
Jentashapir J Cell Mol Biol. 2022 December; 13(4):e130078.

Published online 2022 December 13.

https://doi.org/10.5812/jjcmb-130078.

Research Article

Antimicrobial Resistance Profile of Extended-spectrum

Beta-lactamase Genes in Escherichia coli Isolates Using Multiplex PCR

Technique

Mohammad Raiszadeh 1, Mohamad Ali Khosravi 2, Hadis Fathizadeh 3, 4, Morteza Khodaparast 5,
Seyyed Mohammad Saeed Ghiasi 6 and Davoud Esmaeili 2, *

1School of Medicine, Trauma Research Center, Bqiyatallah Al-Azam Hospital, Baqiyatallah University of Medical Sciences, Tehran, Iran
2Department of Microbiology and Applied Virology Research Center, Baqiyatallah University of Medical Sciences, Tehran, Iran
3Student Research Committee, Sirjan School of Medical Sciences, Sirjan, Iran
4Department of Laboratory Sciences, Sirjan School of Medical Sciences, Sirjan, Iran
5Department of Clinical Cardiac Electrophysiology, Atherosclerosis Research Center, Baqiyatallah University of Medical Sciences, Tehran, Iran
6Assistant Professor, Cardiac Anesthesiology Fellowship, Atherosclerosis Research Center, Baqiyatallah University of Medical Sciences, Tehran, Iran

*Corresponding author: Department of Microbiology and Applied Virology Research Center, Baqiyatallah University of Medical Sciences, Tehran, Iran. Email:
esm114@gmail.com

Received 2022 October 25; Revised 2022 November 15; Accepted 2022 November 22.

Abstract

Background: Broad-spectrum antibiotic resistance genes are one of the most common developing resistance genes worldwide. Ac-
cordingly, it is of paramount importance to study the extended-spectrum beta-lactamase (ESBL) genes to report them to physicians
to select the most appropriate treatment.
Objectives: This study aimed to detect three genes of ESBL such as TEM, AmpC, and KPC simultaneously.
Methods: Primers were designed for ESBL genes such as TEM, AmpC, and KPC with Genscript software. In this study, control-positive
genes were used for the PCR set-up. Fifty isolates of Escherichia coli isolated in the Baqiyatallah Hospital were confirmed and checked
by Multiplex PCR.
Results: This study revealed that TEM, AmpC, and KPC primers could detect positive control genes. The sensitivity and specificity of
the multiplex PCR technique for these genes were 0.001 ng and 100%, respectively.
Conclusions: This study revealed that a Multiplex PCR with a sensitivity of 0.001 ng and 100% specificity can detect ESBL genes
precisely. Accordingly, the rapid and precise detection of the antibiotic resistance genes and the recommendation of an appropriate
treatment pattern can decrease the distribution of antibiotic resistance occurrence and economic cost.
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1. Background

One of the most significant achievements of medical
sciences is beta-lactams. In this regard, the emergence of
resistance to beta-lactam antibiotics has become a global
concern. The coding gene of this enzyme is abundant in
the E. coli strains. This made the World Health Organiza-
tion (WHO) to highlight the risk of developing antibiotic-
resistant strains. The WHO recommended the WHONET
software to health centers to inform physicians about the
results of local and global antibiotic resistance (1).

Phenotypic tests are the simplest techniques for the de-
tection of antibiotic resistance worldwide. However, the
phenotypical tests fail to detect the extended-spectrum
beta-lactamase (ESBL) antibiotic resistance fully (2-5).

The Multiplex PCP method can detect 2 or 3 target se-
quences simultaneously. The rapid and exact detection
and reports on the findings can help physicians treat their
patients. Beta-lactam antibiotics are antibiotics effective in
treating bacterial infections worldwide (2, 3, 5).

Since beta-lactams are inactive by β-lactamases, there
is a need to use appropriate antibiotics to prevent the
spread of antibiotic resistance genes.

ESBLs are enzymes inactivating beta-lactam antibiotics
by attacking to beta-lactam ring (2-5).

ESBL refers to a group of enzymes hydrolyzing beta-
lactam antibiotics such as penicillin, cephalosporin,
cephamycin, and monobactam. The most abundant type
of ESBL is the CTX-M beta-lactamase (6-9).

The widespread use of antibiotics and the advent of
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drug resistance concerning the prevalence of ESBLs in the
strains are serious concerns. Beta-lactam is one of the
antibiotics used against these bacteria. In recent years,
the occurrence of multi-drug-resistance (MDR) isolates has
aroused many concerns about selecting the appropriate
antibiotic pattern. Accordingly, molecular techniques for
the rapid and correct identification of antibiotic resistance
are valuable (10-14).

2. Objectives

This study aimed to set up and design a Multiplex PCR
technique for detecting extended beta-lactamase genes us-
ing the Multiplex PCR method.

3. Methods

3.1. Sample Collection

Several 50 E. coli clinical isolates were collected from
the laboratory of Baqiyatallah Hospital and were con-
firmed by biochemical tests. Disc combine was used for the
ESBL phenotypic identification.

3.2. Design Primer

First, complete DNA sequences were searched on the
NCBI. The primers were designed with the Genscript soft-
ware. The forward and reverse primers were blasted,
and the results confirmed the suitability of the designed
primers. Three primer pairs were evaluated with Oligo An-
alyzer software. Then the primers were evaluated with sil-
ico PCR amplification software (Table 1).

3.3. Determining Primer Sensitivity

Primer sensitivity was studied with different DNA dilu-
tions. The nucleic acid serial dilution was prepared, and for
all genomic dilutions, PCR was performed. The lowest dilu-
tion of the PCR reaction was set as test sensitivity.

3.4. Determining Primer Specificity

To obtain the specificity of the primers, the PCR reac-
tion was performed considering the above conditions for
the nucleic acid Staphylococcus aureus and Bacillus subtilis.

3.5.DNA Extraction

Nucleic acid extraction was carried out by the Cinna-
clon kit. The purity and concentration of the nucleic acid
were measured by spectrophotometry Nanodrop.

3.6.PCR Reaction

The PCR was carried out to amplify the genes, and the
final volume of the PCR reaction was 25µL. (Tables 2 and 3).

3.7. Gel Electrophoresis

The DNA amplified by PCR was observed on a 1%
(w/v) agarose gel electrophoresis with SYBR® Safe (Qiagen)
color.

4. Results

4.1. Antibiogram Test

Disc diffusion was evaluated in 50 bacterial samples
isolated in the Baqiyatallah Hospital (Table 4).

4.2. Multiplex PCR Results

The multiplex PCR results for the ESBLs of AmpC, TEM,
and KPC on 1% agarose gel are illustrated in Figure 1. The
sensitivity and specificity of the multiplex PCR technique
for ESBL genes were 0.001 ng and 100%, respectively.

4.3. Frequency of ESBL Genes

The confirmed primers of TEM, KPC, and AmpC genes
were evaluated in the 50 Escherichia coli clinical isolates (Ta-
ble 5).

5. Discussion

The extensive use of antibiotics affected the prevalence
of antibiotic resistance genes in different regions. The in-
creased prescription of broad-bet-lactams and long hospi-
talization caused the spread of antibiotic-resistant genes.

Beta-lactams are one of the most common antimicro-
bial agents in treating serious infections induced by Enter-
obacteriaceae infections. The emergence of resistance to
beta-lactams antibiotics have resulted in many treatment
failures (10, 15-19).

The present study used the multiplex PCR technique to
detect the ESBL TEM, KPC, and AmpC genes simultaneously.

The sensitivity of the multiplex PCR for the TEM, KPC,
and AmpC genes was 0.001 ng, and the test specificity was
100%. The results indicated that molecular and phenotypic
tests were compatible.

This method decreases the use of costly and
widespread antibiotics and promotes preparation for the
rapid diagnosis of antibiotic resistance when epidemics
occur. Given the significance of identifying multi-drug
resistance bacteria, it is necessary to design appropriate
methods for the rapid and correct detection of antibiotic
resistance (10, 15-19).

The resistance to these antibiotics is caused by genetic
structures such as integrons, transposons, and plasmids;
therefore, there is concerns about the transmission of an-
tibiotic resistance genes to other bacteria (17, 18).
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Table 1. ESBL-designed Primers for TEM, AmpC, and KPC Genes

Gene Forward-Primer Reverse-Primer Tm Amplicon Size (bp)

TEM GAGGACCGAAGGAGCTAACC TTGCCGGGAAGCTAGAGTAA 60 188

AmpC CTCGACCTCGCGACCTATAC CTGCCACTGGCGGTAGTAGT 60 102

KPC CAGCTCATTCAAGGGCTTTC GTCCAGACGGAACGTGGTAT 60 283

Figure 1. Multiplex PCR results for ESBL genes on gel agarose 1%. S: Wells for primer specificity containing primers with DNA S. aureus and B. subtilis; N: Wells containing primers
without DNA as a negative control; P: Wells containing primers and DNA containing ESBL gene as a positive clinical control; M: Well-containing three-pair primers of ESBL genes;
AmpC: Well containing AmpC gene primer; TEM: Well containing TEM gene primer; KPC: Well containing KPC gene primer.
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Table 2. Concentrations and Components in PCR Reaction

Components Concentration

Master mix (1x) 12.5 µL (1x)

Forward primer (0.1 - 1 µm) 1 µL (10 µm)

Reverse primer (0.1 - 1 µm) 1 µL (10 µm)

Template DNA 1 µL (20 pg)

Sterile deionized water 9.5 µL

Total volume 25 µL

Table 3. PCR Reactions in Corbett Thermocycler

Cycle PCR Temperature Time (Second) Number Cycle

Primary
denaturation

95°C 300 1

Second
denaturation

95°C 30 35

Annealing 60°C 45 35

Extension 72°C 40 35

Final extension 72°C 300 1

Table 4. Antibiotic Resistance Pattern of Escherichia coli Isolates

Antibiotics Resistant (%) Intermediate (%) Sensitive (%)

Ofloxacin (OFX) 96 0 4

Amikacin (AN) 45 30 25

Piperacillin (PIP) 98 1 1

Ciprofloxacin (CP) 96 2 2

Gentamicin (GM) 79 6 15

Cefotaxime (CTX) 98 1 1

Nitrofurantoin
(FM)

49 14 35

Imipenem (IMI) 39 11 50

Meropenem (MER) 30 5 65

Norfloxacin (NOR) 96 3 1

Table 5. Frequency of ESBL Genes in Escherichia coli Isolates

Genes Resistant, Frequency %

TEM 58

KPC 18

AmpC 84

In the present study, resistance to Cefotaxime and
piperacillin was reported; however, the isolates of
pandemic-drug-resistance (PDR) were not reported.
The multi-drug-resistance (MDR) and extensive drug-
resistance (XDR) isolates were also reported (18, 19).

The present study showed that about 100% of E. coli iso-
lates had an MDR pattern, which was of a great concern.

According to the present findings, the highest fre-
quency of resistance to piperacillin and cefotaxime an-
tibiotics was 98%. The highest rates of sensitivity to the
Meropenem and Imipenem antibiotics were reported to
be 55% and 50%, respectively. In his study in the Jahrom
Hospital, Emamghorashi and Kohanteb reported antibi-
otic resistance to vancomycin, gentamicin, Nitrofurantoin,
amikacin, and ciprofloxacin to be 56.2, 72.1, 34.3, 28.6, and
6.7%, respectively. In this study, the frequency of resis-
tance to these antibiotics was significantly higher than in
Emamghorashi and Kohanteb’s study. The acquisition and
spread of antibiotic-resistance genes over time cause such
inconsistency (20).

In a study by Mobasherizadeh et al., extent-spectrum
β-lactamases from UTI infections in admitted and outpa-
tient patients were isolated in Esfahan, and the resistance
rates of Klebsiella pneumonia and Escherichia coli producing
β-lactamases were 41.6 and 47.97%, respectively, suggesting
the lowest and highest antibiotic resistance for nitrofuran-
toin (16.7%) and cotrimoxazole (75%), respectively (21).

Kaikha and Rava in Zahedan reported the antibiotic re-
sistance rates of E. coli to the antibiotics nitrofurantoin,
amikacin, ceftazidime, and gentamicin were 26.1, 19.5, 44.8,
13.7, and 4.5%, respectively. Their reported values were be-
low the ones reported in the present study (22).

In Heidari-Soureshjani et al.’s study, the rates of an-
tibiotic resistance to nalidixic acid, cotrimoxazole, ni-
trofurantoin, ciprofloxacin, cefotaxime, gentamicin, and
imipenem were 67, 21, 32, 8, 49, 7, 43, and 38%, respectively
(23).

The ESBL genes are effective agents in emerging resis-
tance to beta-lactam antibiotics. Organisms containing
ESBL genes are more pathogenic and virulent; hence, the
timely and accurate diagnosis of this type of resistance, re-
porting the findings to physicians, and the provision of an
appropriate medical advice can reduce patient problems
and promote their treatment. In this study, fifty-eight per-
cent of the isolates contained the TEM gene, eighteen per-
cent of the isolates contained the KPC gene, and eighty-four
percent of the isolates contained the AmpC gene. Further-
more, in the present study, 58% of the samples contained
the KPC, TEM, and AmpC genes simultaneously. Shahcher-
aghi et al.’s study showed that 24% of isolates contained the
TEM gene. This frequency is lower than the value reported
in the present study. The distribution of the resistant plas-
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mids among E.coli isolates probably arouses antibiotic re-
sistance (24). In 2008, a comprehensive study on ESBL en-
zymes was conducted in Switzerland, which showed that
42.9% of the isolates contained the AmpC gene.

The studies that used the PCR method for detecting
ESBL genes showed that nearly 50% of reported isolates
contain TEM genes, which was compatible with the find-
ings of the present study (1, 25-32). Recent studies have in-
dicated that resistance to beta-lactam induced by ESBL is in-
creasing rapidly. Possible reasons are the improper admin-
istration of antibiotics, the lack of appropriate methods in
identifying antibiotic resistance, and the improper inter-
pretation of new identification methods.

5.1. Conclusions

Antibiotic resistance, the prevalence of broad-
spectrum beta-lactamase genes, and the extent of
spectrum-beta-lactamase in gram-negative bacteria are
global concerns and require infection control manage-
ment. Regarding the immediate and accurate detection
of these strains, the multiplex method proposed in this
study would help physicians to prescribe appropriate
antibiotics and avoid extended hospital stays and high
costs.
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