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ABSTRACT

Background: The aim of the study was to investigate the antimicrobial resistance and
prevalence of integrons in 100 Proteus mirabilis (P. mirabilis) clinical isolates from
Egypt. Methods: Vitek-2 Compact system was used for bacterial identification, and
antimicrobial susceptibility was performed using the Kirby-Bauer method. Primers for
the integrase gene (intl1, intl2, and intl3) were used to screen for integrons using
polymerase chain reaction (PCR). Additionally, the variable regions of class 1 and 2
integrons were amplified and sequenced. Results: Urine was the most common
specimen (75%) followed by pus (21%). The highest antibiotic resistance among
isolates was to ampicillin (61%), followed by trimethoprim-sulfamethoxazole (50%),
with 34% of strains being multidrug-resistant (MDR). Class 1 was the most prevalent
integron detected in 80%, with 8 different gene cassettes, the most prevalent being
(AadA and dfrAl7). Class 2 was detected in 66% of isolates, and class 3 integron in
21% of isolates. To the best of our knowledge, this is the first report of integron 3 in P.
mirabilis clinical isolates. Conclusions: In summary, antimicrobial resistance and
integrons are prevalent among P. mirabilis isolates in Egypt which poses a great threat
to the treatment of MDR bacterial infections therefore, special measures should be taken
to prevent spread of integrons and associated resistance genes.

Introduction

Proteus mirabilis (P. mirabilis) is an

of enzymes and cytotoxins for bacterial adherence,

important opportunistic pathogen that can cause
various infections, such as urinary tract infections
(UTIs), particularly among patients with urinary
tract abnormalities or indwelling catheters, wound
infections, bacteremia, pneumonia and other
infections in both community and healthcare-
associated settings [1,2]. The pathogenicity of P.
mirabilis is related to its ability to expresses several
virulence factors, including biofilm formation,
swarming motility, urease activity, and production
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colonization, and tissue invasion [3-5].

Normally, P. mirabilis has intrinsic
resistance to polymyxin, nitrofurantoin, tetracycline
and tigecycline [6]. Moreover, additional rapid
acquisition and dissemination of antimicrobial
resistance genes has been increasing. Infection by
multidrug-resistant (MDR) and extensively drug-
resistant (XDR) P. mirabilis isolates has increased
worldwide in the past few years which represents a
threat that challenge the treatment of these bacterial
infections [7-9].

© 2020 The author (s). Published by Zagazig University. This is an open access article under the CC BY 4.0 license https://creativecommons.org/licenses/by/4.0/.
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In Egypt, P. mirabilis is a common cause
of urinary tract infection (UTI) with increasing
emergence and spread of MDR P. mirabilis isolates
[9-11]. Extensive overuse and misuse of antibiotics
especially in developing countries has resulted in
enhanced selection pressures, leading to the
evolution of antibiotic-resistant strains [9].
Understanding the molecular mechanisms through
which resistance genes are acquired and propagated
might aid in the development of novel antibacterial
strategies. Horizontal transmission of mobile
genetic elements, such as plasmids, transposons, and
integrons containing resistance genes play a
significant role in the dissemination of antibiotic
resistance among bacterial species [12].

Integrons are genetic elements that can
efficiently capture and express exogenous gene
cassettes. They are well-known for their
involvement in spreading of antibiotic resistance
genes, especially among Gram-negative bacteria
[13,14]. The integrase gene (intl), the gene for the
recombination site (attl), and the promoter (Pc),
which encourages the expression of integrated gene,
are all crucial components of an integron [15,16].

Until present, five classes of integrons have
been identified based on nucleotide sequence
analysis of the integrase gene, with the first three
(classl, 2, and 3) being clinically significant, as they
are involved in the continuing accumulation of
resistance gene cassettes [15]. Integrons of class 1
are the most prevalent type and have been frequently
reported in a lot of clinical bacterial isolates
therefore, they have been thoroughly investigated
[17,18]. Two conserved segments, 3’ conserved
segment (3’ CS) and 5’ conserved segment (5’ CS),
along with internal gene cassettes encoding
antimicrobial resistance genes, make up the
structure of class 1 integrons [15,16].

Integrons in class 2 are less frequent and
diverse than those in class 1. They are linked to the
Tn7 family of non-replicative transposons. Class 3
integron, which has been reported as rare and
identified only in a limited number of bacterial
isolates, is less known than class 1 and 2 and their
3'conserved segment has yet to be characterized
[19,20].

Researchers often target two locations of
integrons; the integrase enzyme gene for detecting
integrons and identifying integron classes and the
variable area, which is positioned between two
conserved sections in the integron. Because the

length these variable areas is determined by the
number of its gene cassettes, PCR products come in
a variety of sizes [16,17].

Studies are being conducted in many
regions of the world to investigate the prevalence of
various integron classes and their relevance to the
emergence of antibiotic resistance in different
bacteria [21-24]. Previous research highly
connected the existence of Integrons, with resistance
to many antimicrobial drugs especially in Gram
negative bacteria [21-24]. Accordingly, identifying,
and characterizing integrons appears to be critical
for analyzing the epidemiology of antibiotic
resistance genes, particularly in places where data is
limited. As a result of growing emergence of drug
resistant P. mirabilis isolates in our region and the
scare available data to elucidate the mechanism of
this issue, therefore, in this study we investigated the
prevalence of class 1, 2 and 3 integrons, their gene
cassette contents, and its relationship with antibiotic
resistance pattern among P. mirabilis collected from
different clinical specimens in Egypt.

Materials and methods

Bacterial isolates

This study was carried out during a period of 12
months (from June 2020 to June 2021). During this
period, we prospectively collected a total of 100
isolates of P. mirabilis, from various types of
clinical specimens from the microbiology laboratory
of medical research institute, Alexandria University,
Egypt. The isolates were collected from non-
repetitive clinical specimens submitted to the
laboratory for routine culture and sensitivity.
Standard biochemical tests were used to identify
isolates, and then all P. mirabilis suspected isolates
were confirmed by VITEK 2 automated ID System
(bioMerieux, France). For further molecular
investigations, identified isolates were stored on
Luria Bertani broth mixed with 20% glycerol and
kept at —80°C.

Antimicrobial susceptibility testing

The susceptibility of isolates was determined using
disc diffusion technique according to Clinical
laboratory standards institute (CLSI)
recommendations [25]. The following antibiotics
were assessed: ampicillin (10 pg), amoxicillin-
clavulanic acid (20/10 pg), ampicillin-sulbactam
(10/10 ng), piperacillin-tazobactam(100/10 pg),
cefepime(30 pg), cefotaxime (30 pg), ceftriaxone
(30 pg), ceftazidime (30 pg), aztreonam (30 pg),
imipenem (10 pug), meropenem (10 pg), ertapenem
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(10 pg), gentamicin (10 pg), amikacin (30 pg),
ciprofloxacin (5 pg), levofloxacin (5 pg), and
trimethoprim- sulphamethoxazole (1.25/23.75 pg).
Additionally, ofloxacin (5 pg), and norfloxacin (10
pg) were assessed in urine samples and tobramycin
(10 pg) in pus swabs. Multidrug-resistant (MDR)
and XDR isolates were defined, according to the
guidelines of the European Centre for Disease
Prevention and Control [26].

Polymerase chain reaction for screening class 1,2
and 3 integrons

Bacterial DNA was extracted from fresh overnight
P. mirabilis cultures by boiling method [27]. Briefly
few colonies were emulsified in sterile distilled
water and incubated for 15 minutes in a boiling
water bath, then rapidly cooled on ice for 5 minutes
before centrifugation at 14,000 rpm for 15 minutes.
The resulting clear supernatant was diluted by 10
folds and utilized as a DNA template for PCR
amplification. Using a NanoDrop 2000 (Thermo
Fisher Scientific, Inc), the concentration and purity
of the isolated DNA was assessed. PCR was
performed using primers listed in table (1) to
hybridize conserved areas of encoded integrase
genes intl,I1, and I1l. PCR reaction mixture was 25
pl containing 12.5 pl Dream Taqg Hotstart Green
master mix (Thermo Fisher), 10 pmol of each
primer, and 5 pl DNA extract. A negative control
was made by mixing the identical ingredients with
water instead of the DNA. The amplification
consisted of initial denaturation at 95°C for 2
minutes followed by 30 cycles of 30 seconds
denaturation at 95°C, 15 seconds annealing and 30
seconds extension at 72°C. Amplified products were
separated by electrophoresis in 1.5% agarose gel.

Identifying the variable regions of class 1 and 2
integrons

Integron 1 and 2 positive isolates were further tested
for characterization of class 1 and 2 integrons
variable regions and their resistance-encoding gene
cassettes using two pairs of generalized primers
(Table 1). Purified PCR products were sequenced
by BigDye Terminator Cycle Sequencing Kit
(Applied Biosystems). The resulting sequences
were analyzed using the BLAST (Basic Local
Alignment Search Tool) service.
(http://blast.ncbi.nlm.nih.gov/Blast.cgi) and Blast
results in the Comprehensive Antibiotic Resistance
Database (CARD) database
https://card.mcmaster.ca/analyze/blast.

Statistical analysis

Data were statistically analyzed using
SPSS program version 25.0. Qualitative data were
described using number and percent. Significance of
the obtained results was judged at the 5% level. Chi-
square, Fisher’s Exact and Monte Carlo tests were
used to compare between different groups.

Results

Bacterial isolates and antimicrobial resistance
The majority of P. mirabilis isolates in the present

study were from urine (75%), followed by pus
(21%), then blood and broncho-alveolar lavage (2%
each). As shown in figure (1); 69% of isolates were
resistant to 1 or more of the tested antibiotics.
Highest resistance was against ampicillin (61%),
and trimethoprim-sulfamethoxazole (50%).
Meropenem, ertapenem, and imipenem showed the
highest activity against isolates and only 6%, 9%,
and 10% of isolates were resistant to them,
respectively. A total of 34 isolates were MDR, while
9 isolates were XDR.

Prevalence of class 1, 2, and 3 integrons
Among the 100 P. mirabilis isolates included in the

PCR assay for detection of the three classes of
integrons; 93 of the isolates were positive for
integrons including Intl I, 11 and 111 while 7 isolates
were negative for integrons. The frequency of the
three classes of integrons among the integron
positive isolates is shown in table (2). Class 1
integron was the most prevalent integron detected in
80%, followed by class 2 in 66%, and finally class 3
in 21% of isolates (Figure 2). Also, 55.9% of
integron positive isolates harbored two different
classes of integrons together and in 11.8% of them
the 3 classes of integrons coexisted together.

Analysis of the gene cassettes embedded in the
class 1 and 2 integrons
Variable region in the integron 1 was successfully

amplified in 66 isolates revealing 8 different DNA
fragments based on PCR amplicons size (200,
250,600, 750, 1,000, 1,500-, 2,000-, and 2,500-bp)
(Figure 3). These amplified regions were
sequenced, revealing several combinations of 8 gene
cassettes expressing various types of resistance
determinants (Table 3). The most prevalent gene
cassettes were those conferring resistance to
aminoglycosides (aadA and aadB), trimethoprim
(dfrA, dfrA12, and dfrA17), beta-lactamase (blaSHV
and blaVIM). Fourteen isolates harbored integrons
without cassettes. Class 2 integrons carried two
different cassette arrays: one of 200 bp including
blaCMY and blaTEM beta-lactamases, and 250 bp
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including blaRUB beta-lactamase and ErmO -srmA
methyltransferase ~ conferring  resistance  to
spiramycin. The partial sequences of class 1 and 2
integrons from this study were deposited in
GenBank with accession numbers [ON778443—
ON778456].

Antimicrobial resistance profiles of integron-
positive and integron-negative P. mirabilis
isolates

Comparison between the antibiotic resistance of the

isolates according to the existence of integrons is
shown in table (4). Isolates harboring integron 1
were more likely to be resistant to almost all the
tested antibiotics. Whereas, for integron 2 positive

isolates this association was revealed in a fewer
number of antibiotics including some of beta
lactams and trimethoprim-sulfamethoxazole. On the
other hand, there was no significant association
between the presence of class 3 integrons and
resistance to different antibiotics. As shown in table
(5); 97.1% and 100 % respectively of MDR and
XDR strains harbored integrons either as one class
or more. Moreover, these resistance patterns were
most prevalent in strains harbored two classes of
integrons together especially class 1 and 2 integrons
representing 61.8% and 55.6% in MDR and XDR
respectively.

Table 1. List of primers used for the detection of the target genes.

Target Primer Ta Sequence (5'—3") Amplicon Reference
Gene or size (bp)
Region
Intl 1 IntllF 56 °C | ACGAGCGCAAGGTTTCGGT 565 [28]
Intl1R GAAAGGTCTGGTCATACATG
Intl 2 IntI2F 58°C | GTGCAACGCATTTTGCAGG 403 [28]
IntI2R CAACGGAGTCATGCAGATG
Intl 3 IntI3F 58°C | CATTTGTGTTGTGGACGGC 717 [28]
IntI3R GACAGATACGTGTTTGGCAA
Class 1 5-CS 54°C | GGCATACAAGCAGCAAGC Variable [29]
integron 3'-CS AAGCAGACTTGACCTGAT
variable
region
Class 2 Ti-F 50°C | ACCTTTTTGTCGCATATCCGTG Variable [28]
integron Ti-B CTAACGCTTGAGTTAAGCC
variable
region

Ta: Annealing temperature

Table 2. Distribution of the 93 P. mirabilis isolates positive for integrons according to the coexistence of different

classes of integrons.

Integrons Positive isolates
No. %
One class of integrons only 30 32.3
intl 1 19 20.4
Intl 2 9 9.7
Intl 3 2 2.2
Two classes of integrons together 52 55.9
Intl 1+ Intl 2 44 47.3
Intl 1+ Intl 3 6 6.5
Intl 2+ Intl 3 2 2.2
Three classes of integrons together 11 11.8
Intl 1+Intl 2+ Intl 3
Total positive for integrons 93 100
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Table 3. Characterization of gene cassette arrays according to the amplicon size of class 1 and 2 integron variable
regions in the P. mirabilis isolates.

Integron class Amplicon size(bp) Gene Cassette array No. of isolates (%)
Intl 1 200 blaSHV 3 (4.5%)
(N=66) aadA
250 ND 14 (21.2%)
600 aadA , dfrA 10 (15.1%)
aacA
750 dfrAl7 6 (9.1%)
aadB,aadA
1000 aadA 9 (13.6%)
1500 aadA, 18 (27.3%)
dfrAl7
2000 aadA, 4 (6.1%)
blavIM
2500 aadA, dfrAl12 2 (3.1%)
Intl 2 200 blaCMY, blaTEM 20 (33.9%)
(N=59) 200 ND 10 (16.9%)
250 blaRUB, ErmO-srmA 29 (49.2%)

ND: Not determined

Table 4. Antibiotic resistance pattern of P. mirabilis isolates according to integrons 1, 2, and 3 positivity.

No. (%) of
No. E(%) antimicrobial resistant
anti(t])iotic isolates according to integrons
Antibiotic resistant Intl 1 Intl 2 Intl 3
isolates Positive Negative vz;tj o Positive Negative Pz value Positive | Negative v;Ze
(n=100) | FOR | (n=20) (n=66) (n=34) n=21) | (n=79)
- 61 59 2 0.000% 0.451 11 50 0.362
Ampicillin (61.0%) | (73.8%) | (10.0%) 42 (63.6%) | 19 (55.9%) (524%) | (63.3%)
* *
Cefotaxime (353?(5)% ur e )| 160%) 0.002% 1 2 a2.4%) | 7(206%) | 9030 | 7 (33.3%) (352_23% | 0.857
* *
Ceftriaxone (353f3% "y e )| 160%) 0.002% 1 2 42.4%) | 7(20.6%) | 9030 | 7 (33.3%) (352_2% ) 0.857
*
Ceftazidime (3338’% ur oo )| 160%) 0.003% | 26 30.4%) | 7(206%) | %98 | 6 (28.6%) @ Fhoe ) 0.627
* *
Cefepime (2628% | (3122% )| 160%) 0.017% 1 29 333 %) | 4(11.8%) | 902" | 5 (23.8%) (2622% | 0.797
* *
Aztreonam (333.’8’% "y N )| 160%) 0.003% | 2 42.4%) | 5(14.7%) | 909" | 7 (33.3%) (322_8% ) 0.971
Ampicillin- 25 2 0.021 0.028* 19 0,671
sulbactam 25.0%) | (30.0%) | 160%) 21 (31.8%) | 4 (11.8%) 6 (28:6%) | (24 105
Piperacillin/tazobac 10 9 0.682FE 0.487FE 10 0.115
tarF1)1 (10.0%) (11.3%) 1(5.0%) 8 (12.1%) 2 (5.9%) 0 (0.0%) (12.7%) e
Amoxicillin- 30 29 [ 0.006% . | 0.004 . 23 0.708
clavulanate (30.0%) (36.3%) 1 (5.0%) 26 (39.4%) | 4 (11.8%) _ 7(33.3%) (29.1%)
Imipenem (101.8% ) (121.2% ) | 000w 0205 1 g36%) | 19w | O | 3(143%) | 7(89%) | 0434
FE
Meropenem 66.0%) | 6(75%) | 00.0%) | %227 | s76%) | 19%) | %% | 295%) | 4(5.10) | 0803
FE FE
Ertapenem 9 (9.0%) (11?3% SICED 0198 | 6010) | 388w | 10 | 2¢05%) | 7(8.9%) | 1%
*
Gentamicin e 438‘% ur 4133% )| 160%) 0.002* 1 55 37.0%) | 9(265%) | %2°* | 7(33.3%) @ 42;% ) 0.942
Amikacin (30?8% ) (3623% )| 160%) 0.006% | 21 31.8%) | 9(265%) | %80 | 7 (33.3%) (292_5% ) 0.708
FE FE
Tobramycin (N=21) | 7 (33.3%) | 7 (8.8%) | 0(0.0%) | ~® 5(75%) | 26.9%) | Y0 | 0@ow) | 7@89%) | %22
) : 35 33 2 0.009% . | oosa . 29 0.487
Ciprofloxacin (35.0%) (413%) | (10.0%) 27 (40.9%) | 8(23.5%) 6 (28.6%) (36.7%)
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. 32 30 2 0.018* 0.079 26 0.705
Levofloxacin (32.0%) (37.5%) | (10.0%) 25 (37.9%) | 7 (20.6%) 6 (28.6%) (32.9%)
S 17 17 0.008* 0.223 12 0.514
Norfloxacin (n=75) (22.7%) (29.8%) 0 (0.0%) FE 13(19.7 %) | 4 (11.8%) 5 (23.8%) (15.2%) FE
L 19 19 0.004* 0.116 14 0.753
Ofloxacin (n=75) (25.3%) (23.8%) 0 (0.0%) FE 1522.7%) | 4(11.8%) 5 (23.8%) (17.7%) FE
Trimethoprim- 50 49 - - 11 39
sulfamethoxazole (500%) | (61.3%) | 1(5:0%) | 0.000% | 40(606%) | 10(29.4%) | 0.008% | (5o 0y | (49205) | 0806
FE: Fisher Exact
p1: p value for comparing between antibiotic resistance in Intl 1positive and in Intl 1 negative strains
p2: p value for comparing between antibiotic resistance in Intl 2 positive and in Intl 2 negative strains
ps: p value for comparing between antibiotic resistance in Intl 3 positive and in Intl 3 negative strains
*: Statistically significant at p < 0.05
Table 5. Correlation between patterns of antibiotic resistance and presence of integrons among the 100 P.
mirabilis isolates.
Pattern of antibiotic resistance
Integrons Non-MDR MDR XDR
J (n=57) (n=34) (n=9) b1 be ps
No. % No. % No. %
Negative for integrons 6 10.5 1 2.9 0 0.0
One class of integrons only 24 42.1 5 14.7 1 11.1
Intl 1 13 22.8 5 14.7 1 11.1
0.007" 0.137 FEp=1.000
Intl 2 9 15.8 0 0.0 0 0.0
Intl 3 2 3.5 0 0.0 0 0.0
Two classes of integrons 23 404 24 706 5 556
together
Intl 1&2 18 31.6 21 61.8 5 55.6 0.005" FEN=0.478 FEn=0.442
Intl 1&3 3 5.3 3 8.8 0 0.0
Intl 2& 3 2 3.5 0 0.0 0 0.0
Three classes of integrons
together 4 | 70 | 4 | 118 | 3 | 333 | FEp=0.466 | FEp=0.048" | FEp=0.147
Intl 1,2&3

FE: Fisher Exact

p1: p value for comparing between Non-MDR and MDR
p2: p value for comparing between Non-MDR and XDR
ps: p value for comparing between MDR and XDR

*: Statistically significant at p < 0.05
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Figure 1. Frequency of antibiotic resistance within the 100 P. mirabilis isolates, R isolates include (intermediate
+ resistant).
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Figure 2. Ethidium bromide-stained agarose gel electrophoresis for detection of integron amplicon products. A)
class 1 integron amplicon products (565 bp) represented by lanes 1, 2, 4, 5, 6, 7, 8 and 9. Lane 3 represents the
DNA ladder (100 bp), while lane 10 represents the negative control. B) class 2 integron amplicon products (403
bp) represented by lanes 1, 2, 4, 6, 8 and 9. Lane 3 represents the DNA ladder (100 bp), while lane 10 represents
the negative control. C) class 3 integron amplicon products (717 bp) represented by lanes 2, 4,5, 6, 7 and 9. Lane
3 represents the DNA ladder (100 bp), while lane 1 represents the negative control.
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Figure 3. Ethidium bromide-stained agarose gel electrophoresis for detection of: A) Intl 1 IVRS amplicon products. Lane
3 represents the DNA ladder (1000 bp). Lane 1 and 2 show band size 2500bp, while lanes 4, 5 and 6 showed bands around
1000 bp in s size. Lanes 7, 8 and 9 showed bands of 750 bp in size. B) Intl 2 IVRS amplicon products. Lane 5 represents
the DNA ladder (1000 bp). Lane 1, 2, 3, 4, 6, 7 and 8 show band size 250 bp.

Discussion

The emergence and dissemination of
(MDR) P. mirabilis isolates is becoming
increasingly reported [7-9]. There are different
genetic mechanisms associated with the multidrug
resistance phenotype of P. mirabilis, one of these
mechanisms is the acquisition of antimicrobial
resistance genes from other resistant pathogens
through mobile genetic elements including
integrons posing a serious threat that restricts the
available therapeutic options [14]. This study was
designed to determine the prevalence of integrons,
their gene cassette contents, and its relationship with
antibiotic resistance among P. mirabilis clinical
isolates. Most of P. mirabilis strains were isolated
from urine samples which is in accordance with
different studies which stated that P. mirabilis
strains are responsible mainly for complicated
urinary tract infections [1,5,18]. In contrast, Pal et
al. [30] and Alabi et al. [31] reported that most of
their P. mirabilis were from pus. A total of 34% of
our isolates were MDR, while 9% were XDR. The
percentage of MDR in P. mirabilis reported varied
among studies. Although a higher percentage of
MDR was stated in Mirzaei et al. [21] and Alabi et
al. [31] (82.5% and 55.6% respectively), Oliveira et
al. [32] and Mirzaei et al. [33] reported a lower
multidrug resistance percentage of 7.1% and 14.5%
respectively. These discrepancies might be related
to variances in in the sources of samples and
regional differences in the abundance of bacterial
strains and variable standards and controls for
antibiotic prescription and use.

The majority of the examined isolates were
resistant to ampicillin  (61%) followed by
trimethoprim-sulfamethoxazole (50%). Similarly, a
previous recent study in Egypt indicated 64.5%

resistance to ampicillin, but a lower resistance rate
(19.4%) to trimethoprim-sulfamethoxazole [11].
Our results are in accordance with previous studies
from different parts of the world that also reported
high resistance rate to these two antibiotics [5, 31-
33]. This might be explained by the extensive
misuse of these drugs in the treatment of UTIs. On
the contrary, the highest sensitivity of our isolates
was against carbapenems as only 6%, 9%, and 10%
of isolates were resistant to meropenem, ertapenem,
and imipenem respectively. These results are
comparable to other studies that reported low
resistance rate to carbapenems [30,33]. However,
other studies have reported a higher resistance rate
to carbapenems like Tabatabaei et al. [34]. A low
resistance (10%) was revealed among isolates
against piperacillin-tazobactam, this rate was
somewhat higher than reported in other research as
in Xiao et al. [35] Pal et al. [30] and Oliveira et al.
[32] as none of their P. mirabilis isolates were
resistant to piperacillin-tazobactam. Resistance to
aminoglycosides (gentamicin and amikacin) was
observed in 34% and 30% respectively. This
represents a higher rate of resistance as compared to
previous studies that revealed a more susceptibility
of their P. mirabilis isolates to aminoglycosides
[5,31,32].

Integrons have been identified by their
strong link with the spread of antibiotic resistance
genes and the emergence of resistance phenotypes
within microbial populations. In Egypt there are
limited reports about the prevalence of integrons in
Gram-negative bacteria, however data about
integrons prevalence among P. mirabilis isolates is
scare [23,36,37].

In the current study, class 1 integron was
the dominant type detected in 80% of isolates, and
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among these 80 integron-positive isolates, gene
cassettes were amplified in 66 isolates (82.5%), with
8 different gene cassettes in different combinations
and the most prevalent gene cassette array detected
in 18 isolates was encoding for aminoglycoside and
trimethoprim resistance (AadA, dfrAl7). These
results are comparable to the results reported by Wei
et al. [19] which indicated that 63% of Proteus
isolates harbored class 1 integrons, and variable
regions were successfully amplified in 72.9% of
them with 8 different gene cassette arrays also
mainly  encoding for aminoglycoside and
trimethoprim resistance. In a different study, Lu W
et al. [20] reported predominance of class 1
integrons in 46% P. mirabilis isolates with variable
regions successfully amplified in 94.2% of them
including six different gene cassette arrays. From
Egypt in Malek et al. [23] study from 6 P. mirabilis
isolates, class 1 integrons was detected only in 3
isolates with ereA2-dfrA5 gene cassette detected in
2 of them.

Many studies had reported class 2
integrons as the second most ubiquitous class of
integrons among clinical bacteria [19,20]. In the
current study, class 2 integrons were detected in
66% of P. mirabilis isolates, and the variable regions
were successfully amplified in 89.5% (59/66) of
them revealing four types of gene cassette encoding
mainly for beta-lactamase and spiramycin
resistance. The high proportion of P. mirabilis-
carrying class 2 integrons in this study was
consistent with other reports; like Wei et al. [19] and
Lu et al. [20] who revealed class 2 integrons in 66%
and 40.7% of P. mirabilis isolates respectively and
the variable regions were successfully amplified in
100% and 81.9% of them respectively revealing
different gene cassette arrays. No amplification
products of the variable region were detected in
17.5% and 10.6% of integron 1 and 2 positive
isolates respectively. This might be attributed to
variation in the primer binding site or the extensive
size of gene cassette.

The identification of class 3 integrons has
been limited within a few microorganisms with a
low rate. Nevertheless, in many previous studies
class 3 integrons could not be detected among P.
mirabilis strains like in Lu et al. [20]. among the
150 strains of P. mirabilis, class 3 integrons were
not detected. Additionally, Alabi et al. [31] and
Mirzaei et al. [33] reported that none of their P.
mirabilis isolates harbored Intl 3.1t worth
mentioning that, in the current study, class 3

integrons were successfully detected in 21% of the
P. mirabilis isolates. To the best of our knowledge,
this is the first report from Egypt detecting P.
mirabilis clinical isolates carrying class 3 integrase
genes suggesting possible horizontal transfer from
other bacterial species. Unfortunately, integron 3
embedded gene cassette could not be further
investigated due to the lack of data for
characterization of integron 3 and therefore, its
variable region was not amplified.

Concerning the coexistence of more than
one type of integrons, 67.7% of integron positive
isolates in the current study harbored more than one
class of integrons. Both integrons 1 and 2 were
found in 47.3% of integron positive isolates and
11.8% of them carried the three classes of integrons
simultaneously. These results agree with Wei et al.
[19]. as in 56.2% of their isolates class 1 and 2
integrons existed together. On the other hand, it was
a higher percent as compared to results reported by
Lu et al. [20] and Mirzaei et al. [33] who found
only 26% and 15% of their P. mirabilis isolates
respectively harbored both 1 and 2 integrons
together. This co-occurrence of multiple integrons
types, implying that they are placed at various
locations on the isolate's chromosome and plasmids.

Comparing the results of integrons with
antibiotic resistance pattern, it appears that
resistance to antibiotics was significantly higher
among P. mirabilis isolates carrying different
integrons. Presence of mainly class 1 integrons and,
to a lesser extent, class 2 integrons were
significantly associated to antibiotics resistance.
Moreover, 97.1% and 100 % respectively of MDR
and XDR isolates harbored integrons either as one
class or combined especially class 1 and 2 integrons.
In agreement with our results, Alabi et al. [31]
reported that all their MDR P. mirabilis isolates
carried integrase genes, either Intl 1, Intl 2, or both.
Also, in Malek et al. [23] presence of class 1
integrons was significantly associated with MDR in
Enterobacteriaceae.

On the contrary class 3 integrons carriage
lacked this significant association with resistance to
different antimicrobial drugs. Additionally, the two
isolates that harbored only Intl 3 were non-MDR.
These results imply that the role of class 3 integrons
in spread of antimicrobial resistance is less than
class 1 and 2 integrons and its role in dissemination
of resistance genes needs to be further investigated.
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Conclusions

In conclusion, this study revealed that
different classes of integrons carrying antibiotic
resistance gene cassettes are widely disseminated
among P mirabilis clinical isolates, which poses a
significant hazard for MDR propagation. Also, for
the first time in Egypt, we report the discovery of
class 3 integrons in P. mirabilis strains which
establishes a baseline of data that may be used for
future monitoring and assessment of the role of this
integron class in P. mirabilis antibiotic resistance.
This growing dominance of resistant strains
emphasizes the significance of restricting antibiotic
usage to be based only on susceptibility testing and
implementing effective infection control strategies
to limit the spread of MDR microorganisms.
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