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Pseudomonas aeruginosa could cause serious infections in hospitals and is highlighted as a source of
financial problems in farms. The revelation of drug resistant, particularly multi-drug resistant (MDR)
P. aeruginosa is important around the world. The efflux pump activity is identified as one of the most
important intrinsic resistant mechanisms in P. aeruginosa. A total of 96 P. aeruginosa isolates from
inpatient and animal sources were tested for antimicrobial susceptibility and subjected to multiplex
PCR (mPCR) assay to detect MexAB-OprM efflux pump system. The human isolates have shown the
highest resistance against cefazolin, ampicillin, nalidixic acid, trimethoprim/sulfamethoxazole, cepha-
lothin, oxacillin (100%). All farm animal isolates were resistant to cefazolin, kanamycin, amoxicillin
clavulanic acid, and cephalothin (100%). In both isolate groups, the presence of MexA was more
common than that of MexB. MexAB-OprM was demonstrated as a valuable mechanism in P. aerugi-
nosa antimicrobial resistant strains.
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INTRODUCTION

Pseudomonas aeruginosa, a Gram-nega-
tive rod shaped bacterium, an opportunis-
tic pathogen for humans, animals, insects,
plants and nematodes (Beinlich et al.,
2001; Rubin et al., 2008). Infection in

animals by P. aeruginosa can lead to fi-
nancial problems in farm. Also P. aerugi-
nosa is known as one of the most impor-
tant bacteria that cause serious infections
in hospitals (Beinlich et al., 2001; Bhatt et
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al., 2015). The revelation of drug resis-
tant, particularly multi-drug resistant
(MDR) among P.aeruginosa is a high-
lighted issue around the world, as this
organism has shown high rates of resis-
tance against biocides, detergents, dyes
and disinfectants (Gibb et al, 2002;
Schweizer, 2003; El Zowalaty et al,
2015; Potron et al., 2015).

There are several mechanisms that
make bacteria resistant to antimicrobial
agents, including enzymatic inactivation,
changing the permeability of outer mem-
brane, and efflux pump activity (Lambert,
2002; Lister et al., 2009; Chalhoub et al.,
2017). The most important intrinsic resis-
tance mechanism in P. aeruginosa is re-
lated to synergy between reducing outer
membrane permeability and efflux pump
activity, named resistance nodulation divi-
sion (RND) (Dean et al., 2003). Four ef-
flux pumps, MexAB-OprM (ABM),
MexCD-Opr]  (CDJ), MexEF-OprN
(EFN), and MexXY-OprM (XY) were
demonstrated in P. aeruginosa (Hocquet
et al., 2007). The RND pumps are com-
posed of inner membrane transporters
(i.e., MexB, MexD, MexF, and MexY)
which seem to fusion a proton, an outer
membrane component (i.e., OprM, OprlJ,
and OprN) helping forming channel, and a
membrane fusion protein (i.e., MexA,
MexC, MexE, and MexX) (Pearson et al.,
1999; Dean et al, 2003; Schweizer,
2003). Previous surveys have shown that
the MexAB-OprM and MexXY-OprM are
more important in the natural resistance of
P. aeruginosa, also the MexAB-OprM
efflux system has a significant role for the
virulence of this bacterium (Evans et al.,
1998; Masuda et al., 2000; Llanes et al.,
2004; Sobel et al., 2005).

The number of antimicrobial drug re-
sistant P. aeruginosa strains are increas-
ing and as efflux pump was determined as
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one of the most remarkable mechanisms
in resistant strains, the current study was
conducted to identify efflux pump genes
and determine antimicrobial susceptibility
among P. aeruginosa isolates from inpa-
tients and farm animals.

MATERIALS AND METHODS

Isolation and identification

A total of 96 P. aeruginosa isolates in-
cluding 50 isolates from two hospitals in
Mashhad, and 46 isolates from bovine
mastitis cases in Tehran and Mashhad,
were collected. The isolates purification
was done by culturing on differential and
selective media like cetrimide agar. Then
isolates were confirmed by biochemical
tests as followed: oxidase/catalase, citrate
utilization test, triple sugar iron agar
(TSI), urease activity, and motility.

DNA extraction and verification of deter-
mined isolates by PCR assay

DNA was extracted from each isolate us-
ing boiling method (Ahmed & Dablool,
2017). All isolates were identified as P.
aeruginosa by using 16S rRNA specific
primers. The forward and reverse primer
sequences were GGGGGATCTTCGG
ACCTCA and TCCTTAGAGTGCCCA
CCCaQG, respectively (Spilker et al., 2004).
The PCR reaction was carried out in 25
pL volume containing: 12.5 pL of PCR 2x
MasterMix (Parstous, Iran) containing
Taq DNA Polymerase, reaction buffer,
dNTPs mixture, protein stabilizer, and the
convenience for use was optimised by
adding sediment for electrophoresis and
2x solution of loading dye, 3 uL of DNA
template (150 ng/reaction), 7.5 pL nuc-
lease-free water, 1 puL of forward primer
and reverse primer. PCR cycles were as
followed: initial denaturation at 95 °C for
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2 min; followed by 25 cycles of denatura-
tion at 94 °C for 20 s, annealing at 58 °C
for 20 s, and extension at 72 °C for 40 s
with a final extension for 1 min.

Antimicrobial susceptibility tests

The susceptibility of isolates against dif-
ferent classes of antibiotics was assessed
using the disc diffusion method (CLSI,
2018). The susceptibility of all isolates
were determined to gentamicin (10 pg),
cefazolin (30 pg), ceftriaxone (30 pg),
ampicilin (25 pg), nalidixic acid (30 pg),
trimethoprim sulfamethoxazole (25 pg),
cephalothin (30 pg), levofloxacin (5 pg),
and tetracycline (30 pg) (Mast Co., UK).
In addition, azetronam (30 pg), oxacillin
(1 pg), and ciprofloxacin (5 pg) were used
just for human isolates, while kanamycin
(30 pg), enrofloxacin (5 pg) and amoxicil-
lin/clavulanic acid (30 pg) used for animal
isolates.

Evaluation of MexAB-OprM

The MexAB-OprM efflux pumps were
detected using m-PCR. P. aeruginosa
ATCC 27853 and ATCC 2027 strains and
distilled water were used as positive and
negative controls, respectively. The in-
formation of primer sequences is listed in
Table 1. In this order, PCR reaction was
run in 25 puL volumes including: 12.5 pL
of PCR 2x MasterMix (Parstous, Iran)
containing Taq DNA Polymerase, reaction
buffer, INTPs mixture, protein stabilizer,
and the convenience for use was opti-
mised by adding sediment for electropho-

Table 1. Oligonucleotide primers

resis and 2x solution of loading dye, 3 uL
of DNA template (150 ng/reaction), 7.5
pL nuclease-free water, 1 pL of each
primer.

PCR programme was as followed: ini-
tial denaturation at 94 °C for 5 min; fol-
lowed by 30 cycles of denaturation at 94
°C for 30 s, annealing at 57 °C for 30 s,
and extension at 72 °C for 1 min with a
final extension for 5 min.

RESULTS

Antimicrobial susceptibility tests

The highest resistance among human iso-
lates (100%) was observed against cefa-
zolin, ampicilin, nalidixic acid, trimetho-
prim sulfamethoxazole, cephalothin, oxa-
cillin. Also, the second highest resistance
(96%) was shown to tetracycline.

Among 46 mastitis isolates, the highest
resistance was recorded to cefazolin,
kanamycin, amoxicillin/clavulanic acid,
cephalothin (100%) while the lowest re-
sistance was exhibited to levofloxacin and
gentamicin (0%). Information of isolates’
susceptibility is listed in Table 2 and Ta-
ble 3, respectively.

Antimicrobial susceptibility patterns

The antimicrobial susceptibility presented
several different resistance patterns among
all isolates (Table 4). The most frequent
resistance pattern among human isolates
was against cefazolin, ampicillin, nalidixic
acid, trimethoprim sulfamethoxazole, tetra-

Primer name Primer sequences* Product (bp)
MexA F: CTCGACCCGATCTACGTC 503
R: GTCTTCACCTCGACACCC
MexB F: TGTCGAAGTTTTTCATTGAG 280
R: AAGGTCAC GGTGATGGT
*Arabestani et al. (2015).
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Table 2. Percentage of resistant strains among human isolates (n=50)

Behaviour of isolates

Resistant Intermediate Susceptible
Ampicillin 100 0 0
Oxacillin 100 0 0
Cephalothin 100 0 0
Ceftriaxone 9 26 65
Cefazolin 100 0 0
Tetracycline 96 0 4
Gentamicin 34 0 66
Nalidixic acid 100 0 0
Ciprofloxacin 20 4 76
Levofloxacin 32 4 64
Aztreonam 40 8 52
Trimethoprim/sulfa- 100 0 0
methoxazole
Table 3. Percentage of resistant strains among bovine mastitis isolates (n=46)

Behaviour of isolates

Resistant Intermediate Susceptible
Ampicillin 97.8 0 2.1
Amoxicillin/clavu- 100 0 0
lanic acid
Cephalothin 100 0 0
Ceftriaxone 8.8 26 65.2
Cefazolin 100 0 0
Tetracycline 78.2 0 21
Gentamycin 0 0 100
Amikacin 100 0 0
Nalidixic acid 97.8 0 2.1
Enrofloxacin 6.5 60.8 32.6
Levofloxacin 0 0 100
Trimethoprim/sulfa- 86.9 10.8 2.1
methoxazole

cycline, cephalothin and oxacillin (34%).
Also, resistance pattern to cefazolin, ami-
kacin, amoxicillin-clavulanic, ampicillin,
trimethoprim sulfamethoxazole, tetracy-
cline, and cephalothin was determined as
the most frequent pattern among isolates
from farm animals (60.8%).

BJVM, 24, No 2

Detection of MexAB-OprM

The m-PCR procedure revealed that fre-
quency of MexA mRNA was higher than
MexB in all isolates. Generally, MexA
mRNA was detected in 35 out of 50 hu-
man isolates (70%), and MexB was posi-
tive in other 15 human isolates. Also,
MexA mRNA was more prevalent than
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Table 4. Antimicrobial resistance patterns for studied P. aeruginosa isolates

Resistance patterns Number (%)
Human isolates (n=>50)

AMP, OXA, CEP, CFZ, TET, NAL, SXT 17 (34%)
AMP, OXA, CEP, CFT, CFZ, TET, GEN, NAL, CIP, LVX, ATM, SXT 9 (18%)
AMP, OXA, CEP, CFT,CFZ, TET, NAL, SXT 8 (16%)
AMP, OXA, CEP, CFT, CFZ, TET, NAL, ATM, SXT 6 (12%)
AMP, OXA, CEP, CFT, CFZ, TET, NAL, GEN, CIP, LVX, SXT 3 (6%)
AMP, OXA, CEP, CFT, CFZ, TET, GEN, NAL, LVX, ATM, SXT 2 (4%)
AMP, OXA, CEP, CFT, CFZ, TET, NAL, CIP, LVX, ATM, SXT 1 (2%)
AMP, OXA, CEP, CFT, CFZ, TET, GEN, NAL, SXT 1 (2%)
AMP, OXA, CEP, CFT, CFZ, TET, NAL, LVX, ATM, SXT 1 (2%)
AMP, OXA, CEP, CFZ, TET, GEN, NAL, SXT 1 (2%)
AMP, OXA, CEP, CFZ, TET, GEN, NAL, ATM, SXT 1 (2%)
Bovine mastitis isolates (n=40)

AMP, AUG, CEP, CFZ, TET, AMK, SXT 28 (60.8%)
AMP, AUG, CEP, CFZ, AMK, SXT 7 (15.2%)
AMP, AUG, CEP, CFZ, AMK 3 (6.5%)
AMP AUG, CEP, CFZ, TET, AMK 2 (4.3%)
AMP, AUG, CEP, CFZ, TET, AMK, ENR, SXT 2 (4.3%)
CEP, CFZ, TET, AMK, NAL, SXT 1(2.1%)
AMP, AUG, CEP, CFT, CFZ, TET, AMK, SXT 1 (2.1%)
AMP, AUG, CEP, CFT, CFZ, TET, AMK, SXT 1(2.1%)
AMP, AUG, CEP, CFT, CFZ, TET, AMK, NAL, ENR, SXT 1 (2.1%)

AMP, Ampicillin; AUG, Amoxicillin/Clavulanic; ; OXA, Oxacillin; CEP, Cephalothin; CFT, Ceftri-
axone; CFZ, Cefazolin; TET, Tetracycline; GEN, Gentamicin, AMK, Amikacin; NAL, Nalidixic
acid; CIP, Ciprofloxacin; ENR, Enrofloxacin; LVX, Levofloxacin; ATM, Aztreonam; SXT, Trime-

thoprim/Sulfamethoxazole.

DNA ladder 100 bp :
1 2 3 .','4'.

500 bp
200 bp

Fig. 1. Multiplex PCR on gel electrophoresis. Lanes 2, 3, 5, 6: human isolates from hospitals with
MexA and MexB; lanes 1, 7-11: human isolates from hospitals with MexA.

MexB among mastitis isolates, 40 (86.9%)
and 11 (23.9%), respectively (Fig. 1).

DISCUSSION

P. aeruginosa is an opportunistic patho-
gen known as a remarkable organism in
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hospitals, as well as one of the most im-
portant causes of mastitis at farms (Mekic
et al., 2011; Bhatt et al,, 2015). On the
other hand, the development of antimicro-
bial resistance, particularly multidrug-
resistance (MDR), extended drug resis-
tance (XDR), and pandrug resistance
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(PDR), is a serious concern at a global
scale. The high prevalence of MexA
mRNA (78.1%) and MexB mRNA
(21.8%) in our study had confirmed re-
sults from previously surveys (Beinlich et
al., 2001; Hocquet et al., 2007; Al-Grawi,
2012; Khosravi & Mohammadian, 2016).
Also, our findings detecting MexAB-
OprM mRNA in all isolates and recording
high rate of MDR strains, demonstrated
that MexAB-OprM mRNA had a signifi-
cant role in MDR strains, in line with a
previous study by Arabestani et al.
(2015), and another study by Goli et al.
(2016) which had reported overexpression
of MexB mRNA (76%) among of MDR
strains. The existence of MexAB-OprM at
the RNA level is a prerequisite for expres-
sion of MDR pumps and therefore, resis-
tance against antibiotics.

According to antimicrobial suscepti-
bility tests, cefazolin, ampicillin, tetracy-
cline, cephalothin and trimethoprim sul-
famethoxazole, have shown the lowest
activity against all isolates. In addition, all
human isolates were resistant to oxacillin
and nalidixic acid, as well as all mastitis
isolates were resistant to kanamycin and
amoxicillin/clavulanic acid. However,
gentamicin and ciprofloxacin had exhi-
bited most commonly activity (66—100%)
to all isolates, respectively. This finding
corroborated with other survey results in
Iran, which had reported high rate of sus-
ceptibility to ciprofloxacin (Mokhtari et
al., 2016; Ranji & Rahbar Takrami, 2017)
but disagreed with other earlier studies,
which had determined lower rate of sus-
ceptibly to ciprofloxacin (Japoni et al.,
2006; Zhang et al., 2014; Arabestani et
al.,, 2015; Goli et al., 2016; Khosravi &
Mohammadian, 2016). There are several
possible explanations for this conflicting
outcome, such as geographical diffe-
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rences, variability of conventional antibi-
otics in the regions.

According to resistance phenotype
against at least one of the aminoglyco-
sides, penicillins, cephalosporins, and
antimetabolites antibiotic families, all
isolates are known as MDR. The rate of
MDR strains in this study was higher
compared to previously findings (66% —
76%) (Japoni et al., 2006; Rubin et al.,
2008; Goli et al, 2016; Khosravi &
Mohammadian, 2016). The apparent lack
of correlation can be justified by increased
use of antibiotics, sampling, and spread of
resistance genes with time. The high acti-
vity of gentamicin and levofloxacin
(100%) against mastitis isolates must be
considered when using these antibiotics
for treating mastitis in farms.

CONCLUSION

According to the results, MexAB-OprM
might have a remarkable role in turning
P. aeruginosa strains into resistant strains.
However, large-scale studies are required
to evaluate the relation between MexAB-
OprM and resistant strains. Also, in-
creased prevalence of MDR strains is an
important threat in hospitals all around the
world requiring more essential surveil-
lance on prescribing these antibiotics in
veterinary practice.
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