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Introduction
Pseudomonas aeruginosa (P. aeruginosa) is a rod-shaped,
motile, oxidase- and catalase-producing gram-negative
bacterium, which is known for incendiary bacterial
infection in humans and animals. This opportunistic
pathogen is linked with diverse infections such as urinary
tract infection (UTI), surgical and nosocomial infections.1,2

As an opportunistic pathogen, it infects two-third of the
hospitalised population which makes it the most
aggressive bacterial pathogen. It is the leading gram-
negative pathogen in health centres with about 60%
mortality rate. Moreover, it complicates almost 90% cystic
fibrosis deaths in the community.3

Gasserd discovered and isolated this gram-negative
bacillus for the first time from the green pus in 1882. The
unique style and diverse nutritional profile of P. aeruginosa
permit it to colonise everywhere.4 Routinely, this gram-
negative rod survives in hospital environment and its
reservoir for infection and colonisation cannot be traced.5

Wounds of burn patients are colonised by different strains
of P. aeruginosa. The frequency of the infections in these
patients ranges 22-73%.6 Multi-drug resistance (MDR) is a

big health challenge linked with P. aeruginosa and this
pathogen resists a wide range of antibiotics. The
susceptibility pattern of P. aeruginosa is limited to a number
of antimicrobial agents because of its genetic resistance to
a wide range of antibiotics,7 and emerging resistance to the
previously used sensitive antibiotics.8 Resistance to
antibiotics in case of hospital infections are associated with
higher costs and adverse effects.9 Extended spectrum beta
lactamase (ESBL)-producers are the bacterial strains that
hydrolyse and emerge resistant to ceftazidime, ceftriaxone,
cefotaxime (3G cephalosporin).10 Studies have reported the
frequency rate of ESBL-producing pseudomonas species
ranging 22-36%.11,12

A ventilator-based prevalence rate of pneumonia due to P.
aeruginosa was reported as 15.6%, in which Asia
contributed 16%, United States 13.5%, Latin America 13.8%
and Europe 19.4%.13 A study reported patient-to-patient
transmission of P. aeruginosa in Vancouver, Canada,  in 174
isolates; 157 genetic types were recognized as 
P. aeruginosa.14

The current study was planned to assess the occurrence
rate, susceptibility pattern and the prevalence rate of ESBL-
and metallo-beta-lactamase (MBL)-producing P. aeruginosa
in indoor and outdoor patients at different hospitals.
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Abstract
Objective: To investigate the frequency rate and sensitivity pattern of extended-spectrum beta-lactamase and metallo-
beta-lactamase producing Pseudomonas aeruginosa isolated from major hospitals. 
Methods: The cross-sectional study was conducted in the Microbiology section of the Pathology Department of Ayub 
Medical College, Abbottabad, Pakistan, from September 2017 to April 2018, and comprised clinical samples collected from
different medical wards of major hospitals in the study area. For the selective growth of Pseudomonas aeruginosa, Cetrimide
agar was used, and different antibiotics were evaluated for the sensitivity pattern following Kirby-Bauer diffusion method.
Pseudomonas aeruginosa producing extended-spectrum beta-lactamase and metallo-beta-lactamase were identified
through double disk synergy test and imipenem-ethylenediaminetetraacetic acid tests respectively. Patient’s demographic
and medical history was noted on a proforma. Data was analysed using SPSS 22.0.
Results: Of the 242 samples screened, 46 (19%) were positive for Pseudomonas aeruginosa. These samples were highly sen-
sitive to levofloxacin, amikacin, imipenem, meropenem and ciprofloxacin (p<0.05). Of the positive cases, 11 (23.91%) were
detected for extended-spectrum beta-lactamase production, while 3 (6.52%) samples were detected for metallo-beta-lac-
tamase production.
Conclusion: Pseudomonas aeruginosa samples were widely resistant to most antibiotics, but were sensitive for some an-
tibiotics which may be recommended by physicians when treating Pseudomonas aeruginosa infection.
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Materials and Methods
The cross-sectional study was conducted in the
Microbiology section of the Pathology Department of Ayub
Medical College, Abbottabad, Pakistan, from September
2017 to April 2018, and comprised clinical samples
collected from different medical wards of major hospitals
in the study area. After approval from the institutional
bioethical committee of Hazara University, Mansehra,
Pakistan. A total of 242 different clinical samples were
collected from the patients of different medical wards, like
ear, nose, throat (ENT) the burns unit act of the hospitals,
and the sample included ear swabs, pus, urine, wounds,
body fluids, blood and sputum. Each patient was briefed
about the purpose of the study and was also ensured for
confidentiality of individual result along with his/her
consent.

The samples were collected from the patients in the
presence of a medical officer and were inoculated on
suitable culture media, such as cystine–lactose–electrolyte-
deficient (CLED) agar, blood agar, MacConkey agar, nutrient
agar, and after overnight incubation at 37oC, the culture
media were examined for the colonies of gram-negative
rod P. aeruginosa. Cetrimide agar was used for selective
growth. The colonies were also identified based on staining
character, growth pigmentation, colonial morphology and
other biochemical tests for P. aeruginosa as per standard
lab identification methods.15,16

For antibacterial susceptibility patterns, tryptic soy broth
(CM129-Oxoid) was prepared and was poured 4-5ml into
each capped tubes. These tubes after sterilisation by
autoclaving were left overnight at 35oC prior to inoculation
of samples. Turbidity of inoculum was standardised to 0.5
McFarland index according to Clinical and Laboratory
Standards Institute (CLSI) guidelines.17 Routinely used
different antibiotics (commercially available, Oxoid) were
used to determine the susceptibility pattern by following
disc diffusion method.18 Minimum inhibitory concentration
(MIC) of each antibiotic to P. aeruginosa was found, and the
break points were standardised in line with literature.19

For the detection of ESBL-producing P. aeruginosa, all
bacterial isolates were screened as prescribed by a study.20

All the stored bacterial isolates at -20oC were refreshed on
nutrient agar to find out ESBL via synergy disc diffusion
method. ESBL-producing P. aeruginosa were identified
using double disk synergy test (DDST). Three discs of third-
generation (3G) cephalosporine, ceftriaxone (CRO),
cefotaxime (CTX) and ceftazidime (CAZ) 30µg each were
placed on Mueller Hinton Agar (MHA) at a distance of
25mm centre-centre from amoxicillin-clavulanic acid (AMC-
20/10µg).20 Enhancement in zone of inhibition of any in the

3G cephalosporine towards AMC indicated the presence of
ESBL-producing P. aeruginosa.

MBL-producing P. aeruginosa were identified using
imipenem-ethylenediaminetetraacetic acid (IMP-EDTA)
method. Two IMP-10µg discs and 0.5M EDTA were used. A
0.5M EDTA was prepared by dissolving 186.1g of EDTA
(disodium EDTA.2H2O) in one litre of distilled water and
potential of hydrogen (pH) was adjusted up to 8.0. IMP-
resistant culture was inoculated and two 10µg IMP discs
were placed on MHA medium and appropriate amount of
half-Mole EDTA was added to one of them to obtain the
desired concentration of 1000µg. The culture plates were
examined for the synergistic effect of IMP and chelator
agent EDTA after 16 hours of incubation at 37oC.21

Data was analysed using SPSS 22.0. Two-way analysis of
variance (ANOVA) and chi-square test were applied as
appropriate. P<0.05 was considered significant.

Results
Of the 242 samples screened, 119(49%) came from males
and 123 (51%) from females. The samples included ear
swabs 114 (47%), blood 14(5.8%), body fluid 3 (1.2%), pus
54(22.3%), sputum 5 (2.1%), urine 49 (20.2%) and wound
3(1.2%). The mean age of each type of sample along
gender lines were noted (Figure 1), and significance was
checked in terms of both and gender age (Table 1). Overall,
46(19%) samples were positive for P. aeruginosa; 27 (58.7%)
from males and 19 (41.3%) from females (Table 2). Also, 32
(69.57%) of the positive samples related to indoor patients
and 14 (30.43%) to outdoor patients. Of the positive cases,
11 (23.91%) were detected for ESBL production, and 3
(6.52%) for MBL production (Figure 2). The highest number
of positive cases of P. aeruginosa were identified in ear swab
specimens, followed by pus and urine specimens, while no
cases were identified positive in body fluid and sputum
specimens (Figure 3). 

Susceptibility patterns of P. aeruginosa to different classes
of antibiotics were checked (Table 3) and the same was
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Table-1: Tests of Between-Subjects Effects.

Source df F p-value

Dependent Variable: Age of Patients
Gender 1 3.291 0.071
Sample Type 6 3.936 0.001
Gender * Sample Type 5 2.491 0.032

Table-2: Gender wise frequency of Pseudomonas aeruginosa. 

Gender Total samples Positive Percent

Male 119 27 58.7
Female 123 19 41.3
Total 242 46 19
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done for ESBL- and MBL-producers (Tables 4-5) as well as in relation to indoor and outdoor patients (Table 6).
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Figure-1: Statistics of factorial analysis of variance (ANOVA) among gender and age of patients and type of clinical sample.

Figure-2: Frequency rate of ESBL- and MBL-producing Pseudomonas aeruginosa among clinically pathogenic isolates.

Figure-3: Frequency of extended-spectrum beta-lactamase (ESBL) and metallo-beta-lactamase (MBL) producing Pseudomonas aeruginosa among different clinical samples.
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Discussion
Bacterial species are commonly known for spreading
various infections in both humans and animals. These
species can survive in the environment of common
healthcare facilities. Some of these, especially P. aeruginosa
and Enterobacter, can survive even in toxic conditions.
These properties make them able to become resistant to
all the drugs available in an environment.22

The current study had more infected samples coming from
the male population compared to females which is the
opposite of earlier findings.23 The positive rate of P.
aeruginosa was high in pus, secretion and urine samples as
compared to sputum, blood etc. This finding is in line with
an earlier study.24 In terms of susceptibility pattern in the
present study, the clinical isolates of P. aeruginosa showed
high susceptibility to imipenem, meropenem,
ciprofloxacin, levofloxacin and amikacin. An earlier study
highlighted the same susceptibility pattern for the P.
aeruginosa.25 But another study disagreed with the efficacy
of ciprofloxacin for P. aeruginosa. It is known that bacterial
susceptibility pattern is geographically different.26

Commonly, cephalosporins are recommended in general
practice for the treatment of infections caused by P.
aeruginosa.27,28 Ceftriaxone (13.04%) and ceftazidime
(30.43%) were less effective against P. aeruginosa in the
current study. Results for the 3G cephalosporin are affirmed
by a study.29 Susceptibility pattern of the cephalosporin
reported in India had the same hypothesis for 
P. aeruginosa.30

In the current study, carbapenem had higher frequency
rate of susceptibility against P. aeruginosa species.
Imipenem exhibited 68.8% susceptibility rate to indoor and
57.1% to outdoor isolates, while meropenem showed 50%
and 35.7% efficacy respectively. These results are
supported by a study.31 Aminoglycosides are
recommended for the treatment of gram-negative
bacteria,32 and the current study also found that non β-
lactams isolates showed good susceptibility to gentamycin
(19.57%) and amikacin (39.13%). Our results are in
accordance with an earlier study.33 Other studies confirmed
that amikacin was more effective against P. aeruginosa
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Table-3: Susceptibility pattern of Pseudomonas aeruginosa isolates to different antibiotics. 

Antibiotics Name Codes Sensitive Intermediate Resistant
n (%) n (%) n (%)

Levofloxacin LEV 26 (56.52) 12 (26.09) 8 (17.39)
Amikacin AK 18 (39.13) 18 (39.13) 10 (21.74)
Carbenicillin CAR 11 (23.91) 21 (45.65) 14 (30.43)
Ceftazidime CAZ 14 (30.43) 17 (36.96) 15 (32.61)
Ceftriaxone CRO 6 (13.04) 3 (6.52) 37 (80.43)
Aztreonam ATM 4 (8.7) 29 (63.04) 13 (28.26)
Cefotaxime CTX 3 (6.52) 13 (28.26) 30 (65.22)
Tazobactam- piperacillin TZP 11 (23.91) 24 (52.17) 11 (23.91)
Gentamycin CN 9 (19.57) 8 (17.39) 26 (56.52)
Ciprofloxacin CIP 20 (43.48) 8 (17.39) 18 (39.13)
Imipenem IMP 30 (65.22) 12 (26.09) 4 (8.7)
Meropenem MEM 20 (43.48) 20 (43.48) 6 (13.04)

Table-4: Susceptibility pattern of extended-spectrum beta-lactamase (ESBL)-produc-
ing Pseudomonas aeruginosa to various antibiotics. 

Antibiotics Name Codes Sensitive Intermediate Resistant
n (%) n (%) n (%)

Levofloxacin LEV 8 (72.73) 2 (18.18) 1 (9.09)
Amikacin AK 4 (36.36) 5 (45.45) 2 (18.18)
Carbenicillin CAR 1 (9.09) 7 (63.64) 3 (27.27)
Ceftazidime CAZ 2 (18.18) 3 (27.27) 6 (54.55)
Ceftriaxone CRO 0 1 (9.09) 10 (90.91)
Aztreonam ATM 0 4 (36.36) 7 (63.64)
Cefotaxime CTX 0 0 11 (100)
Tazobactam- piperacillin TZP 3 (27.27) 7 (63.64) 1 (9.09)
Gentamycin CN 2 (18.180 8 (72.73) 1 (9.09)
Ciprofloxacin CIP 7 (63.64) 3 (27.27) 1 (9.09)
Imipenem 1MP 8 (72.73) 3 (27.27) 0
Meropenem MEM 7 (63.64) 4 (36.36) 0

Table-5: Susceptibility pattern of metallo-beta-lactamase (MBL)-producing
Pseudomonas aeruginosa to various antibiotics. 

Antibiotics Name Codes Sensitive Intermediate Resistant
n (%) n (%) n (%)

Levofloxacin LEV 3 (100) 0 0
Amikacin AK 1 (33.33) 0 2 (66.67)
Carbenicillin CAR 0 2 (66.67) 1 (33.33)
Ceftazidime CAZ 3 (100) 0 0
Ceftriaxone CRO 3 (100) 0 0
Aztreonam ATM 1 (33.33) 1 (33.33) 1 (33.33)
Cefotaxime CTX 1 (33.33) 1 (33.33) 1 (33.33)
Tazobactam- piperacillin TZP 1 (33.33) 2 (66.67) 0
Gentamycin CN 1 (33.33) 0 2 (66.67)
Ciprofloxacin CIP 1 (33.33) 2 (66.67) 0
Imipenem 1MP 0 0 3 (100)
Meropenem MEM 0 0 3 (100)

Table-6: Susceptibility pattern of Pseudomonas aeruginosa between indoor and 
outdoor patients.

Antibiotic Indoor patients (n=32) Outdoor patients (n=14) p value
name Sensitive Resistant Sensitive Resistant

n (%) n (%) n (%) n (%)
LEV 20 (62.5) 12 (37.5) 6 (42.9) 8 (57.1) < 0.216
AK 10 (31.3) 22 (68.9) 8 (57.1) 6 (42.9) < 0.098
CAR 6 (18.8) 26 (81.3) 5 (35.7) 9 (64.3) < 0.215
CAZ 12 (37.5) 20 (62.5) 2 (14.3) 12 (85.7) < 0.115
CRO 4 (12.5) 28 (87.5) 2 (14.3) 12 (85.5) < 0.869
ATM 1 (3.1) 31 (96.9) 3 (21.4) 11 (78.6) < 0.043
CTX 1 (3.1) 31 (96.9) 2 (14.3) 12 (85.7) < 0.158
TZP 5 (15.6) 27 (84.4) 6 (42.9) 8 (57.1) < 0.046
CN 7 (21.9) 25 (78.1) 2 (14.3) 12 (85.7) < 0.550
CIP 15 (46.9) 17 (53.1) 5 (35.7) 9 (64.3) < 0.482
IMP 22 (68.8) 10 (31.2) 8 (57.1) 6 (42.9) < 0.447
MEM 16 (50.0) 16 (50.0) 5 (35.7) 9 (64.3) < 0.371
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infections in comparison with gentamycin.30,34,35 From the
results obtained in our study, it appears that gentamycin
was widely prescribed in health practices and misused in
the community without any consultation with physicians.

A total of 6.52% MBL-positive cases were detected in the
current study among all the positive cases for P. aeruginosa.
These were mostly sensitive to levofloxacin, cefotaxime and
ceftazidime, while 100% resistant to imipenem and
carbapenem. The findings are in line with  a reported
study.36

Also, ESBL-positive samples were 23.91% and exhibited
high resistance to gentamycin, imipenem and meropenem
while remaining sensitive to levofloxacin, ceftazidime and
ceftriaxone. These results match earlier findings. 27,31,34

However, other antibiotics, such as amikacin, aztreonam
and tazobactam / piperacillin have shown less resistance.24

The present study used two drugs-based tests for the
detection of ESBL- and MBL-producing P. aeruginosa which
is in agreement with earlier studies.21,23

The findings of the current study indicate that there were
a few loopholes in hospital and medical setups, and
improving these can significantly reduce or eradicate not
only the spread, but also the emergence of MDR strains of
P. aeruginosa. In order for that to happen, the overall
hygienic conditions at hospitals need to be standardised,
proper diagnosis and treatment regime must be adopted
where antibiotic susceptibility must be detected before a
prescription is handed out. The patients must be made
aware of the pitfalls of irrational use of antibiotics with
incomplete dosage.

Conclusion
P. aeruginosa samples were found to be widely resistant to
most antibiotics, but were sensitive for some others which
may be prescribed by physicians when treating P.
aeruginosa infections.
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