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Abstract
Pseudomonas aeruginosa is inherently resistant to many drugs. It is now an emerging opportunistic
pathogen of clinical relevance. The emergence of carbapenemases is another major concern. Initiation
of appropriate therapy is of paramount importance thus highlighting the need of active surveillance
for newer emerging resistance trends for better infection control. To study the resistance pattern of
P. aeruginosa isolates obtained from lab specimens and to determine the production of ESBL and
Carbapenemase among them. A hospital-based cross-sectional study was carried out in the Department
of Microbiology, Government medical college Thrissur, among P. aeruginosa isolates obtained from lab
specimens, from January 2018 – December 2018. 162 isolates were studied. Antimicrobial susceptibility
testing was done by Kirby – Bauer disc diffusion method, extended-spectrum beta-lactamase (ESBL)
production was confirmed by and phenotypic confirmatory disc diffusion test. Carbapenemase
detection was done using the modified carbapenemase inactivation (mCIM) method. The obtained
data was analysed. Among 162 isolates 83% were non multidrug-resistant (MDR) strains and 17% were
MDR strains. 22% of ceftazidime resistant isolates were ESBL producers. 6.2% isolates were resistant
to imipenem. Among the imipenem resistant isolates, Carbapenemase production was seen in 30%
isolates by mCIM test. According to our study, the most effective antibiotic against P. aeruginosa were
imipenem and cefoperazone/sulbactam showing resistance in 6.3% and 6.9% isolates respectively.
The diversity of antibiotic resistance mechanisms and the emergence of carbapenem resistance is a
threat that limits treatment choices. This suggests the need for ongoing antimicrobial susceptibility
studies in the future.
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Introduction
P. aeruginosa is now a days considered
an important cause of both hospital-acquired
and community-acquired infections. It can cause
significant morbidity and mortality particularly
among immunocompromised individuals.
P. aeruginosa is well known for its ability
to survive in varied environments. Even though
P. aeruginosa is implicated in both community
and hospital acquired infections, it is much more
common in the latter. The other distinct properties
of P. aeruginosa is that it has got very minimal
nutritional requirements and the ability to form
biofilms so that they can colonize several medical
devices such as bronchoscopes, intravenous and
urinary catheters etc.
Because of these properties, P. aeruginosa
is now one among the major causes of hospitalacquired infections especially in the intensive care
units.1,2 P. aeruginosa is associated with almost
all infections like respiratory tract infections,
otitis media, osteomyelitis, skin and soft tissue
infections, keratitis, sepsis. The risk of acquiring
infection includes immunocompromised patients,
especially those taking chemotherapy. The risk
of these patients are raised mainly due to the
underlying diseases and presence of invasive
devices.1,3
Apart from intrinsic resistance to several
antibiotic classes there is acquired and mutational
resistance thus making the treatment even more
complicated. Multiple resistance mechanisms have
also been identified among the isolates.4
One of the major concerns nowadays is
the development of carbapenem resistance in P.
aeruginosa.5 In case of infections caused by MDR
strains, carbapenems are the major choice of
drugs so the treatment options get limited if there
is carbapenem resistance. In such cases colistin
becomes the last resort drug.6 Acquired resistance
due to plasmids is also a seen in P. aeruginosa.
It is particularly associated with indiscriminate
antibiotic use. The rate of developing MDR P.
aeruginosa strains is alarming as it creates health
problems resulting in increased rates of morbidity,
mortality and high health care cost.7
It is the need of the hour to develop
appropriate empirical treatment for infections
including P. aeruginosa infections. 8 Due to
Journal of Pure and Applied Microbiology

resistance mechanisms the pattern also changes
from time to time making it very important to
know the antibiotic susceptibility of P. aeruginosa
mainly for directing the empirical therapy. Hence
the present study was conducted in our institution
to find out the regional susceptibility profiles of
P. aeruginosa with an added objective to detect
the prevalence of ESBL and carbapenemase
production among these isolates.
Materials and Methods
The study was done in the Department
of Microbiology, Government medical college
Thrissur, a hospital based cross sectional study,
for a period of one year from January 2018 –
December 2018 after approval and clearance from
Ethical Committee.
All P. aeruginosa isolates obtained in the
laboratory were included. The isolates which was
repeatedly isolated from the same patient was
excluded. Isolates obtained among mixed bacterial
growth isolates were also excluded. All clinically
relevant samples including pus, sputum, blood,
csf received at the microbiology laboratory was
processed according to standard procedures. Gram
staining of the specimens were done to screen for
pus cells and organisms. The samples was cultured
on blood agar, MacConkey agar and nutrient agar.
Identification of P. aeruginosa was done by colony
morphology, oxidase test and various biochemical
reactions like:
1. Triple sugar iron showing alkaline/no change
(K/NC) reaction with no gas and no H2S
production
2. Urea not hydrolysed
3. Citrate utilized
4. Nitrate reduced to nitrite which is further
reduced to nitrogen gas
5. Oxidative on O/F media
6. Arginine hydrolysis by Moller decarboxylase
test
The antimicrobial susceptibility testing
was done by Kirby Bauer disc diffusion method
and the results were interpreted as per CLSI 2018
guidelines.
Detection of ESBL
Screening method and Phenotypic
Confirmatory Disk Diffusion test was done for
detecting ESBL production.
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Screening method
Zone size of ≤ 22 mm to ceftazidime disc
has been screened as ESBL producers.
Phenotypic Confirmatory Disk Diffusion test for
ESBL
Lawn culture of the isolate was plated
on Mueller Hinton Agar (MHA) plate and tested
against combination of disks viz. ceftazidime
(30μg) along with ceftazidime - clavulanic acid
(30/10μg). After 16-18 hours of incubation the
zone sizes were measured and recorded.
ESBL production was confirmed when
there is a ≥ 5mm increase in zone diameter for
the antimicrobial agent test in combination with
clavulanic acid when compared with it tested
alone.9
Modified carbapenemase inactivation method
(mCIM) for detection of Carbapenemase
production
The test was done according to CLSI 2018,
M100 guidelines.
Each isolate was initially cultured
overnight on blood agar. The next day, a loopful
(10-μl) of bacteria was emulsified in 2 ml of
trypticase soy broth (TSB). Vortex the mix for
10 to 15 s. Then meropenem disc (10-μg) was

added to each tube. The suspension was then
incubated at 35°C for 4 hours. Meropenem discs
was then removed from each of the suspension
using a 10-μl loop and place it on MHA plates
which are previously inoculated with meropenem
susceptible E.coli ATCC 25922 indicator strain.
The MHA plates were incubated at 35°C for 18-24
hours. [Fig. 1]
Interpretation
Carbapenemase production present if
there is zone diameter of 6-15 mm or colonies
present within 16-18mm zone.
Carbapenemase negative – Zone diameter
of ≥19mm (clear zone).
Carbapenemase indeterminate:
• Zone diameter - 16-18mm
• Zone diameter - ≥19mm and presence of
minute colonies within zone
Statistical analysis
Data was analysed in Microsoft Excel
version 10 after coding for different parameters
and percentages were calculated.
RESULTS

Out of the 162 samples, P. aeruginosa
was isolated in highest percentage from sputum

Fig. 1. Modified Carbapenemase Inactivation Method (mCIM).
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which accounted for 29.4% followed by pus swab
(23.8%). Aspirates, tissues and ear swab yielded
P. aeruginosa in 10.6%, 10% and 10% cases
respectively. Next highest was from tracheal
aspirate (6.3%). Six out of 162 samples were urine
samples which accounted for 3.8% followed by
corneal scraping 3.1%. Blood samples, pleural fluid
and CSF yielded P. aeruginosa in 1.9%, 1.3% and
1.3% cases respectively.
Maximum number of strains were
obtained from patients belonging to age group
>50 years (53.70%) with greater predominance in
males. [Table 1]
Maximum isolates were obtained from
the cases with respiratory infections accounting
for 59 cases i.e. 36.9%. Next highest isolation was

from surgical site infections (15%) followed by ear
infection (11.9%), diabetic foot (8.1%), non-healing
ulcer (6.3%). Burns cases accounted for 4.4%,
followed by urinary tract infections (3.8%), corneal
ulcer (3.1%), skin infections (3.1%). P. aeruginosa
was isolated from blood in 2.5% cases and 1.9%
from sinusitis. There was 1 case (0.6%) in which
P. aeruginosa was isolated from CSF in a case of
meningitis [Fig. 2].
On analysing the risk factors it was found
that patients with diabetes mellitus (14.4%)
were more prone to P. aeruginosa infections
Table 2. Antibiotic susceptibility pattern of isolates
Antibiotics

Table 1. Age and Sex distribution
Frequency

Amikacin
Gentamicin
Ciprofloxacin
Ceftazidime
Cefoperazone/
Sulbactam
Cefepime
Imipenem
Piperazillin/
Tazobactam
Aztreonam
Nitrofurantoin
(n=5 urinary isolates)

Percentage

Sex Distribution		
Male
107
Female
55

66.04
33.9

Age Distribution		
<1 YEAR
5
2-20
9
21-50
61
>50
87
Total
162

3.08
5.6
37.6
53.70
100

Sensitive

Resistant

n

%

n

%

135
117
107
119
149

84.4
73.1
66.9
74.4
93.1

25
43
53
41
11

15.6
26.9
33.1
25.6
6.9

142
150
144

88.8
93.8
90.0

18
10
16

11.3
6.3
10.0

140
2

87.5
40.0

20
3

12.5
60.0

Fig. 2. Distribution of isolates from different clinical conditions.
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followed by bronchiectasis (13.1%). Other risk
factors included pulmonary tuberculosis (5.6%),
patients on ventilator (5.6%), surgery (4.4%), on
radiotherapy (4.4%), burns (4.4%), COPD (3.8%).
Urinary tract catheterization (2.5%), HIV infection
on anti- retroviral treatment (0.6%) and lastly preterm baby (0.6%)
On doing antibiotic susceptibility testing
the most effective antibiotic against P. aeruginosa
were imipenem and cefoperazone/sulbactam with
resistance in 6.3% and 6.9% isolates respectively.
Least resistance was observed in piperacillin/
tazobactam (10%), cefepime (11.3%), aztreonam
(12.5%) and amikacin (15.6%) respectively.
Analysis of susceptibility pattern showed high level
of resistance among ceftazidime (25.6), gentamicin
(26.9%), ciprofloxacin (33.1%) and nitrofurantoin
(60% in case of urinary isolates) [Table 2].
Among 162 isolates 83% were Non-MDR
strains while 17% were MDR strains. Among the 27
MDR strains maximum resistance was seen towards
ciprofloxacin (96.3%), followed by gentamicin and
ceftazidime (85.2% each), aztreonam (70.4%),
amikacin (59.3%), cefepime (51.9%), followed
by imipenem, cefoperazone/sulbactam (37.0%,
33.3% respectively) least resistance was seen
towards piperacillin/tazobactam (22.2%).
Out of the 41 ceftazidime resistant
isolates ESBL producing organisms accounted for
22% by double disc synergy testing testing. Among
the 22% ESBL producers 55.6% were resistant
to amikacin, 77.8% resistant to gentamicin,
ciprofloxacin 88.9%, cefoperazone/sulbactam
55.6%, cefepime 66.7%, imipenem 33.3%,

aztreonam 77.8%, and least resistance was
observed to piperacillin/tazobactam 11.1%.
Carbapenemase production was seen
among 30% of imipenem resistant isolates by
mCIM method. [Fig. 3].
Discussion
P. aeruginosa an important cause for
opportunistic infections, now being increasingly
associated with community acquired infections
also. The increasing number of MDR P. aeruginosa
is another major issue. It is very difficult to
eradicate P. aeruginosa and moreover it is
associated with greater mortality rates. The
maximum number of isolates were obtained from
sputum followed by pus swab. The main bulk
of patients that we obtained during our study
period was having respiratory infections. This may
be the reason for isolating the organism in high
percentage from sputum samples. We avoided
the isolates to be mere colonizers of respiratory
tract by isolating the organism repeatedly and
also taking in to consideration the relevant clinical
history. In studies done by Jakribettu sputum
showed the highest Pseudomonas isolation rate.10
In this study maximum number of isolates
(53.70%) were obtained in the age group of above
50 yrs and in the age group 21-50 years was 37.6%.
The most common age group to get affected by P.
aeruginosa is found to be between 20-50 years in
several studies.11-13 The risk factors for attaining
infection is much more common in this age group.
Also as the age advances the natural defence
mechanism of the body weakens in addition they
may acquire other co-morbid conditions also
and are hence more prone for this opportunistic
hospital acquired infections.
Respiratory infection are found to be
the most common presentation caused by P.
aeruginosa in our institution, followed by other
infections. Out of the 59 respiratory infection
isolates majority was from pneumonia cases and
most of them had risk factors like bronchiectasis,
diabetes mellitus or were on ventilator. In one
study by Nakamura A etal reported greater
frequency of P. aeruginosa infection in diabetes
mellitus.14 In another study by Zhang etal showed
that diabetes mellitus was a risk factor for P.
aeruginosa infection. 15 India is the home for
largest number of diabetic individuals and their

Fig. 3. Percentage of carbapenemase producers by
mCIM test.
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socioeconomic conditions are poor. Diabetic foot
is another complication of diabetes mellitus which
can also get complicated by P. aeruginosa. Out of
the five UTI cases 4 were catheterized, and these
were considered as catheter associated urinary
tract infections. Since P. aeruginosa can form
biofilms on urinary catheters it is very important
to change catheter frequently and prevent these
hospital acquired infections. In this study out of the
three sepsis cases two cases were from neonates.
One baby was pre-term and the other baby was
complicated with P. aeruginosa meningitis also
which was confirmed by isolating P. aeruginosa
from CSF and blood. This isolate was multi drug
resistant and also a carbapenemase producer (by
mCIM method). This isolate was susceptible to
piperacillin/tazobactam. The baby got better by
treatment except for the neurological sequelae
caused due to meningitis. This case shows the
importance of detecting drug resistance in P.
aeruginosa.
In our study regarding the antibiotic
susceptibility pattern, the most susceptible drugs
were imipenem and cefoperazone/sulbactam,
piperacillin/tazobactam. High level of resistance
was seen towards ciprofloxacin, gentamicin,
and ceftazidime and among urinary isolates to
nitrofurantoin. Our institution study data shows
that P. aeruginosa is becoming less susceptible to
fluoroquinolones, cephalosporins, aminoglycosides
especially gentamicin. Similar findings were
obtained in the study done by Nithyalakshmi.16
where resistance profile of imipenem was 0%,
and towards piperacillin/tazobactam (11.6%),
amikacin (19.6%), ciprofloxacin 50.89% and all
cephalosporins tested (28% - 38%) with cefepime
(28.57%), ceftazidime (38.39%). Similar pattern
was observed in other studies17-19 also which was
comparable with our data. Empirical treatment
that is usually started in a hospital did not include
antipseudomonal coverage. The commonly used
agent that has antipseudomonal coverage is
ciprofloxacin but it is showing increased resistance
trend. This may be the reason for getting more
number of P. aeruginosa infection cases than
before.
Microorganisms in hospital setups are
generally resistant to multiple antibiotics due to
increased usage of antibiotics. In our study among
the 162 isolates 17% were MDR, and 83% were
Journal of Pure and Applied Microbiology

non-MDR strains which were comparable to other
studies.20,21,16
Highest resistance was found to
ciprofloxacin, gentamicin, followed by ceftazidime,
aztreonam. While these strains showed the
highest susceptibility to piperacillin/tazobactam
combination. Multidrug resistance is a growing
problem because of frequent use of antibiotics by
primary care physicians and over the counter sale
of antibiotics. This finding was similar to the study
done by Gill et al.22 in which high level of resistance
was seen with gentamicin (92.7%), followed by
imipenem (90.2%), ciprofloxacin (87.8%) while
these strains showed the highest susceptibility
to piperacillin/tazobactam (36.6%) combination.
Among ESBL isolates, highest resistance was
obtained for ciprofloxacin 88.9%, followed by
gentamicin and aztreonam (both 77.8%).
C a r b a p e n e m a s e d e te c t i o n i s o f
great importance for preventing nosocomial
transmission and in investigating outbreaks. So
an attempt was made to detect carbapenemase
production by mCIM method which is published
in CLSI for P. aeruginosa. 23 P. aeruginosa can
acquire resistance to carbapenem group by a
number of methods but mCIM specifically detects
carbapenemase production only. In this method
30% of imipenem resistant isolates were found to
be carbapenemase producers and is comparable
with previous study of Lisboa et al.24
This study shows that the treatment
options are very limited in carbapenemase
producers and its control from spreading to other
individuals and other wards is of paramount
importance. Rapid detection of carbapenemase
production is required for implementation of
infection control practices.
m C I M m e t h o d d e m o n s t ra t e d a
sensitivity of >97% and specificity of 100% for
detection of various types of carbapenemases
like NDM,KPC,IMI, VIM, IMP,SPM, and OXA
among P. aeruginosa isolates investigated by CLSI.
mCIM method is a simple, accurate method for
carbapenemase detection. It does not require
costly equipments or reagents, hence affordable
for laboratories and hospitals.24 This method
can be offered as a valuable alternative to PCR
for detecting carbapenemase production in P.
aeruginosa.
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Limitation of the study
Being a cross sectional study, the outcome
of patients after discharging from hospital was
not followed up. ESBL producers among the
isolates were detected by phenotypic method,
the molecular methods for detection could not
be done. Another limitation is that mCIM is a
phenotypic method and not molecular detection
of carbapenemases.

Data Availability
All datasets analyzed in the study are
included in the manuscript and presented as tables
and Figs.
Ethics Statement
The study protocol was approved by
the Institutional research committee (IRC), Govt
Medical College Thrissur, Kerela, India.

ConclusionS
It was found that there is an increase
in resistance towards commonly prescribed
antimicrobial agents. The isolates showed
resistance towards higher antibiotics also. In this
study we found imipenem has significant action
against P. aeruginosa even though carbapenem
resistance is on the rise. The development of
antimicrobial resistance is a natural process,
which cannot be stopped but the development
of resistance is accelerated when antimicrobials
are misused. Recently there is progress in the
development of new antibiotics but P. aeruginosa
has got or can acquire mechanisms to develop
resistance to these new antibiotics also. The most
effective treatment strategy for P. aeruginosa
is combinational therapies. The emergence of
carbapenem resistance is a threat that limits
treatment choices and suggests the need for
ongoing antimicrobial susceptibility studies in the
future.
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