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Abstract
Escherichia coli and Klebsiella pneumoniae are important members of the Enterobacteriaceae family, involved in many
infections. The increased resistance rate towards β-lactams and fluoroquinolones -which are the main therapeutic options-
limits their treatment options. This study aimed to assess the local resistance patterns against different antimicrobials and to
determine the extended-spectrum β-lactamase (ESBLs) producers. The study revealed that 36% of clinical isolates were
ESBL producers, showing high resistance rates towards β-lactams and non-β-lactams, especially sulphamethoxazole-
trimethoprim and fluoroquinolones. However, they were susceptible to chloramphenicol and doxycycline (33% and 20%;
respectively). Also, the investigation aimed to screen the plasmid profile of quinolone-resistant ESBLs-producers and to
detect the plasmid-mediated quinolone resistance genes including qnrA, qnrS, qnrB, qnrC, qnrD, and qnrVC. Moreover, the
conjugative plasmid among the quinolone-resistant isolates was elucidated. The results showed that extracted plasmids of
sizes ranging from ≈0.9 to 21.23 Kb, divided into 7 plasmid patterns were detected. A plasmid of approximately 21.23 Kb
was found in all isolates and the QnrS gene was the most predominant gene. Moreover, the frequency of transconjugation
within the same genus was higher than that recorded between different genera; where 68% of E. coli isolates transferred the
resistance genes compared to Klebsiella isolates (36.6%). Plasmid profiles of transconjugants demonstrated great similarity,
where 21.23 Kb plasmid was detected in all transconjugants. Since these transconjugants were quinolone-resistant ESBL
producers, it has been suggested that quinolone resistance determinants might be carried on that plasmid.

Introduction

Escherichia coli and Klebsiella pneumoniae are among the
most medically important members of the family Enter-
obacteriaceae [1]. These bacteria cause a great number of
infections including urinary tract infections, gastroenteritis,
pneumonia, septicemia, and meningitis. Some of these
diseases are associated with high mortality rates if not
treated properly, so it is important to combat them with
highly effective antibiotics [2]. The most commonly used
antimicrobial agents for treating such infections are

β-lactams including penicillins, cephalosporins, and other
non-β-lactams such as aminoglycosides and quinolones [3].
Extensive use of antimicrobials and disinfectants has pro-
moted the rapid development of bacterial resistance that
become a global health problem, especially in developing
countries [4].

Production of the extended-spectrum β-lactamases
(ESBLs) has emerged as an important mechanism for β-
lactams resistance, as they are capable of hydrolyzing broad
spectrum β-lactams including third- and fourth-generation
cephalosporins. However, these ESBLs can be inhibited by
β-lactamase inhibitors like clavulanic acid, sulbactam, and
tazobactam [5]. On the other hand, quinolone resistance has
been associated with point mutations which result in single
amino acid substitutions of DNA gyrase. In addition, the
resistance was related to decreased accumulation inside the
bacteria because of the impermeability of the membrane
and/or overexpression of efflux pump systems. Previously,
those mechanisms were known to be chromosomally
mediated [6].
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Moreover, resistance to quinolones can be mediated by
plasmids that produce qnr protein which protects the qui-
nolone target from inhibition [7]. Plasmid-mediated qnr
genes have been widely associated with other relevant
determinants of resistance in multi-resistance plasmids. The
first plasmid-mediated quinolone resistance (PMQR) iden-
tified gene was qnrA [8].

This study aims to evaluate the resistance rates towards
different classes of antimicrobials and to determine the rate
of ESBL production among Escherichia coli and Klebsiella
pneumoniae clinical isolates. Also, the study was designed
to detect the six qnr families (including qnrA, qnrS, qnrB,
qnrC, qnrD, and qnrVC) described among ESBLs produ-
cing K. pneumoniae and E. coli clinical isolates. A con-
jugation experiment was performed to test the possibility of
transferring the plasmid-carrying quinolone resistance
determinants in ESBLs-producing isolates as it contributes
to the increased spread of antibiotic resistance in hospita-
lized patients.

Materials and methods

Isolation and identification of clinical isolates

A total of one hundred and fifty-two isolates were recovered
from patients admitted to Mansoura University Hospitals
from wounds, blood, urine, ventilator tubes, pus, and spu-
tum. They were identified as 93 K. pneumoniae isolates
(61%) and 59 E. coli isolates (39%) by standard micro-
biological methods.

Standard E. coli JM105 strain was obtained from Phar-
macia (Rockville, USA) to be used in plasmid transconju-
gation experiments. For long-term storage, all isolates were
preserved in tryptone soya broth (Oxoid, Hampshire, UK)
with 20% glycerol and stored at −20 °C until use.

Antimicrobial susceptibility testing

Antimicrobial susceptibility testing was performed using
the standard disk diffusion method according to Clinical
and Laboratory Standards Institute guidelines (CLSI, 2017).
The tested antimicrobials belonged to different classes like
β-lactams, aminoglycosides, fluoroquinolones, phenols,
folate pathway inhibitors, and tetracyclines.

Antimicrobial disks were obtained from Oxoid (Hamp-
shire, UK) including amoxicillin/clavulanate (AMC, 20/
10 µg), cefotaxime (CTX, 30 µg), ceftriaxone (CRO, 30 µg),
ceftazidime (CAZ, 30 µg), aztreonam (ATM, 30 µg),
cefoxitin (FOX, 30 µg), cefuroxime (CXM, 30 µg), cefe-
pime (FEB, 30 µg), gentamycin (CN, 10 µg), ciprofloxacin
(CIPRO, 5 µg), levofloxacin (LEVO, 5 µg), norfloxacin

(NOR, 5 µg), ofloxacin (OFX, 5 µg), chloramphenicol (C,
30 µg), sulphamethoxazole-trimethoprim (SXT, 23.27/
1.25 µg), and doxycycline (DO, 30 µg).

Phenotypic detection of ESBL production

Clinical isolates that showed an inhibition zone less than
25 mm for ceftriaxone, 17 mm for cefpodoxime, and/or
27 mm for aztreonam were considered as potential ESBLs-
producing isolates (CLSI, 2017).

ESBL production was confirmed by a double disk
synergy test (DDST20) as described by Garrec et al. [9].
Briefly, disks representing third-generation cephalosporins
including ceftriaxone (CRO, 30 μg), ceftazidime (CAZ,
30 μg), and cefotaxime (CTX, 30 μg) along with the fourth-
generation cefepime (FEB, 30 μg) were placed at a distance
of 20 mm from amoxicillin-clavulanate disk (AMC, 20/
10 μg) which was placed in the center of MHA plate
inoculated with the tested isolate. Plates were incubated at
37 °C for 16–18 h. Any enhancement or distortion of the
inhibition zone of any antibiotic disk towards amoxicillin-
clavulanic acid indicated ESBL production.

Plasmid profiling of ESBLs-producing K. pneumoniae
and E. coli clinical isolates

ESBLs producing K. pneumoniae and E. coli isolates,
selected by antimicrobial sensitivity test were subjected to
plasmid extraction using Zyppy™ Plasmid Miniprep kit
according to the manufacturer’s instructions and then ana-
lyzed by agarose gel electrophoresis according to Sambrook
et al. [10]. The approximate sizes of the large plasmids were
estimated by comparison to the plasmid marker (GeneRuler
1 kb Plus DNA ladder, ThermoFisher, USA).

Detection of plasmid-mediated qnr gene families in
ESBLs-producing K. pneumoniae and E. coli clinical
isolates

Genes encoding for quinolone resistance were detected by
PCR using oligonucleotide primers listed in Table 1.
According to White and colleagues, [11], each PCR mixture
contained 15 μl of PCR master mix (New England Biolabs,
USA), 2 μl of forward primer, 2 μl of reverse primer, 6 μl of
template DNA, and nuclease-free water to 30 μl. PCR
started by heating at 95 °C for 10 minutes, then running 35
cycles of 95 °C for 30 s, and 56 °C for 45 s for all genes
except for qnrC and qnrVc, the annealing temperature was
56.5 °C and 58 °C; respectively. Finally, the temperature
was raised to 72 °C for 45 s. The PCR products were
separated on 1.5% agarose gel, stained with ethidium bro-
mide, and visualized by a UV trans-illuminator.
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Conjugative transfer of plasmids harboring
quinolone resistance determinants in ESBL-
producers by liquid mating technique

Liquid mating technique was used for studying inter- and
intra-generic spread of quinolone resistance determinants in
ESBL-producers among the Enterobacteriaceae family
according to Ozgumus et al. [12].

E. coli and K. pneumoniae ESBL-producing isolates
were considered donor cells. While, E. coli JM105 standard
strain was used as a recipient, after adapting to rifampicin
antibiotic by growing on MHA plates containing serial
concentrations of rifampicin.

A single colony of each isolate was separately inoculated
in brain heart infusion (BHI) broth for 24 h at 37 °C. Then,
one milliliter of each overnight culture was added to 100mL
of fresh BHI broth, and the flasks were incubated at 37 °C
with shaking until reaching cell densities of 1 × 108 cells/ml
for donors (ESBLs-producers) and 0.5 × 108 cells/ml for the
recipient (E. coli JM105). Equal volumes from each donor
isolate were mixed with the recipient standard strain (1 ml
each) and incubated for 16 h at 37 °C without agitation in a
25-ml Erlenmeyer flask to provide a large surface area for
better aeration.

Aliquots of 0.1 ml of the mating mixtures were plated
into MH agar containing 100 μg ml−1 of rifampicin and
5 μg ml−1 of ciprofloxacin. The plates were incubated
overnight, and the resulting colonies of trans-conjugants
were subjected to plasmid extraction and the frequency of
transfer was expressed relative to the number of donor cells.

Detection of quinolone resistance genes in
transconjugants

Plasmid extraction for transconjugants was performed
according to the manufacturer’s instructions supplied with
the Zyppy™ Plasmid Miniprep kit, and then plasmid-coded

quinolone resistance genes were amplified and detected by
PCR as mentioned before.

Results

Antimicrobial susceptibility testing

K. pneumoniae and E. coli isolates exhibited different sus-
ceptibility rates towards the tested antimicrobials. As shown
in Table 2, most K. pneumoniae isolates were highly
resistant to β-lactams ranging from 93.5% to 65.6%, also
Escherichia coli isolates exhibited high resistance rates
ranging from 94.9% to 44%.

In comparison to β-lactams, K. pneumoniae and E. coli
isolates exhibited a lesser resistance rate to quinolones
Table 2. The lowest resistance rate was recorded with
chloramphenicol (33.3%, and 34%) and doxycycline
(17.2%, and 23.7%) for K. pneumoniae and E. coli isolates;
respectively.

Double disk synergy test (DDST20)

From the initial antimicrobial susceptibility testing
Table 2, seventy-one isolates (31 E. coli and 40 K.
pneumoniae) exhibited reduced susceptibility to β-lactams
including extended-spectrum cephalosporins, and were
considered to be potential ESBL-producers according to
CLSI guidelines.

All suspected isolates were subjected to a confirmation
by DDST20 as shown in Fig. 1. The results revealed that
only 55 isolates exhibited synergy between the amoxicillin/
clavulanic acid disk and the other disks representing
extended-spectrum cephalosporins with an overall rate of
36% of the total number of isolates.

Seventy-five percent of K. pneumoniae isolates (30 iso-
lates out of 40) were confirmed to be ESBLs-producers with

Table 1 Primers used in this
study targeting the six families
of quinolone-resistant genes
(Sigma Co., USA)

Primer Sequence 5′-3′ Product size (bp) Reference

QnrD F AGGTGTAGCATGTATGGAAAAGC 691 Kraychete et al. [30]

R ACATTGGGGCATTAGGCGTT

QnrA F AGAGGATTTCTCACGCCAGG 580 Cattoir et al. [31]

R TGCCAGGCACAGATCTTGAC

QnrS F GCAAGTTCATTGAACAGGGT 428 Cattoir et al. [31]

R TCTAAACCGTCGAGTTCGGCG

QnrB F GGMATHGAAATTCGCCACTG 264 Cattoir et al. [31]

R TTTGCYGYYCGCCAGTCGAA

QnrC F GCGAATTTCCAAGGGGCAAA 135 Kraychete et al. [30]

R ACCCGTAATGTAAGCAGAGCAA

QnrVC F GAGYTKTATGGTTTAGAYCCTCG 71 Kraychete et al. [30]

R TGTTCYTGYTGCCACGARCA
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a percentage of 32% of total K. pneumoniae isolates. Eighty
percent of E. coli isolates (25 isolates out of 31) were
confirmed to be ESBLs-producers with a percentage of 42%
of total E. coli isolates.

Plasmid profiles of ESBLs-producing K. pneumoniae
and E. coli isolates

K. pneumoniae and E. coli isolates showed 7 different
plasmid patterns. As shown in Table 3, the approximate
sizes of plasmid DNA of ESBLs-producing K. pneumoniae
isolates ranged from ≈1.3 to 21.23 kb, while for E. coli
isolates the sizes ranged from ≈0.9 to 21.23 kb. A plasmid
of ≈21.23 Kb was harbored by all K. pneumoniae and E.
coli isolates.

As shown in Figs. 2 and 3, all isolates shared one common
plasmid with a molecular size of approximately 21.23 Kb.
Regarding K. pneumoniae, 20 out of 40 isolates (50%) har-
bored a single plasmid only (≈21.23Kb). Eighteen isolates
18/40 (45%) harbored two plasmids, while two isolates har-
bored 3 plasmids with different molecular sizes, including the
≈21.23 Kb plasmid. E. coli plasmid extracts showed that 19
out of 31 isolates (61.3%) harbored the plasmid of ≈21.23Kb
only. Eight isolates 8/31 (25.8%) harbored 2 plasmids, with

Table 2 Antimicrobial resistance rates of K. pneumonia and E. coli
isolates

Antibiotic disks K. pneumoniae
(n= 93)

E. coli (n= 59)

Number
of
resistant
isolates

Percentage Number
of
resistant
isolates

Percentage

Amoxicillin 87 93.5% 56 94.9%

Cefotaxime 75 80.6% 38 64.4%

Ceftriaxone 74 79.6% 38 64.4%

Ceftazidime 74 79.6% 38 64.4%

Aztreonam 74 79.6% 36 61%

Cefoxitin 61 65.6% 26 44%

Cefuroxime 83 89% 40 67.8%

Gentamycin 35 37.6% 23 38.9%

Ciprofloxacin 44 47.3% 34 57.6%

Levofloxacin 41 44% 33 55.9%

Norfloxacin 44 47.3% 36 61%

Ofloxacin 53 57% 23 39%

Chloramphenicol 31 33.3% 20 34%

Sulphamethoxazole 64 68.8% 35 59.3%

Doxycycline 16 17.2% 14 23.7%

Fig. 1 Double disk synergy test
(DDST20). a E. coli isolae no.
[17]: Synergy of four
cephalosporin disks with
amoxicillin/clavulanic disk. b E.
coli isolate no. [27]: Synergy of
ceftriaxone, ceftazidime, and
cefotaxime with amoxacilin/
clavulanic acid disk

Table 3 Frequencies of plasmids
found in ESBLs -producing K.
pneumoniae and E. coli isolates

K. pneumoniae (n= 40) E. coli (n= 31)

Approximate size of
plasmids (Kb)

No. of isolates
harboring the
plasmid

Frequency Approximate size of
plasmids (Kb)

No. of isolates
harboring the
plasmid

Frequency

21.23 40 100% 21.23 31 100%

7 1 2.5% 2.9 3 9.7%

3.5 5 12.5% 2.6 4 13%

2.9 7 17.5% 1.7 2 6.5%

2.6 2 5% 1.3 4 13%

1.7 3 7.5% 1.1 1 3.2%

1.3 4 10% 0.9 2 6.5%
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the common plasmid of ≈21.23Kb, and four isolates harbored
4 different plasmids (12.9%).

Detection of plasmid-mediated qnr gene families in
ESBL-producing K. pneumoniae and E. coli clinical
isolates

The data represented in Fig. 4 revealed that the qnrS
gene (428 bp) was the most prominent as it was detected in

the PCR products of 38/40 quinolone-resistant K.
pneumoniae isolates (95%) and 27/31 quinolone-resistant
E. coli isolates (87%). While the qnrC gene (135 bp)
was determined in 35 K. pneumoniae isolates (87.5%) and
the qnrD gene (691 bp) was determined in 34 isolates
(85%). Both qnrC and qnrD genes were found in 24/31
quinolone-resistant E. coli isolates (77.4%). On the other
hand, the least detected genes were qnrA (580 bp) and qnrB
(264 bp). The qnrB gene was determined in 70% and

Fig. 3 Gel electrophoresis of
plasmid DNA extracted from
some representative ESBLs-
producing E. coli isolates using
Zyppy™ Plasmid Miniprep kit.
The Plasmid DNA marker
(GeneRuler 1 kb Plus DNA
ladder) was run in lane 1. Bp:
Base pair M: Marker 1E: [1]
represents the number of isolate,
and (E) represents the type of
isolate (E. coli)

Fig. 4 Prevalence rate of
plasmid-mediated qnr genes in
ESBL-producing Klebsiella
pneumoniae and E. coli clinical
isolates

Fig. 2 Gel electrophoresis of
plasmid DNA extracted from
some representative ESBLs-
producing K. pneumoniae
isolates using Zyppy™ Plasmid
Miniprep kit. The Plasmid DNA
marker (GeneRuler 1 kb Plus
DNA ladder) was run in lane 1.
Bp: Base pair M: Marker 15 K:
[15] represents the number of
isolate, and (K) represents the
type of isolate (K. pneumoniae)
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64.5% of K. pneumoniae and E. coli isolates; respectively,
Fig. 5.

Conjugative transfer of plasmids harboring
quinolone resistance genes in ESBL-producers

The results revealed that transconjugation within the same
genus (intrageneric) was more likely to happen than in
different genera (intergeneric). As among the tested ESBL-
producing E. coli isolates, conjugation was performed
successfully in 17 (68%) out of 25 isolates. While the trans-
conjugation transfer occurred successfully in 11 (36.6%)
out of 30 K. pneumoniae isolates.

The results of mating experiments demonstrated in
Table 4 revealed that the frequency of plasmids transfer in
ESBLs-producing E. coli ranged from 9.9 × 10−8 to
1.6 × 10−5 /donor, while the frequency of plasmids transfer
from ESBLs-producing K. pneumoniae isolates ranged from
3.3 × 10−8 to 1.7 × 10−6/donor.

Plasmid profiles of transconjugants from either K.
pneumoniae or E. coli isolates demonstrated great similar-
ity. These transconjugants were found to show plasmids
ranging from 2.9 Kb to 21.23 Kb as shown in Fig. 6. The
plasmid of approximate size 21.23 Kb was detected in all E.
coli and K. pneumoniae transconjugants. Since all trans-
conjugants were quinolone-resistant and extended-spectrum

Fig. 5 Electrophoric graph of PCR products of some qnr genes in some isolates. Representative E. coli isolates b) Representative K. pneumoniae
isolates

Table 4 Rate of transconjugation from both K. pneumoniae and E. coli
donors to E. coli JM 105 recipient

E. coli K. pneumoniae

Transconjugant
No.

Rate of
transfer
(CFU/donor)

Transconjugant
No.

Rate of
transfer
(CFU/donor)

T 4 2.3 × 10−7 T 10 2.3 × 10−7

T 7 1.6 × 10−5 T 12 3.3 × 10−8

T 9 2.9 × 10−7 T 17 2.6 × 10−7

T 18 1.7 × 10−6 T 18 1.8 × 10−6

T 26 2.9 × 10−7 T 59 2.3 × 10−7

T 27 9.9 × 10−8 T 63 3.3 × 10−8

T 28 9.9 × 10−8 T 66 9.9 × 10−8

T 33 2.6 × 10−7 T 80 2.6 × 10−7

T 34 1.9 × 10−6 T 86 6.6 × 10−8

T 35 1.6 × 10−5 T 88 3 × 10−7

T 36 2.1 × 10−6 T 89 1.7 × 10−6

T 39 2.3 × 10−7

T 48 9.9 × 10−8

T 49 6.6 × 10−7

T 50 5.9 × 10−7

T 51 7.2 × 10−7

T 56 2.6 × 10−7

A. A. Kadry et al.



β-lactamase producers, it had been suggested that quinolone
resistance determinants might be carried on this plasmid.

Screening for plasmid-mediated quinolone
resistance (PMQR) determinants in transconjugants
of K. pneumoniae and E. coli clinical isolates

The results revealed that qnrS and qnrD genes were transferred
in all transconjugants. QnrB gene was transferred by 81.8% as
it was detected in 18 transconjugants out of 22 donors which
were originally confirmed to harbor the qnrB gene. In addition,
the qnrC gene was transferred by 76.9% (20/26 donors). On
the other hand, qnrVc and qnrA genes were the least detected
in the plasmid extract of transconjugants where qnrVc was
transferred by 56% and qnrA by 40% only.

Discussion

Escherichia coli and K. pneumoniae are the most frequent
bacteria involved in human infections. Several antibiotic
classes such as β-lactams, sulphamethoxazole-trimethoprim,
and fluoroquinolones are considered appropriate choices for
the treatment of such infections. Unfortunately, the
increased local resistance rate towards these antibiotics
especially β-lactams and fluoro-quinolones limits their role
in the treatment [13].

Our result showed a high resistance rate towards β-
lactams including extended-spectrum cephalosporins

ranging from (64.4% to 94.9%) for E. coli and K. pneu-
moniae clinical isolates. These results came in agreement
with a previous study performed in Egypt, Kadry et al. [14]
reported considerable resistance rates toward third-
generation cephalosporins like cefoperazone (52.9%) and
ceftazidime (43.5%), followed by the fourth generation
cefepime (32.1%). In the current study, 36% of isolates
were confirmed to be ESBL-producers by DDST20, which
was parallel to the percentage reported by Gad [15].
Another study showed that the percentage of ESBL-
producing isolates reached 50% of the total isolates [16],
while Morsi and Tash [17] stated that ESBL production was
detected in 54.6% of isolates confirming the increased rate
of ESBL producers in Egypt.

On the other hand, our research revealed that ESBL-
producing isolates were susceptible to other antibiotics than
β-lactams, so they could offer a good treatment option for
such MDR isolates, where less resistance rate was recorded
with chloramphenicol (33.3%, 34%), and doxycycline
(17.2%, 23.7%) for K. pneumonia and E. coli isolates;
respectively. This was confirmed by Cunha et al. [18], who
reported a case of persistent ESBL-producing Escherichia
coli chronic prostatitis refractory to antibiotic therapy but
with treatment by a combination of fosfomycin and dox-
ycycline patient was rapidly cured. Another study demon-
strated that the combination of polymyxin B and
chloramphenicol managed to enhance bacterial killing and
suppressed the emergence of resistance when used against
MDR K. pneumoniae [19].

Fig. 6 a Gel electrophoresis of
plasmid DNA extracted from
some representative E.coli
transconjugants. b Gel
electrophoresis of plasmid DNA
extracted from some
representative K. pneumoniae
transconjugants. The Plasmid
DNA marker (GeneRuler 1 kb
Plus DNA ladder) was run in
lane 1 and plasmid DNA
extracted from the Standard E.
coli JM105 strain was run in
lane 2. Bp Base pair, M Marker,
T 10 Transconjugant nu. 10
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Plasmid profiling is a useful epidemiologic and typing
tool that correlates with antimicrobial resistance patterns.
Our results revealed that quinolone-resistant ESBL produ-
cers of K. pneumoniae showed 7 plasmid patterns ranging
from ≈1.3 to 21.23 Kb and the plasmid of ≈21.23 Kb was
harbored by all isolates. A comparable result by Aladag and
Durak [20], found that the molecular sizes of plasmids
extracted from ESBLs of Klebsiella isolates ranged between
1.6 and 30.1 Kb. Some of the isolates had more than one
plasmid and revealed 8 plasmid profiles. The plasmid with
19.3 Kb size was the most common in the tested strains and
was capable of transferring by conjugation [20].

The prevalence of 21.23 Kb plasmid in the tested strains
from different infections indicated a worldwide problem. In
a study performed by Daini and Adesemowo [21], they
found that plasmids’ patterns of E. coli isolates ranged
between 0.12 kb to 23.13 kb and grouped into 7 plasmid
profiles. The resistant strains carried a common R–plasmid
of 23.13 kb [12, 22]. Many researchers detected plasmids of
21 Kb in ESBL producers Klebsiella pneumoniae strains
that were resistant to a wide range of antibiotics and can be
transferred among members of the Enterobacteriaceae
family by conjugation [20, 23].

The role of plasmid in antibiotic resistance was examined
through conjugation, and we found that among the tested
ESBL-producing E. coli isolates, conjugation was per-
formed successfully in 17 out of 25 isolates with percentage
of 68%, while the conjugation transfer occurred only in
36.6% with frequencies between 9.9 × 10−8 to 1.65 × 10−5/
donor for E. coli and 3.3 × 10−8 to 1.78 × 10−6/donor for K.
pneumoniae isolates. So, we proved that transconjugation
within the same genus (intrageneric) was more likely to
happen than in different genera (intergeneric).

Conjugation results were comparable to that reported by
Gangoué-Piéboji et al. [24] who found that 38.7% of ESBL-
producing K. pneumoniae were able to transfer the ESBL
genes to E. coli HK 225 and the transfer frequencies were
between 9 × 10−8 and 6.7 × 10−4 per donor. In addition,
Ozgumus et al. [12], reported that ESBL-producing strains
including E. coli, K. pneumoniae, and Enterobacter aero-
genes were able to transfer their ESBL genes to a recipient
E. coli J53-2 by conjugation at a transfer frequency of
5 × 10−8 to 10−4/donor.

Our results revealed that a plasmid with an approximate
molecular size of 21.23 Kb was detected in all transconju-
gants that were confirmed to exhibit co-resistance against
extended-spectrum β-lactams as well as quinolones. As a
consequence, we suggested that ESBL genes and qnr
determinants are probably carried on this plasmid. Our
suggestion agreed with Gangoué-Piéboji et al. [24], who
found that the ESBL-producers usually carry a multi-
resistant plasmid having genes conferring resistance to

β-lactam and non-β-lactam antibiotics. Also, Yhiler et al.
[25] stated that the PMQR gene was co-carried with the
ESBL gene in the plasmid.

Our PCR data revealed that the qnrS gene was the most
prominent, while the qnrA gene was detected in the PCR
products of 72.5% and 74% of quinolone-resistant ESBL-
producing K. pneumoniae and E. coli isolates; respectively.
Moreover, qnrB was found in 70% and 64.5% of isolates;
respectively, which agreed with Yhiler et al. [25], who
confirmed that the qnrB gene was detected by a percentage
of 62.4%. Yang et al. [26] found that the qnr genes were
detected in 42% of E. coli and 65.5% of K. pneumoniae
quinolone-resistant clinical isolates. QnrB gene was present
in 25.4% of isolates, while qnrS and qnrA were found in
12.2% and 8.6% of isolates, respectively. Valadbeigi et al.
[27] confirmed the presence of qnrS and qnrB in 47.5% and
2.5% of clinical isolates, respectively.

QnrVc gene was detected in 77.5% of isolates and this
agreed with that reported by Poirel et al. [28], who con-
firmed the prevalence of qnrVc in 70% of isolates. This
study confirmed the presence of the qnrC gene in 87.5% of
K. pneumoniae isolates and 77.4% of E. coli, while the
qnrD gene was determined in 85% of K. pneumoniae and
77.4% of E. coli isolates. These results were higher than
those reported by Silva-Sanchez et al. [29] who stated that
qnrB was the most predominant gene and was present in
71.4% of isolates followed by qnrS which was detected in
24.4% of isolates then qnrA with a percentage of 18.3%,
while qnrC and qnrD genes were not identified [29].

In conclusion, ESBLs producing clinical isolates exhib-
ited MDR resistance nature with a high resistance rate
towards different antibiotic classes. These MDR infections
are associated with high public health costs, therapeutic
failures, limited antibacterial choice, increased duration of
hospitalization, and rising mortality rates. Our study con-
firmed that plasmid-mediated quinolone resistance (PMQR)
genes are often carried on the same plasmid as the ESBLs
genes. Unfortunately, these plasmids can be transferred by
conjugation. It is worth mentioning that transconjugation
within the same genus (intrageneric) was more likely to
happen than in different genera (intergeneric) leading to the
dissemination of PMQR determinants and the spread of
multidrug resistance in different Enterobacteriaceae species
that may lead to serious health problems. Therefore, regular
monitoring of antibacterial resistance is a must, also
more effort is required to enhance the awareness of people
about antibiotic misuse to avoid the emergence of MDR
isolates.
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