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ABSTRACT

Aims: To determine resistance rates and patterns of certain uropathogens, including E.
coli, Klebsiella spp. and Pseudomonas spp., isolated from hospitalized urinary tract
infections patients, to aminoglycoside antibiotics and to detect the most prevalent plasmid-
mediated aminoglycoside modifying enzymes (AMEs).
Methods: Uropathogenic isolates (150) were recovered from urine specimens of
hospitalized UTI patients in Cairo, Egypt and identified by conventional methods. The
recovered uropathogens (E. coli, Klebsiella spp. and Pseudomonas spp.) were tested for
their susceptibility to gentamicin, tobramycin, amikacin, neomycin, netilmicin, and
kanamycin by disc diffusion method. Plasmid-mediated aminoglycoside resistance was
determined by transformation experiments as well as by using plasmids as templates for
PCR screening of the AMEs-coding genes aph(3')-I, aac(6')-I, aac(3)-I, aac(3)-II and
ant(2'')-I in all resistant isolates.
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Results: Of a total of 150 uropathogenic clinical isolates, 110 isolates were of the above
mentioned genera and were selected for the current study. Sixty three isolates (57.2%)
were resistant to at least one aminoglycoside antibiotic. Highest and lowest resistance rates
were observed to kanamycin (53.6%) and amikacin (7.2%), respectively. The resistance
rates to gentamicin, neomycin, tobramycin and netilmicin were 33.6%, 24.5%, 23.6% and
14.5%, respectively. AMEs-coding genes were detected on the plasmids of 93.6% of
resistant isolates with prevalence rates of 53.9% for ant(2'')-I, 38% for both aac(6')-I and
aac(3)-II and 33.3% for aph(3')-I, while aac(3)-I gene was not detected in any of the tested
resistant isolates. Double and triple combinations of AMEs-coding genes were detected in
ich49.2% of resistant isolates.
Conclusion: A high prevalence of plasmid-mediated resistance to aminoglycoside
antibiotics in Gram negative uropathogens from hospitalized patients was observed.
Uropathogens may represent potential reservoirs of panaminoglycoside resistance in
hospitals, having on their plasmids combinations of AMEs-coding genes. Good infection
control measures in Egyptian hospitals together with periodic screening of prevalence rates
of different resistance genes are required.

Keywords: Aminoglycoside antibiotics; Interpretative reading; Uropathogens; aph(3')-I;
aac(6')-I; aac(3)-II; ant(2'')-I.

1. INTRODUCTION

In an era of rapid spread of bacterial resistance to many of antibiotics and decelerated
discovery of new antimicrobial agents, the focus has returned to the re-evaluation of the use
of old antibiotic compounds. Because of their limited use for years, being displaced by more
active and less toxic agents, they may retain activity against a large number of currently
prevalent resistant bacterial isolates. Aminoglycoside antibiotics are re-emerging as valuable
alternatives for the treatment of difficult-to-treat infections, particularly those caused by Gram
negative pathogens [1,2].

Aminoglycosides are a group of clinically important, broad-spectrum antibiotics that inhibit
protein biosynthesis in bacteria by selectively binding to the A-site decoding region of the
bacterial 16S rRNA within the 30S ribosomal subunit causing mistranslation of mRNA or
premature termination of protein synthesis [3]. Advantages for aminoglycosides clinical use
include: having the properties of bactericidal activity, predictable pharmacokinetics, synergy
with other antibiotics and low cost. A particular advantage for urinary tract infections (UTIs)
treatment is their ability to attain urine concentrations of 25-100 times that in serum [4,5].
Concentration-dependant bactericidal activity and postantibiotic effect allowed the once-daily
dosing regimen which markedly decreased toxicities that limited their wide use for years [6].
Aminoglycoside monotherapy was found to produce equal efficacy with β-lactam drugs and
fluoroquinolones in treatment of UTIs and pyelonephritis [7].

Since introduction into clinical use, three mechanisms are known to be responsible for
bacterial resistance to aminoglycoside antibiotics [8]: first, decreased intracellular
accumulation by outer membrane permeability alteration [9], diminished inner membrane
transport [10], or active efflux [11-13]; second, target modification by mutation of 16S rRNA
[14,15] or ribosomal proteins coding genes [16] or by 16S rRNA methylation, a mechanism
newly identified in clinical isolates [17,18]; and third, enzyme-mediated drug modification
resulting in compromised binding to target site, the most prevalent in clinical setting [19].
There are three classes of aminoglycoside modifying enzymes: aminoglycoside
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phosphotransferases (APHs), aminoglycoside nucleotidyltransferases (ANTs), and
aminoglycoside acetyltransferases (AACs). Within each class, there are enzymes with
different regiospecificities for aminoglycosides modification [5].

Testing the resistance profile to a large panel of antibiotics has been long known to help in
the prediction of the underlying resistance mechanism in bacterial isolates using “The
interpretative reading” described before by Livermore et al. [20] but due to the recent
increase in the complexity of the resistance phenotypes, molecular techniques must be used
for identification of the exact resistance mechanism [21,22]. The current study has aimed at
determining the resistance rates and patterns of certain uropathogens to different
aminoglycoside antibiotics as well as detection of the most prevalent plasmid-mediated
aminoglycoside modifying enzymes by phenotypic and genotypic methods.

2. MATERIALS AND METHODS

2.1 Collection, Identification and Storage of Bacterial Strains

A total of 150 bacterial isolates were recovered from urine specimens of UTI patients from
four different hospitals in Cairo and were identified by conventional microbiological methods.
Isolates of the genera Escherichia, Klebsiella and Pseudomonas were selected for this study
whose total number was 110 isolates, and they have been stored as glycerol stock at -20ºC
throughout the study.

2.2 Antimicrobial Susceptibility Testing

Susceptibility of the selected isolates to six aminoglycoside antibiotics was tested using
commercial discs (Oxoid, UK) of the following antibiotics (µg/disc): gentamicin (10),
tobramycin (10), amikacin (30), neomycin (30), netilmicin (30) and kanamycin (30) by disc
diffusion method on Mueller Hinton agar according to Clinical and Laboratory Standards
Institute (CLSI) guidelines [23]. Isolates were categorized as susceptible (S), intermediate (I)
and resistant (R) depending on the measured inhibition zone diameters. Isolates showing
resistant and intermediate resistance phenotypes were selected for polymerase chain
reaction (PCR) assays of AMEs-coding genes. Interpretative reading of the resistance profile
was used for prediction of the underlying resistance mechanism [20].

2.3 Plasmid Extraction

Plasmids were extracted from isolates having reduced susceptibility to at least one of the
tested aminoglycoside antibiotics using GeneJet Plasmid Miniprep Kit (thermoscientific)
according to the manufacturer’s instructions. Presence, number and molecular sizes of
plasmids in each isolate were detected by gel electrophoresis using GelPilot 1 kb DNA
ladder (Qiagen, Germany).

2.4 Transformation Assay

Plasmid localization of resistance genes and their ability to transfer was tested by
transformation experiments using E. coli DH5α as a recipient strain. Extracted plasmids from
resistant isolates were used to transform chemically competent E. coli DH5α, prepared
according the method described previously [24]. Successful transformation was confirmed
by antibiogram analysis and PCR assays.
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2.5 PCR Amplification of Genes Encoding Aminoglycoside Modifying
Enzymes

Five AMEs-coding genes, aac(6')-I, aph(3')-I, aac(3)-I, aac(3)-II and ant(2'')-I, were selected
for screening in 63 resistant isolates showing reduced susceptibility to at least one of the
tested aminoglycoside antibiotics based on interpretative reading of the most commonly
encountered resistance phenotypes [20] and dissemination in Gram negative isolates as
reported in literature [19]. Five sets of primers were designed from sequences deposited in
the GenBank database (Table 1). PCR assays were carried out in a final volume of 25 µl,
consisting of 12.5 µl of 2X DreamTaq™ Green PCR Master Mix (Fermentas, USA), 1 µl (25
picomole) of each primer (Fermentas, USA) and 1µl of plasmid DNA and the reaction
mixture was completed to 25 µl with DNA grade water, using various amplification conditions
for each primer set. PCR products were detected by electrophoresis on 1% w/v agarose gel
containing 0.5 µg/ml ethidium bromide and visualized on UV transilluminator. PCR products
sizes were determined using ready-to-use GeneRuler™ 100bp Plus DNA Ladder
(Fermentas, USA).

Table 1. Primer sequences and expected amplicon sizes for PCR products

Primera Primer sequence (5'→3') Target genes
(alternative names)
(accession number)b

Amplicon
Size (bp)

APH(3ˋ)I-f TTATGCCTCTTCCGACCATC aph(3')-Ia (aphA-1) (V00359)
aph(3')-Ic (apha1-1AB, apha7)
(M37910)

223

APH(3ˋ)I-r GCCTGAGCGAGACGAAATAC

AAC(6ˋ)I-f TTGCGATGCTCTATGAGTGG aac(6')-Ib (aacA4) (M21682) 356

AAC(6ˋ)I-r CGTTTGGATCTTGGTGACCT

AAC(3)I-f CCACCTACTCCCAACATCA aac(3)-I (aacC1) (X15852) 329

AAC(3)I-r TTCCCGTATGCCCAACTTT

AAC(3)II-f GCAGAAGGCAATAACGGAG aac(3)-IIa (aaC3) (X13543)
aac(3)-IIc (aacC2) (X54723)

567

AAC(3)II-r CCAGGCATCGGCATCTCATA

ANT(2ˋˋ)I-f AAGCACGATGATATTGATCTG ant(2'')-Ia (aadB) (X04555) 288

ANT(2ˋˋ)I-r GGCATAGTAAAAGTAATCCCA
af, forward primer; r, reverse primer

bAlternative names and accession numbers of target genes as described by Ramirez et al. [19]

2. 6. DNA Sequencing

Four amplicons representative of the positive four sets of primers were verified by
sequencing on both strands (Macrogen, Korea). The nucleotide sequences of the amplicons
were analyzed using the open access software of National Center of Biotechnology
Information web site (http://www.ncbi.nlm.nih.gov).
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3. RESULTS

3.1 Isolates Identification and Aminoglycoside Resistance Profile

Among 110 isolates, 74(67.2%), 24(21.8%) and 12(10.9%) isolates were identified to be
Escherichia coli, Klebsiella spp. and Pseudomonas spp., respectively and these isolates
were selected for further studies. Regarding the resistance profile of the isolates, 63(57.2%)
isolates had shown resistance to at least one of the six tested aminoglycoside antibiotics.
The resistance distribution among the genera was as follows: Escherichia coli (64.0%),
Klebsiella spp. (15.6%) and Pseudomonas spp. (18.7%). Regardless of the genera, the
highest resistance rate was to kanamycin (53.6%) and the lowest resistance rate was to
amikacin (7.2%). Resistance rates to gentamicin, neomycin, tobramycin and netilmicin were
33.6%, 24.5%, 23.6% and 14.5%, respectively. Resistance rates to aminoglycoside
antibiotics differed markedly in isolates of different genera as shown in Table (2).

Table 2. Resistance rates of different isolates, including Escherichia coli, Klebsiella
spp. and Pseudomonas spp. to the tested aminoglycoside antibiotics

Genus No. of isolates resistant to each aminoglycoside antibiotica,b

G T A Nm Nt K
Escherichia coli
(n=74)

21(28.3%) 12(16.2%) 3(4.0)% 23(31.0%) 5(6.7%) 38(51.3%)

Klebsiella spp.
(n=24)

8(33.3%) 5(20.8%) 1(4.1%) 1(4.1%) 3(12.5%) 9(37.5%)

Pseudomonas spp.
(n=12)

8(66.6%) 9(75.0%) 4(33.3%) 3(25.0%) 8(66.6%) 12(100.0%)

Total (n=110) 37(33.6%) 26(23.6%) 8(7.2%) 27(24.5%) 16(14.5%) 59(53.6%)
aG, gentamicin; T, tobramycin; A, amikacin; Nm, neomycin; Nt, netilmicin; K, kanamycin

bPercentage of resistance to each antibiotic was calculated as compared to the number of isolates in
each genus

3.2 Transformation

Transformation experiments were successful in only seven isolates (11.1%) out of 63
resistant ones. The transformation was confirmed by antimicrobial susceptibility testing and
PCR assay (Table 3; Fig. 1). The resistance profile was identical in transformants and donor
clinical isolates except in one transformant (116T) where resistance to gentamicin was lost,
as compared to the donor clinical isolate. ant(2'')-I gene was not detected in this
transformant (116T) despite being detected in the donor isolate (116).
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Table 3. Resistance profile and genes detected in donor clinical isolates and
transformants

Isolate No. Donor Clinical Isolate Transformant
Resistance
Profile

Genes detected Resistance
Profile

Genes detected

32 NmR-KR aph(3')-I NmR-KR aph(3')-I
70 NmR-KR aph(3')-I NmR-KR aph(3')-I
77 NmR-KR aph(3')-I NmR-KR aph(3')-I
98 TR-KR ant(2'')-I TR-KR ant(2'')-I
116 GR-NmR-KR aph(3')-I, ant(2'')-I NmR-KR aph(3')-I
164 GR-TR-KR ant(2'')-I GR-TR-KR ant(2'')-I
152 GR-NmR-KR aph(3')-I, ant(2'')-I,

aac(3)-II
GR-NmR-KR aph(3')-I, ant(2'')-

I, aac(3)-II
*GR, resistant to gentamicin; TR, resistant to tobramycin; NmR, resistant to neomycin; KR, resistant to

kanamycin

3.3 Prevalence of AMEs-coding Genes in E. coli, Klebsiella spp. and
Pseudomonas spp. Isolates

Among 63 tested isolates, 59(93.6%) were found to carry AMEs-coding genes on their
plasmids. ant(2'')-I was the most frequently encountered gene (53.9%) followed by aac(6')-I
and aac(3)-II each were found in 24 isolates (38%). Twenty-one isolates (33.3%) were found
to carry aph(3')-I, while aac(3)-I gene was not detected in any of the tested resistant isolates.
Regarding the distribution of the four AMEs-coding genes in resistant isolates of different
genera, ant(2'')-I was detected in 46.3% of E.coli resistant isolates, aph(3')-I in 44,1% , while
34.1% and 31.5% of them carried aac(3)-II and aac(6')-I, respectively. In resistant Klebsiella
spp. isolates, ant(2'')-I was the most commonly detected (70.0%), followed by aac(3)-II
(60.0%), aac(6')-I (40.0%), then aph(3')-I was the least commonly detected in 20.0% of
Klebsiella spp. resistant isolates. The prevalence rates of the four AMEs genes in resistant
Pseudomonas spp. was 66.6%, 58.3, 33.3% and 16.6% for ant(2'')-I, aac(6')-I, aac(3)-II and
aph(3')-I, respectively (Fig. 2).

Twenty-eight isolates (44.4%) had only one AME-coding gene, with aph(3')-I being the most
common single one in twelve isolates (19.0%), while 31 isolates (49.2%) had more than one
AMEs-coding genes. Coexistence of two and three AMEs-coding genes where detected in
18 isolates (28.5%) and 13 isolates (20.6%), respectively, having a total of nine different
AMEs-coding genes combinations. The aforementioned genes could not be detected on the
plasmids of only four resistant isolates (6.3%) despite showing resistance to at least one of
the tested aminoglycoside antibiotics.
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Fig. 1. Agarose gel electrophoresis of the amplification products of the four positive
AMEs-coding genes: lane 1, ant(2'')-I gene (288bp); lane M, 100bp ladder; lane 2,

aac(3)-II gene (567bp); lane 3, aph(3')-I (223bp); lane 4, aac(6')-I (356bp)

Fig. 2. Prevalence rates of different genotypes in resistant isolates of different genera
Percentage of each genotype is calculated as compared to the number of resistant isolates

3.4 Correlation between AMEs-coding Genes and Resistance to
Aminglycoside Antibiotics

Resistance to aminoglycoside antibiotics matched the underlying genotype in 53 isolates
(84.1%) for gentamicin, 43 isolates (68.2%) for tobramycin, 40 isolates (63.4%) for amikacin,
53 isolates (84.1%) for neomycin, 38 isolates (60.3%) for netilmicin and 59 isolates (93.6%)
for kanamycin. Susceptibility to some aminglycoside antibiotics was retained despite
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harboring resistance genes in five isolates (7.9%) for gentamicin, twenty isolates (31.7%) for
tobramycin, eighteen isolates (28.5%) for amikacin, two isolates (3.1%) for neomycin, 23
isolates (36.5%) for netilmicin and two isolates (3.1%) for kanamycin. In only 11 isolates
(17.4% of all resistant isolates), there was 100% concordance between genotype and
resistance to all aminoglycoside antibiotics. Frequency of AMEs genotypes and observed
phenotypes in comparison to expected resistance phenotypes as described before by
Ramirez et al. [19] were listed in Table (4).

Table 4. Frequency of AMEs genotypes, expected resistance phenotypes versus
observed phenotypes in tested isolates

AMEs coding genes Number of
isolates
n=63(%)

Expected resistance
phenotypesa,b

Observed resistance
phenotypes
(no. of isolates)

aph(3')-I 12(19.0%) NmR-KR As expected(8)
GR-NmR-KR (2)
KR(2)

aac(6')-I 7(11.1%) AR-TR-NtR-KR As expected(0)
TR-KR(3)
KR(3)
AR-KR(1)

ant(2'')-I 9(14.2%) GR-TR-KR As expected(1)
GR-AR-TR-NtR-KR(1)
GR-TR-NmR-KR(1)
TR-KR(2)
KR(2)
GR(1)
TR-NtR-KR(1)

aac(3)-I 0(0.0%) GR As expected(0)
aac(3)-II 0(0.0%) GR-TR-NtR As expected(0)
aph(3')-I+aac(6')-I 1(1.5%) AR-TR-NtR-NmR-KR As expected(0)

GR-AR-TR-NtR-NmR-KR(1)
aph(3')-I+ant(2'')-I 1(1.5%) GR-TR-NmR-KR As expected(0)

GR-NR-KR(1)
aph(3')-I+aac(3)-II 1(1.5%) GR-NmR-KR As expected(1)

aac(6')-I+aac(3)-II 4(6.3%) GR-AR-TR-NtR-KR As expected(0)
GR-TR-NtR-KR(1)
GR-TR-KR(2)
GR-NtR-KR(1)

ant(2'')-I+aac(3)-II 7(11.1%) GR-TR-NtR-KR As expected(1)
GR-AR(1)
GR-KR(4)
GR-NtR-NmR-KR(1)

aac(6')-I+ant(2'')-I 4(6.3%) GR-AR-TR-NtR-KR As expected(0)
GR-AR-TR-NtR-NmR-KR(1)
GR-TR-KR(1)
GR-TR-NtR-KR(2)

aac(6')-I+ant(2'')-
I+aac(3)-II

7(11.1%) GR-AR-TR-NtR-KR As expected(0)
GR-TR-KR(2)
GR-TR-NtR-KR(3)
GR-AR-TR-NtR-NmR-KR(2)
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aph(3')-I+aac(6')-
I+ant(2'')-I

1(1.5%) GR-AR-TR-NtR-NmR-
KR

As expected(1)

aph(3')-I+ant(2'')-
I+aac(3)-II

5(7.9%) GR-TR-NtR-NmR-KR As expected(0)
GR-NmR-KR(5)

aGR, resistant to gentamicin; TR, resistant to tobramycin; AR, resistant to amikacin; NmR, resistant to
neomycin; NtR, resistant to netilmicin; KR, resistant to kanamycin

bExpected phenotypes as described by Ramirez et al [19]

4. DISCUSSION

Urinary tract infections (UTIs) are one of the most common bacterial infections affecting all
age groups either in community or healthcare setting [25]. A limited geographical variability
of uropathogen occurrence has been demonstrated by different studies being dominated by
Gram negative pathogens, most commonly Escherichia coli, Klebsiella spp. and
Pseudomonas spp. in hospitalized patients [26]. Other than representing a therapeutic threat
to critically ill UTI patients and those in long-term care facilities, resistant uropathogens may
become potential reservoirs of certain resistance phenotypes among hospitalized patients
[26].

Several previous studies carried out in Egypt and different countries worldwide have
examined the prevalence and mechanisms of aminoglycoside resistance in Gram negative
uropathogens. In the current study, a high overall resistance rate (57.2%) to aminoglycoside
antibiotics was found in tested isolates. The highest resistance rate was to kanamycin
(53.6%) and the lowest was to amikacin (7.2%).

A previous study carried out in Upper Egypt in 2011 by Gad et al. [27] has reported higher
resistance rates to gentamicin (36.0%), tobramycin (30.0%), amikacin (16.0%) and
neomycin (48.0%), and lower resistance rate to kanamycin (44.0%) in E. coli isolates. In the
same study, Klebsiella spp. isolates have shown higher resistance rates to gentamicin
(62.5%), tobramycin (50%), amikacin (25%), neomycin (62.5%) and kanamycin (75%) than
those of the current study. On the other hand, resistance rates of E. coli isolates to amikacin,
gentamicin and tobramycin in the current study were higher than those detected in each of
North America, Latin America and Asia-West Pacific area as reported by the SENTRY
antimicrobial surveillance program that has monitored the antimicrobial resistance among
uropathogens worldwide over a 4-year period (1997-2000). The same program has also
reported lower resistance rates of Klebsiella spp. isolates to the same antibiotics in North
America and Asia-West Pacific area and higher resistance rates in Latin America compared
to our study [26,28,29].

For Pseudomonas spp. isolates, resistance rates found in the current study were higher than
those reported in upper Egypt by Gad et al. [27] who have detected lower resistance rates to
kanamycin (80.0%), gentamicin (55.6%), tobramycin (22.2%), and amikacin (20.0%) but
higher resistance rate to neomycin (77.8%). In comparison to other studies conducted
worldwide, resistance of Pseudomonas spp. isolates to amikacin, gentamicin, and
tobramycin in this study were higher than those in Europe [30], Asia-West Pacific area [26],
and North America [28] but in Latin America, Pseudomonas spp. isolates had shown lower
resistance rates to both gentamicin (57.6%) and tobramycin (54.5%) and higher resistance
rate to amikacin (51.5%) compared to our findings [29,31].

Screening of the resistant isolates for the presence of five AMEs-coding genes, known to be
widely distributed among Gram negative bacilli by PCR assays has shown that, 44.4% of the
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tested isolates had a single AME-coding gene while the majority (55.6%) had a combination
of two or three. Out of five tested AMEs-coding genes, ant(2'')-I was the most prevalent
(53.9%) either individual, in 14.5%, or combined with other AMEs-coding genes in 39.6% of
resistant isolates, followed by both aac(6')-I and aac(3)-II each detected in 38.0% of resistant
isolates, aac(6')-I was detected as an individual resistant mechanism in 11.1% of resistant
isolates and combined to other AMEs genes in 26.9% of them, while aac(3)-II existed in
combination to other AMEs-coding genes in all of its positive isolates.

Regarding the order of prevalence of the four detected genes in the three genera, ant(2'')-I
was the most prevalent followed by aph(3')-I, aac(3)-II, then aac(6')-I in E. coli isolates,
aac(3)-II, aac(6')-I, then aph(3')-I in Klebsiella spp isolates and aac(6')-I, aac(3)-II, then
aph(3')-I in Pseudomonas spp.. Recent studies have reported the predominance of aac(6')-I
in France [32] and aac(6')-II in Iran [33] in Pseudomonas spp. isolates.

In the current study, despite being the least prevalent, aph(3')-I was the most frequent
individual AME-coding gene in E. coli isolates, this is in line with the findings of Gad et al.
[27] although it was reported as a rare mechanism among Gram negative isolates studied by
Over et al. in Turkey [34]. ant(2'')-I was the most common individual AME-coding gene
detected in Klebsiella spp. and Pseudomonas.spp. isolates Different studies around the
world in the period from 1988 to 1993 have reported ant(2'')-I as the most common individual
resistance mechanism to aminoglycoside antibiotics among Enterobacteriaceae isolates in
Turkey [34,35], USA, and Japan and aac(3)-II in Europe, Latin America and South Africa
[36,37]. In the same time period, the most prevalent individual resistance mechanisms
detected in Pseudomonas spp. isolates were ant(2'')-I in USA and aac(6')-II in Europe, Latin
America, South Africa and Japan.

Nine different combinations of AMEs were encountered in the current study of which both
[aac(6')-I+ant(2'')-I+aac(3)-II] and [ant(2'')-I+aac(3)-II] were the most common combinations
equally detected in 11.1% of all resistant isolates, followed by the combination [aph(3')-
I+ant(2'')-I+aac(3)-II]. The two combinations [aac(6')-I+aac(3)-II] and [aac(6')-I+ant(2'')-I]
were equally existent in 6.3% of isolates. Other rare combinations each detected in 1.5% of
resistant isolates include [aph(3')-I+aac(6')-I+ant(2'')-I], [aph(3')-I+ant(2'')-I], [aph(3')-
I+ant(2'')-I] and [aph(3')-I+aac(6')-I]. Of all combinations detected, those of aac(6')-I and
gentamicin-modifying enzymes coding genes (ant(2'')-I and aac(3)-II) are the most important
[36]. With the existence of such combinations on the plasmids of 25.3% of resistant isolates,
dissemination of panaminoglycoside resistance among clinical isolates becomes a potential
threat.

A notable finding, revealed by this study, was the poor correlation between genotypes and
resistance phenotypes with 100% concordance in only 17.4% of resistant isolates, this was
accompanied by retained susceptibility to one or more antibiotics despite existence of AMEs-
coding genes to which they are known to be substrates. Only 75.0% of aac(6')-I gene-
carriers were resistant to amikacin, similar findings were reported in previous studies [38,39].
Despite being a substrate of enzymes coded by both ant(2'')-I and aac(3)-II, gentamicin
retained activity against 14.7% of ANT(2'')-I producers while none of aac(3)-II carriers were
sensitive to gentamicin. Similarly, tobramycin remained active against 20.8%, 44.1%, and
54.1% of aac(6')-I, ant(2'')-I, and aac(3)-II carrier isolates, respectively. 50.0% of aac(6')-I
carriers and 62.5% of aac(3)-II-carriers have lost their ability to inactivate netilmicin. On the
other hand, there was a conserved ability to modify kanamycin in 100% of isolates carrying
either aph(3')-I or aac(6')-Ib, while 5.8% of ant(2'')-I carriers could not inactivate kanamycin.
Based on the above mentioned findings, the loss of the potential of some AMEs to modify
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certain aminoglycoside antibiotics is responsible for the difference in resistance rates to
aminoglycosides in isolates harboring the same resistance AMEs-coding genes and
consequently the overall resistance to different aminoglycosides.

Low success rate (11.1%) of plasmid-localization of resistance genes by phenotypic
transformation experiments, despite detection by PCR assay on plasmids of resistant
isolates, may be due to the following reasons: the dramatic reduction in transformation
frequencies with larger plasmids (>15 kb) using heat shock-mediated transformation [40];
plasmid-mediated resistance genes may be carried by a plasmid other than that succeeded
to transform E. coli DH5α; and the last reason, based on the finding that all successful
transformations were achieved in E. coli donor isolates, is the failure of expression of
acquired plasmids of Klebsiella and Pseudomonas-origin in E. coli DH5α host strain.

5. CONCLUSION

This study provided information about resistance to aminoglycoside antibiotics and most
common resistance determinants providing useful comparative data for future studies. High
prevalence of plasmid-mediated aminoglycoside resistance in uropathogens particularly
Pseudomonas spp. isolates was observed. Combinations of different AMEs-coding genes
were highly disseminated in resistant isolates most importantly amikacin- and gentamicin-
modifying enzymes coding genes. Proper infection control measures and periodic monitoring
of resistance to aminoglycoside antibiotics, using interpretative reading guided molecular
techniques are required to minimize further dissemination and preserve the usefulness of
this important class of antibiotics for treatment of complicated infections.
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