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ABSTRACT

Objectives: This study was undertaken to evaluate AmpC B-lactamase-producing Escherichia
coli urine isolates and to characterize the frequency of plasmid-mediated AmpC (pAmpC)-
encoding genes.

Methods: Antimicrobial susceptibility tests were performed using the disk diffusion technique.
AmpC B-lactamase production was assessed with a phenotypic inhibitor-based method. The
presence of 6 pAmpC-encoding cluster genes was detected by multiplex polymerase chain
reaction (PCR).

Results: The proportion of antibiotic resistance of E. coli isolates ranged from 7.4% to 90.5%,
and more than half (51.6%) of the total isolates were multidrug-resistant (MDR). Among the 95
E. coli isolates, 60 (63.2%) were found to be cefoxitin-resistant, but only 14 (14.7%) isolates were
confirmed as AmpC B-lactamase-producers. In the PCR assay, pAmpC-encoding genes were
found in 15 (15.8%) isolates, and blapua was the most prevalent type. However, blarox, blamox, and
blaacc genes were not detected in the isolates.

Conclusion: Our findings contributed valuable information concerning antibiotic resistance,
confirmatory phenotypic testing for AmpC production, and pAmpC B-lactamase gene content
in E. coli isolates in southwestern Iran. The level of MDR recorded in AmpC-producing strains
of this study was worrying; therefore, implementing strong infection control approaches to
reduce the MDR burden is recommended.
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Introduction

Escherichia coli is the most common cause of urinary tract infections worldwide. The increasing
rates of antibiotic resistance among E. coli strains are worrying and have limited the empiric

© 2021 Korea Disease Control and Prevention Agency.
This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).
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treatment options for these infections [1]. Beta-lactam
antibiotics are of substantial importance in the treatment
of infections due to their broad-spectrum antibacterial
activity and selective toxicity, but their extensive usage
over recent decades has led to resistance to them [2]. The
production of AmpC B-lactamase enzymes, which confer
resistance to a wide range of B-lactam antibiotics, excluding
carbapenems and fourth-generation cephalosporins, is
one of the key mechanisms of bacterial resistance to these
types of antibiotics [3]. AmpC-type B-lactamases are in the
C group of Ambler and their common genotypes include
bla,, bla,,, bla_,, bla,,,, bla,,., and bla, . Originally,
these genes were transferred chromosomally, but they
can also be disseminated by plasmids or other mobile
elements [4]. The acquisition of plasmid-mediated AmpC
(pAmpC) B-lactamases genes by organisms such as E.
coli has prompted major concerns because it leads to the
emergence and wide dissemination of multidrug-resistant
(MDR) strains that are clinically and epidemiologically very
important [5]. The phenotypic diagnosis of AmpC-mediated
resistance is difficult due to misleading results and may lead
to treatment failure. In addition, the Clinical and Laboratory
Standards Institute (CLSI) has not introduced any technique
for the phenotypic detection of AmpC production in micro-
organisms [6]. Molecular tests such as polymerase chain
reaction (PCR) to identify the presence of pAmpC genes,
along with phenotypic methods, are essential. However,
they are not routinely performed in clinical microbiology
laboratories [7]. Awareness of the prevalence of AmpC
B-lactamase-producing micro-organisms could be very
valuable for achieving more accurate epidemiological results,
as well as controlling their spread. Hence, this study was
designed to assess the frequency of pAmpC B-lactamases in
E. coli isolates causing urinary tract infections, utilizing both
phenotypic and genotypic methods.

Materials and Methods

Study Setting and Bacterial Isolation

In a 7-month period (from August 2020 to March 2021), 95
consecutive non-repetitive urine isolates of E. coli were
obtained from clinical diagnostic laboratories and medical
centers affiliated with Abadan University of Medical Sciences
in southwestern Iran. Isolates were accurately identified
through routine microbiological diagnostic tests [8]. The
confirmed isolates were stored in a trypticase soy broth
(Merck Co., Darmstadt, Germany) containing 20% glycerol at
-70°C until antibiograms and molecular tests.
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Antibiotic Susceptibility Testing

Antibiograms of the confirmed E. coli isolates for 10 standard
antibiotics (Roscoe, Taastrup, Denmark), including tetracycline
(30 pg), amoxicillin (25 pg), cefoxitin (30 ug), piperacillin/
tazobactam (100/10 ng), cefpodoxime (30 pg), cephalothin
(30 pg), ceftriaxone (30 pg), amikacin (30 pg), ceftizoxime
(30 pg), colistin (10 pg), were carried out using the standard
disk diffusion method as recommended by the CLSI [9]. The E.
coli ATCC 25922 strain was used for quality control. In this study,
8 different classes of antibiotics including penicillins; first-,
second-, and third-generation cephalosporins; tetracyclines;
aminoglycosides; polymyxins; and B-lactamase inhibitors were
used. Isolates that were resistant to at least 1 agent in 3 or
more classes of antimicrobials were considered MDR.

Screening and Confirmatory Testing of AmpC
Production

All isolates were first screened for the probable production
of AmpC B-lactamases by placing a cefoxitin disk (30 pg) on
Mueller-Hinton agar (Merck Co.) [10]. Isolates that conferred
an inhibition zone diameter of <18 mm were considered
potential producers of AmpC and subjected to the confirmatory
phenotypic test. Screening-positive AmpC producers were
confirmed by an inhibitor-based method on a disk containing
boronic acid [11]. Briefly, a lawn culture of the tested isolates
was made on a Mueller-Hinton agar plate using 0.5 McFarland
solutions. Two disks of cefoxitin (30 pg) with and without
phenylboronic acid (400 ug) was placed onto the agar surface
and the results were interpreted. If the growth inhibition
zone around the antibiotic with phenylboronic acid compared
to the disk containing only cefoxitin was 5 mm or greater,
the isolate was considered to be an AmpC producer.

Detection of pAmpC Genes

The genomic DNA of the isolates was extracted using a
commercial extraction kit (SinaClon BioScience Co., Tehran,
Iran) following the manufacturer's instructions. The detection
of 6 different families of pAmpC B-lactamases, including
bla_, bla, . bla_, bla,, bla,, ., and bla, ., was performed
as previously described by Perez-Perez and Hanson [12].
All primers were synthesized and provided by SinaClon

(SinaClon BioScience Co.).

Ethics Approval

This research was approved by the local ethics committee of
the Abadan University of Medical Sciences (No. IR ABADANUMS.
REC1399070), Abadan, Iran, and was conducted in accordance
with the Declaration of Helsinki. Written informed consent
was obtained from all the participants.
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Results

In this study, the highest antibiotic resistance was observed
first towards amoxicillin (90.5%) and then to cephalothin
(81.1%). Of the 95 E. coli isolates tested, 60 (63.2%) were
resistant to cefoxitin, while 9 (9.5%) showed intermediate
resistance. Alternatively, of 69 (72.6%) isolates insensitive
to cefoxitin, 58 (61.1%), 55 (57.9%), and 52 (54.7%) isolates
were resistant to ceftriaxone, cefpodoxime, and ceftizoxime,
respectively. The isolates showed the highest susceptibility
to colistin (92.6%), followed by piperacillin/tazobactam
(82.1%) and amikacin (62.1%) (Table 1). Among the all studied
isolates, 49 (51.6%) exhibited MDR phenotypes, with 8
different profiles. The group VII resistance pattern of strains
(ceftizoxime, cefoxitin, ceftriaxone, cefpodoxime, amoxicillin,
cephalothin) was the most prevalent (20.4%) (Table 2). Of all
95 E. coli isolates investigated for B-lactamases, 60 (63.2%)
were suspected to be AmpC producers by the disk agar
diffusion cefoxitin screening test. After performing the
confirmatory phenotypic test, the frequency of confirmed
isolates producing AmpC B-lactamase was determined to
be 14.7% (14/95). Concerning the antibiogram results, the
resistance rate of AmpC B-lactamase-producing strains to

pAmpC B-lactamase-producing E. coli

all antimicrobial agents was higher than that of 81 AmpC-
negative strains (Figure 1). Multiplex PCR for pAmpC genes
revealed that 8 (8.4%), 4 (4.2%), and 3 (3.2%) of E. coli strains
tested positive for the bla,, bla ., and bla,, genes, respectively.
The other 3 genotypes (bla,,,, bla,,, and bla,..) were not
detected in any strains (Table 3).

CIT’

Discussion

The growing frequency of antibiotic resistance as a primary
public health concern in developing and undeveloped
countries has resulted in the failure to treat various
infections, higher handling costs, limited therapeutic
choices, and increased mortality and morbidity [13]. pAmpC
B-lactamases have become increasingly significant from
a therapeutic standpoint, and their identification will
be useful for both monitoring and epidemiological and
infection control strategies [5]. In this study, the level of
antibiotic resistance of E. coli isolates ranged from 7.4% to
90.5%. Antimicrobial susceptibility testing revealed that
the bacterial isolates studied had relatively high resistance
to B-lactam antibiotics (amoxicillin, cephalothin, cefoxitin,
ceftriaxone, cefpodoxime, and ceftizoxime). Meanwhile,

Table 1. The antimicrobial susceptibility profile of all isolates (n=95)

Antimicrobials Resistant (%) Intermediate (%) Susceptible (%)

Ceftriaxone 58 (61.1) 7 (7.4) 30(31.6)

Cefoxitin 60 (63.2) 9(9.5) 26 (27.4)

Cefpodoxime 55 (57.9) 2(2.1) 38 (40.0)

Cephalothin 77 (81.1) 4(4.2) 14 (14.7)

Ceftizoxime 52 (54.7) 4(4.2) 39 (41.1)

Amikacin 27 (28.4) 9 (9.5) 59 (62.1)

Tetracycline 52 (54.7) 3(3.2) 40 (42.1)

Amoxicillin 86 (90.5) 0 9(9.5)

Piperacillin/tazobactam 16 (16.8) 1(1.1) 78 (82.1)

Colistin 7(7.4) 0 88(92.6)
Table 2. Multidrug-resistance patterns of isolates (n=49)

Resistance pattern Resistance phenotypes n (%)

[ KF, AN, AMX 9 (18.4)

Il CZX, CRO, FOX, TZP 3(6.1)

I CZX, FOX, CRO, CPD, TET, AMX 8(16.3)

v CRO, KF, AN, AMX, FOX 5(10.2)

\ CZX, TZP, FOX, AN, TET, AMX, CPD 7 (14.3)

\ CZX, CRO, CPD, CS, AMX, TZP, AN, TET 1(2.0)

VIl CZX, FOX, CRO, CPD, AMX, KF 10 (20.4)

VI CZX, FOX, CRO, CPD, TET, AMX, KF, AN, TZP 6(12.2)

KF, cephalothin; AN, amikacin; AMX, amoxicillin; CZX, ceftizoxime; CRO, ceftriaxone; FOX, cefoxitin; TZP, piperacillin/tazobactam; CPD, cefpodoxime; TET,

tetracycline; CS, colistin.
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Figure 1. Comparison of antibiotic resistance among AmpC-positive and -negative strains (%).
AMX, amoxicillin; AN, amikacin; CPD, cefpodoxime; CRO, ceftriaxone; CS, colistin; CZX, ceftizoxime; FOX, cefoxitin;
KF: cephalothin; TET, tetracycline; TZP, piperacillin/tazobactam.

Table 3. Distribution of plasmid-mediated AmpC B-lactamase
genes among Escherichia coli strains (n=95)

AmpC positive n (%)
Cefoxitin screening test 60 (63.2)
Confirmatory phenotypic test 14 (14.7)
Multiplex polymerase chain reaction 15(15.8)
AmpC gene
blags 8(8.4)
blag; 4(4.2)
blagge 3(3.2)
blayox 0
blagoy 0
blaycc 0

they had the highest susceptibility to colistin, piperacillin/
tazobactam, and amikacin. Comparable results were reported
by some previous studies from Nepal [13], India [14], and
Iran [15]. As shown in Figure 1, AmpC producers exhibited
significantly higher resistance rates than AmpC-negative
strains. This observation extensively corroborated the
findings of previous authors, associating AmpC production
with increasing resistance to diverse antimicrobial classes
[16-18]. Antimicrobial resistance is linked to the increasing
spread of MDR strains, and since infections caused by these
organisms are extremely difficult to treat, recognition and
awareness of their prevalence in the community are crucial

https://doi.org/10.24171/j.phrp.2021.0272

[19]. In the present study, almost half of the E. coli isolates
(49, 51.6%) were found to be MDR, which is in line with the
results of other studies carried in Iran [20] and Gabon [1]
and contrary to that of Bala et al. [14]. There are several
reasons for the reduction in sensitivity towards newer
generations of antibiotics, including bacterial production
of B-lactam ring hydrolyzing enzymes such as extended-
spectrum B-lactamases, AmpC B-lactamases, and metallo-
B-lactamases [21]. Although various screening and
confirmatory phenotypic methods for AmpC B-lactamase
have been introduced, most of them are not suitable
for routine use in diagnostic laboratories. However,
the inhibitor-based method, which serves as a reliable
confirmatory marker with acceptable negative predictive
values, has been employed by many researchers to detect
AmpC production [17]. As expected, in the present study,
screening and confirmatory phenotypic tests yielded
different results, and the production of AmpC B-lactamase
was confirmed in only 14.7% (14/95) of cefoxitin-resistant
isolates. Studies conducted in Spain (14.2%) [22], Nigeria
(15.2%) [23], and Iran (15.1%) [5] have reported equivalent
frequencies. However, the frequency rate of AmpC
production in the present study was lower than those found
in other studies conducted in India [14], Bahrain [24], Iran
[25], and Egypt [6], which reported rates of 47.1%, 87%,
54.4%, and 73.4%, respectively. There are several reasons
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for this discrepancy in the findings, including differences in
the diagnostic methods employed, geographical location,
study participants, and the study period. Various studies
have been conducted on the prevalence of the pAmpC
genes at different time points and in different countries,
which can provide valuable information about AmpC-
type resistance over time and its course. According to the
multiplex PCR assay results of this study, 3 types of pAmpC
cluster genes (bla,,, bla,,, and bla,,,) were detected in
15 isolates (15.8%). The prevalence of the bla,,,, bla.,, and
bla,,. genes in E. coli isolates was also found to be 84%, 4.2%,
and 3.2%, respectively. These results were in accordance
with a previous study reported by Kazemian et al. [26], from
Iran. Although some studies have reported the coexistence
of bla,,,, bla,,., and bla_, in E. coli isolates [15,25,27], only 1
PAmpC gene family was detected in the strains of our study.
Some limitations of this study included the lack of data on
the molecular typing of the strains and the sequencing of
pAmpC cluster genes. In addition, due to a lack of funding,
only the presence of pAmpC genes was targeted, and
other potential associates of cefoxitin resistance, such as
chromosomal hyperproduction or purine loss mutations,
were not investigated.

Conclusion

This is the first study to investigate pAmpC B-lactamases
using phenotypic and molecular methods among patients
in southwestern Iran, and our research results could
provide useful information to support the development
of antimicrobial strategies for better infection control in
healthcare facilities. In this study, a significant percentage
of MDR was observed among AmpC-producing strains.
The PCR results also showed that 15.8% of phenotypically
confirmed isolates harbored pAmpC B-lactamase genes
(bla,,, bla,, and bla,, ), and the most prevalent genotype
belonged to bla_ ., (8.4%).
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