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broad-spectrum beta-lactamase genes in Escherichia coli bacteria isolated from
patients with urinary tract infections is very useful to improve the treatment of
infection and prevent the failure of treatment of urinary tract infections.The aim of
this study was to investigate multidrug resistance and TEM and SHV broad-
spectrum beta-lactamase genes in Escherichia coli bacteria isolated from patients
with urinary tract infections.

In this study, 188 strains of Escherichia coli, which cause
urinary tract infections in Alborz province, were studied. Urine samples were cultured
on EMB and Blood Agar media. Differential tests were performed for final
identification. ESBL-producing strains were identified, PCR was performed to survey
the abundance of ESBL-producing genes.

Based on the results of the disk diffusion and Double-disk synergy testS, 82
(43.6%) strains were determined as the final producer of ESBL. out of these isolates,
the frequency of SHV, TEM, and CTX genes measured 64.3%, 55.9%, and 21.4%,
respectively. These results showed that 12 (14.28%) of Escherichia coli isolated have
all genes, 26 (30.95%) had 2 genes and 36 (42.85%) had one gene.

According to the results, it was found that imipenem with the lowest
resistance is the best drug in the treatment, and carbapenems are the best drug for
treating diseases caused by Escherichia coli. The results of the current study may be
useful in replacing ESBL enzyme resistance screening with more modern sensitivity
measurement methods such as MIC and Etest.

Resveratrol, Stilbenes derivatives, Leishmania, Leishmaniasis, Meta-
analysis
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Introduction

Escherichia coli is a common gram-negative bacterium
that can cause a variety of infections, including urinary
tract infections but some serotypes cause food poisoning
and diarrhea (1, 2) .E. coli can become resistant to beta-
lactam antibiotics through the production of beta-
lactamase enzymes.Extended-spectrum beta-lactamases
(ESBLs) are a type of beta-lactamase that can hydrolyze
broad-spectrum The bacterium is passed from person to
person through oral-feces and is the most frequent cause
of urinary tract infections (3).ESBL-producing bacteria
are a major public health concern, as they can make
infections difficult to treat. The TEM type is a type of beta-
lactamase that is commonly found in E. coli.The

Volume 32, January-February 2024

resistance rate of E. coli to cephalosporins has been
increasing in recent years, and this is thought to be due in
part to the spread of TEM-type beta-lactamase
enzymes(4).

The mechanisms of bacterial resistance to antibiotics
are variouse. However, one of these resistance
mechanisms, which has become very problematic for us,
is the production of beta-lactamase enzymes in bacteria.
Hydrolysis of the central nucleus of beta-lactam
antibiotics causes their inactivation. There are diffrent
categories of beta-lactamases, such as SHV and TEM
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enzymes (5, 6). The genes that produce these two
enzymes are among the genes located on the plasmid.
With the widespread use of antibiotics, including
cephalosporin antibiotics, another class of beta-lactamase
genes emerged that had a broader spectrum of activity
than primary beta-lactamases. These enzymes were able
to hydrolyze penicillin, cephalosporins, and aztreonam
antibiotics. The occurrence of point mutations in the
amino acid sequence of primary beta-lactamases such as
TEM-1, TEM-2, and SHV-1, led to the derivation and
emergence of these new and broad-spectrum enzymes
which are now known as ESBLs (Extended-Spectrum
Beta-Lactamase) (7). ESBLs are a particular type of drug
resistance that includes several enzymes, which allow the
hydrolysis of broad-spectrum beta-lactam antibiotics (8).
In recent years, broad-spectrum beta-lactamase-
producing bacteria have become so prevalent worldwide
because of the use of antimicrobial drugs. This
phenomenon can be considered a significant problem in
the field of medicine (9). This is so important that we must
always seek to produce new drugs with higher potency.

The TEM type is a type of beta-lactamase enzyme that
has been identified in most members of the
Enterobacteriaceae family, both in animals and humans.
The resistance rate of all E. coli isolates in their area have
decreased in recent decades to various antibiotics,
especially cephalosporins, which have been found to
contain the TEM type of beta-lactamase enzymes (10,
11). Therefore, the present study endeavored to explore
the phenomenon of multidrug resistance as well as the
presence of TEM, SHV, and CTX genes encoding broad-
spectrum beta-lactamases in Escherichia coli strains that
were isolated from individuals suffering from urinary tract
infections in the Alborz province of Iran.

Materials and Methods

Sample collection and characterization of
Escherichia coli isolates

In this descriptive study, 400 urine samples were
collected from hospitalized and outpatient adult
patients with urinary tract infections referred to
university hospitals in Alborz province, Iran, for 6
months, from January 2016 to June 2017. The collected
urine samples were inoculated on selective Eosin
Methylene Blue Agar (EMB) medium and incubated at
37 °C for 48 hours. After the incubation period, the
preliminary identification of each suspected colony
was done using gram stain, catalase, and oxidase.
Subsequently, biochemical tests such as TSI (Triple
Sugar Iron), Simon citrate, urease, MR / VP (Methyl
Red/ VVoges-Proskauer), SIM (Sulfide Indole Motility),
and lysine decarboxylase were used to characterize as
Escherichia coli.

Antimicrobial Susceptibility Testing

After confirming the existence of E.coli, the
antimicrobial susceptibility testing and the initial
screening of ESBL-producing isolates were performed
using the Kirby-Bauer disk diffusion method, as
suggested by the guidelines of the Clinical Laboratory
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Standards Institute (CLSI)(12). The following
antibiotic disks were used, gentamicin (10 pg),
cotrimoxazole (1.25 pg), nalidixic acid (30 pg),
imipenem (10 pg), ciprofloxacin (5 pg), 30 pg),
amoxicillin -~ (30 pg), ceftazidime (30 pg),
chloramphenicol (30 pg) and streptomycin (10 pg).

Phenotypic screening of ESBL

According to the zones given above, if there were
any suspicions of a strain being an ESBL producer,
then confirmatory tests of a phenotypic nature would
be  conducted by  cephalosporin/clavulanate
combination disks were done as recommended by
CLSI guidelines. According to CLSI, if the growth
inhibition zone around the ceftazidime-clavulanic disc
is >5 mm compared to ceftazidime alone, or if the zone
of inhibition around the cefotaxime-clavulanic acid
disc is >5 mm compared to cefotaxime alone, it
indicates that the isolate is an ESBL producer (Figure
1) (13).

Ceftaz/CA

Figure 1. The Phenotypic Confirmatory Disc
Diffusion Test is used to confirm the production of
ESBL. This confirmation is based on the
observation of an increase in the zone of inhibition
by at least 5 mm for ceftazidime (Ceftaz) and
ceftazidime/clavulanic acid (Ceftaz/CA), as well as
for cefotaxime (Cefotax) and cefotaxime/clavulanic
acid (Cefotax/CA).

Genome extraction and Polymerase chain
reaction (PCR)

To perform the PCR test, we must first extract the
DNA of the bacteria. The isolates stored in the enriched
TSB were cultured in a McConkey medium. After 24
hours of incubation, these strains could be used for
DNA extraction. For this purpose, the genomic DNA
of harvested colonies was extracted using a kit
(Bioneer, Korea ), The extracted DNA concentration
and its quality were measured by quantitative (Nano
Drop™ One Microvolume UV-Vis
Spectrophotometers) method and electrophoresis on
0.8% agarose gel.

To evaluate and screening of ESBL, Primer pairs for
genetic loci including blaCTXM, blaTEM, and
blaSHV as genetic markers for resistance against beta-
lactam antibiotics were selected (14-16) and analyzed
using the blastN program (National Center for
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Biotechnology Information (NCBI) available at
(http//ncbi, nlm, nih.gov/BLAST). These primers were
synthesized by Genfanavaran Ltd. Co. (lran). The
nucleotide sequence of these primers is shown in Table
1. The DNA that was obtained was employed in the
process of polymerase chain reaction (PCR), which
took place in a final reaction mixture measuring 25 pl.
This mixture comprised of 12.5 ul of PCR master mix,
0.5 pl of each primer, 1 ul of template DNA, and 10.5
ul of distilled water. The PCR reaction was executed
using an amplification thermal cycler (Peglab,
Germany) as follows: initial denaturation at 94 °C for
5 min, denaturation at 94 °C for 30 s (35 cycles),
annealing at the suggested temperature for each primer
for 30 s, extension at 72 °C for 30 s, and then final
extension at 72 °C for 10 min. Finally, the PCR
products were subjected to electrophoresis on 1.5%
agarose gel, stained with DNA Green Viewer® (Pars
Tous, Iran), and visualized on a UV transilluminator.
DNA extracts of standard strains (ATCC 9290, 7881,
and 8740) are used as positive controls and their band
formation pattern is compared with PCR products
related to the DNA of the samples and distilled water
is used as negative control.

Table 1. Nucleotide sequences of primers
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M Sensitive

Intermediate

Gene Primers Refer
ences
F: GCCTGTGTATTATCTCCCTGTTAGC 1)
SHV
R: CAGATAAATCACCACAATGCGC
F:AGA TCA GTT GGG TGC ACG AG 1)
TEM
R: CG GTATCA TTG CA G CAC TG
o F: CGTGGCGATGAATAAGCTG (16)
M- R: GGTGGTATTGCCTTTCATCC
Results

Out of 400 isolated samples 188(47%) were
identified as e.coli. . The results of the disc agar
diffusion assay for 10 selected antibiotics are presented
in Figure 2. Based on the results of antibiogram tests
on isolated bacteria, the sensitivity to studied
antibiotics was as follows: chloramphenicol 85.1%,
imipenem 100%, nalidixic acid 65.21%, cotrimoxazole
35.41%, streptomycin 47.77%, amoxicillin 14.27 %,
cefotaxime 51.91%, ceftazidime 50.53%, ciprofloxacin
41.6% and gentamicin 68.92%. As a result, it was
observed that all strains were sensitive to imipenem
and showed the highest resistance to Amoxicillin
antibiotic 81.98%.

@ & &
& ‘.p@ N & O
"v\ ‘:b Q‘p 0{\\ O+,b
é’\o & X &
[ e g \SQ) 3 &3
Resistant

Figure 2. Antibiogram results of Escherichia coli isolates in Alborz province in terms of percentage.

According to the CLSI, any decrease in susceptibility of the studied strains to ceftazidime and cefotaxime could indicate
the presence of beta-lactamase (ESBL) resistance. In this study, 128 (64%) isolates resistant to at least one of the antibiotics
ceftazidime and cefotaxime were selected for confirmatory testing. Based on the agar diffusion disk screening test results,
84 (44.7%) strains were introduced as ESBL producers. During the double synergism test, 82 (43.6%) strains were identified

as the final producer of ESBL.

In the polymerase chain reaction test, out of 84 isolates, the frequency of SHV, TEM, and CTX genes measured 64.3%,
55.9%, and 21.4%, respectively. These results showed that among E. coli isolates, 12 isolates (14.28%) had all 3 genes, 26
isolates (30.95%) had 2 genes, and 36 isolates (42.85%) had one gene.
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Figure 3. PCR amplification of CTX-M-1, TEM and SHV
genes. M: Lader 100 bp; C-: Negative control; C+: Positive
control. A, Lines 1-7: Isolates of E. coli containing CTX-M-I
gene. B, Lines 1,2,4 and 6: Isolates of E. coli containing TEM
gene. C, Line 1-5, and 6: Isolates of E. coli without SHV gene.

Discussion

Escherichia coli is one of the most important causative
agents of the urinary tract and nosocomial infections (17).
over the past few decades, beta-lactam antibiotics have
been used in the treatment of these infections due to their
potency, broad-spectrum and selective toxicity against
prokaryotic cells, and this has caused an increase in
resistance to the aforementioned drugs. The presence of
beta-lactamase genes in bacteria, particularly ESBL
genes, serves as influential determinants in the
augmentation of resistance towards beta-lactam
antibiotics, encompassing broad-spectrum
cephalosporins. Organisms carrying these genes cause the
spread of disease and in some cases cause death in
infected people, and the continuation of the growing trend
in the occurrence of such resistances may pose a serious
danger to society (18-20).

In the present study, it was observed that all strains were
sensitive to imipenem and showed the highest resistance
to amoxicillin (81.98%). These results are consistent with
Alisha Akya et al. (2019), Sahebnasagh et al. (2015), and
Miraalami et al. (2015) findings in Iran (21-23). Another
study by Sheikhi et al. (2018) in the western region of Iran
indicated the highest rates of resistance were related to
amoxicillin (91%), cefoxitin (45%), and piperacillin
(45%), and the lowest rates of resistance were related to
amikacin (24%) and imipene (0%) (24). The results of
antibiotic sensitivity and resistance of this research are
similar to our research, with the difference that the
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resistance to amoxicillin (85.8%) is less reported in our
research. Our results are in agreement with different
regions of Europe and North America findings which
showed resistance to amoxicillin has often reached higher
than 30% (25).

In researches conducted by Kifferr et al. in Brazil and
Ling et al. in China, the prevalence of resistant strains of
E. coli isolated to cefotaxime were reported to be 14.6%
and 2.7%, respectively, while, in our research, the rate of
resistance of strains to cefotaxime was 48.1% (26, 27).
On the other hand, in the recent studies conducted in Iraq
(2022) and Pakistan (2021), E. coli isolates showed high
resistance to ceftriaxone (89% and 80%, respectively) (28,
29). It can therefore be assumed that the differences
observed in the rate of antibiotic resistance may be related
to the difference in the pattern of antibiotic consumption
and the difference in the pattern of antibiotic resistance
and in addition to the indiscriminate use of antibiotics in
our country.

Based on our findings, the detection rate of ESBL-
Producing E. coli was 43.6%. out of these isolates, the
frequency of SHV, TEM, and CTX genes measured
64.3%, 55.9%, and 21.4%, respectively. Our results are
almost in line with Soltan Dallal's (2010) findings in
Tehran, Tabriz, and Khoy which showed the rate of
ESBL-production among E. coli isolates was 79.5%
56.7%, and 52.1%, respectively, and 57.8%, 7.9%, and
12.5% of them contained the TEM gene, respectively (15,
30). The results of our research are consistent with this
study in terms of the frequency of ESBL producing
isolates, but the frequency of the TEM gene was higher
(55.9%) in our study.

However, in the study of Miraalam et al. (2015) in
Tehran (Iran), the highest rates of sensitivity among the
E.coli isolates obtained from urinary tract infections were
to Ciprofloxacin and Imipenem, but the rate of the
presence of TEM and CTX genes was 47.27% and
74.54%., and the SHV gene was not detected in any of
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the isolates (22). Compared to our research, although there
is agreement with the rate of sensitivity to imipenem, the
most identified gene in our research was the SHV gene
with a frequency of 64.3%, followed by the TEM gene
with a frequency of 55.9%.

In studies conducted in Karaj (Iran), Ghane et al (2020)
showed that rate of ESBL production among E. coli
isolates was 36%, and among the ESBL-positive isolates,
blaTEM gene was detected in 44.72% of the isolates,
which had lower rates than the results of our study (31).
Also, inarecent study in north Iran, 46% of E. coli isolates
were detected as ESBLs, and blaSHV, blaTEM, and
blaCTX-M were detected in 34.7%, 36.4%, and 38.8%
cases, respectively (32).

Conclusion

The current study showed that the majority of
studied E. coli isolated from urinary tract
infections were MDR strains and show resistance
to several antibiotics simultaneously. Examination
of the Double-disk synergy test to display the
ESBL phenotype among E. coli isolates showed
that 43.6% of isolates were ESBL-Producing E.
coli. From the data obtained from molecular
analysis for the detection of three genes mentioned
in this study, we concluded that only 44.7% of the
isolates were genetically positive for ESBL genes
coding ESBL enzymes, and the most abundant
gene for ESBLs among isolates was the SHV gene.
Taken together, our results suggest that imipenem
with the lowest resistance is the best drug in the
treatment, and carbapenems are the best drug for
treating diseases caused by E. coli and careful
monitoring of their use for UTI treatment is
necessary. Also, the results of the present study
may be useful in replacing ESBL enzyme
resistance screening with more modern sensitivity
measurement methods such as MIC and Etest.
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In other parts of the world including Korea, India,
Turkey, Colombia, Nigeria, and Bosnia and Herzegovina,
the frequency of ESBL-Producing E. coli isolates was
reported 16%, 29.1%, 17%, 3.3%-4.7%, 37%, and 3.36%,
respectively (33-38).These results are less than the
amount obtained in our study. On the other hand, Zhou's
study in Shanghai (China) and Jayanti Jena's study in
India, was shown that 47.4% and 41% of E.coli isolated
from patients produced ESBL, respectively which was
similar to the results of our study (39, 40).

Overall, these results indicate that the frequency of
ESBL-Producing E. coli isolated from different countries
and various hospitals of the same country is distinct,
which depends on the infection control system and the
treatment method of that hospital.

Funding

This project did not receive any specific grant
from funding agencies in the public and
commercial.

Ethics Approval and consent to
participate
The ethical approval was not necessary for the

reason that our study was a meta-analysis belonging
Auvailability of data and materials.

References

1. Jang J, Hur HG, Sadowsky MJ,
Byappanahalli M, Yan T, Ishii S. Environmental
Escherichia coli: ecology and public health
implications-a review. J Apply Microbiol.
2017;123(3):570-81.

https://doi.org/10.1111/jam.13468
PMid:28383815

2. Moe C, Sobsey M, Samsa G, Mesolo V.
Bacterial indicators of risk of diarrhoeal disease
from drinking-water in the Philippines. Bullet
World Health Organ. 1991;69(3):305.

3. Minardi D, d'Anzeo G, Cantoro D, Conti A,
Muzzonigro G. Urinary tract infections in women:
etiology and treatment options. Int J General Med.
2011;4:333.

https://doi.org/10.2147/1JGM.S11767
PMid:21674026 PMCid:PMC3108201

4, Nimer NA. Nosocomial infection and
antibiotic-resistant Threat in the Middle East.
Infect Drug Resist. 2022;15:631.

Journal of Advances in Medical and Biomedical Research


https://doi.org/10.1111/jam.13468
https://doi.org/10.2147/IJGM.S11767

84 Multidrug Resistance and TEM and SHV

https://doi.org/10.2147/IDR.S351755
PMid:35241915 PMCid:PMC8887909

5. Haghighatpanah M, Nejad ASM, Mojtahedi
A, Amirmozafari N, Zeighami H. Detection of
extended-spectrum B-lactamase (ESBL) and
plasmid-borne blaCTX-M and blaTEM genes
among clinical strains of Escherichia coli isolated
from patients in the north of Iran. J Globa
Antimicrob Resist. 2016;7:110-3.

https://doi.org/10.1016/j.jgar.2016.08.005
PMid:27721192

6. Stec J, Kosikowska U, Mendrycka M, et al.
Opportunistic pathogens of recreational waters
with emphasis on antimicrobial resistance-A
possible subject of human health concern. Int J
Environ Res Pub Health. 2022;19(12):7308.

https://doi.org/10.3390/ijerph19127308
PMid:35742550 PMCid:PMC9224392

7. Soltan Dallal MMS, Fani F, Rajabi Z,
Karami-Talab M. Prevalence of blaCTX-M,
blaSHV and blaTEM p-Lactamase genes among
Escherichia coli isolates in foodborne outbreak in
Iran. Int J enteric Pathogens. 2018;6(2):48-52.

https://doi.org/10.15171/ijep.2018.13

8. Ali T, Ali I, Khan NA, Han B, Gao J. The
growing genetic and functional diversity of
extended spectrum beta-lactamases. Bio Med Res
Int. 2018;2018. 9519718.

https://doi.org/10.1155/2018/9519718
PMid:29780833 PMCid:PMC5892270

9. Castanheira M, Simner PJ, Bradford PA.
Extended-spectrum f-lactamases: An update on
their characteristics, epidemiology and detection.
J Antimicrob Resist. 2021;3(3):dlab092.

https://doi.org/10.1093/jacamr/dlab092
PMid:34286272 PMCid:PMC8284625

10. Bakhtiari R, Fallah Mehrabadi J, Molla
Agamirzaei H, Sabbaghi A, Soltan Dallal MM.
Evaluation of extended spectrum beta lactamase
enzymes prevalence in clinical isolates of
Escherichia coli. Microb Res. 2011;2(1):30-2.

https://doi.org/10.4081/mr.2011.e8

Volume 32, January-February 2024

11. Odsbu I, Khedkar S, Lind F, et al. Trends
in resistance to extended-spectrum cephalosporins
and carbapenems among Escherichia coli and
Klebsiella spp. isolates in a district in Western
India during 2004-2014. Int J Environ Res Pub
Health. 2018;15(1):155.

https://doi.org/10.3390/ijerph15010155

PMid:29351236 PMCid:PMC5800254

12. Clinical, Institute LS. Performance
standards for antimicrobial susceptibility testing.
Clinical and Laboratory Standards Institute
Wayne, PA; 2017.

13. Molla Aghamirzaei H, Sabbaghi A, Soltan
Dallal MM. Assessment of AmpC Beta-
Lactamase genes among clinical Escherichia coli
isolates. J Med Bacteriol. 2015;4(3-4):1-7.

14. Soltan Dallal MM, Sabbaghi A, Molla
Aghamirzaei H, Rastegar Lari A, Eshraghian MR,
Fallah Mehrabadi J. Prevalence of ampc and shv
a-lactamases in clinical isolates of Escherichia
coli from Tehran hospitals. Jundishapur J
Microbiol. 2013;6(2):176-180.

https://doi.org/10.5812/jjm.5043

15. Sharifi Yazdi MK, Soltan Dallal MM,
Molla Aghamirzaei H, et al. Molecular detection
of TEM broad spectrum B-lactamase in clinical
isolates of Escherichia coli. African J Biotechnol.
2011;10(46):9454-8.

https://doi.org/10.5897/AJB10.834

16. Sharifi yazdi MK, Shirazi MH, Rastegar
Lari A.et al. The frequency of extended spectrum
beta lactamase and CTX M-I of Escherichia Coli
isolated from the urine tract infection of patients
by phenotypic and PCR methods in the city of
Khoy in Iran. J Adv Med Biomed Res.
2011;19(77):53-61.

17. Nordmann P, Naas T, Poirel L. Global
spread of carbapenemase-producing
Enterobacteriaceae. Emerg Infect Dis.
2011;17(10):1791.

Journal of Advances in Medical and Biomedical Research


https://doi.org/10.2147/IDR.S351755
https://doi.org/10.1016/j.jgar.2016.08.005
https://doi.org/10.3390/ijerph19127308
https://doi.org/10.15171/ijep.2018.13
https://doi.org/10.1155/2018/9519718
https://doi.org/10.1093/jacamr/dlab092
https://doi.org/10.4081/mr.2011.e8
https://doi.org/10.3390/ijerph15010155
https://doi.org/10.5812/jjm.5043
https://doi.org/10.5897/AJB10.834

Mohammad Mehdi Soltan Dallal et al. 85

https://doi.org/10.3201/eid1710.110655
PMid:22000347 PMCid:PMC3310682

18. Branger C, Zamfir O, Geoffroy S, et al.
Genetic background of Escherichia coli and
extended-spectrum B-lactamase type. Emerg
Infect Dis. 2005;11(1):54.

https://doi.org/10.3201/eid1101.040257
PMid:15705323 PMCid:PMC3294364

19. Poirel L, Weldhagen GF, Naas T, De
Champs C, Dove MG, Nordmann P. GES-2, a
class A p-lactamase from Pseudomonas
aeruginosa with increased hydrolysis of
imipenem.  Antimicrob  Agent  Chemother.
2001;45(9):2598-603.

https://doi.org/10.1128/AAC.45.9.2598-
2603.2001

PMid:11502535 PMCid:PMC90698

20. Rahimkhani M, Saberian M, Mordadi A,
Varmazyar S, Tavakoli A. Urinary tract infection
with Candida glabrata in a patient with spinal cord
injury. Acta Medica Iranica. 2015:516-7.

21. Akya A, Elahi A, Chegene Lorestani R,
Hamzavi Y. Antibiotic resistance and
phenotypically and genotypically AmpC beta-
lactamases among Escherichia coli isolates from
Outpatients. J Gorgan Univ.  Med Sci.
2019;20(4):108-14.

22. Miraalami G, Parviz M, Khalajzadeh S.
Evaluation of antibiotic resistance in extended-
spectrum beta-lactamase (ESBL) genes in the E.
coli isolates of urinary infections. J Babol Univ
Med Sci. 2015;17(8):19-26.

23. Sahebnasagh R, Saderi H, Boroumandi
SH. Comparison of antibiotic resistance in
Escherichia coli isolated from urine of adult
patients with regard to gender, age and kind of
admission. Daneshvar Med. 2015; 22(5): 47-54.

24. Sheikhi S, Ahmadi E. Phenotypic and
molecular identification of extended-spectrum
beta-lactamases in Escherichia coli in healthy
broilers at the west region of Iran. Eurasian J Vet
Sci. 2018;34(3):178-84.

Volume 32, January-February 2024

https://doi.org/10.15312/EurasianJVetSci.201
8.198

25. Caselli E, Powers RA, Blasczcak LC, Wu
CYE, Prati F, Shoichet BK. Energetic, structural,
and antimicrobial analyses of B-lactam side chain
recognition by B-lactamases. Chem Biol.
2001;8(1):17-31.

https://doi.org/10.1016/S1074-
5521(00)00052-1

PMid:11182316

26. Kiffer C, Hsiung A, Oplustil C, et al.
Antimicrobial susceptibility of Gram-negative
bacteria in Brazilian hospitals: the MYSTIC
Program Brazil 2003. Brazil J Infect Dis.
2005;9:216-24.

https://doi.org/10.1590/S1413-
86702005000300004

PMid:16224628

27. Ling TK, Xiong J, Yu Y, Lee CC, Ye H,
Hawkey  PM.  Multicenter  antimicrobial
susceptibility survey of gram-negative bacteria
isolated from patients with community-acquired
infections in the People's Republic of China.
Antimicrob Agent Chemother. 2006;50(1):374-8.

https://doi.org/10.1128/AAC.50.1.374-
378.2006

PMid:16377716 PMCid:PMC1346789

28. Jalil MB, Al Atbee MYN. The prevalence
of multiple drug resistance Escherichia coli and
Klebsiella pneumoniae isolated from patients with
urinary tract infections. J Clin Lab Anal.
2022;36(9):e246109.

https://doi.org/10.1002/jcla.24619
PMid:35870190 PMCid:PMC9459318

29. Igbal Z, Mumtaz MZ, Malik A. Extensive
drug-resistance in strains of Escherichia coli and
Klebsiella pneumoniae isolated from paediatric
urinary tract infections. J Taibah Univ Med Sci.
2021;16(4):565-74.

https://doi.org/10.1016/j.jtumed.2021.03.004

Journal of Advances in Medical and Biomedical Research


https://doi.org/10.3201/eid1710.110655
https://doi.org/10.3201/eid1101.040257
https://doi.org/10.1128/AAC.45.9.2598-2603.2001
https://doi.org/10.1128/AAC.45.9.2598-2603.2001
https://doi.org/10.1590/S1413-86702005000300004
https://doi.org/10.1590/S1413-86702005000300004
https://doi.org/10.1128/AAC.50.1.374-378.2006
https://doi.org/10.1128/AAC.50.1.374-378.2006
https://doi.org/10.1002/jcla.24619
https://doi.org/10.1016/j.jtumed.2021.03.004

86 Multidrug Resistance and TEM and SHV

PMid:34408614 PMCid:PMC8348552

30. Soltan Dallal MM, Molla Aghamirzaei H,
Fallah Mehrabadi J, et al. Molecular detection of
TEM and AmpC (Dha, mox) broad spectrum j-
lactamase in clinical isolates of Escherichia coli.
Tehran Univ Med J. 2010;68(6):315-20.

31. Ghane M, Adham F. Frequency of TEM
and PER beta-lactamase genes in urinary isolates
of Escherichia coli producing extended-spectrum
beta-lactamases. J Arak Univ Med Sci.
2020;22(6):218-29.

https://doi.org/10.32598/JAMS.22.6.2891.1

32. Sadeghi M, Ebrahim-Saraie HS,
Mojtahedi A. Prevalence of ESBL and AmpC
genes in E. coli isolates from urinary tract
infections in the north of Iran. New Microb New
Infect. 2022;45:100947.

https://doi.org/10.1016/j.nmni.2021.100947
PMid:34984104 PMCid:PMC8693013

33. Duttaroy B, Mehta S. Extended spectrum
b lactamases (ESBL) in clinical isolates of
Klebsiella pneumoniae and Escherichia coli.
Indian J Pathol Microbiol. 2005;48(1):45-8.

34. Kim J, Lim YM, Jeong YS, Seol SY.
Occurrence of CTX-M-3, CTX-M-15, CTX-M-
14, and CTX-M-9 extended-spectrum J-
lactamases in Enterobacteriaceae clinical isolates
in Korea. Antimicrob Agent Chemother.
2005;49(4):1572-4

https://doi.org/10.1128/AAC.49.4.1572-
1575.2005

PMid:15793142 PMCid:PMC1068616

35. Tasli H, Bahar IH. Molecular
characterization of TEM-and SHV-derived
extended-spectrum beta-lactamases in hospital-
based Enterobacteriaceae in Turkey. Japan J infect
Dis. 2005;58(3):162.

36. Villegas MV, Correa A, Perez F, et al.
Prevalence and characterization of extended-
spectrum B-lactamases in Klebsiella pneumoniae
and Escherichia coli isolates from Colombian
hospitals. Diagn  Microbiol  Infect Dis.
2004;49(3):217-22

https://doi.org/10.1016/j.diagmicrobio.2004.0
3.001

PMid:15246513

37. Keser SK, Balihodzic AO. POl urinary
tract infections caused by ESBL-producing
Escherichia coli in outpatients from Sarajevo,
Bosnia and Herzegovina. JAC Antimicrob Resist.
2022 Jun;4(Supplement_2):dlac053-001.

https://doi.org/10.1093/jacamr/dlac053.001

PMCid:PMC9156024

38. John-Onwe B, Iroha I, Moses I, et al.
Prevalence and multidrug-resistant ESBL-
producing E. coli in urinary tract infection cases
of HIV patients attending Federal Teaching
Hospital, Abakaliki, Nigeria. African J Microbiol
Res. 2022;16(5):196-201.

https://doi.org/10.5897/AJMR2022.9624

39. Zhou T, Zhang X, Guo M, et al
Phenotypic and molecular characteristics of
carbapenem-non-susceptible Enterobacteriaceae
from a teaching hospital in Wenzhou, southern
China. Japan J Infect Dis. 2013;66(2):96-102.

https://doi.org/10.7883/yoken.66.96
PMid:23514904

40. Jena J, Sahoo RK, Debata NK, Subudhi E.
Prevalence of TEM, SHV, and CTX-M genes of
extended-spectrum B-lactamase-producing
Escherichia coli strains isolated from urinary tract
infections in adults. 3 Biotech. 2017 ;7:244

https://doi.org/10.1007/s13205-017-0879-2
PMid:28710743 PMCid:PMC5511117

Soltan Dallall M, Mirbagheril Z, Bakhtiaril R, Vahedi S, Mohammadi M, Molla Agha Mirzaei H. Evaluation
of Multidrug Resistance and TEM and SHV Broad-Spectrum Beta-Lactamase Genes in Escherichia coli

Obtained from Patients with Urinary Tract Infections in Alborz Province, Iran, J Adv Med Biomed Res. 2024;
32(150): 79-86.

Download citation:
BibTeX | RIS | EndNote | Medlars | ProCite | Reference Manager | RefWorks

Send citation to:

@ Mendeley O Zotero ®=ress RefWorks |
- 4



https://doi.org/10.32598/JAMS.22.6.2891.1
https://doi.org/10.1016/j.nmni.2021.100947
https://doi.org/10.1128/AAC.49.4.1572-1575.2005
https://doi.org/10.1128/AAC.49.4.1572-1575.2005
https://doi.org/10.1016/j.diagmicrobio.2004.03.001
https://doi.org/10.1016/j.diagmicrobio.2004.03.001
https://doi.org/10.1093/jacamr/dlac053.001
https://doi.org/10.5897/AJMR2022.9624
https://doi.org/10.7883/yoken.66.96
https://doi.org/10.1007/s13205-017-0879-2
https://zums.ac.ir/journal/web2export.php?a_code=A-10-6083-1&sid=1&slc_lang=en&type=BibTeX
https://zums.ac.ir/journal/web2export.php?a_code=A-10-6083-1&sid=1&slc_lang=en&type=ris
https://zums.ac.ir/journal/web2export.php?a_code=A-10-6083-1&sid=1&slc_lang=en&type=EndNote
https://zums.ac.ir/journal/web2export.php?a_code=A-10-6083-1&sid=1&slc_lang=en&type=Medlars
https://zums.ac.ir/journal/web2export.php?a_code=A-10-6083-1&sid=1&slc_lang=en&type=ProCite
https://zums.ac.ir/journal/web2export.php?a_code=A-10-6083-1&sid=1&slc_lang=en&type=Reference_Manager
https://zums.ac.ir/journal/web2export.php?a_code=A-10-6083-1&sid=1&slc_lang=en&type=RefWorks
http://www.mendeley.com/import/?url=https://zums.ac.ir/journal/article-1-6661-en.html
http://www.mendeley.com/import/?url=https://zums.ac.ir/journal/article-1-6661-en.html
http://www.mendeley.com/import/?url=http://zums.ac.ir/journal/article-1-6123-en.html
http://www.mendeley.com/import/?url=http://zums.ac.ir/journal/article-1-6123-en.html
http://www.mendeley.com/import/?url=http://zums.ac.ir/journal/article-1-6123-en.html
http://www.mendeley.com/import/?url=http://zums.ac.ir/journal/article-1-6123-en.html
https://zums.ac.ir/journal/web2export.php?a_code=A-10-6083-1&sid=1&slc_lang=en&type=ris
https://zums.ac.ir/journal/web2export.php?a_code=A-10-6083-1&sid=1&slc_lang=en&type=ris
http://www.refworks.com/express/ExpressImport.asp?vendor=J-Adv-Med-Biomed-Res&filter=RefWorks%20Tagged%20Format&encoding=65001&url=http%3A%2F%2Fzums.ac.ir%2Fjournal%2Farticle-1-6661-en.html
http://www.refworks.com/express/ExpressImport.asp?vendor=J-Adv-Med-Biomed-Res&filter=RefWorks%20Tagged%20Format&encoding=65001&url=http%3A%2F%2Fzums.ac.ir%2Fjournal%2Farticle-1-6661-en.html
http://www.refworks.com/express/ExpressImport.asp?vendor=J-Adv-Med-Biomed-Res&filter=RefWorks%20Tagged%20Format&encoding=65001&url=http%3A%2F%2Fzums.ac.ir%2Fjournal%2Farticle-1-4781-en.html
http://www.refworks.com/express/ExpressImport.asp?vendor=J-Adv-Med-Biomed-Res&filter=RefWorks%20Tagged%20Format&encoding=65001&url=http%3A%2F%2Fzums.ac.ir%2Fjournal%2Farticle-1-4781-en.html
http://www.refworks.com/express/ExpressImport.asp?vendor=J-Adv-Med-Biomed-Res&filter=RefWorks%20Tagged%20Format&encoding=65001&url=http%3A%2F%2Fzums.ac.ir%2Fjournal%2Farticle-1-4781-en.html
http://www.refworks.com/express/ExpressImport.asp?vendor=J-Adv-Med-Biomed-Res&filter=RefWorks%20Tagged%20Format&encoding=65001&url=http%3A%2F%2Fzums.ac.ir%2Fjournal%2Farticle-1-4781-en.html
http://www.refworks.com/express/ExpressImport.asp?vendor=J-Adv-Med-Biomed-Res&filter=RefWorks%20Tagged%20Format&encoding=65001&url=http%3A%2F%2Fzums.ac.ir%2Fjournal%2Farticle-1-4781-en.html
http://www.refworks.com/express/ExpressImport.asp?vendor=J-Adv-Med-Biomed-Res&filter=RefWorks%20Tagged%20Format&encoding=65001&url=http%3A%2F%2Fzums.ac.ir%2Fjournal%2Farticle-1-4781-en.html
http://www.refworks.com/express/ExpressImport.asp?vendor=J-Adv-Med-Biomed-Res&filter=RefWorks%20Tagged%20Format&encoding=65001&url=http%3A%2F%2Fzums.ac.ir%2Fjournal%2Farticle-1-4781-en.html
http://www.refworks.com/express/ExpressImport.asp?vendor=J-Adv-Med-Biomed-Res&filter=RefWorks%20Tagged%20Format&encoding=65001&url=http%3A%2F%2Fzums.ac.ir%2Fjournal%2Farticle-1-4781-en.html

