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O r i g i n a l  a r t i c l e

Summary

Pseudomonas aeruginosa is an opportunistic human pathogen which causes serious nosoco-
mial infections with a high level of resistance. Fluoroquinolone resistance is mostly due to efflux
pumps and target mutations. Multidrug-efflux transporter MexB in MexAB-OprM pump is a
mechanism for this resistance. The present study aimed to investigate the prevalence of resist-
ance against fluoroquinolones among clinical isolates of P. aeruginosa in Mashhad, Iran.

Characterization of efflux pump-mediated resistance against fluoro-
quinolones among clinical isolates of Pseudomonas aeruginosa in the
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Introduction

Infectious diseases affect many people worldwide,
and antibiotics are used for their treatment, but the
emergence of antibiotic‐resistant bacterial pathogens
cause high rates of mortality.1-3 Healthcare-associated
infections are an emerging medical problem in deve-
loping countries which cause morbidities, mortalities
and health care costs.4-6 Pseudomonas aeruginosa is
an opportunistic human pathogen and a common
cause of hospital-acquired infections in patients with
immunosuppression. It is considered a serious threat
for patients hospitalized with cystic fibrosis and
burns.4,5 Numerous studies have reported the occur-
rence of multidrug-resistant P. aeruginosa.7 Recently,
P. aeruginosa with increasing trends of drug-resistance
is a significant threat to the effective treatment of in-
fections.8,9 There are several mechanisms for drug re-

sistance in P. aeruginosa including: 1. reduced anti-
biotic permeability due to the reduced expression or
loss of OprD porin, 2. MexAB-OprM pump over-ex-
pression which increases antibiotic efflux, 3. Produc-
tion of antibiotic-inactivating enzymes.10,11

Efflux pumps can confer high resistance to previ-
ously effective antibiotics among P. aeruginosa.12 They
can export one or several antimicrobial compounds
such as ciprofloxacin, tetracycline, and gentamicin
from the cytoplasm or periplasmic space.13-16 Resi-
stance-nodulation-cell division (RND) family is a major
class of efflux pumps. At least five RND efflux systems
have been well characterized in P. aeruginosa: MexAB-
OprM, MexCD-OprJ, MexEF-OprN, MexXY-OprM and
MexJK-OprM (12, 13, 16-20). MexAB-OprM is the one
responsible for extrusion of quinolones and β-lactams
and has an important role in fluoroquinolone resi-
stance in P. aeruginosa and includes MexB, MexA, and
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This cross-sectional study was performed on 150 Pseudomonas aeruginosa isolates from hos-
pitalized patients in burn and intensive care units of the two main hospitals of Mashhad. The
bacteria were identified primarily based on biochemical tests. Then antibiotic susceptibility
was studied by disk diffusion method against 11 antibiotics, and minimum inhibitory concen-
tration (MIC) was measured for ciprofloxacin, levofloxacin, and ofloxacin. Finally, the presence
of mexB gene was evaluated using PCR method.
One hundred thirty-two isolates (88%) were multidrug resistant, 8 isolates (5.3%) were com-
pletely susceptible, and 10 isolates (6.6%) were totally drug resistant. We detected 76 (50.8)
ciprofloxacin-resistant isolates and all of them were resistant to one or more other tested an-
tibiotics. Based on the PCR results, 42% of clinical isolates had the mexB gene and mexAB-oprM
operon, and this pump was more prevalent (80%) among ciprofloxacin-resistant isolates. In
conclusion in this study, ciprofloxacin and multidrug resistance due to the efflux pumps were
frequent. Based on our results, there is a strong association between mexB gene and the mor-
tality of patients.



OprM.21,22 MexB is encoded by the mexB gene and is a
proton-driven antiporter in MexAB-OprM pump.23,24

Fluoroquinolones are a group of broad-spectrum
antibiotics which directly inhibit bacterial DNA synth-
esis.8,16,25 Since 1960, they have been used extensively
for multiple clinical infections throughout the world
due to their potency, oral bioavailability, the spectrum
of activity, and generally good safety profile. Although
they are still clinically valuable, their use has become
limited in some clinical settings because of an emer-
ged bacterial resistance over the time.26

quinolone-resistance during the treatment was
first reported in Pseudomonas aeruginosa and Staph-
ylococcus aureus. This resistance spread to other gram-
positive and gram-negative bacteria in hospitals. The
subpopulations of pathogens which were drug-resi-
stant became prevalent two decades ago and they
have remained approximately unnoticed. Recent sur-
veillance studies showed that the resistance rate has
continued to increase. This would affect patient ma-
nagement and treatment guidelines.27

Nowadays, ciprofloxacin is used frequently in our
country for the treatment of many infections due to
P. aeruginosa. Surveillance studies have reported that
the resistance against fluoroquinolones is increasingly
vigorously. So it is essential to know the bacterial me-
chanisms for resistance.16,28

This study tried to assess the prevalence of efflux-
driven fluoroquinolone resistance in clinical isolates
of P. aeruginosa, and investigate the relationship bet-
ween the MexAB-OprM pump and the clinical charac-
terization of infection, especially the mortality rate.

Materials and Methods

This study included 280 isolates of P. aeruginosa ob-

tained during one year from patients in Imam Reza
and Ghaem university hospitals as the two main ho-
spitals in Mashhad, northeast of Iran. Clinical data of
these patients were also recorded. Based on the ade-
quate clinical records, 150 P. aeruginosa isolates were
selected for further evaluation. The main inclusion cri-
terion was the contribution of isolated bacteria to cli-
nical infection according to the physician’s opinion.
Our isolates included 73 (48.6%) P. aeruginosa isolates
from burn infections, 46 (30.6%) from lower respira-
tory tract infections and 31 (20.6%) from urinary tract
infections. Initially, isolated bacteria were identified
based on the standard biochemical tests.29

The patients ranged in age from two days to 70
years and included 83 males and 67 females. Demo-
graphic information of patients are presented in the
Table 1.

Studied antibiotics
Antibiotic susceptibility patterns were determined
using the disk diffusion method for 10 common anti-
biotics on Mueller-Hinton Agar. All isolates were tested
against imipenem (10 µg), cefepime (30 µg), ticarcillin
(75 µg), levofloxacin (5 µg), tobramycin (10 µg), gen-
tamicin (10 µg), amikacin (30 µg), ciprofloxacin (5 µg),
piperacillin (100 µg), and ofloxacin (5 µg) using MA-
STDISCSTM (Mast Diagnostics, Merseyside, UK). They
were reported as sensitive, intermediate, and resistant
according to CLSI recommendations. The minimum
inhibitory concentration (MIC) of ofloxacin, levofloxa-
cin, and ciprofloxacin (Sigma-Aldrich, UK) were deter-
mined using micro broth dilution method. Drug con-
centrations ranging from 0.5 to 256 mg/L were tested
for these three fluoroquinolones and interpreted ac-
cording to the established breakpoint values recom-
mended by CLSI (30). Colistin resistance was also de-
termined by micro broth dilution method.
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                                                                               Ciprofloxacin-        Ciprofloxacin-     Total
                                                                               Sensitive                  Resistant

Gender                       Male                                               29                            54                      83
                                    Female                                           45                            22                      67

Age                              Children                                         16                            30                      46
                                    Adults                                             58                            46                      104

Type of infection        Burn infection                                22                            51                      73
                                    lower respiratory tract                    29                            17                      46
                                    urinary tract infections                   23                            8                        31

mexB                           Present                                           0                              60                      60
                                    Absent                                           74                            16                      90

Demographic information of patients and the related studied specimensTable 1



DNA extraction and PCR
In this study, bacterial DNA was extracted by boiling
method from 150 P. aeruginosa isolates. Boiling was
performed in hot water for 15 min to lyse the cells and
then the lysates centrifuged at 10,000 g for 10 min.31,32

Finally, the supernatant was transferred to another mi-
crotube and used as the DNA template. The extracted
DNA was evaluated by agarose gel electrophoresis.
Negative control strains included PAO1 (wild type),14

and the positive control was obtained from Pasteur
Institute, Iran. 

For PCR, the mexB gene sequence was obtained
from the NCBI, and specific primers were designed
using Primer3 (htpp://Frodo.wi.mit.edu.primer3).
Then the primers were re-evaluated using GeneRun-
ner software and Primer-Blast (https://www.ncbi.nlm.
nih.gov/tools/primer-blast/). The PCR amplification
was performed using the following primers: Forward
5’-CATTGATAGGCCCATTTTCG-3’ and Reverse 5’-
GATTGTCGATCCCGTTCATC-3’. 

The PCR reaction contained 0.5 μl of 10mM dNTPs
(CinnaGen, Iran), 2.5 μl of 10x PCR buffer (ParsTous,
Iran), 1.5 μl of 25mM MgCl2 (ParsTous, Iran), 0.2 μl of
5U/μl Taq DNA polymerase (CinnaGen, Iran), 1μl of
each 10 μM primer, 5 µL of DNA template, and PCR
grade water up to the final volume of 25 μl. 

PCR amplification was performed by a thermal cy-
cler (Thouchgene, Gradicent). Cycling consisted of ini-
tial denaturation at 94° for 5 minutes, 38 cycles of
denaturating at 94° for 60 sec, annealing at 52° for 45
sec and extension at 72° for 45 sec and a final exten-
sion at 72° for 10 minutes. To avoid false positive, se-
parate areas were used for sample preparation,
amplification, and analysis of the amplified products.
Also, positive and negative controls were included.

Aliquots of amplified samples were loaded on 1.5%
agarose gels and subjected to electrophoresis for 30
minutes at 80 volts. Visualization of a 210 bp DNA
band was considered as positive.

Sequencing and phylogenetic analysis:
The mexB gene was sequenced and compared with
sequences at NCBI for P. aeruginosa and some other
gram-negative rods. Positive PCR products of each re-
sistogram pattern were sequenced. The mexB gene of
7 resistant isolates of this study as: P. aeruginosa 1-
mexB, P. aeruginosa 2-mexB, P. aeruginosa 3-mexB, P.
aeruginosa 4-mexB, P. aeruginosa 5-mexB, P. aeruginosa
6-mexB, P. aeruginosa 7- mexB and the mexB genes
data of Escherichia coli-mexB, Acinetobacter bauman-
nii-mexB, Klebsiella pneumonia-mexB, Rhodopirellula
baltica-mexB, P. aeruginosa-mexB taken from GenBank
were analysed. The sequences were analysed by

MEGA for phylogenetic relations among these isolates
and to study the possible origin of mexB gene among
these resistant isolates. To analyze the data, we used
the SPSS 16 software by chi-square test.

Results

150 strains of P. aeruginosa were confirmed using bio-
chemical tests. According to disk diffusion method,
142 isolates were at least resistant to one antibiotic,
and 132 (88.8%) isolates were resistant against two or
more antibiotics. The highest resistance rates was ob-
served against tetracycline (88%) and tobramycin
(87.3%) and the lowest resistance rates were seen
against colistin (12.66%). For ciprofloxacin as an impor-
tant therapeutic choice for P. aeruginosa, we observed
50.8% resistance. It is interesting that all of ciprofloxa-
cin-resistant P. aeruginosa were resistant to one or
more other tested antibiotics. The pattern of resistance
against these antibiotics is presented in Figure 1.

The range of MIC by micro broth dilution method
was 0.5-16 mg/L for ofloxacin and levofloxacin and
0.5-164 mg/L for ciprofloxacin. The MIC obtained for
ciprofloxacin showed that 54% of P. aeruginosa isola-
tes should be categorized as resistant.

The mexB gene was detected in 60 (42%) isolates
by PCR. Figure 2 shows the results for agarose gel elec-
trophoresis of mexB PCR product and the related 210
bp band. 

The frequency of mexB gene is shown in Figure 3.
Accordingly, this efflux pump is more prevalent
among P. aeruginosa isolated from patients with burn
infection (55%) and then from patients with lower re-
spiratory tract infection (33.1%). 

Statistical analysis confirmed an association bet-
ween mexB gene and resistance of bacteria against
ciprofloxacin (chi-square; P value < 0.05) (Figure 4).

Statistical analysis showed a stronger association
between mexB gene and the mortality of infected pa-
tients (chi-square; P-value = 0.000) than mexB and re-
sistance (Figure 5). Further analysis confirmed a
significant correlation between the presence of mexB
gene and mortality in this study (correlation 0.625).
Comparison of outcome in mexB-positive and mexB-
negative patients are provided in the Table 2.

Sequencing and phylogenetic analysis of mexB gene:
To further investigate the genetic characteristics and
origin of mexB among these isolates, the mexB gene
was sequenced and compared with sequences at
NCBI for P. aeruginosa and some other gram-negative
rods. Consistent with the sequence alignment data,
most of these isolates showed high homology at the
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Figure 1 The resistance pattern of the isolates against studied antibiotics. The percentage for sensitive, intermediate,
and resistant isolates are shown

Figure 2 Agarose gel electrophoresis of mexB PCR product. M: 50 bp DNA size marker, P.C: Positive
control, N.C: Negative control, 1 to 4: 210 bp band related to mexB gene

Figure 3

The frequency of mexB gene in
different specimens. 60 (42%)
of 76 fluoroquinolone-resistant
isolates contained the mexB
gene. 42 isolates (70%) were
related to burn infection, 17
(28.33%) to lower respiratory
tract infection and 1 (1.66%) to
urinary tract infections.

                                     mexB-        mexB-             Total
                                     positive      negative

Outcome      Dead           31               0                    31
                     Alive           29               90                  119

Comparison of the clinical outcome between
mexB-positive and mexB-negative specimensTable 2
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Figure 4

Association of ciprofloxacin resistance with the
presence of mexB gene. Among 150 studied iso-
lates, 60 isolates were mexB-positive and all of
them were ciprofloxacin-resistant. 90 remaining
isolates were mexB-negative and they included
74 ciprofloxacin-sensitive and 16 ciprofloxacin-
resistant isolates.

Figure 5

Association of mortality with the presence of
mexB gene. Among 150 studied patients, 31 died
and mexB gene was detected in all 31 related iso-
lates. 119 remaining patients were alive and 29 of
them were related to mexB-positive isolates and
90 to mexB-negative isolates.

Figure 6 The mexB sequencing and alignment results. Alignment of mexB genes of our isolates and wild strain P. aerug-
inosa PAO1.



nucleotide level. Importantly, some nucleotide varia-
tions were observed among them in two regions
(codon 148 and codon 120). Nucleotides TG in codon
148 of mexB gene of P. aeruginosa PAO1 changed to
CA in strains 1, 3, 5, 7 (Figure 6).

Analysis with BioEdit software showed that strains
1, 3, 5 and 7 were 100% matched together and 94%
matched with wild-type P. aeruginosa (Figure 7). So,
mexB sequence analysis and evaluation of their simi-
larity with one another and with the wild-type strain
proposed absence of drastic changes. 

The phylogenetic tree was constructed using the
neighbor-joining method with Mega6 software (Boo-
tstrapping 1000 and Cutoff 95%; Kimura 2-parame-
ter). This phylogenetic tree confirmed high similarity
for mexB gene among studied P. aeruginosa strains
which were resistant against fluoroquinolones and
suggest a common origin for them with P. aeruginosa
PAO1 (wild-type strain) (Figure 8). It could be suppo-
sed that mexB gene is from common origin among P.
aeruginosa and some bacteria of Enterobacteriaceae
family. 
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Figure 7 The mexB genes identity (ID) of our 7 analyzed sequences (resistant isolates) to each other and to the wild-type
strain gene: P-s1, P-s3, and P-s5 are 100% identical with each other and 94% identical to the mexB gene of
wild-type strain. This sequence identity confirmed the absence of drastic nucleotide changes. 
(Provided by sequence identity matrix, BioEdit software)

Figure 8 The phylogenetic tree for mexB gene of 7 resistant isolates in this study. P. aeruginosa 1-mexB, P. aeruginosa
2-mexB, P. aeruginosa 3-mexB, P. aeruginosa 4-mexB, P. aeruginosa 5-mexB, P. aeruginosa 6-mexB, P. aerug-
inosa 7- mexB and the mexB genes data of Escherichia coli-mexB, Acinetobacter baumannii-mexB, Klebsiella
pneumoniae-mexB, Rhodopirellula baltica-mexB, P. aeruginosa-mexB taken from GenBank were analysed.
The phylogenetic tree was constructed using the neighbor-joining method. The scale bar 0.05 indicates 2% of
nucleotide sequence substitution.



Discussion:

In our study, the presence of mexB efflux pumps was
observed in 42% of fluoroquinolone-resistant isolates
which were much lower than rates previously repor-
ted for the mexB pump in the south of Iran (87.87%)
(33). This lower resistance in our study is perhaps due
to different types of infections and multicentric de-
sign of our study.

P. aeruginosa as an opportunistic pathogen is one
of the main causes of nosocomial infections.34 The fin-
dings of this study clearly showed very high resistance
rate among P. aeruginosa strains against most of the
antibiotics in our region. Most of the isolated P. aeru-
ginosa were resistant against at least two or more an-
tibiotics. The resistance rate was especially high in P.
aeruginosa isolated from burned patients. There was
a significant correlation between the presence of
mexB gene and mortality which was more significant
than the association of this gene with resistance
against ciprofloxacin. Although further research is ne-
eded for explaining this association, It could be due
to the role of this pump in the pathogenesis of P. ae-
ruginosa and resistance to other existing antimicrobial
agents through overexpression of efflux pump in ad-
dition to fluoroquinolone resistance. This hypothesis
has been strengthened as these efflux pumps have
broad substrate specificity, and extrude many classes
of antibiotic including β-lactams and quinolones.35

Ciprofloxacin is frequently used as an effective tre-
atment against Pseudomonas, but due to increasing
resistance to ciprofloxacin and increased mortality, it
is important to choose the antibiotics more carefully
according to susceptibility tests. The least resistance
was observed against colistin, tetracyclines, and ami-
noglycosides. The results of this study propose that
these antibiotics should be considered as effective th-
erapeutic choices. 

In a study in Tehran, 170 strains of P. aeruginosa were
isolated from burn patients. Among isolated bacteria,
resistance against amikacin and imipenem were repor-
ted in 81.70% and 52.90% of isolates.36 By comparing
the results of this study, it can be concluded that there
is an increasing trend of resistance to antibiotics, alth-
ough colistin still shows low resistance rate. 

In another study, 250 patients with high-degree
burn were studied in the Ghotbodin Shirazi hospital
in Shiraz. 26.40% (66 cases) of patients with burn wo-
unds were infected with P. aeruginosa which were re-
sistant to all antibiotics tested except colistin that
emphasized the dangerous trend of drug resistance.33

In this study, 66.66% of the isolates (44 cases) had an
efflux pump, among them 42.92% and 87.87% carried
mexA and mexB genes, respectively.37 In another study

on 53 isolates of P. aeruginosa from patients with can-
cer, lymphoma, burns, and bacteremia, 100% of isola-
tes were positive for mexAB-oprM genes of the operon
and explained high resistance to antibiotics among
the isolates.20

In a study on 104 P. aeruginosa isolated from burn
patients in a hospital in Tehran, a very high resistance
rate to nalidixic acid (86.54%) and ofloxacin (81.87%)
and much lower resistance to imipenem (40.91%) and
piperacillin (44.9%) were reported. In this study, the
gene coding MexAB-OprM efflux pump was present
in 27% of clinical isolates of P. aeruginosa which were
resistant to quinolones.37 This rate was lower than our
results perhaps due to different types of infections.

In these studies, in contrast to former studies, there
was a significant increase in resistance against new
antibiotics in comparison to older ones, and there was
a significant increase in the detection of genes coding
the efflux pump among isolated bacteria. According
to this study and other reports, the emergence of an-
tibiotic-resistant strains of P. aeruginosa is on the rise. 

Based on statistical analysis of the results of this
study, a significant association was shown between
the drug resistance and mortality of the patients. Also
for the first time, a very stronger correlation (0.625)
was observed between the gene coding an efflux
pump (MexAB-OprM) and the mortality of the pa-
tients. The results of this study indicate that a signifi-
cant association was present between the mexB and
antibiotic resistance in P. aeruginosa and also morta-
lity among patients admitted to these two hospitals.
This relationship necessitates further research to find
the reason in addition to needs for special attention
to trace the epidemiology and transmission of mexB
genes in nosocomial infections.

New strategies for combating mexB gene such as
siRNA targeting mexB gene and blocking the activity
of this pump can be used as a new tool for the trea-
tment of infections due to P. aeruginosa.

Conclusion:

The high rate of resistance against an important
group of antibiotics in our study is a serious alarm for
the healthcare providing system in our region. So an-
tibiotic stewardship programs specially selecting ap-
propriate medications are highly recommended and
should be followed vigorously. 
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Περίληψη

Χαρακτηρισμός της οφειλόμενης σε αντλίες εκροής αντοχή στις
φλουοροκινολόνες μεταξύ κλινικών στελεχών Pseudomonas
aeruginosa που απομονώθηκαν στο ΒΑ Ιράν και συσχέτισή τους
με τη θνητότητα μολυσμένων με τα στελέχη αυτά ασθενών
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Το μικρόβιο Pseudomonas aeruginosa είναι ευκαιριακό παθογόνο το οποίο προκαλεί σοβαρές
νοσοκομειακές λοιμώξεις και παρουσιάζει υψηλά επίπεδα αντοχής στα αντιβιοτικά. Η αντοχή
στις φλουοροκινολόνες οφείλεται κυρίως στην υπερέκφραση αντλιών εκροής, καθώς και σε
συγκεκριμένες σε αυτές μεταλλάξεις. Ο μεταφορέας εκροής πολλών φαρμακευτικών ουσιών
MexB στην αντλία MexAB-OprM είναι ένας από τους κυριότερους μηχανισμούς αντοχής. Η
παρούσα μελέτη σκοπό είχε τη μελέτη συχνότητας αντοχής στις φλουοροκινολόνες κλινικών
στελεχών P. aeruginosa στην πόλη Mashhad του Iran. Μελετήθηκαν 150 στελέχη P. aeruginosa
που απομονώθηκαν από νοσηλευόμενους ασθενείς στις Μονάδες Εγκαυμάτων και Εντατικής
Θεραπείας δύο κύριων νοσοκομείων στην πόλη Mashhad. Η αρχική ταυτοποίηση των βακτη-
ρίων έγινε με τις κλασικές βιοχημικές δοκιμασίες και ακολούθησε έλεγχος αντοχής έναντι 11
αντιβιοτικών και μέτρηση της Ελάχιστης Ανασταλτικής Συγκέντρωσης (MIC) σε σιπροφλοξα-
σίνη, λεβοφλοξασίνη και οφλοξασίνη. Η παρουσία, τέλος του mexB γονιδίου μελετήθηκε με
PCR μεθοδολογία.
Σύμφωνα με τα αποτελέσματα της μελέτης, 132 στελέχη (88%) παρουσίαζαν πολυαντοχή, 8
(5.3%) ήταν πλήρως ευαίσθητα και 10 (6.6%) παρουσίαζαν πλήρη αντοχή. Ανιχνεύθηκαν 76
(50.8) σιπροφλοξασίνη-ανθεκτικά στελέχη και ταυτόχρονα παρουσίαζαν αντοχή σε ένα ή πε-
ρισσότερα από τα υπόλοιπα υπό έλεγχο αντιβιοτικά. Κανένα στέλεχος δεν παρουσίαζε αντοχή
στην κολιστίνη. Σύμφωνα με την PCR, 42% των υπό μελέτη στελεχών είχαν το mexB γονίδιο
και mexABoprM οπερόνιο, και το φαινόμενο αυτό ήταν πιο συχνό (80%) μεταξύ των σιπρο-
φλοξασίνη-ανθεκτικών στελεχών.
Συμπερασματικά, στην παρούσα μελέτη απομονώθηκε μεγάλος αριθμός πολυανθεκτικών
στελεχών P. aeruginosa και, τόσο η αντοχή στην σιπροφλοξασίνη, όσο και η πολυαντοχή,
οφειλόταν πολύ συχνά σε υπερέκφραση αντλιών εκροής. Σύμφωνα, τέλος, με τα αποτελέσματα,
υπήρχε στενή συσχέτιση μεταξύ του mexB γονιδίου και της θνητότητας των ασθενών.

Λέξεις κλειδιά
Pseudomonas aeruginosa, φλουοροκινολόνες, αντοχή, mexB
γονίδιο, αντλία εκροής
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