 

Specialty Laboratory Ltd. India. Following the 

completion of the sequencing, homology searches 

have been carried out by utilizing the BLAST 

aproach.(http://blast.ncbi.nlm.nih.gov/Blast.cgi). 

Results 

Occurrence of ESBL E. coli in clinical 

isolates 

During the study period out of 210 clinical isolates 

collected only 158(75.23%) isolates were 

phenotypically presumptive positive ESBL E. coli 

based on the phenotypic confirmatory test (ESBL 

Chromogenic agar), E-test, and double disk synergy 

test as depicted in Fig-1a, 1b,1c. All these 

presumptive isolates underwent molecular detection 

by PCR utilizing a particular set of primers for the 

determination of the ESBL gene in isolatesof E. coli. 

Only 124 isolates were positive for bla SHV, bla 

CTX-M, and bla TEM as depicted in Fig-2. 

Detection of ESBL gene variants TEM 

group, SHV group, and CTX-M15 

All these 124 isolates that have been positive for the 

bla TEM, bla SHV, and bla CTX-M were subjected to 

another round of PCR to determine the type of 

variants using a specific set of primers. Out of 124 

ESBL E. coli isolates, 54(43.5%) were TEM variants, 

14(11.29%) were SHV variants and 46 (37.09%) were 

CTX-M15 variants. The bla-CTX-M15 strain was the 

one that was found the most frequently. Isolates that 

carried the bla TEM variant gene created an amplicon 

with 800 bp, those that carried the bla CTX-M variant 

displayed an amplicon with 996 bp, and the existence 

of the bla SHV gene variant had been identified by 

the amplification of 713 bp, as shown in Figure 3a, 

3b, and 3c. 

http://blast.ncbi.nlm.nih.gov/Blast.cgi
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Table 3. Repartition of the Detected ESBL Genes 

ESBL Genes Types of Variant Group No. (%) 

Bla TEM 

 

Bla CTX-M 

Bla SHV 

TEM Variants including TEM-1 and TEM-2 54(43.5) 

CTX-M15 46(37.09) 

SHVVariants including SHV-1 14(11.29) 

Cloning of gene variants 

 One representative amplicon of SHV and CTX-M15 

and two from TEM group were purified and cloned 

separately in E. coli DH5α cells, using cloning vector 

pGEM-T. The existence of altered colonies on the 

LB/Ampicillin agar plates served as the basis for 

determining whether or not the cloning attempt was 

successful. The colonies with and without insert 

appeared white and blue, respectively as depicted in 

Fig-4.The white colonies were further confirmed for 

the presence of the respective inserts by colony touch 

PCR depicted in Fig-5.Restriction digestion by EcoRI 

also confirmed the presence of insert. Four gene 

amplicons from the above gene variants were 

sequenced commercially. BLAST analysis of 

nucleotide sequences of the TEM group showed 

100% homology to the E. coli class A broad-spectrum 

beta-lactamase TEM-1 (blaTEM) gene, SHV group 

showed 99.85% of homology to beta-lactamase SHV-

1 precursor gene, and CTX-M15 showed 99.90% of 

homology to extended-spectrum class A beta-

lactamase CTX-M-15 gene. The sequences of CTX-

M-15, SHV-1, and blaTEM-1 from the isolates were 

submitted to Genbank under accession numbers 

OR350836, OR350837, and OR350838 respectively. 

Discussion 

The first-line drugs in infections caused 

by Enterobacteriaceaeare β-lactam antibiotics.[14] 

The present study investigates the ESBL-

producing Enterobacteriaceae  in two tertiary care 

Indian hospitals. There is variation in the existence of 

ESBL-producing Enterobacteriaceae around the 

globe. In most of the countries, where the patients are 

treated with antibiotics, a high prevalence rate of 

multidrug-resistant Enterobacteriaceae has been 

observed.[15] However, lower rates were found in 

North America and Europepreviously [16,17] and 

high rates in Asia. [18], South America[19], and 

Africa.[20] The factors responsible for the spread are 

encouraged by indiscriminate antimicrobial use 

without a prescription, use of counterfeit drugs, poor 

hygiene, a high prevalence of infectious diseases, and 

lack of diagnostic tools for detecting antibiotic 

resistance.[21,22] In our research, the isolation of 

MDR ESBL strains that expressed the CTX-M-15 

gene restricted the treatment options available to 

clinicians for their patients. It is not enough to just 

focus on the strains themselves to prevent the resistant 

gene isolates spread; rather, continuous surveillance 

and the application of effective methods for infection 

control are essential. The findings that the majority of 

beta-lactam-resistant isolates had blaTEM genes 

emphasize the significant contribution of non-ESBL 

blaTEM genes to resistance. This is caused by the 

gene product's enzymatic capacity to hydrolyze the 

majority of penicillin medications, historical 

cephalosporins, and contemporary beta-

lactams.[23,24] In our study,Bla-CTX-M15has been  

themajor represented bla-CTX-M type which is also 

confounded by previous findings from ESBL isolates 

from camel and domestic livestock origin in 

Africa[25-28] Interestingly, the isolates harboring 

blaCTX-M-15 and blaTEM-1 gene exhibited an MDR 

phenotype. This phenotypic emergence corroborated 

findings from prior research indicating ESBL-

producing Enterobacteriaceae frequently display an 

MDR phenotype against nonbeta-lactam antibiotics as 

a result of their plasmids containing numerous 

resistance genes[26,27,29] 

 
 

Fig-1a:  Isolation of ESBL producing E. coli on Chromogenic agar.1b: Phenotypic confirmation of ESBLs 

production in E. coli isolates by Etest using ceftazidime/ ceftazidime + clavulanic acid Strip.1c: 

Phenotypic confirmation of ESBLs production in E. coli isolates by disk diffusion method using 

cefotaxime (CTX) and cefotaxime+clavulanic (CEC)acid disks. 
 



JK-Practitioner ,Volume 28,Number 3-4,Jul-Dec 2023 

54 
 

 
 

Fig-2: Representative blaSHV, blaTEM and blaCTX-

Mgenes profile of phenotypically positive isolates 

using multiplex polymerase chain reaction (m-

PCR):- Lane M: 100 bp DNA Ladder; Lane 1: 

Positive control for blaSHV, blaTEM and blaCTX-

Mgenes; Lane 2: Negativecontrol Lane 3: 

blaSHVpositive; Lane 4: blaTEM   positive;  Lane 5: 

blaCTX-Mpositive; Lane 6:blaTEM and blaCTX-

Mpositive and Lane 7:blaSHV, blaTEM and blaCTX-

Mpositive 

 
 

 Fig-3a: PCR detection of blaTEMgroup:- Lane M: 

50 bp DNA Ladder; Lane 2: Positive control for 

blaTEMgroup; Lane 1: Negativecontrol; Lane 5 and 

6: blaTEMgrouppositive;  

 
    Fig-3b: PCR detection of blaCTX-M15group:- Lane 

M: 50 bp DNA Ladder; Lane 1: 

Negativecontrol; Lane 3 and 4: blaCTXM-

15grouppositive, Lane 5: Positive control 

for blaCTXM-15group 

  

 
 

Fig-3c: PCR detection of blaSHVgroup:- Lane M: 50 

bp DNA Ladder; Lane 2: Negativecontrol; Lane 1: 

blaSHVgroup positive 

           

Fig-4: Blue/white screening for recombinant DH5α 

(LB/Amp. Agar) carrying blagene in pGEM-T 

vector on Luria Bertaini agar.  
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Fig-5: Colony touch PCR confirming the 

presence of  blaTEM, blaCTXM-15 and blaSHV inserts 

in E. coli DH5 - α clone using pGEM-T vector 
Lane M: 50 bp DNA Ladder 

Lane 1-2: DH5-α clones on LB/Amp Agar showing 

amplification of approx. 800bp amplicons, upon colony 

touch PCR, confirming the presence of blaTEMinsert.  

Lane-3: DH5-α clones on LB/Amp Agar showing 

amplification of approx. 996bp amplicons, upon colony 

touch PCR, confirming the presence of blaCTX-M15insert.  

Lane-4:DH5-α clones on LB/Amp Agar showing 

amplification of approx. 800bp amplicons, upon colony 

touch PCR, confirming the presence of blaTEMinsert. 

Lane 5: Negativecontrol 

 

Conclusion 

In this study, we conclude the isolates as 

phenotypically presumptive positive ESBL E. coli 

based on the phenotypic confirmatory test (ESBL 

Chromogenic agar), E-test, and double disk synergy 

test. On molecular evaluation, 124 isolates were 

positive for bla TEM, bla SHV, and bla CTX-M 

genes mainly expressed by MDR ESBL isolates. Thus 

the indiscriminate use of antibiotics in the food 

industry is one reason for AMR development and in 

order to prevent the spread of ARGs among humans 

while also preserving the cultural practices of the 

pastoral communities, efforts should be taken to 

develop medical practices and husbandry practices to 

widen up the antibiotic options availability while 

fighting any medical health problem. 
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