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Abstract
Objectives: The spread of extended-spectrum β-lactamases (ESBLs) and AmpC β-lactamases (AmpC) in
Escherichia coli ( E. coli) is an important public health concern and ESBL-producing bacteria are
commonly reported in uropathogenic Escherichia coli (UPEC). The aim of this study is to determine the
molecular detection of AmpC and ESBLs, among clinical E. coli isolated from inpatients who presented
with symptomatic urinary tract infection (UTI) in Shiraz, the southwest of Iran. 

Results: Among total 177 urinary isolates, the analysis showed that 46.3% of the isolates were ESBLs
positive and that �fteen strains revealed the AmpC cluster genes. Among all ESBL-positive E. coli isolates,
the CTX-M was the most prevalent ESBL type (68.2%), and in AmpC-positive isolates, �fteen isolates
(88.2%) were positive for CITM cluster gene and two (11.7%) were positive for DHAM cluster gene. ACCM,
FOXM , EBCM and MOXM cluster genes were not found in this study. Our �ndings revealed that the
prevalence of AmpC β-lactamases is rising in Iran, leading to failure in treatment. Therefore, the current
study recommended that accurate and precise methods and guidelines should be designed for detection
of antibiotic-resistant mechanisms because it is very important for the treatment and prevention of such
isolates.

Introduction
Extended-spectrum β-lactamases (ESBLs) are the major cause of acquired drug resistance seen in gram-
negative bacteria (GNB)(1). The ability of ESBL enzymes to hydrolyze most of β-lactam antibiotics is not
active against cephamycins and carbapenems(2). Furthermore, production of AmpC β-lactamases is
another mechanism that usually confers resistance to all β-lactams. Importantly, Amp C is a major
clinical concern since these enzymes play a signi�cant role in conferring cephamycins hydrolyze and
also are able to increase the minimum inhibitory concentration (MIC) value of carbapenems(3, 4). ESBLs
and AmpC β-lactamases production can be chromosomal or plasmid-mediated and can be spread by
horizontal transfer between gram-negative bacteria members(5, 6).

Urinary tract infection (UTI) caused by Escherichia coli (E. coli) is the most common infectious disease
that accounts for a substantially increased morbidity, mortality, and health care costs(7). Co-production
of ESBLs and AmpC β-lactamases occurred in some of the isolates pathogens; principally E. coli, is
increasing and causes a broader spectrum of resistance(8, 9). In recent years, the prevalence of β-
lactamase (bla) genes, such as blaSHV, blaTEM, blaCTX-M, and AmpC-β- lactamase has been increasing
in clinical isolates of E. coli obtained from patients with UTIs(10). It seems necessary to identify the
AmpC b-lactamases producing bacteria in clinical isolates. To this end, we aim to identify the prevalence
of ESBLs and also detect blaSHV, blaTEM, blaCTX-M and AmpC β-lactamase genes by using designed
primers through PCR assay in clinical isolates of E. coli obtained from patients with UTIs from Shiraz,
Iran.

Materials And Methods
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Patients and sampling

One hundred seventy-seven nonconsecutive, nonduplicate clinical E. coli urine isolates were obtained
from November 2017 to May 2018 from inpatients hospitalized at a tertiary-care teaching hospital
(Namazi) in Shiraz, Iran. The isolates were from both male and female inpatients diagnosed with UTI who
presented at different wards of Namazi Hospital such as ICU, surgery, internal, transplant. All samples
were detected by IMVIC standard biochemical tests including indole, methyl red, Voges-Proskauer, and
citrate. Con�rmed E. coli isolates were kept frozen in tryptic soy broth (Merck Co., Germany) containing
20% glycerol (Merck KGaA, Germany) at − 70 °C for further usage in the tests. This study was approved
by the Ethics Committee of Shiraz University of Medical Sciences Sciences. The informed consent was
obtained from all the participants, and informed consent obtained was written.

Phenotypic Tests for Detection of ESBL

ESBL production was assessed using the CLSI recommendations for ESBL screening and phenotypic
con�rmation tests(11). The following antibiotics (Mast, UK) were used for detecting ESBLs: CAZ (30 µg),
CTX (30 µg) alone as well as with 10 µg clavulanic acid. Klebsiella pneumonia ATCC 700603 (ESBLs
positive) and E. coli ATCC 25922 (ESBLs negative) were used as the control strains. The double-disc
synergy test (DDST) was carried out for the phenotypic con�rmation of ESBL production.

AmpC screening and con�rmatory test

Screening for AmpC β-lactamase production was done by placing a cefoxitin disk (30 µg; Mast
Diagnostics Ltd., UK) on Mueller-Hinton agar(11). Isolates showing an inhibition zone diameter of < 
18 mm were considered positive on the screening test and subjected to con�rmatory phenotypic methods
for detection of AmpC (12, 13). E. coli ATCC 25922 was used as the negative control in the AmpC disk
test method.

DNA Extraction and Molecular Detection of AmpC sand bla Genes

Genomic DNA of positive screens for ESBLs and AmpC was extracted by extraction kit (Bioneer, Seoul,
Korea), according to the manufacturer’s instructions.

The detection of the six different families of plasmid-mediated AmpC ß-lactamases including ACC, CIT,
DHA, EBC, FOX, and MOX was done using the primers designed by Perez-P′erez and Hanson (14). The β-
lactamase genes blaTEM, blaSHV, and blaCTX-M were detected in the ESBL-positive isolates by PCR
using the speci�c oligonucleotide primers(15).

Statistical Analysis

Data management and analysis were performed using the Statistical Package for Social Sciences (SPSS;
Version 22.0). Simple descriptive statistics were presented to analyze the outcome data. Chi-square test
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was used to compare between the resistant patterns of β-lactamase- and non-β-lactamase-producing
isolates.

Results
Distribution of the isolates from Clinical Specimens

The recruited patients in our study were 105 females and 72 males with an age range of 1-85 years old.
The recovered UPEC isolates from different wards were as follows: Intensive Care Unit or ICU (n = 118,
67%), Internal wards (n = 37, 21%), Surgery (n = 13, 7%), and Transplantation (n = 9, 5%). Moreover, the
frequencies of cases in different wards were as follows: cystitis (ICU = 56, Internal ward = 12, Surgery = 5,
Transplantation = 7), pyelonephritis (ICU = 47, Internal ward = 22, Surgery = 8, Transplantation = 2), and
urosepsis (ICU = 15, Internal ward = 3, Surgery = 0, Transplantation = 0).

Prevalence of ESBLs and AmpC β-Lactamases

Of the 177 E. coli isolates examined for β-lactamases, 46.3% (82) were found to be ESBL producers and
18.6% (33) were suspected as AmpC producer by disk agar diffusion (DAD) cefoxitin screening method.
By con�rmatory phenotypic methods for detection of AmpC, 54.4% (n = 18) of the isolate were found to
be AmpC β-lactamase producer. A total of 18 (40%) isolates were AmpC-positive, and 17(94.4%) isolates
were ESBL producers. ESBL producers were commonly recovered from different wards as follows: ICU
(65.8%), Internal ward (22 %), Surgery (7.3%), and transplantation (4.9%)), whereas AmpC β-lactamase
producers were more frequent in ICUs (72.2%), Internal ward (22.2%), and transplantation department
(5.6%).

Among the ESBL-producing isolates, 68.2% (n = 56), 25.6% (n = 21) and 6.2% (n = 5) were positive for
blaCTX-M, blaTEM and blaSHV, genes, respectively. Also, the prevalence of the blaCTX-M, blaTEM and blaSHV

ESBL genes in the AmpC-producing isolates were found to be 61.1% (n = 11), 27.7% (n = 5) and 1.1% (n =
2), respectively.  The multiplex PCR �ndings of 17 AmpC-positive, ESBL producers revealed that �fteen
isolates (88.2%) were positive for CITM cluster gene and two isolates (11.7%) were positive for DHAM
cluster gene (Figure 1). ACCM, FOXM, EBCM and MOXM cluster genes were not found in this study. The
distribution of resistance genes pro�le blaCTX, blaTEM and blaSHV and AmpC cluster genes in ESBL and
AmpC-producing isolates are presented in Tables 1, 2. 

Discussion
The emergence of ESBLs and AmpC producing Enterobacteriaceae presents a major diagnostic and
therapeutic problem in the limit of infections (14). In this study, ESBL was detected in 82 (46.3%) of the
177 isolates recovered from patients, and the blaCTX−M (56/82 isolates; 68.2%) was found more
frequently than the blaTEM (21/82 isolates; 25.6%) gene in ESBL-producing E. coli isolates.
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Our results showed that the incidence of ESBL in E. coli owing to the spread of blaCTX−M and blaTEM

enzymes was consistent with previous research in Iran, Egypt, India, Iraq, Turkey and Saudi Arabia (16–
21). Meanwhile, higher prevalence of ESBL producing E. coli was observed in ICU. The rate of ESBL-
producing E.coli in ICUs varies greatly in different parts of the globe ranging from 13.2% in France(22) to
as high as 61% in India (18). The prevalence of ESBL producing E.coli among the ICUs in Iran ranges
from 11.4% (23) to 70.6% (24), whereas the prevalence rate in our study was 65.8%.

In Iran, AmpC prevalence has been reported in E. coli (3.3% and 5.7%)(25). The frequency rates of AmpC-
producing E. coli isolates in Iran is not clear due to limited number of studies and problems identifying
that laboratories have detected the resistance mechanisms. The present study demonstrated that from
the 33(18.6%) cefoxitin resistant isolates about (54.4%, 18/33) isolates were AmpC ß-lactamase
producer. Also, according to the PCR assay results, we found the prevalence of AmpC genes in 35.3%
AmpC-producing isolates. The result was consistent with those of the studies carried by Saffar et al. (5)
and Fam et al. (26) from Egypt where AmpC prevalence was 15.83% and 28.3%, respectively. On the other
hand, the base on the geographical location, the species studied, the period of study, the prevalence, and
type of acquired plasmid AmpC detected can be different(27). For this reason, comparison of the actual
incidence of AmpCs in the studies is di�cult. According to the PCR assay results, we found two types of
cluster genes (CITM and DHAM) in �fteen isolates, indicating the prevalence of AmpC β-lactamases in
Iran. The study by Mansouri et al. (28) indicated that among 88 clinical isolates of E. coli, �ve (7%) had
AmpC genes that belong to DHAM, CITM, and EBCM cluster genes. It was noticed in this study that some
of the E. coli isolates harbored more than one AmpC gene family that was reported in several studies(29).
Several studies have shown that the high percentage of AmpC-harbouring isolates results in clinical
treatment failures with broad-spectrum cephalosporins. Reducing the spread of plasmid-mediated AmpC
resistance in hospitals requires the identi�cation of the genes involved in order to control the movement
of this resistance mechanism(14).

Conclusion
In many clinical centers, no attention is paid to the identi�cation of AmpC β-lactamases based on
phenotypic or genetic screening tests. The results of many studies emphasize the need to improve
identi�cation methods for ESBL and AmpC-producing organisms in hospitals where extended-spectrum
cephalosporins are in wide use.

Limitations

The study focused on inpatients who presented with symptomatic UTI and included only one hospitals in
Shiraz, thereby not allowing extrapolation of our results to other regions.

Abbreviations
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 UTI: urinary tract infections; E. coli: Escherichia coli; PCR: polymerase chain reactions; CLSI: Clinical and
Laboratory Standard Institute; MIC: minimum inhibitory concentration; UPEC: uropathogenic Escherichia
coli; ICU: Intensive Care Unit.
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Genes Frequency Percent (%)
CTX-M 17 20.7

CTX-M/ TEM/ CITM 17 20.7
CTX-M/ TEM 10 12.2
CTX-M/ CITM 4 4.9
CTX-M/ SHV/ CITM 4 4.9
TEM 3 3.7
CTX-M/ CITM/ DHAM 2 2.4
CTX-M/ SHV 1 1.2
CTX-M/ TEM/ DHAM 1 1.2
CITM 1 1.2
No gene 22 26.8
Total 82 100.0

 

 

Table 2. Distribution of resistance genes profile in AmpC-positive isolates

Genes Frequency Percent (%)
CTX-M/ TEM/ CITM 5 27.8
CTX-M/ CITM 4 22.2
CTX-M/ SHV/ CITM 2 11
CTX-M/ CITM/ DHAM 2 11
CTX-M 1 5.6
TEM 1 5.6
CITM 1 5.6
TEM/ CITM 1 5.6
CTX-M/ TEM/ DHAM 1 5.6
Total 18 100

 

Figures
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Figure 1

Representative image of PCR product electrophoresis; 1= DNA marker, 2= blank 3,4= negative control,
5,6= DHAM (405 bp) and 7,8 CITM (462 bp)


