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ABSTRACT

The aim of this study was to determine the occurrence of Aminoglycoside resistance in relation to extended-spectrum B-lactamase(ESBL)-
producing Escherichia coli in Tabriz. Escherichia coli (E. coli) is a member of human and animals gut flora. It is also one of the major causes
of nosocomial and other infections. Aminoglycosides are one of the antibiotics groups which are used for treatment of E. coli infections and
yet resistance to aminoglycosides has increased in the recent years. ESBL-producing E.coli are specifically concerning because they confer
resistance to a large number of antibiotics including third generation cephalosporin. The present study investigated the prevalence of genes
encoding aminoglycoside-modifying enzymes in ESBL producing E. coli strains isolated from intestinal or extra-intestinal infections.Combined
disk procedure was carried out for detection of beta lactamase production using ceftazidime and ceftazidime/clavunic acid. The frequency of
aminoglycoside modifying enzymes encoding genes aac (3)-lla, ant(2’)-la, aph(3’)-lla, aph(3’)-la, and aac(3)-IVwas analyzed by the PCR
method.The results of this study indicated that the genes encoding aminoglycoside-modifying enzymes are prevalent in E.coli isolates in the
study region, which highlighted the necessity of considering preventive measures to control dissemination of these resistance genes.

INTRODUCTION
Three major groups of E. coli are including commensal, intestinal pathogenic (diarrheagenic) and extra
KEY WORDS intestinal pathogenic (ExPEC) [1, 2]. Commensal E. coli can also be a causative agent of extraintestinal
Escherichia coli; infection [3,4]. E. coli is the most common causative agent of disease in humans worldwide including the

Antimicrobial Agents;
Aminoglycoside, Beta
lactamase

urinary tract, biliary tract, intravenous catheters, skin and soft tissue and wounds [5,6]. Each of these
infections can lead to life-threatening septicemia, and E. coli are one of the main pathogens of
nosocomial infections [7]. Appearing resistance in enterobacteriaceae is a crucial problem that requires
immediate attention. The aminoglycosides and B- lactams are two immense families of antibiotics that are
regularly used in clinical settings.

B-lactam antibiotics prevent bacteria through interruption of cell wall biosynthesis [8,9].

Resistance associated with production of extended-spectrum B- lactamases (ESBLs) is a specific problem
in the handling of E. coli infections [10]. Infections with ESBL producing organisms are related to higher

Published: 1 October 2016 rates of mortality, morbidity and health care costs. ESBLs are most often plasmid mediated [11,12]. ESBL-
producing E.coli, are not only specifically concerning because they confer resistance to a large number of
antibiotics including third generation cephalosporins, but also their prevalence has been rising in
community and hospital settings during recent years [13,14]. The aminoglycosides were first characterized
in 1944, they act by binding to the 30S subunit of the prokaryotic ribosome resulting in interruption to
protein synthesis. Resistance to aminoglycosides can be through decreased aminoglycoside uptake or
enzymatic modification of the aminoglycoside through acetylation (AAC), adenylation (ANT) or
phosphorylation (APH) 8. Since bacteria producing ESBL usually offers some resistance to other antibiotics
and the genes of resistance are located on plasmids, it is believed that producing ESBLs are also related
to resistance to aminoglycoside. The aim of this study was to determine the existence of aminoglycoside
resistance genes in relation to ESBL producing strains.

MATERIALS AND METHODS

*Corresponding Author A total of one hundred seven (n=107) E.coli isolates (35 urines, 36 Diarrheal stools and 36 wounds) were
v67s0ra ;g_g"zmaﬂ com collected from Emam Reza hospital (Tabriz, Iran)and were re-cultured and identified by biochemical tests
s gmat. in laboratory of microbiology department [15].

Antibacterial susceptibility tests of all isolated E.coli were performed by Kirby-Bauer disk diffusion method
using following antibiotic disks (MAST Ltd UK) acording to Clinical and Laboratory Standards Institute
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(CLSI) instructions: amikacin(Ak 10ug), cefotaxime(CTX 30ug), ciprofloxacin(CIP5ug), ampicillin(AM 10ug),
(SXT1.25/23.75ug), imipenem (IPM10ug), choleramphenicol (C 30ug), kanamycin (K 10ug), ceftazidime
(CAZ30ug), gentamicin (GM10ug), trimethoprimsulphamethoxazol[16].

Detection of ESBL-producing E.coli

All resistant isolates to beta lactame antibiotics were cultured on Muller-Hinton agar (MH) and combined
disk tests were performed by placing disks of ceftazidime (CAZ), and CAZ/Clavulanic acid (MAST Ltd UK) on
MH plates. ESBL production was interpreted if the zones produced by the disks with clavulanate were >
5mm larger than those without inhibitor [17].

DNA extraction and PCR screening for anti-microbial resistance genes

CTAB protocol was used as DNA extraction method. DNA of all isolates confirmed for ESBL production and
aminoglycoside resistance was extracted [18] and then aminoglycosides resistant genes were detected by
PCR method utilizing the specific primers shown in [Table 1][19].

The PCR mixture (total volume, 20ul) included 1.5ul template DNA, 2ul of 10x PCR buffer plus MgCla,
0.4l of Tag DNA polymerase, 0.4ul dNTP ,14.9ul H20 and 0.4yl of each primer.

DNA amplification was carried out in a DNA thermal cycler (Gradient Eppendrof) by using the following
conditions: Initial denaturation step at (94°c for 6 min), followed by 30 to 40 cycle repetitions of
denaturation (94-c for 50 s), annealing (50-60 oc for 50s) and extention (72°c for 80s) with a final
extension at 72¢c for 8 min[20].

After electrophoresis of PCR products in %1.2 (w/v) of agarose for 70-80 min at 100v, gels stained with
ethidium bromide (0.5 mg / ml) and images were taken by UV transllumination

RESULTS

Out of 107 isolates27 were resistance to aminoglycoside (25.23%) and 72 were Beta-lactamase producing
(67.29%). 18 of 27 aminoglycoside resistant E.coli produced Beta-lactamase (66.67%) by combined
test[Fig. 1]. Bacterial isolates displayed the highest level of resistance to ampicillin (46.72 %) and
trimethoprim-sulphamethoxazol (46.72%) and the lowest resistance to imipenem (0%) and amikacin
(1.86%). The resistance features of 107 isolates of E.coli to the 10 antimicrobial disks examined is shown
in [Table 2].Prevalence of aminoglycoside resistance genes among 18 ESBL producing E.coli are as
follows: ant(2”)-la 6 (%33.33), aph(3’)-la 6 (%33.33), aac(3)-lla 3 (%16.67), aph(3’)-lla 3 (%16.67), aac(3)-
IV 0 (%0)[Fig.2].

Fig. 1: Representative of E. coli isolate showing ESBL production confirmed by an increase in zone size of more
than 5 mm for ceftazidime (CAZ) with and without clavulanic acid
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Fig 2: Agarose gel electrophoresis of PCR products from E. coli isolates tested for four aminoglycoside
resistance genes: aac(3)-lla (740 bp), ant(2")-la (700bp), aph(3')-lla (680 bp), aph(3')-1 (600 bp). 100 bp

Ladder was used in all PCR

Table 1: Primers used for the amplification of Aminoglycoside

resistance genes among

E.coli isolates

Target Primer Sequence Annealing Cycle Product size References
Gene temperature Bp

aac (3)-lla | F: CGGAAGGCAATAACGGAG 50 35 740 19
R: TCGAACAGGTAGCACTGAG

ant(2’)-la | F: TCCAGAACCTTGACCGAAC 52 35 700 19
R: GCAAGACCTCAACCTTTTCC

aph(3’)-lla | F: GAACAAGATGGATTGCACGC | 56 35 680 19
R: GCTCTTCAGCAATATCACGG

aph(3’)-1 F: ATGGGCTCGCGATAATGTC 55 35 600 19
R: CTCACCGAGGCAGTTCCAT

aac(3)-IV | F: GTGTGCTGCTGGTCCACAGC | 50 35 627 19
R:AGTTGACCCAGGGCTGTCGC

Table 2: Susceptibility of 107 E.coli isolated from different clinical specimens

Antibiotic Resistance (No)
SXT1 50 46.72
AM 50 46.72
CIP 27 25.23
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CTX 21 19.62
C 18 16.82
K 13 12.16

GM 12 11.21

CAZ 10 9.34

AK 2 1.86

IMP 0 0

GM; Gentamicin (10pg), K; Kanamycin(10ug), AK; Amikacin (10ug), IPM;
Imipenem(10ug), C; Choleramphenicol (30ug), CAZ; Ceftazidime (30pg), SXT;
Trimethoprim sulphamethoxazol (1.25/23.75ug), CIP; Ciprofloxacin(5ug), AM ;Ampicillin
(10pg), CTX; Cefotaxime (30ug)

DISCUSSION

In the last two decades, there has been increased resistance to S-lactam antibiotics due to plasmid
mediated acquisition of ESBLs [21,22,23]. Aminoglycosides despite having side effects and problems
associated with the increasing resistance of microorganisms to these drugs, as well as in the treatment of
bacterial infections are most valuable [24]. Prevalence data collected from German in 2007, reported that
the percentage of ciprofloxacin-resistant E.coli was (21.9%) compared to (25.23%) in our investigation
[25,26]. In current study, the majority of isolates (46.72%) were resistant to ampicillin and trimethoprim-
sulphamethoxazol that was higher than the results obtained from USA (39.1%) and Europe (29.8%)
[27,28,29]. In this study low numbers of isolates were resistant to amikacin, ceftazidime and gentamicin
(1.86%, 9.34% and 11.21% respectively) while the rate of resistance against these antibiotics in India
(51%, 56% and 64% respectively) was much higher in compare with our results [Table 2][29].

Resistance to imipenem was not detected in either isolates,therforeimipenem is the choice of treatment of
infections caused by E.coli isolates. We found a high rate of ESBL producing isolates (67.29%) compare to
(13.5%) in nursing homes in Northern Ireland [30]. According to liturature resistance against gentamicin,
kanamycin and tobramycin is coded by ant(2”)-la gene [31], resistance to gentamicin is coded by aac(3)-
lla gene, and also concurrent aph(3’)-la and aph(3’)-lla inactivated kanamycin and neomycin2. The results
of our study showed that ant(2”)-la (33.33%), aac(3)-lla(16.67%), aph(3’)-la(33.33%), aph(3’)-lla(16.67%)
and aac(3)-IV 0 (%0) were the most commonly detected aminoglycoside resistant genes in clinical isolates
of E.coli by PCR. The resultsobtained in different regions are shown in [Table3] indicates that there are a
lot of variety inthe percentage of genes from a region to another region in the world.

E. coli resistance to aminoglycosides is increasing over time, depending on situation of antibiotics
consumption in the society, which requires further study. To prove the increasing prevalence of resistance
to aminoglycosides, annually repeated surveilance is necessary [24,32,34]. Major differences in the
findings related to antibiotic resistance, as well as the genes diversity of resistance to aminoglycosides
indicate that imporant differences are due to diverse isolates and various geographic regions and most of
aminoglycoside resistant E. coli aref-lactamase producer.

In conclusion, our results showed that Prevalence of the aac(3)-IV gene was lower than other studies and
resistance by aac(3)-IV gene was not observed in this research. The high antibiotic resistance against all
antibacterial disks examined were found except for imipenem and amikacin which prescription of this
antibiotic can be effective for the treatment of E.coli infections of human in our area. Also high resistance
against ampicillin and trimethoprim-sulphamethoxazol indicated that these antibiotics in the past were
commonly used in our area.

Table 3: Showing the results obtained for aminoglycoside resistance genes in various

geographic regions
Scientists % Genes Year References

Haldorsen and Simonsen 2.85 Ant(2")-I 2014 35
Soleimani and Aganj 78.87 Ant(2")-I 2014 31
Soleimani et al 47.88 Ant(2")- 2012 36
Soleimani and Aganj 47.88 | Aac(3)-lla 2014 31
Maynard and Bekal | 33%in human,17%in animal | Aac(3)-lla 2004 2
Soleimani et al 54.83 | Aac(3)-lla 2012 36
Jakobsen et al 63.15 | Aac(3)-lla 2008 37
Jakobsen et al 0 Ant(2")-I 2008 37
Maynard et al 75% in pigs Aac(3)-IV 2003 19
Maynard and Bekal 50 Aph(3)-I 2004 2
Maynard and Bekal 0 | Aph(3)-lla 2004 2
Maynard and Bekal 0 Ant(2")-I 2004 2
Saenz et al 17 Aph(3°)-I 2004 38

el R el 3529 | Aph(3)-lla 2004 38

Vinue et al 66.67%(2 of 3) Aph(3°)-I 2008 39

Maynard et al 87 | Aph(3’)-la 2003 19
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Maynard et al 15 | Aph(3’)-lla 2003 19
Maynard et al 34 Aph(3’)-1 2003 19
Maynard et al 8 | Aph(3’)-lla 2003 19

CONFLICT OF INTEREST

There is no conflict of interest

ACKNOWLEDGEMENTS

This research was supported by a grant from the Immunology Research Center of Tabriz University of Medical Sciences and the
manuscript was written based on a dataset of a MSc thesis, registered in Tabriz University of Medical Sciences, International
Branch. The authors would like to thank the staff of Imam Reza and microbiology department for their help. This study was

approved by the Ethic Commission of Tabriz University of Medical Sciences

FINANCIAL DISCLOSURE
None

REFERENCES

10.

11.

12.

13.

14.

Russo TA, Johnson JR. Proposal for a new inclusive
designation for extraintestinal pathogenic isolates of
Escherichia coli: EXPEC. (0022-1899 (Print)).

Maynard C, Bekal S, Sanschagrin F, et al
[2004]Heterogeneity among virulence and
antimicrobial resistance gene profiles of
extraintestinal Escherichia coli isolates of animal and
human origin. Journal of clinical microbiology.
42(12):5444-52.

Tsukamoto N, Ohkoshi Y, Okubo T, et al. [2014]High
Prevalence of Cross-Resistance to Aminoglycosides in
Fluoroquinolone-Resistant Escherichia coli Clinical
Isolates. Chemotherapy. 59(5):379-84.

Mandell G, Dolin R, Bennett J, et al. [2009] Mandell,
Douglas, and Bennett's principles and practice of
infectious diseases: Elsevier.

Zhang C, Xu X, Pu S, et al. [2014] Characterization of
carbapenemases, extended spectrum pB-lactamases,
quinolone resistance and aminoglycoside resistance
determinants in carbapenem-non-susceptible
Escherichia coli from a teaching hospital in Chongging,
Southwest  China. Infection, Genetics and
Evolution.27:271-76.

Cai JC, Zhang R, Hu YY, et al. [2014] Emergence of
Escherichia coli sequence type 131 isolates producing
KPC-2 carbapenemase in China. Antimicrobial agents
and chemotherapy.58(2):1146-52.

Jeong SH, Bae IK, Lee JH, et al.[2004] Molecular
characterization of extended-spectrum beta-
lactamases produced by clinical isolates of Klebsiella
pneumoniae and Escherichia coli from a Korean
nationwide survey. Journal of clinical microbiology.
42(7):2902-06.

Fouhy F, Ross RP, Fitzgerald GF, et al.[2014] A
degenerate PCR-based strategy as a means of
identifying homologues of aminoglycoside and beta-
lactam resistance genes in the gut microbiota. BMC
microbiology. 14(1):25.

Mingeot-Leclercq MP,  Tulkens PM. [1999]
Aminoglycosides: nephrotoxicity. Antimicrobial agents
and chemotherapy. 43(5):1003-12.

Paterson DL. [2006] Resistance in gram-negative
bacteria: Enterobacteriaceae. The American journal of
medicine.119(6):S20-S28.

Anago E, Ayi-Fanou L, Akpovi CD, et al. [2015]
Antibiotic resistance and genotype of beta-lactamase
producing Escherichia coli in nosocomial infections in
Cotonou, Benin. Ann Clin Microbiol Antimicrob.14(1):5.
de Been M, Lanza VF, de Toro M, et al. [2014]
Dissemination of cephalosporin resistance genes
between Escherichia coli strains from farm animals
and humans by specific plasmid lineages. PL0S
genetics.10(12):e1004776.

Spadafino JT, Cohen B, Liu J, et al. [2014] Temporal
trends and risk factors for extended-spectrum beta-
lactamase-producing Escherichia coli in adults with
catheter-associated urinary tract infections.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.

26.

Antimicrobial resistance and infection
control.3(1):599.

Zilberberg MD, Shorr AF. [2013] Secular trends in
Gram-negative resistance among urinary tract
infection hospitalizations in the United States. [2000-
2009] Infection Control.34(09):940-46.

Forbes BA, Sahm DF, Weissfeld AS, et al. [2002]
Diagnostic microbiology. Bailey & Scottls Diagnostic
Microbiology.11(1):11-14.

Wikler MA. [2007] Performance standards for
antimicrobial  susceptibility —testing: Seventeenth
informational supplement: Clinical and Laboratory
Standards Institute.

Tsakris A, Poulou A, Themeli-Digalaki K, et al. [2009]
Use of boronic acid disk tests to detect extended-
spectrum [B-lactamases in clinical isolates of KPC
carbapenemase-possessing Enterobacteriaceae.
Journal of clinical microbiology.47(11):3420-26.

Zou L, Meng J, McDermott PF, et al. [2014] Presence
of disinfectant resistance genes in Escherichia coli
isolated from retail meats in the
USA.JournalofAntimicrobialChemotherapy.69(10):264
4-49.

Maynard C, Fairbrother JM, Bekal S, et al. [2003]
Antimicrobial resistance genes in enterotoxigenic
Escherichia coli 0149: K91 isolates obtained over a
23-year period from pigs. Antimicrobial agents and
chemotherapy.47(10):3214-21.

Sambrook J, Russell D. [2001] Molecular Cloning: A
Laboratory Manual. Cold Spring Harbor Laboratory
Press, Cold Spring Harbor, New York.

Kar D, Bandyopadhyay S, Bhattacharyya D, et
al.[2015] Molecular and phylogenetic characterization
of multidrug resistant extended spectrum beta-
lactamase producing Escherichia coli isolated from
poultry and cattle in Odisha, India. Infection, Genetics
and Evolution. 29:82-90.

Ghatak S, Singha A, Sen A, et al. [2013] Detection of
New Delhi Metallo-beta-Lactamase and
Extended-Spectrum  beta-Lactamase Genes in
Escherichia coli Isolated from Mastitic Milk Samples.
Transboundary and emerging diseases.60(5):385-89.

Drieux L, Brossier F, Sougakoff W, et al. [2008]
Phenotypic detection of extended-spectrum
B-lactamase production in Enterobacteriaceae: review
and bench guide. Clinical Microbiology and Infection.
14(s1):90-103.

Bellaaj A, Bollet C, Ben-Mahrez K. [2003]
Characterization of the 3-N-aminoglycoside
acetyltransferase gene aac (3)-lla of a clinical isolate
of Escherichia coli. Annals of microbiology. 53(2):211-
18.

Meyer E, Schwab F, Schroeren-Boersch B, et al.[2001
to 2008] [2010] Research Dramatic increase of third-
generation cephalosporin-resistant E. coli in German
intensive care units: secular trends in antibiotic drug
use and bacterial resistance.

www.iioab.org

|Akhi et al. 2016 | I0OABJ | Vol. 7 | Suppl 4] 28-33 32



http://www.iioab.org/

TMVRIENOr VOl =HL

SUPPLEMENT ISSUE

27.

28.

29.

30.

31.

32.

33.

Kresken M, Hafner D, Schmitz F, et al.[2001;2003]
Resistenzsituation bei klinisch wichtigen
Infektionserregern gegenuber Antibiotika in
Deutschland und im mitteleuropdischen Raum.
Bericht Uber die Ergebnisse einer multizentrischen
Studie der Arbeitsgemeinschaft
Empfindlichkeitsprifungen & Resistenz der Paul-
Ehrlich-Gesellschaft flir Chemotherapie aus dem
Jahre.

Vromen M, Van der Ven A, Knols A, et al. [1999]
Antimicrobial resistance patterns in urinary isolates
from nursing home residents. Fifteen years of data
reviewed. Journal of Antimicrobial
Chemotherapy.44(1):113-16.

Kahimeter G. [2003] Prevalence and antimicrobial
susceptibility of pathogens in uncomplicated cystitis in
Europe. The ECO- SENS study. International journal of
antimicrobial agents.22:49-52.

Akram M, Shahid M, Khan AU.[2007] Etiology and
antibiotic resistance patterns of community-acquired
urinary tract infections in JNMC Hospital Aligarh, India.
Annals of clinical microbiology and antimicrobials.
6(1):4.

Rooney PJ, O'Leary MC, Loughrey AC, et al. [2009]
Nursing homes as a reservoir of extended-spectrum [3-
lactamase (ESBL)-producing ciprofloxacin-resistant
Escherichia coli. Journal of Antimicrobial
Chemotherapy. 64(3):635-41.

Soleimani N, Aganj M, Ali L, et al. [2014] Frequency
distribution of genes encoding aminoglycoside
modifying enzymes in uropathogenic E. coli isolated
from Iranian hospital. BMC research notes.7(1):842.
Vanhoof R, Nyssen H, Van Bossuyt E, et al. [1999]
Aminoglycoside resistance in Gram-negative blood
isolates from various hospitals in Belgium and the
Grand Duchy of Luxembourg. Journal of Antimicrobial
Chemotherapy.44(4):483-88.

34.

35.

36.

37.

38.

39.

40.

TSN ORI

Kong H, Li X, Wang J, et al. [2006] Evaluation of
aminoglycoside resistance phenotypes and genotyping
of acetyltransferase in Escherichia coli]. Zhejiang da
xue xue bao Yi xue ban= Journal of Zhejiang University
Medical sciences.35(1):83-86.

Ho P-L, Wong RC, Lo SW, et al. [2010] Genetic identity
of aminoglycoside-resistance genes in Escherichia coli
isolates from human and animal sources. Journal of
medical microbiology. 59(6):702-07.

Haldorsen BC, Simonsen GS, Sundsfjord A, et al.
[2014] Increased prevalence of aminoglycoside
resistance in clinical isolates of Escherichia coli and
Klebsiella spp. in Norway is associated with the
acquisition of AAC (3)-Il and AAC (6')-Ib. Diagnostic
microbiology and infectious disease.78(1):66-69.
Soleimani N, Sattari M, Brumand MA, et al. [2012]
Evaluation Spread of Ant (2")-la Gene in
Aminoglycoside Resistant Escherichia Coli Isolated
from Urine by PCR.

Jakobsen L, Sandvang D, Hansen LH, et al. [2008]
Characterisation, dissemination and persistence of
gentamicin resistant Escherichia coli from a Danish
university hospital to the waste water environment.
Environment international. 34(1):108-15.

Séenz Y, Brinas L, Dominguez E, et al. [2004]
Mechanisms of resistance in multiple-antibiotic-
resistant Escherichia coli strains of human, animal,
and food origins. Antimicrobial agents and
chemotherapy. 48(10):3996-4001.

Vinué L, Saenz Y, Somalo S, et al. [2008] Prevalence
and diversity of integrons and associated resistance
genes in faecal Escherichia coli isolates of healthy
humans in  Spain. Journal of antimicrobial
chemotherapy. 62(5):934-37.

www.iioab.org

|Akhi et al. 2016 | I0OABJ | Vol. 7 | Suppl 4] 28-33 33

w



http://www.iioab.org/

