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ANTIBIOTIC SUSCEPTIBILITY PATTERN OF PSEUDOMONAS AERUGINOSA
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ABSTRACT

Pseudomonas aeruginosa is one of the most common causes of hospital-acquired infections. It
threatens worldwide public health because of its intrinsic antibiotic resistance and virulence.
In this context, this research aimed to determine the occurrence of P. aeruginosa in a clinical
setting, examine its susceptibility to antibiotics, and detect the presence of virulence genes, viz.
exoY, oprL and toxA in all isolates. It was a cross-sectional study carried out from June 2022 to
December 2022. A total of 1356 clinical specimens were collected and processed in the laboratory
for Gram staining, culture techniques, and biochemical tests. The Kirby-Bauer disk diffusion
method was applied to examine the antibiotic susceptibility pattern and conventional PCR was
used to detect the virulence genes in all confirmed P. aeruginosa isolates. 40.5% of specimens
showed bacterial growth, of which only 3.02% were identified as P. aeruginosa. Among them,
61.0% were multidrug resistant and 29.2% were B-lactamase producers. Aztreonam (70.7%) was
the most effective antibiotic. Among all P. aeruginosa isolates, 68.3% isolates were exoY positive,
61.0% were oprL positive and 56.1% were toxA positive. Strategic interventions are required to
stop the emergence and spread of antimicrobial resistance as a result of the isolation of multidrug
resistant (MDR) isolates carrying these virulence genes. This study can benefit the medical staff
and the entire community in building a surveillance system and enhancing infection control
procedures.
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INTRODUCTION

Pseudomonas aeruginosa is an opportunistic
pathogen that causes the most severe infections,
particularly in people whose immune system is
compromised and associated with high death
and morbidity rate.'? It is associated with
variety of illnesses, such as wound infection,
urinary tract infection, pneumonia, soft tissue
infection, skin infection and endocarditis.>?#*
The ability of P. aeruginosa to cause disease is
due to the emergence of an antibiotic resistance,
biofilm formation and the production of
virulence factors. °

P. aeruginosa exhibits antibiotic resistance due
to its outer membrane’s lipopolysaccharides,
serving as a permeability barrier.® Various
resistance mechanisms, including multi-drug
resistance, efflux pumps, biofilm formation,
aminoglycoside modifying enzymes and
B-lactamase production contribute to its ability
to persist and cause infections.” The presence
of virulence factors further enhances its
pathogenicity, leading to invasive infections
and extensive tissue damage. #°

Multidrug resistant P. aeruginosa, poses a
global health concern, with cephalosporins,
carbapenems, aminoglycosides, monobactams,
fluoroquinolones, penicillins with B-lactamase
inhibitors, fosfomycin and polymyxins used
for treatment.»!® Despite the effectiveness of
B-lactam antibiotics, the bacterial defense
mechanisms called p-lactamase enzymes
break down B-lactam ring in the structure of
B-lactam antibiotics, causing a complete loss of
their antimicrobial properties.'™* Among the
identified p-lactamase, extended-spectrum-j-
lactamases (ESBL) and metallo-B-lactamases
(MBL) are most clinically significant.!* ESBLs
are the bacterial enzymes carried by plasmid,
which provide resistance against penicillins,
aztreonam and cephalosporins, but their
effectiveness can be neutralized with the
help of B-lactamses inhibitors like clavulanic
acid.’® Meanwhile, MBLs are associated
with carbapenem resistance and globally
prevalent.’® Their activity can be inhibited
with the help of metal-chelating agents like
ethylenediaminetetraacetic acid.'’

P. aeruginosa has a numbers of virulence genes
namely exoY, exoS, toxA, oprL, oprl, oprD,
lasA, lasB, alg, plcH, plcN and nanl.®'® These
genes encodes different virulence factors that
contributes to its pathogenicity.’®* The outer
membrane lipoprotein of P. aeruginosa is
encoded by oprL, oprl and oprD genes, and
is also used as marker for the identification
of Pseudomonas infections. #2° The oprL gene

protects bacteriafrom oxidative stress and helps
maintain cellular integrity.’® The toxA gene
encodes exotoxin A which is a cytotoxic agent
that inhibits the protein synthesis by stopping
the elongation of polypeptide chains, leading to
host tissue damage.?* Similarly, the exoY gene
encodes exotoxin Y, which is responsible for
producing an enzyme called adenylate cyclase
that increases the level of cyclic nucleotides,
especially cyclic AMP (cCAMP), inside the cell.?223

The knowledge of bacterial antibiotic
susceptibility profile is crucial for selecting
the most effective empirical therapy, as it
helps to determine the proper choice of
antibiotics against bacterial infections.?* The
combination of virulence gene and antibiotic
resistance genes makes the bacterial isolates
more difficult to treat and control.? In
Nepal, multidrug resistance challenges the
effectiveness of treatments especially for the
infections caused by P. aeruginosa producing
ESBL and MBL, which exhibit higher rates of
death and present a growing global concern.2
Hence, understanding p-lactamase-mediated
resistance rates, knowing the involvement
of some virulence genes, and identifying
alternative antibiotic strategies are crucial for
effective P. aeruginosa treatment and infection
control in hospital setting.

MATERIALS AND METHODS

It was a hospital-based cross sectional study
conducted among both outpatients and
inpatients of all age groups including both male
and female visiting in Annapurna Neurological
Institute and Allied Sciences (ANIAS), Maitighar,
Kathmandu, Nepal from June 2022 to December
2022. Ethical approval for carrying out the
study was received from the Institutional
Review Committee of Central Department of
Microbiology, Tribhuvan University, Nepal
with the registration number IRCIOST-22-0041.

All the samples collected during the study
periods for culture and AST was taken for the
study. The specimens included in the study
were urine, sputum, blood, CSF, pus, swab,
biopsy, catheter tip, stool and other body fluids.
Samples collected on sterileleak proof container
and well labelled samples were included in the
study whereas improperly labelled and leaked
samples were excluded from the study.

Sample Processing and Identification of
Isolates: The specimens were cultured on
MacConkey agar and blood agar. The non-
lactose fermenting colony on MacConkey agar
was subjected for Gram staining and the gram

NMC)




NEPAL MEDICAL COLLEGE JOURNAL

negative bacteria were further characterized
using a set of standard biochemical tests such
as catalase, oxidase, oxidative/fermentative,
indole, methyl red, Voges-Proskauer, citrate
utilization, urease and triple sugar iron for the
identification of P. aeruginosa. Furthermore,
growth on cetrimide agar, pigment production
and growth at 42°C confirmed P. aeruginosa.”’-*
The media used in this study were procured
from HiMedia Laboratories, India and all points
related to quality control were considered.

Antibiotic Susceptibility Testing: The Kirby-
Bauer disc diffusion method was used to test
the antibiotic susceptibility pattern of all
collected isolates on Muller Hinton Agar (MHA)
following the criteria set by the Clinical and
Laboratory Standards Institute (CLSI, 2021).
The antibiotics discs used were piperacillin (PI,
100 pg), piperacillin-tazobactam (PIT, 100/10
ug), ceftazidime (CAZ, 30 ug), cefepime (CPM, 30
ug), aztreonam (AT, 30 pg), imipenem (IPM, 10
ug), gentamicin (GEN, 10 ug), ciprofloxacin (CIP,
5 pg), amikacin (AK, 30 pg) and levofloxacin
(LE, 5 pg) (products of HiMedia Laboratories,
India). Broth culture of test organism adjusted
to 0.5 McFarland standards were swabbed
using sterile swab on the surface of MHA (4 mm
thickness and pH 7.2) (HiMedia, India) and the
antibiotics discs were placed on the top of agar
plate. The plates were then incubated at 37° for
24 hours and the diameter of zone of inhibition
was measured and results were analyzed
based on CLSI standards, classifying them as
either resistant (R), intermediate (I) or sensitive
(S).2* Multidrug resistance (MDR) was defined
by resistance to more than three antibiotic
classes.® To standardize the Kirby-Bauer test, a
control strain of P. aeruginosa ATCC 27853 was

employed.

Phenotypic Detection of Extended Spectrum
B-Lactamase (ESBL) Positive Isolates:
Screening for ESBL production was done using
ceftazidime and/or cefepime disc. P. aeruginosa
isolates exhibiting <22 mm zone of inhibition
for ceftazidime (30 pg) were considered
potential ESBL producers. The phenotypic
confirmation of ESBL production on suspected
isolates was done by combination disk test
(CDT). In this method, a lawn culture of test
strain was made on MHA. Then, ceftazidime
and ceftazidime plus clavulanic acid discs (30
ug/10 ug) were placed over the culture. The
plates were incubated at 37° for 18-24 hours.
An increase in zone diameter of >5 mm in disc
containing clavulanic acid in comparison with
the inhibition zone of antibiotic tested alone
confirmed ESBL production.3!32

Phenotypic Detection of Metallo-B-lactamase
(MBL) Positive Isolates: Isolates exhibiting
resistance to imipenem in Kirby-Bauer disc
diffusion method were considered potential
MBL producer. Imipenem - EDTA disc method
was employed for the phenotypic confirmation
of MBLs in imipenem resistant P. aeruginosa.
A test inoculum equivalent to 0.5 McFarland
was inoculated onto plates of MHA. Two 10
ug imipenem discs were placed on the plates,
and 10 pl of 0.5 M EDTA of pH 8 was added to
one of the discs to obtain 750 pg concentration.
The distance between the center of imipenem
and imipenem-EDTA discs was maintained to
be 20 mm. after 16-18 hours of incubation in
aerobic condition at 37°, the inhibition zones
of imipenem and imipenem-EDTA discs were
measured and compared with each other.

Table 1: Primers used in this study

Primers Sequences (5’ to 3’)
GACAACGCCCTCAGCATCACCAGC

(Forward)
toxA 35
GACAACGCCCTCAGCATCACCAGC

(Reverse)

CGGATTCTATGGCAGGGAGG

(Forward)
exoY 35
GCCCTTGATGCACTCGACCA

(Reverse)

ATGGGAATGCTGAAATTCGGC

(Forward)
oprL 35
CTTCTTCAGCTCGACGCGACG

(Reverse)

Cycles

Initial . Final Length
denaturation Cycling Extension (bp) Ref

1 min, 94°

5min, 94° 1 min, 58° 1071;‘(}“ 352bp 8
1 min, 72°
40 sec, 94°

10 min, 94° 50 sec, 64° 10 min, 289bp 36
55 sec, 72° 72°
1 min, 94°

5 min, 94° 1 min, 60° 107?(}“’ 500bp 8
1 min, 72°
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If the difference in inhibition zone between
imipenem disk and imipenem-EDTA disk was
>7 mm, the isolate was considered as MBL-
producer.3?

Extraction of chromosomal DNA: For the
identification of exoY, oprL and toxA genes, the
extraction of bacterial DNA was done from each
isolates of P. aeruginosa by phenol-chloroform
method.?* The extracted DNA was preserved
in Tris-EDTA (10 mM Tris-HCl, 0.10 mM EDTA,
pH 8) buffer (HiMedia, India) at 4° for further
analysis. Later, it was used for polymerase
chain reaction (PCR).

Detection of Virulence Genes Using PCR:
The PCR was done using a conventional PCR
machine (ProFlex, Thermo Fisher, USA). The
PCR mixture, with a final volume of 25 pl,
was prepare. It comprised 12.5 pl of master
mix (Roche, Germany), 0.5 ul of the forward
primer (10 pM), 0.5 ul of the reverse primer
(10 pM), 4 pul of DNA template, and 7.5 pl of
distilled water.?> PCR was performed as per
the conditions described in Table 1. The final
hold temperature is 4° during PCR. A reagent
blank was included in every PCR reaction
which contained all the components of reaction
mixture except the bacterial DNA. P. aeruginosa
ATCC 27853 carrying exoY, oprL and toxA genes
was used as positive control. The agarose gel
electrophoresis (1.5%) in 1X TAE buffer, stained

with 0.5 pg/ml ethidium bromide (HiMedia,
India) was utilized for achieving resolution
of the amplified PCR products. Following this,
under UV light using a gel documentation
system, the DNA bands were visualized and
photographed.

RESULTS

Distribution of P. aeruginosa according to
age, sex, specimen type and patient type: Of
the total 1,356 clinical specimens processed,
the bacterial growth was observed in 549
(40.5%) samples. Among them, 41 (3.02%)
isolates were identified as P. aeruginosa. Out
of them, the highest growth was seen in the
age group 60+ years (16; 39.0%) and the lowest
number of isolates was observed in the age
group below 20 years (5; 12.2%). Of the total P.
aeruginosa isolates, (26; 63.4%) were from male
patients while (15; 36.6%) were from female.
Sample wise distribution study revealed that
P. aeruginosa was predominant in sputum
samples (13, 31.7%), followed by urine (9,
22.0%) and the least from swab and biopsy, and
most strains (63.4%) were isolated from the
inpatient department (Table 2).

Antibiotic Susceptibility Pattern of P.
aeruginosa: The antibiotic susceptibility
pattern of all P. aeruginosa isolates were shown

Table 2: Distribution of P. aeruginosa according to demographic information of patients

Characters No. of No. of P Percentage of total P. Percentage
- aeruginosa . - ’ of total
cases . aeruginosa isolated .
isolated specimens
Age group (in years)
<20 122 5 12.2 0.37
20-39 427 9 22 0.66
40-59 371 11 26.8 0.81
60 and above 436 16 39 1.18
Gender
Male 737 26 63.4 1.91
Female 619 15 36.6 1.11
Specimen types
Sputum 214 13 31.7 0.96
Urine 498 9 21.9 0.66
Pus 68 5 12.2 0.37
Blood 172 4 9.8 0.29
CSF 243 3 7.3 0.22
Swab 84 2 4.9 0.15
Biopsy 22 2 4.9 0.15
Catheter tips 22 3 7.3 0.22
Others 33 - - -
Patient type
Inpatient 1063 26 63.4 1.9
Outpatient 293 15 36.6 1.12
Total 1356 41 100 3.02

*Others: Body fluid and stool
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Table 3: AST pattern of P. aeruginosa

Antibiotic discs Resistant Intermediate  Sensitive
Piperacillin (100 pg) 13 (31.7%) 10 (24.4%) 18 (43.9%)
Piperacillin-tazobactam (100/10 pg) 8 (19.5%) 9 (22%) 24 (58.5%)
Ceftazidime (30 pg) 24 (58.5%) 4 (9.8%) 13 (31.7%)
Cefepime (30 pg) 15 (36.6%) 1 (2.4%) 25 (61%)

Aztreonam (30 pg) 12 (29.3%) - 29 (70.7%)
Imipenem (10 pg) 17 (41.5%) 1 (2.4%) 23 (56.1%)
Gentamicin (10 pg) 15 (36.6%) 4 (9.8%) 22 (53.7%)
Ciprofloxacin (5 pg) 20 (48.8%) 7 (17%) 14 (34.2%)
Amikacin (30 pg) 9 (22%) 7 (17%) 25 (61%)

Levofloxacin (5 ug) 20 (48.8%) 4 (9.8%) 17 (41.5%)

Table 4: Prevalence of P. aeruginosa and distribution of MDR isolates among types of

specimen and patient type

Character No. of cases MDR Non- MDR Total isolates
Specimen type

Sputum 214 11 (26.8%) 2 (4.9%) 13 (31.7%)
Urine 498 2 (4.9%) 7 (17.1%) 9 (22%)
Pus 68 2 (4.9%) 3 (7.3%) 5(12.2%)
Blood 172 4 (9.8%) - 4 (9.7%)
CSF 243 2 (4.9%) 1 (2.4%) 3 (7.3%)
Swab 84 1 (2.4%) 1 (2.4%) 2 (4.9%)
Biopsy 22 - 2 (4.9%) 2 (4.9%)
Catheter tips 22 3 (7.3%) - 3 (7.3%)
Others 33 - - -
Patient type

Inpatient 1063 20 (48.8%) 6 (14.6%) 26 (63.4%)
Outpatient 293 5(12.2%) 10 (24.4%) 15 (36.6%)
Total 1356 25 (61%) 16 (39%) 41 (100%)

Table 5: Presence of virulence genes in P. aeruginosa isolated from clinical specimens

Character toxA gene exoY genes oprL genes
Sputum 9 (22%) 8 (19.5%) 10 (24.4%)
Urine 5(12.2%) 7 (12.2 %) 4 (9.8%)
Pus 2 (4.9%) 4 (9.8%) 3 (7.3%)
Blood 3 (7.3%) 2 (4.9%) 1(2.4%)
CSF 1 (2.4%) 3 (7.3 %) 3 (7.3%)
Swab 1 (2.4%) 2 (4.9%) -
Biopsy 1 (2.4%) 2 (4.9%) 2 (4.9%)
Catheter tip 1 (2.4%) 1 (2.4%) 2 (4.9%)
Others - - -
Total 23 (56.1%) 28 (68.3%) 25 (61%)

Table 6: Virulence genes among multidrug resistant and B-lactamase producing P.

aeruginosa isolates

Drug spectrum toxA gene exoY gene oprL gene
MDR 15 (36.6%) 15 (36.6%) 17 (41.5%)
Non-MDR 8 (19.5%) 13 (31.7%) 8 (19.5%)
ESBL 7 (17.1%) 6 (14.6%) 3 (7.3%)
Non-ESBL 16 (39%) 22 (53.7%) 22 (53.7%)
MBL 7 (17.1%) 7 (17.1%) 5(22.2%)
Non-MBL 21 (51.2%) 21 (51.2%) 20 (48.8%)
Total 23 (56.1%) 28 (68.3%) 25 (61%)
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B Non-producers

[l ESBL only
MBL only

[l ESBL + MBL

Fig.1: Beta lactamase production in P. aeruginosa
isolates

in the Table 2. Aztreonam was found most
effective antibiotics in vitro with sensitivity of
70.7%. Similarly, the least effective drug was
ceftazidime which sensitive against 31.7% of
the P. aeruginosa isolates (Table 3).

400 bp pc NC 51 2 5 S
300 bp
00 b /T\
100 bp 2u50
Eeires e bl |

Fig.2: PCR amplification of exoY gene in P. aeruginosa
isolate. Lane L1: Molecular marker (ladder 100bp),
PC: Positive control for exoY gene, NC: Negative
control for exoY gene, Lane L1-L5 represents samples
S1-S5 in which S1, S2, S4 and S5 are exoY-positive

Distribution of multidrug resistance
(MDR) pattern in P. aeruginosa: Out of 41 P.
aeruginosa isolates, 25 (61.0%) isolates were
identified to be MDR. The highest percentage
of MDR isolates were from sputum samples
(26.8%) followed by blood samples (9.8%).
Similarly, the maximum MDR isolates were
from inpatients (48.8%) (Table 4).

B-lactamases production in P. aeruginosa
isolates: For the detection of p-lactamase
production, ESBL and MBL were tested
among the P. aeruginosa isolates. Out of 41 P.
aeruginosa, 12 (29.2%) were found to produce
at least one type of B-lactamase. Among them,
3 (7.3%) were ESBL producer only and 3 (7.3%)
were MBL producer only. Co-production of ESBL
and MBL was observed in 6 (14.6%) isolates. In
addition to this, 7 (17.1%) MDR isolates were
ESBL producer while 9 (19.5%) MDR isolates
were MBL producer (Fig. 1).

Prevalence of virulence genes (exoY, oprL
and toxA) in Pseudomonas aeruginosa
isolates: The polymerase chain reaction (PCR)
result showed the presence of virulence genes

00bp PC
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100bp
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Fig. 3: PCR amplification of oprL gene in P. aeruginosa
isolate. Lane L1: Molecular marker (ladder 100bp),
PC: Positive control for oprL gene, NC: Negative
control for oprL gene, Lane L1-L5 represents samples
§1-S5 in which S1, S2, S4 and S5 are oprL-positive
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Fig.4.PCR amplification of toxA gene in P. aeruginosa
isolate. Lane L1: Molecular marker (ladder 100bp),
PC: Positive control for toxA gene, NC: Negative
control for toxA gene, Lane L1-L5 represents samples
S$1-S5 in which S1, S2, S4 and S5 are toxA-positive

in 41 isolates of P. aeruginosa in which 28
(68.3%) isolates were positive for exoY gene,
25 (61.0%) isolates were positive for oprL gene
and 23 (56.0%) isolates were positive for toxA
gene. The maximum number of virulence
genes was found in sputum followed by urine
sample (Table 5).

Occurrence of virulence genes (toxA, exoy
and oprL) among multidrug resistant
and pB-lactamase producing P. aeruginosa
isolates: Among 25 MDR P. aeruginosa, 36.6%
were found to have toxA gene and exoY gene
while 41.5% were found to have oprL gene.
Among 9 ESBL producing P. aeruginosa, 17.1%
had toxA gene, 14.6% had exoY gene and 7.3%
had oprL gene. Among 9 MBL producing P.
aeruginosa, 17.1% had toxA gene and exoY gene
while 12.2% had oprL gene (Table 6).

DISCUSSION

The prevalence of P. aeruginosa in this study
was 3.02%. The lower prevalence found in
this study is supported by Gyawali et al?®
Chand et al®” and Bhandari et al.’® which
reported the frequency of 2.2%, 4.29% and
1.09%, respectively. On contrary, Adhikari
et al,’® Maharjan et al,?® Mahaseth et al,* and
Shrestha et al.*® the prevalence was reported
as 8.6%, 6.48%, 11.29% and 7.9%, respectively.
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This variation might be due to difference
in the type of clinical specimens received,
study population, study duration and type of
hospital.®

In this study, a significant proportion of the
isolates (39.0%) were isolated from individuals
aged 60+ years suggesting that the infections
attributable to P aeruginosa are more
prevalent among this age group. Chand et al®
and Shrestha et al*! in Nepal and Gautam and
Gopi*? in India have also found that most of
the cases of pseudomonal infection in this age
group. This age group is highly vulnerable to
infection and also longer duration of stay at the
hospital due to decreased immunity and other
associated co-morbidities.?42

Gender-wise, majority of the isolates were from
male patients (63.4%). This finding correlates
with various previous reports from Nepal.
Baral et al,® Shrestha et al*® Shrestha et al,*
Sathyavathy and Madhusudhan,* Maharjan,*
Mahaseth et al,*® reported highest percentage
of male patients which were 61.0%, 55.6%,
60.0%, 57.1%, 51.47% and 62.25%, respectively.
However, Bhattarai et al*® and Anil and
Shahid* in Nepal and Mohammadzadeh et
al*® in Iran showed maximum infection in
female patients by 80.08%, 55.17% and 68.4%,
respectively. The variation in the prevalence of
P. aeruginosa between male and female patients
may be due to differences in various factors
such as immune system, lifestyle choices and
occupational performance among individuals
who come into contact with this opportunistic
pathogen.*®

Sample-wise distribution study revealed
sputum as the most common source of the
isolates accounting for 31.7% of the total P.
aeruginosa growth. Previous studies from
Nepal have also reported higher proportion
of P. aeruginosa (33.3% to 65.8%) from sputum
samples.t4*449 On contrary, some other studies
from Nepal have reported maximum isolation
from pus sample.***” The occurrence of P.
aeruginosa in various specimens may differ
from hospital to hospital, since each hospital
has its own unique environment that can
influence bacterial distribution.s°

More than one-fourth of the P. aeruginosaisolate
was isolated from inpatients (75.6%) compared
to outpatients (24.4%). Similar findings have
been reported by Ansari et al® Mahaseth et
al*® and Sujakhu et al’'. The majority of the
isolates were isolated from inpatients since the
duration of hospital stayis directly proportional
to the infection.® In contrast, another study
carried out by Chand et al® have found majority

isolates in outdoor patients which may be due
to the frequent exposure of those patients with
infected surrounding.

P. aeruginosa isolates in this study were tested
for susceptibility to ten different antibiotics by
modified Kirby-Bauer disc diffusion method.
Aztreonam (AT/30 pg) was the most effective
(70.7%) drug. Mahaseth et al® and Chand et al®
have also reported similar results, for example,
62.2% and 66.7%, respectively. This study
revealed that more than half (61.0%) of our
isolates were MDR. However, the rate of MDR in
the study was lower than previously reported
by Maharjan et al*? (83.0%). In contrast to this,
a lower rate of MDR have also been noted by
various researchers such as 32.2% by Shrestha
et al** and 20.7% by Anil & Mohammad
Shahid*. The high percentage of resistance
may be due to indiscriminate use of antibiotics
resulting in the failure of commonly used drugs
for the management of Pseudomonal infection.
Furthermore, mutation or acquisition of
resistant genes through horizontal gene transfer
can occur during antibiotic therapy resulting
in the over expression of endogenous beta
lactamases, efflux pump genes and expression
of specific porins. This could contribute to
high level of resistance.5® Self-medication by
patients and incomplete course of treatment
are also probable contributing factors.>
Highest frequency of MDR P. aeruginosa were
identified in sputum sample (26.8%) and from
inpatient department (48.8%).

All the isolates in this study were tested for ESBL
and MBL production. It was found that 29.2%
isolates showed B-lactamases production. This
finding was supported by Ansari et al*® and
Shrestha et al?® who reported 33.1% and 36.0%
ESBL producing P. aeruginosa respectively.
However, in some studies such as Poudyal
et al®® and Bhandari et al*®> ESBL producing P.
aeruginosa was not reported. Similarly, this
study showed 29.2% MBL producing isolates
whichissupported by the study done by Acharya
et al** who had reported 30.9% MBL producing
P. aeruginosa. Shrestha et al*® have reported
that 8.0% P. aeruginosa as MBL producer which
is much lower compared to our study. The high
prevalence of B-lactamase production may be
due to the long-term hospital stay, maximum
use of B-lactam antibiotics and horizontal
transfer of P-lactamases encoding genes.
Detection of B-lactamase producing multidrug-
resistant (MDR) bacteria is crucial as it poses
challenges in therapeutic management and
restricts available treatment choices. Among 25
MDR P. aeruginosa, 17.0% were ESBL producer
and 21.9% were MBL producers.
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In this present study, PCR showed that 56%
Pseudomonas aeruginosa isolates were toxA
gene positive, 68.3% isolates were exoY
gene positive and 61.0% isolates were oprL
gene positive. Mapipa et al?*®, Chand et al®
and Mohammadzadeh et al*®* revealed the
occurrence of toxA gene as 100.0%, 95.4% and
100.0% respectively. Bogiel et al’” and Rodrigues
et al*® showed the prevalence of exoY as 99.1%
and 75.9% respectively. Chand et al® and Aslani
et al® illustrated prevalence rate of oprL gene
as 100.0% and 96.0% respectively. The possible
reason for low prevalence rate of these three
virulence genes (toxA, exoY and oprL) in this
study might be because during infection the
bacterium may undergo genomic reduction.5°
This process may lead to the loss of virulence
factors that are no longer necessary for
survival in the host. As a result, the bacterium
may become less virulent but better adapted
to persist in the host environment.5*¢! The
prevalence of P. aeruginosa and its virulence
genes depends upon nature of place, degree
of contamination, immunity of patients and
virulence of strains.?

Among 25 MDR, the prevalence of toxA, exoY
and oprL gene are 36.6%, 36.6% and 41.5%
respectively. Among 9 ESBL producing isolates,
prevalence of these genes are 17.1%, 14.6%
and 7.3% respectively while among 9 MBL
producing isolates, the prevalence of these
genes are 17.1%, 17.1% and 12.2% respectively.

This study could be helpful for health worker
to improve infection control measures and
to establish a surveillance system. This effort
may contribute to control the emergence and
transmission of MDR, MBL and ESBL producing
bacteria in clinical setting. Additionally, this
study could be a significant reference for

further study on prevalence of virulence genes
in P. aeruginosa.

For conclusion, Aztreonam was found to be
most effective antibiotics for treatment of
infection caused by P. aeruginosa followed by
imipenem, gentamicin and amikacin. The study
revealed that more than half of P. aeruginosa
isolates harbor at least one of virulence genes,
namely toxA, exoY and oprL. Out of total P.
aeruginosa isolates, majority of them were
MDR while nearly one third of the isolates
showed p-lactamase production. Multidrug
resistant and B-lactamase production in P.
aeruginosa have been considered as one of the
challenging nosocomial as well as community
acquired pathogen. So, the special attention is
required in regular surveillance of antibiotic
susceptibility patterns. Similarly, the presence
of intrinsic virulence and pathogenicity of
bacteria is indicated by existence of virulence
genes such as toxA, oprL and exoY. Therefore,
the detection of these genes by PCR is highly
recommended.

ACKNOWLEDGEMENTS

This work is a part of Master’s thesis and
have been supported by St. Xavier’s College,
Maitighar, Kathmandu and Annapurna
Neurological Institute and Allied Sciences,
Kathmandu, Nepal. The authors would like
to thanks to all the staffs of Annapurna
Neurological Institute and Allied Sciences and
St. Xavier’s College for their valuable ideas and
constant support throughout the study.

Conflict of interest: None
Source of research fund: None

REFERENGES

1. Moradali MF, Ghods S, Rehm BHA. Pseudomonas
aeruginosa lifestyle: A paradigm for adaptation,
survival, and persistence. Front Cell Infect
Microbiol 2017; 7: 1-29.

2. Odumosu BT, Adeniyi BA, Chandra R. Analysis of
integrons and associated gene cassettesin clinical
isolates of multidrug resistant Pseudomonas
aeruginosa from Southwest Nigeria. Ann Clin
Microbiol Antimicrob 2013; 12: 1-7.

3. Japoni A, Farshad S, Alborzi A. Pseudomonas
aeruginosa: Burn infection, treatment and
antibacterial resistance. Iran Red Crescent Med
J2009; 11: 244-53.

4. El-Kholy A, Saied T, Gaber M et al. Device-
associatednosocomialinfectionratesinintensive
care units at Cairo University hospitals: First

step toward initiating surveillance programs in
a resource-limited country. Am J Infect Control
2012; 40: e216-20.

5. Ullah W, Qasim M, Rahman H, Jie Y, Muhammad
N. Beta-lactamase-producing Pseudomonas
aeruginosa: Phenotypic characteristics and
molecular identification of virulence genes. |
Chinese Med Assoc 2017; 80: 173-7.

6. Mahaseth SN, Chaurasia L, Jha B, Sanjana RK.
Prevalence and antimicrobial susceptibility
pattern of Pseudomonas aeruginosa isolated
from various clinical samples in a tertiary care
hospital. Janaki Med Coll ] Med Sci 2020; 8: 11-7.

7. Yadav V, Kiran V, Jaiswal M, Singh K. A study of
antibiotic sensitivity pattern of Pseudomonas
aeruginosa isolated from a tertiary care hospital

NMC)




NEPAL MEDICAL COLLEGE JOURNAL

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

in South Chhattisgarh. Int ] Med Sci Public Health
2017; 6: 1.

Chand Y, Khadka S, Sapkota S et al. Clinical
Specimens are the Pool of Multidrug- resistant
Pseudomonas aeruginosa Harbouring oprL and
toxA Virulence Genes: Findings from a Tertiary
Hospital of Nepal. Emerg Med Int 2021; 2021: 1-8.

Choy MH, Stapleton F, Willcox MDP, Zhu H.
Comparison of virulence factors in Pseudomonas
aeruginosa strains isolated from contact lens-
and non-contact lens-related keratitis. | Med
Microbiol 2008; 57: 1539-46.

Bassetti M, Vena A, Croxatto A, Righi E, Guery
B. How to manage Pseudomonas aeruginosa
infections. Drugs Context 2018; 7: 1-18.

Bradford PA. Extended-spectrum p-lactamases
in the 21st century: Characterization,
epidemiology, and detection of this important
resistance threat. Clin Microbiol Rev 2001; 14:
933-51.

Tekiner IH, Ozpmmar H. Occurrence and
characteristics of extended spectrum beta-
lactamases-producing enterobacteriaceae from
foods of animal origin. Brazilian J Microbiol
2016; 47: 444-51.

Thenmozhi S, Moorthy K, Sureshkumar BT,
Suresh M. Antibiotic resistance mechanism of
ESBL producing Enterobacteriaceae in clinical
field: a review. Int J Pure Appl Bio Sci 2014; 2:
207-26.

Zhao WH, Hu ZQ. B-Lactamases identified in
clinical isolates of Pseudomonas aeruginosa.
Crit Rev Microbiol 2010; 36: 245-58.

Poudyal S, Bhatta DR, Shakya G et al. Extended
spectrum Aa-lactamase producing multidrug
resistant clinical bacterial isolates at National
Public Health Laboratory, Nepal. Nepal Med Coll
J2011; 13: 34-8.

Shrestha A, Acharya ], Amatya ], Paudyal R,
Rijal N. Detection of beta-lactamases (ESBL and
MBL) producing gram-negative pathogens in
National Public Health Laboratory of Nepal. Int
J Microbiol 2022; 2022: 4-10.

Bora A, Sanjana R, Jha BK, Narayan Mahaseth S,
Pokharel K. Incidence of metallo-beta-lactamase
producing clinical isolates of Escherichia coli
and Klebsiella pneumoniae in central Nepal.
BMC Res Notes 2014; 7: 1-7.

Alonso B, Fernandez-Barat L, Di Domenico
EG et al. Characterization of the virulence
of Pseudomonas aeruginosa strains causing
ventilator-associated pneumonia. BMC Infect
Dis 2020; 20: 1-8.

Ciamak G. Pseudomonas aeruginosa: prevalence
of pathogenic genes, OprL and ToxA in human
and veterinary clinical samples in Ardabil, Iran,
2020. J Adv Biomed Sci 2022; 12: 412-21.

Mapipa Q, Digban TO, Nnolim NE, Nwodo UU.
Antibiogram profile and virulence signatures
of Pseudomonas aeruginosa isolates recovered
from selected agrestic hospital effluents. Sci Rep
2021; 11: 1-11. DOI: doi.org/10.1038/s41598-021-
91280-6

Dong D, Zou D, Liu H et al. Rapid detection of
Pseudomonas aeruginosa targeting the toxA

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

gene in intensive care unit patients from Beijing,
China. Front Microbiol 2015; 6: 1-7.

Kloth C, Schirmer B, Munder A, Stelzer T,
Rothschuh J, Seifert R. The role of Pseudomonas
aeruginosa exoy in an acute mouse lung infection
model. Toxins (Basel) 2018; 10: 1-15.

Hritonenko V, Mun JJ, Tam C et al. Adenylate
cyclase activity of Pseudomonas aeruginosa
ExoY can mediate bleb-niche formation in
epithelial cells and contributes to virulence.
Microb Pathog 2011; 51: 305-12.

El Zowalaty ME, Al Thani AA, Webster TJ et al.
Pseudomonas aeruginosa: Arsenal of resistance
mechanisms, decades of changing resistance
profiles, and future antimicrobial therapies.
Future Microbiol 2015; 10: 1683-706.

Schroeder M, Brooks BD, Brooks AE. The complex
relationship between virulence and antibiotic
resistance. Genes (Basel) 2017; 8: 1-23.

Shrestha P, Sharma S, Maharjan R. Extended
Spectrum beta lactamase and metallo beta
lactamase producing Pseudomonas aeruginosa
at tertiary care hospital of Nepal. Tribhuvan
Univ J Microbiol 2018; 5: 45-50.

Cheesbrough M. District Laboratory Practice in
Tropical Countries, Part 2 Second Edition.

Tille PM. Bailey & Scott’s Diagnostic Microbiology.
Basic Medical Microbiology. 2014.

Weinstein MP. Clinical and Laboratory
Standards Institute. Performance Standards
for Antimicrobial Susceptibility Testing. 48-52.
2021, USA.

Magiorakos AP, Srinivasan A, Carey RB et al.
Multidrug-resistant, extensively drug-resistant
and pandrug-resistant bacteria: An international
expert proposal for interim standard definitions
for acquired resistance. Clin Microbiol Infect
2012; 18: 268-81.

Kaur A, Singh S. Prevalence of extended spectrum
betalactamase (ESBL) and metallobetalactamase
(MBL) producing Pseudomonas aeruginosa and
acinetobacter baumannii Isolated from Various
Clinical Samples. J Pathog 2018; 2018: 1-7.

Chowdhury S, Chakraborty P pratim. Universal
health coverage - There is more to it than meets
the eye. ] Fam Med Prim Care [Internet]. 2017;
6(2):169-70. Available from: http://www.jfmpc.
com/article.asp?issn=2249-4863;year=2017;volu
me=6;issue=1;spage=169;epage=170;aulast=Faizi

Al-Khudhairy MK, Al-Shammari MMM.
Prevalence of metallo-B-lactamase-producing
Pseudomonas aeruginosa isolated from diabetic
foot infections in Iraq. New Microbes New Infect
2020; 35: 100661.

Ghatak S, Muthukumaran RB, Nachimuthu SK. A
simple method of genomic DNA extraction from
human samples for PCR-RFLP analysis. J Biomol
Tech 2013; 24: 224-31.

Ansari M, Aryal SC, Rai G et al. Prevalence of
multidrug-resistance and blaVIM and blaIMP
genes among gram-negative clinical isolates in
tertiary care hospital, Kathmandu, Nepal. Iran J
Microbiol 2021; 13: 303-11.

NMC)



Ojha et al

36.

37.

38.

39.

40.

41.

42.

43.

44,

45.

46.

47.

48.

Gawish AA. An investigation of type 3 secretion
toxins  encoding-genes of  Pseudomonas
aeruginosa isolates in a University Hospital in
Egypt. ] Microbiol Infect Dis 2013; 03: 116-22.

Gyawali R, Khadka RB, Shrestha B, Manandhar
S. Antimicrobial susceptibility patterns of
Pseudomonas spp. isolated from various clinical
samples at a tertiary care hospital. J Inst Sci
Technol 2020; 25: 49-54.

Bhandari S, Adhikari S, Karki D et al. Antibiotic
resistance, biofilm formation and Ddetection of
mexA/mexB Efflux-Pump genes among clinical
isolates of pseudomonas aeruginosa in a tertiary
care hospital, Nepal. Front Trop Dis 2022; 2: 1-9.

Adhikari K, Basnyat S, Shrestha B. Prevalence
of multidrug-resistant and extended-spectrum
betalactamase producing bacterial isolates
from infected wounds of patients in Kathmandu
Model Hospital. Nepal J Sci Technol 2020; 19:
171-9.

Maharjan N. Pseudomonas aeruginosa Isolates
among clinical samples showing growth in a
tertiary care centre: c descriptive cross-sectional
study. ] Nepal Med Assoc 2022; 60: 676-80.

Shrestha S, Amatya R, Adhikari RP. Prevalence
and antibiogram of Pseudomonas aeruginosa
isolated from clinical specimens in a teaching
hospital, Kathmandu. Int J Infect Dis 2016; 45:
115-6.

Gautam T, Gopi A. Pseudomonas- an Emerging
Nosocomial Pathogen. J Evol Med Dent Sci 2019;
8:5-9.

Baral S, Pokharel A, Subramanya SH, Nayak N.
Clinico-epidemiological profile of Acinetobacter
and Pseudomonas infections, and their antibiotic
resistant pattern in a tertiary care center,
Western Nepal. Nepal | Epidemiol 2019; 9: 804-
11.

Shrestha R, Nayak N, Bhatta DR, Hamal D,
Subramanya SH, Gokhale S. Drug resistance
and biofilm production among Pseudomonas
aeruginosa clinical isolates in a tertiary care
hospital of Nepal. Nepal Med Coll J 2019; 21:
110-6.

Sathyavathy K, Madhusudhan BK. Antimicrobial
Susceptibility pattern of Klebsiella species from
various clinical samples at a tertiary care
hospital. ] Pharm Res Int 2020; 25: 143-7.

Bhattarai GS, Shrestha D, Tiwari BR. Extended
Spectrem Beta Lactamases among Multi Drug
Resistant Gram Negetive Bacilli Causing Urinry
Tract Infection. | Heal Allied Sci 2016; 5: 25-8.

Anil C, Mohammad Shahid R. Antimicrobial
susceptibility = patterns of Pseudomonas
aeruginosa clinical isolates at a tertiary care
hospital in Kathmandu, Nepal. Asian ] Pharm
Clin Res 2013; 6 (Suppl 3): 235-8.

Mohammadzadeh A, Mardaneh ], Ahmadi R,
Adabi J. Evaluation of the virulence features
and antibiotic resistance patterns of pathogenic
pseudomonas aeruginosa strains isolated from
hospitalized patients in Gonabad, Iran. Arch
Pediatr Infect Dis 2017; 5: 0-7.

49.

50.

51.

52.

53.

54.

55.

56.

57.

58.

59.

60.

61.

Ansari S, Dhital R, Shrestha S et al. Growing
menace of antibacterial resistance in clinical
isolates of Pseudomonas aeruginosa in Nepal:
an insight of beta-lactamase production. Biomed
Res Int 2016; 2016: 1-8.

Manandhar S, Adhikari S, Rajbhandari S.
Phenotypic assays for detection of AmpC and
MBL producers among the clinical isolates of
multi drug resistant Pseudomonas aeruginosa.
Tribhuvan Univ | Microbiol 2018; 4: 23-31.

Sujakhu C, Prajapati KG, Amatya J. Production
and antibiotic susceptibility pattern of
Pseudomonas aeruginosa isolated from clinical
samples. JSM Microbiol 2018; 6: 1-8.

MaharjanR, ShresthaB, ShresthaSetal. Detection
of metallo-B-lactamases and carbapenemase
production Pseudomonas aeruginosa isolates
from burn wound infection. Tribhuvan Univ |
Microbiol 2020; 7: 67-74.

Honoré N, Nicolas MH, Cole ST. Regulation of
enterobacterial cephalosporinase production:
the role of a membrane-bound sensory
transducer. Mol Microbiol 1989; 3: 1121-30.

Acharya KP, Wilson RT. Antimicrobial Resistance
in Nepal. Front Med 2019; 6: 7-9.

Bhandari P, Thapa G, Pokhrel BM, Bhatta DR,
Devkota U. Nosocomial isolates and their drug
resistant pattern in ICU patients at National
Institute of Neurological and Allied Sciences,
Nepal. Int | Microbiol 2015; 2015: 1-7.

Acharya M, Joshi PR, Thapa K, Aryal R,
Kakshapati T, Sharma S. Detection of metallo-
B-lactamases-encoding genes among clinical
isolates of Pseudomonas aeruginosa in a tertiary
care hospital, Kathmandu, Nepal. BMC Res Notes
2017; 10: 1-5.

Bogiel T, Depka D, Rzepka M, Kwiecinska-Pirdg
J, Gospodarek-Komkowska E. Prevalence of
the genes associated with biofilm and toxins
synthesis amongst the Pseudomonas aeruginosa
clinical strains. Antibiotics 2021; 10: 1-14.

Rodrigues YC, Furlaneto IP, Pinto Maciel AH
et al. High prevalence of atypical virulotype
and genetically diverse background among
Pseudomonas aeruginosa isolates from a referral
hospital in the Brazilian Amazon. PLoS One
2020; 15: 1-21.

Aslani MM, Nikbin VS, Sharafi Z, Hashemipour
M, Shahcheraghi F, Ebrahimipour GH. Molecular
identification and detection of virulence genes
among Pseudomonas aeruginosa isolated from
different infectious origins. Iran ] Microbiol
2012; 4: 118-23.

Elmouaden C, Laglaoui A, Ennanei L, Bakkali
M, Abid M. Virulence genes and antibiotic
resistance of Pseudomonas aeruginosa isolated
from patients in the Northwestern of Morocco.
J Infect Dev Ctries 2019; 13: 892-8.

Lee DG, Urbach JM, Wu G et al. Genomic analysis
reveals that Pseudomonas aeruginosa virulence
is combinatorial. Genome Biol 2006; 7: 1-14.

NMC) mEN,




